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INllRODUCTION AND SUMMARY 

This i ssue  of the  Oak Ridge National Laboratory's Gas-Cooled Reactor 

Program Quar te r ly  Progress Report has been organized by p r o j e c t  subdivi- 

s ions ,  r a t h e r  than by the  previously used breakdown by s c i e n t i f i c  and 

engineering sub jec t  mat ter .  The major subdivisions of t h i s  r e p o r t  a re :  

P a r t  1. Invest igat ions  i n  Support of the  Experimental Gas- 
Cooled Reactor 

P a r t  2 .  Pebble-Bed Reactor Experiment 

P a r t  3 .  Advanced Reactor Design and Development 

P a r t  4 .  Test F a c i l i t i e s ,  Components, and Mater ia ls  

Future r e p o r t s  i n  t h i s  s e r i e s  w i l l  be organized by p r o j e c t  i n  t h i s  man- 

ner, with appropr ia te  changes as p r o j e c t s  a r e  completed and new ones a r e  

i n i t i a t e d .  

P a r t  1. Inves t igat ions  i n  Support of t h e  
Experimental Gas-Cooled Reactor 

1. EGCR Physics 

The mul t ip l i ca t ion  f a c t o r s  f o r  the  through-tube experiment i n  the  

Hanford Physical  Constants Tes t  Reactor were ca lcu la ted  f o r  the  a c t u a l  

experimental system using the  methods now being used f o r  ECXR core ca lcula-  

t i o n s .  The agreement between the  measured and ca lcu la ted  values w a s  ex- 

c e l l e n t .  

Two groups of ca lcu la t ions  were made of the  mul t ip l i ca t ion  f a c t o r  of 

the  EGCR without s t e e l  through-tubes. The f i r s t  group of ca lcu la t ions  

gave information on the  minimum shutdown margin and the  number of rods 

. whic'h may be removed from the  core o r  f a i l  t o  funct ion properly when a 

shutdown of the  cold  r e a c t o r  is  required .  The r e s u l t s  indica ted  the  r e l a -  

t i v e  i n s e n s i t i v i t y  of Ak on the  loca t ion  of a  withdrawn c o n t r o l  rod.  The 

second group of ca lcu la t ions  gave da ta  on t h e  condit ions t h a t  w i l l  be en- 

countered d w i n g  opera-Lion of the  f i r s t  co re .  



A m o d e l h a s  been developed f o r  the  ca lcu la t ion  of the  thermal-neutron- , -  

s p e c t r a  i n  graphi te  t h a t  is  based on the  f r e e  gas model f o r  s c a t t e r i n g  

k e r n e l s .  It was assumed t h a t  the f l u x  could be represented by the  sum of 

two components, a  Maxwellian d i s t r i b u t i o n  and an epithermal res idue  t h a t  

approaches 1 / ~  i n  t h e  asymptotic region.  It has been found t h a t  the  prob- 

lem reduces t o  one of f i n d i n g  a good approximation t o  f ( ~ )  and t h a t  no more 

. than two f r e e  parameters a r e  required  t o  produce an extremely good f i t  t o  

t h e  epithermal r es idue .  

2 . EGCR Performance Analyses 

Two cases of the  e f f e c t  of coolant  flow in ter rupt ion because of t o t a l  

f a i l u r e  of the  EGCR power supply were considered. In  the  f i r s t  case it 

was assumed t h a t  the  se rv ice  machine was a t tached t o  the  reac to r  vesse l ,  

wi th  a l l  t o o l s  withdrawn i n t o  the service  machine, and t h a t  the  service  

machine i s o l a t i o n  valve w a s  open and inopera t ive .  I n  t h i s  case it was 

found t h a t  the  nozzle and se rv ice  machine temperatures would remain within 

s a f e  l i m i t s .  I n  the  second case it w a s  assumed t h a t  the  concrete sh ie ld ing  

plugs were i n  p lace  i n  t h e  nozzles; the  service  machine was not a t tached.  

It was found t h a t  a f t e r  1 hr  the  nozzle temperature would be approximately 

800°F. An evaluat ion of the  e f f e c t  of t h i s  temperature should be made. 

An i n v e s t i g a t i o n  was made of the  flow d i s t r i b u t i o n  t h a t  could be ob- 

t a ined  i n  the  EGCR fol lowing l o s s  of normal power i f  the  vesse l  cooling 

compressor were supplied with emergency power. The d a t a  obtained w i l l  be 

used i n  an  evaluat ion of core flow i n  r e l a t i o n  t o  hazards problems. 

Analog computer s t u d i e s  of EGCR t r a n s i e n t   condition^ were made t o  

p r e d i c t  t h e  behavior of t h e  system f o r  severa l  scram condit ions.  The 

e f f e c t  of maintaining a constant  steam t h r o t t l e  valve pos i t ion  and the  

e f f e c t  of a  constant  tu rb ine  pressure were inves t igated  f o r  scrams i n  

which the  gas flow decreased a t  the maximum r a t e  allowed by the  blower 

s p e c i f i c a t i o n s .  For both cases the  r a t e  of change of steam generator  i n l e t  

gas temperature ( r e a c t o r  o u t l e t  gas temperature) was l e s s  than 150"~/min 

( t h e  design maximum); however, the r a t e  of change of steam generator out-  

l e t  gas temperature exceeded the  design r a t e  f o r  the  f irst  15 t o  20 s e c .  

Another t e s t  showed t h a t  the  steam generator  o u t l e t  gas temperature was 

i n s e n s i t i v e  t o  changes i n  r e a c t o r  power. Studies of two modes of c o n t r o l  



(constant  f l u x  or  load fol lowing) showed that the  p lan t  w a s  bas ica l ly  

s t ab le ;  t h a t  is, it did  not o s c i l l a t e  when c o n t r o l  rod pos i t ion ,  gas flow 

r a t e ,  and t h r o t t l e  valve pos i t ion  were held constant .  Under various auto- 

matic c o n t r o l  condit ions the  p l a n t  w a s  genera l ly  s luggish .  

Experiments have been conducted f o r  determining whether coat ing the  

graphi te  s leeves  of the EGCR f u e l  element with s i l i c o n i z e d  s i l i c o n  carbide 

would prevent  runaway oxidation,  contingent  on continued operat ion of one 

primary coolant  blower a f t e r  the  maximum cred ib le  accident .  Direc t  com- 

par ison t e s t s  of coated and uncoated graphi te  and the  r e s u l t s  of ca lcula-  

t i o n s  have f a i l e d  t o  prove t h a t  the  coating,  even i f  of the  order of 95% 

e f f e c t i v e ,  could prevent runaway oxidation under the  condit ions considered. 

It has therefore  been recommended t h a t  the s leeves  not be coated.  

3 .  S t r u c t u r a l  Inves t igat ions  

The s t r e s s  ana lys i s  program coded by B a t t e l l e  Memorial I n s t i t u t e  f o r  

analyzing bodies under p lane-s t ra in  condit ions was used f o r  ca lcu la t ing  

the  thermal s t r e s s e s  t h a t  w i l l  e x i s t  i n  an EGCR graphi te  column during . 

s teady-s ta te  operat ion a t  design power. An examination of the r e s u l t s  in -  

d ica ted  t h a t  a  reduction i n  the  in-plane s t r e s s e s  could be obtained through 

the  use of an  8- in .  by 8- in .  column; however, a  smaller mesh spacing would 

have t o  be used t o  f u l l y  inves t iga te  the  influence of such a change i n  

geometry. 

Gmphite thermal rupture  s t u d i e s  were i n i t i a t e d  a s  a means of study- 

ing the  et'f'ect of fas t -neutron exposure and the  r e s u l t a n t  Wigner growth 

on the  EGCR graphi te  moderator columns. A thick-walled cyl inder  heated 

by e l e c t r i c a l  r e s i s t ance  and cooled on the  outer  surface appeared t o  be 

the  most a t t r a c t i v e  f o r  t h i s  study from the  standpoint  of the  temperature 

d i f ference  required ,  the  power input ,  and complexity of the  t e s t  equip- 

ment. It was found, however, t h a t  the  temperature of such a specimen 

would be we l l  above the  usual  upper l i m i t  of 1000°F considered f o r  moder- 

a t o r  s t r u c t u r e s  i n  cur ren t  r e a c t o r  des igns .  Di f fe ren t  t e s t  specimens w i l l  

be considered . 



4 .  .EGCR Component Development and Test ing 

Endurance tests of a production model of the  EGCR con t ro l  rod and rod 

d r i v e  assembly i n  a simulated EGCR environment a r e  being planned. The f a -  

c i l i t y  f o r  these t e s t s  is  t o  be ready f o r  i n s t a l l a t i o n  of the rod  d r ive  

mechanism by January 1962. 

Fabr ica t ion  of t h e  cas ings  f o r  the  main coolant blowers f o r  the  EGCR 

i s  s u b s t a n t i a l l y  behind schedule. Delays have r e s u l t e d  pr imar i ly  from ma- 

chining e r r o r s ,  and the  r e p a i r s  have consumed considerable time. The work 

on o the r  phases of t h i s  con t rac t  a r e  proceeding without apparent d i f f i c u l t y .  

Work i s  a l s o  under way on the  pressure vesse l  cooling system compressors. 

Four instrumented f u e l  assemblies a r e  being fabrica-Led f u r  Lhe EGCR. 

The instrumentat ion includes a Venturi,  with i t s  associa ted  transducer,  

and 18 thermocouples. 

Corrosion t e s t s  were conducted on metals of i n t e r e s t  i n  the  study of - 

equipment decontamination. Methods f o r  decontaminating from ruthenium 
. . 

and iodine  deposited under simulated EGCR condit ions a r e  being s tudied.  

5 .  EGCR Mater ia ls  Development 

The rupture  s t r eng ths  of graphi te  support s leeves  coated with s i l i -  

conized S i c  were determined by the  " b r i t t l e - r i n g "  t e s t .  In a l l  cases the  

rup tu re  s t r eng th  was much higher than the  est imated t e n s i l e  s t r e s s  of 1300 

p s i  dur ing se rv ice .  There W ~ E  come ind ica t ion  t h a t  t h e  s t r eng th  was i m -  

proved .by an  increase i n  the  coat ing thickness,  but  it was a l s o  noted t h a t  

t h e  s t ronger  specimens showed more penet ra t ion  of the coating m a t e r i a l .  

i n t o  the  g raph i t e .  A comparison of the  thickness of pyrolyt ic-graphi te  

coat ings ,  as measured o p t i c a l l y  and by the  edgy-current technique,  indica ted  

that 'eddy-current  measurements a r e  accura te  t o  k0.25 m i l  over the  range 

from 0 . 5  t o  5 m i l s .  

A r e p o r t  w a s  issued descr ib ing t h e  development of s u i t a b l e  designs 

and f a b r i c a t i o n  techniques f o r  the burst-slug-detect ion tube and thermo- 

couple penet ra t ions  of t h e  EGCR v e s s e l .  The t e s t i n g  of 14-in.-diam pipes 

conta in ing diss imi lar -meta l  welds i s  continuing.  After  heat ing through 

60 thermal cycles ,  cracks were detec ted  i n  the  f e r r i t i c  s ide  of the d i s -  

s i m i l a r  j o i n t s  t h a t  were welded wi th  type 347 s t a i n l e s s  s t e e l  f i l l e r  wire .  

x i i  



Metallographic examination showed extensive cracks and oxidat ion i n  the  

cracks.  No cracks have been observed i n  s imi la r  t e s t  welds made with 

BP-85 f i l l e r  wire. 

S t a i n l e s s  s t e e l  coupons were exposed t o  small  concentrat ions of pure 

C02 i n  helium t o  inves t iga te  the  carbur iz ing tendencies of C02. The r e -  

s u l t s  obtained a t  two concentrat ions ind ica te  t h a t  C02 i s  both carbur iz ing 

and decarburizing, depending on the  temperature. The maximum carbon con- 

t e n t  w a s  observed i n  specimens t e s t e d  a t  -1600°F. Addit ional  oxidation 

t e s t s  were conducted t o  determine the  e f f e c t  of pressure on the  r a t e  of 

oxidation of s t a i n l e s s  s t e e l  a t  1800°F i n  CO-C02 mixtures. It was ob- 

served t h a t  the  r a t e  depends on the  concentrat ion when a nonprotective 

oxide i s  formed, a s  i n  pure C02, but  is r e l a t i v e l y  independent of the  

concentrat ion i n  CO-C02 mixtures t h a t  favor the  formation of a p ro tec t ive  

oxide. I 

The e f f e c t  of the  r e s t r a i n t  of the  U02 column on t h e  bowing of f u e l  

elements was s tudied.  The r e s u l t s  showed t h a t  the  ex ten t  of the  tempera- 

t u r e  gradient  w a s  more important than the  temperature l e v e l  and t h a t  the  

U02 column reduced the  ca lcu la ted  de f lec t ion .  A maximum d e f l e c t i o n  of 

0.004. i n .  w a s  observed. 

The f a b r i c a t i o n  of instrumented i r r a d i a t i o n  capsules f o r  ORR lo6p 

No. 1 and the  ORR Poolside F a c i l i t y  i s  proceeding. Techniques were de- 

veloped f o r  i n s t a l l i n g  four  i n t e r n a l  thermocouples f o r  measuring cladding 

temperatures along the  18-in.-long capsules.  The thermocouples were brazed 

i n  place with copper. 

The expected re lease  of f i s s i o n  gases from ORR-irradiated group I 

and I1 capsules was ca lcula ted  f o r  two assumed condit ions:  ( 1 )  a 0.003-in. 

gap between the  cladding and the  U02, and ( 2 )  no gap between cladding and 

f u e l .  The re lease - ra te  parameter Dl was est imated from surface-area meas- 

urements' on con t ro l  samples of the  U02 i n  each capsule.  A r e p o r t  w a s  

issued i n  which these  ca lcu la ted  values were shown t o  compare favorably 

with the  measured r e l e a s e  of Kr85 from the  capsules.  From t h i s  comparison 

it was concluded t h a t  the  methods used f o r  ca lcu la t ing  r e l e a s e  of f i s s i o n  

gases a r e  v a l i d .  

I n  graphite-metal d i f fus ion  s tud ies ,  s t rong dependence of carburiza-  

t i o n  depth on contact  pressure has been noted. A l l  bare s t a i n l e s s  s t e e l  

x i i i  



sur faces  bonde'd t o  the  graphi te ,  whereas copper-plated and black-oxidized 

surfaces  d id  not .  Serious embrittlement of the specimens t h a t  bonded was 

indicated i n  bend t e s t s .  

A f t n a l  t e s t  of gas-metal react ions  between type 304 s t a in l e s s  s t e e l  

and CO-C02 impurit ies i n  helium i n  a thermal-convection loop a t  1500°F 

was conducted. The C02-to-CO r a t i o  i n  the helium was 4 .0 .  The.s tee1 speci- 

mens had gray-green oxidation f i lms,  i n  con t ras t  t o  the gray-to-black f i lms 

developed i n  predominantly C O  mixtures. Electron d i f f r ac t i on  s tudies  have 

i d e n t i f i e d  the f i lms  as predominantly Mn2Cr04. 

The degassing s tud ies  of EGCR graphite were completed with t e s t s  of 

two specimens t o  e s t a b l i s h  t he  re lease  of su l fu r  compounds a s  a function 

of temperature and t o  provide volume-time re la t ionsh ips  a t  temperatures 

other  than the 300, 600, and 1000°C points t h a t  have been employed. The 

da t a  indicated t h a t  SO2 was re leased a t  200°C (and probably below), but it 

disappeared above 600°C; H2S and CS2 were released i n  various amounts over 

the  e n t i r e  temperature range studied.  The volume-time re la t ionsh ip  s tudies  

confirmed the previously noted e s sen t i a l l y  l i nea r  re la t ionsh ip  between the 

volume of gas evolved and t he  log of time. 

A d i f fus ion  model f o r  t he  t ranspor t  of gases i n  porous media has been 

developed. Only two parameters a r e  required t o  define a given binary gas- 

porous medium system i n  terms of the  model. These a r e  an e f fec t ive  normal 

d i f fus ion  coe f f i c i en t  ( cha rac t e r i s t i c  of' 'both gases and the  medium) and 

an e f f ec t i ve  Knudsen coe f f i c i en t  f o r  one of the  gases i n  the same medium. 

An experimental method f o r  the  determination of the  required parameters 

f o r  helium and argon i n  various types of graphite i s  being evaluated. 

Tentative experimental r e s u l t s  indicate  t h a t  the model is applicable over 

a wide range of gas temperatures, pressures,,  and media pore s i ze s .  

6 .  I r r ad i a t i on  Tcsting of EGCR Components and Materials 

Fuel capsule i r r ad i a t i ons  were continued i n  the  ORR Poolside F a c i l i t y .  . 
It has been determined t h a t  the radiation-monitoring system presently i n  

use is  inadequate t o  de t ec t  f i s s i o n  gases from cladding leaks  i n  U02 speci-  

mens operated a t  low temperatures. Plans have been comp1,eted. fo r  increas- 

ing the  monitoring s e n s i t i v i t y .  Further, the  posi t ioning mechanism be- 

.came inoperative,  and modified equipment i s  being prepared f o r  i n s t a l l a t i o n .  



Pert inent  design da t a  and planned operating condit ions f o r  the  next s e t  

of capsules t o  be i r r ad i a t ed  have been developed, and the  operat ional  flow 

diagram has been prepared. A new method f o r  es tab l i sh ing  and maintaining 

the desired specimen temperature is  being developed. 

Additional examinations of group I capsules have confirmed previously 

reported r e s u l t s .  One group I11 capsule (01-3) leaked NaK when pierced 

f o r  f ission-gas r e l ea se .  Effor ts  a r e  being made t o  loca te  the  l eak .  Post-  

i r r ad i a t i on  determinations of the  oxygen-to-uranium r a t i o s  of some of the  

f u e l  p e l l e t s  have indicated no increase a t t r i bu t ab l e  t o  i r r ad i a t i on .  

Metallographic examinations were made of a longi tudinal  sec t ion  of 

the  cladding from ETR capsule E-9. The heavy p rec ip i t a t e  found a t  a p e l l e t -  

to -pe l le t  in te r face  was t en t a t i ve ly  i den t i f i ed  as a n i t r i d e .  

Metallographic examinations have been made, when possible,  of a U02 

p e l l e t  from the  center of each LITR-irradiated capsule. The i r r ad i a t ed  

specimens were compared i n  each case with unir radia ted con t ro l  specimens, 

but there  appears t o  be no d i r e c t  cor re la t ion  of gra in  s i z e  increase and 

the  i n t eg r i t y  of the  U02 p e l l e t  with i r r ad i a t i on  temperature. Possibly 

the samples were not representa t ive  of f u e l  i r r ad i a t ed  a t  the  estimated 

temperatures, e i t h e r  because of leaks i n  the  capsules o r  react ions  of the  

U02 with the  tantalum thermocouple sheaths, or  the  recorded temperatures 

may not have been accurate because of thermocouple d r i f t .  

An invest igat ion i s  being made of the  e f f e c t  of rad ia t ion  on the 

notch d u c t i l i t y  of the heat-affected zones of large  welded s t ruc tures  such 

a s  pressure vessels  f o r  nuclear r eac to r s .  . Radiation-induced increases 

i n  the notch-impact t r ans i t i on  temperature have been detected,  and samples 

a r e  t o  be given a pos t i r rad ia t ion  heat  treatment t o  determine the  manner 

and extent  of annealing of the  r ad i a t i on  e f f e c t s .  

The th in-pla te  samples of U02 sandwiched between Tho2 p l a t e s  t h a t  

were used i n  the  LITR instantaneous f ission-gas-release experiments have 

been removed and examined. As expected, the  oxygen-to-uranium r a t i o  of 

the  samples had increased during i r r ad i a t i on .  Another th in -p la te  sample 

of U02 was i n s t a l l ed ,  and a sweep gas (argon or  helium) t h a t  contained 

3% hydrogen was used i n  an attempt t o  prevent oxidation.  This atmosphere 

has been e f fec t ive ,  and the  gamma-ray spectrum of the  f i s s i o n  gas being 

re leased is markedly d i f f e r en t  from t h a t  of the  f i s s i o n  gas re leased from 

U02 i n  a nonreducing atmosphere. 
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7.  EGCR Experimental F a c i l i t i e s  

The prel iminary design r epo r t  f o r  the EGCR experimental in -p i l e  loops 

w a s  completed. Studies  were ca r r i ed  out  t o  evaluate the  c r e d i b i l i t y  of 

r e a c t o r  depressur iza t ion f o r  several  assumed loop experiments. Frocure- 

ment has been i n i t i a t e d  on t he  in -p i l e  loop mater ia ls  t o  be obtained by 

ORNL, and many subassemblies have beenrece ived .  

A prel iminary design ana lys i s  of a hydrogen-cooled in -p i l e  loop t o  

operate  i n  the EGCR a t  a pressure of 300 p s ig  a t  a power l e v e l  of 500 kw 

has shown t h a t  t he  problems of handling hydrogen as a loop coolant a r e  

not  a s  formidable as f i r s t  predic ted.  The loop would contain a maximum 

of 4 l b  of hydrogen gac, and thc  mixture of t h i s  small quant i ty  of gas 

wi th  the  c e l l  atmosphere would give a hydrogen concentrat ion wel l  below 

the  l i m i t s  of combustion. 

Fur ther  development t e s t s  have been run on the  through-tube bearings.  

A 6 - in .  hermetically sealed gate  valve and a 1-in. hermetically sealed har-  

monic-drive globe valve a r e  being subjected t o  thermal cycling t e s t s  a t  

EGCR operat ing condit ions . 

Pa r t  2 .  Pebble-Bed Reactor Experiment 

8 .  PBRE Phvsics 

Physics ca lcu la t ions  have indicated t h a t  the  c r i t i c a l  core of the  

30- in . -dim,  48-in.-high PBRE core w i l l  have a composition, expressed as 

the  atomic r a t i o s  of carbon t o  thorium t o  u ~ ~ ~ ,  of 590:1.4:1. Frelimi- 

nary s t ud i e s  have indicated t h a t  four  con t ro l  rods, each 3 i n .  i n  diameter, 

loca ted  i n  the r e f l e c t o r ,  w i l l  be required.  Approximate ca lcu la t ions  have 

been made of the f a s t  f l u x  i n  the inner por t ions  or' the  rer ' lec tor  f o r .  use 

i n  graphite-damage s t ud i e s .  

PBRE Design Studies  

Preliminary core design parameters were es tabl ished based on a system 

pres-sure of 500 ps ia ,  the  requirement t h a t  the core flow be upward, and 

t h a t  the  pressure drop ac ross  the core not exceed 80% of the  weight of the 

bed, thus e l iminat ing t he  need t o  hold the bed down t o  prevent l e v i t a t i o n  

of t he  f u e l  p e l l e t s .  
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The e f f e c t  of i rradiat ion-induced s t r e s s e s  i n  graphi te  bodies on t h e  

design of the  r e f l e c t o r  of the  PBRF: i n  being studied,  because the  crack- 

ing  and rupture  associa ted  with d i f f e r e n t i a l  Wigner growth ind ica te  t h a t  

the  r e f l e c t o r  p ieces  above and below the f u e l  region must be rep laceab le .  

For the  chosen design of c lose ly  packed 2 - i n . - d i m  c y l i n d r i c a l  rods with 

t h e i r  axes p a r a l l e l  t o  the  core, however, ca lcu la t ions  show t h a t  i f  the ,  

design l i f e t i m e  of the  r e a c t o r  is  20 years  of f u l l  power operat ion,  the  

graphi te  should not  need t o  be replaced because of d i f f e r e n t i a l  Wigner 

growth a lone .  

A hea t  t r a n s f e r  ana lys i s  and a comparison of the  pebble-bed r e a c t o r  

with t h e  prismatic-core r e a c t o r  w a s  made. The comparison indicated  t h a t  

the  f u e l  handling, and perhaps the  r e a c t o r  maintenance, f o r  the  pebble- 

bed r e a c t o r  w i l l  have t o  be considerable e a s i e r  and more economical than 

t h a t  f o r  the  pr ismat ic  r e a c t o r s  if the  pebble-bed r e a c t o r  is  t o  be com- 

p e t i t i v e .  

10.  PBRE Equipment Development and Test ing 

Preliminary s t u d i e s  were i n i t i a t e d  t o  determine the  genera l  s i z e  and 

arrangement of the  main PBRE blowers. Tests  were i n i t i a t e d  on bearings 

f o r  a compressor f o r  an i n - p i l e  loop f o r  t e s t i n g  PBRE components. Means 

f o r  i s o l a t i n g  components f o r  decontamination a r e  being s tud ied .  

P a r t  3. Advanced Reactor Desinn and Develo~ment 

11. Fueled-Graphite Inves t igat ions  

Two batches of enriched carbon-coated UC2 p a r t i c l e s  were received 

from the  National Carbon Company f o r  evaluat ion.  Metallographic examina- 

t i o n  revealed t h a t  the  coat ing on t h e  p a r t i c l e s  has an unusual duplex 

s t r u c t u r e  which cons i s t s  of a l a y e r  of pyro ly t i c  graphi te  over a t h i n  

inner l a y e r  of pyro ly t i c  carbon. In  one batch of p a r t i c l e s  an extensive 

reac t ion  w a s  observed between the  f u e l  and the  inner l a y e r  of the  coat-  

ing .  Although the  surface coatamina.l;Lcjn of p a r t i c l e s  i n  the  o the r  batch 

is higher than des i rab le ,  ma te r i a l  from t h i s  second batch w i l l  be f u r t h e r  

evaluated by i r r a d i a t i o n  i n  t h e  LITR i n  order t o  study t h e  duplex coat ing 
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Graphite-matrix f u e l  p e l l e t s  f o r  i r r ad i a t i on  i n  the  two ORR poolside 

sweep capsules were se lec ted  and encapsulaked. Out-of-pile evaluation 

of these  and s i m i l a r  miniature f u e l  p e l l e t s  is  being performed by standard 

techniques, including thermal cycling t o  1500°C. Fuel d i s t r i bu t i on  i s  

poor i n  some p e l l e t s ,  but  a c id  leaching a f t e r  thermal cycling has indi-  

ca ted l i t t l e  damage t o  p a r t i c l e s .  

I n  a s e r i e s  of high-temperature experiments on neutron-activated 

specimens, the r e l ea se  of f i s s i o n  products from coated p a r t i c l e s  of batch 

HTM-1 w a s  shown t o  occur by d i f fus ion .  A d i f fus ion  coef f ic ien t  was ca l -  

cu la ted  on the ba s i s  of d l f  fusiorl Llrougll a uiiif orm spher ical  c h e l l  . 
A n~a.t,lnematical model wac developed t o  describe the  re lease  of f i s s i o n  

products through low-permeability conta iners .  The model was confirmed by 

pred ic t ing  within reasonable l i m i t s  the  rela.l;i.ve re lease  of three  nuclides 

i n  the  MTR-48-2 experiment. 

The r c l e a ~ e  of f i s s i o n  gases from minia.ture fueled-graphite bodies 

conta ining approximately 850 coated f u e l  p a r t i c l e s  was determined by heat- 

ing neutron-activated samples t o  temperatures a s  high a s  2100°C. The r e -  

l e a se  of ~e~~~ below 2000°C was l e s s  than 10'~; the data  a l s o  indicate  

t h a t  two o r  more p a r t i c l e s  i n  each f u e l  body was e i t he r  uncoated or  had 

cracked. Similar  re lease  da t a  a re  being obtained on control  specimens 

of the  f u e l  p e l l e t s  used i n  the  MTR-48 experiments. The gas re leased 

during heating of the  1 - i n . - d i m  p e l l e t s  t o  a given temperature was much 

l a r g e r  than the r e l ea se  during a long period a t  the  same temperature. 

The e f f e c t  of CO on the  mechanism of re lease  is  being studied i n  attempts 

t o  expla in  the rap id  r e l ea se  during heating.  

Pos t i r rad ia t ion  examinations have been made of f u e l  p e l l e t s  and the  

graphi te  cans i r r ad i a t ed  i n  MTR capsules 48-1 and -2. It was found t h a t  

t he  UC2 p a r t i c l e s  i n  i r r ad i a t ed  capsule 48-1 were not a s  angular a s  those 

of the  con t ro l  specimen and t h a t  no UC2 "f ingers" were present a f t e r  ir- 

r ad i a t i on .  A f u e l  p e l l e t  from capsule 48-2 sh0wed.a s imilar  microstruc- 

t u r e .  The low-permeability graphite cans used i n  assemblies MTR-48-1, 

-2, and -3 were a l s o  examined. It was found t h a t  each of the  th ree  s i l i -  

con-sealed, pl-ugs had a s p i r a l  void because the  roo ts  of the threads had 

not f i l l e d .  A t  bes t ,  only the  f i r s t  thread was completely sealed.  
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~ i n i a t u r e - c a p s u l e  f i ss ion-gas-re lease  experiments were continued i n  

the  LITR, and experimental assembly MTR-48-5 containing pyrolytic-carbon- 

coated.UC2 p a r t i c l e s  dispersed i n  a graphi te  matrix was i n s e r t e d  i n  the  

m. - 
Chemical processing methods a r e  being developed f o r  recovering uran- 

ium and thorium from i r r a d i a t e d  high-temperature f u e l  elements containing 

coated f u e l  p a r t i c l e s .  Dissolution procedures t h a t  -serve  a s  head-end 

methods f o r  decontamination and recovery of f i s s i l e  and f e r t i l e  ma te r i a l  

by t r i b u t y l  phosphate-nitr ic  a c i d  solvent-ext rac t ion processes a r e  being 

given f irst  considerat ion,  but  a l t e r n a t i v e  'techniques, such as chlor ide  

v o l i t i l i t y ,  a r e  a l s o  being evaluated.  

12. Clad Fuel  Development 

The preliminary design of a beryllium-clad 19-element f u e l  assembly 

f o r  i n s e r t i o n  i n  t h e  EGCR has been completed. The f u e l  w i l l  c o n s i s t  of 

U02 p e l l e t s .  This assembly i s  designed t o  produce 1 .63  times the  average 

channel power i n  the  EGCR when a column of s i x  assemblies is  i n s t a l l e d  

i n  a f u e l  channel.. In  order t o  achieve t h e  design power, the  enrichment 

w i l l  have t o  be increased i n  comparison with t h a t  of the  standard EGCR 

f u e l  assembly. The temperature v a r i a t i o n s  i n  the  beryllium-clad assembly 

w i l l  be minimized by s e l e c t i n g  a f u e l  channel i n  t h e  high-flux region of 

the  core i n  which t o  i n s t a l l  the  f u e l  assembly column so  t h a t  the  l e a s t  

amount of increased enric7hment w i l l  be required .  

In  mater ia ls  inves t iga t ions  f o r  advanced f u e l  element design, the  

low-temperature r e l e a s e  of f i s s i o n  products from U02 was s tudied between 

500 and 800°C i n  vacuum and a t  400°C i n  hydrogen. The ca lcu la ted  ac t iva -  

t i o n  energy f o r  r e l e a s e  i n  the  temperature range 400 t o  800°C w a s  14.7 

kcal/mole, i n  c o n t r a s t  t o  the accepted value of 70 t o  80 kcal/mole a t  

higher temperatures (g rea te r  than 1200°C ) . 
The metallographic examination of U02 p e l l e t s  f a b r i c a t e d  f o r  planned 

i r r a d i a t i o n  experiments showed a second phase i n  p e l l e t s  containing 110- 

t o  290-ppm i ron  and 100- t o  240-ppm s i l i c o n .  The second phase w a s  t en ta -  

t i v e l y  i d e n t i f i e d  by x-ray d i f f r a c t i o n  a s  Fe304 and alpha iron,.  I n  the  

f a b r i c a t i o n  of' fue led  BeO, preheating i n  vacuum t o  remove the  binder was 



found t o  be helpful  i n  el iminating cracks during s in te r ing .  Crack-free 

specimens containing 20 vo l  $ U02 a s  150- t o  250-p-dim p a r t i c l e s  were 

s i n t e r ed  t o  95% of t h e o r e t i c a l  densi ty .  

Studies  of the  thermal conductivity of 93.4% dense U02 by r a d i a l  

hea t  flow gave r e s u l t s  of 0.0732 w/cm- "C near room temperature t h a t  de- 

creased t o  0.0582 w/cm."C a t  195°C. Determinations a t  higher temperatures 

a r e  i n  progress.  

Methods a r e  being s tudied fo r  producing dispersion-strengthened iron- 

aluminum-chromium'alloys f o r  cladding materials ,  using dispersions of 

oxides as the  strengthening agents.  Methods of preparing a l loy  powders 

a r e  being otudicd.  The mechanical fragmentation of higher a l loys ,  followed 

by mixing with i ron,  looks favorable.  

'Yhe co r r e l a t i on  of a l l  avai lable  tube-burst data  a t  1300 t o  1600°F 

b;y means of the Dorn parameter shows good comparison f o r  periods up t o  

1000 hr. However, the  experimental r e s u l t s  from longer t e s t  periods de- 

v i a t e  from l i n e a r  behavior. 

A "break-away" reac t ion .of  hot-extruded beryllium tubing i n  helium 

containing 4 vo l  % water vapor was observed i n  severa l  t e s t s  a t  650°C. 

In previous t e s t s  of Pechiney Flake under s imilar  conditions no "break- 

away" reac t ion  occurred. 

A batch of 200 f t  of 0.300-in.-o.d.,  0.040-in.-wall, beryllium tub- 

ing from imperial  Chemical Industr ies  i s  being evaluated by nondestructive 

t e s t s .  While s ca t t e r ed  contamination and a few defects  have been observed, 

the  tubing appears t o  be among the best  examined t o  date .  In order t o  

co r r e l a t e  the  mechanical proper t ies  of the  tubing with the  defects  ob- 

served during inspection,  numerous tubes t h a t  showed de f in i t e  indications 

were re-examined t o  i den t i fy  and mark sect ions  f o r  preparation of t e s t  

specimens . 
A comparison of the  room-temperature shear s t reng th  of beryllium 

end-closure welds prepared by the arc-fusion and electron-beam processes 

showed t h a t  the  arc-fus ion welds a r e  somewhat s t ronger .  Thermal cycling 

from 1380 t o  380°F of arc-fusion welds on e igh t  types of beryllium tub- 

ing d id  not produce leakage a f t e r  500 cycles.  

S ix  beryllium-clad U02-fueled capsules t h a t  were i r r ad i a t ed  i n  the  

ORR were examined. Four of t he  capsules had not leaked, but two of the  



capsules.were'  completely f i l l e d  wi th  NaK from the  hea t  t r a n s f e r  bath  i n  

which they were i r r a d i a t e d .  The NaK w a s  contaminated with f i s s i o n  pro- 

duc t s .  A l l  t he  capsules and p e l l e t s  showed small increases  i n  dimensions. 

Sections have been taken f o r  metallographic examination. 

P o s t i r r a d i a t i o n  examinat.ions were conducted on a s e r i e s  of BeO-U02 

p e l l e t s .  A l l  t he  p e l l e t s  remained i n t a c t ,  but  the re  was a general  in-  

crease  i n  dimensions. The f i s s ion-gas  re lease  w a s  l e s s  than f o r  U02 

p e l l e t s .  

I r r a d i a t i o n  t e s t i n g  of beryllium shee t  specimens manufactured by 

severa l  techniques and containing var ious  percentages of oxide and carbide 

gave no evidence f o r  composition-dependent swell ing.  Severa l  i n - p i l e  

s t r ess - rup tu re  experiments on beryllium tubing were completed. The f r a c -  

t i o n a l  decrease i n  the  100-hr rupture  s t r e n g t h  a t  600°C, when p l o t t e d  a s  

a funct ion of the  exposure, showed good c o r r e l a t i o n  f o r  severa l  samples. 

Similar  d a t a  obtained a t  700°C showed considerable s c a t t e r ,  perhaps be- 

cause of the e f f e c t s  of corros ion.  

A second experimental assembly containing t e n  tube-burst  specimens 

of "boron-adjusted" heats  of Inconel was t e s t e d  i n  t h e  ORR poolside f a -  

c i l i t y .  The d a t a  d i d  not show t h a t  the  rupture  s t r eng th  of Inconel is 

impaired by t h e  helium generated during thermal-neutron bombardment of 

the  B ~ O ,  as has been postula ted .  

Specimens of beryllium oxide a r e  being i r r a d i a t e d  i n  the  ETR t o  

study the  s t a ' b i l i t y  of BeQ under i r r a d i a t i o n .  Serious d e t e r i o r a t i o n  has 

occurred a s  a r e s u l t  of fas t -neutron doses of 1 X lo2' t o  2 x 

neutrons/cm2. The g r e a t e s t  damage occurs with high doses a t  low tempera- 

t u r e s .  An evaluat ion of the  temperature-annealing e f f e c t s  i s  planned. 

13.  Design Studies  of Advanced Power P lan t s  

Conceptual design s t u d i e s  of four  gas-cooled r e a c t o r  p l a n t s  have 

been prepared t o  inves t iga te  t h e  p o s s i b i l i t y  of reducing c a p i t a l  cos t s  

by exp lo i t ing  t h e  advantages of al l-ceramic f u e l  elements. I n  a l l  four  

r e a c t o r s  the  steam generator  w a s  placed d i r e c t l y  over t h e  r e a c t o r  s o  t h a t  

the  two could be housed i n  a common pressure  vesse l .  A new type of a x i a l -  

tube steam generator  was evolved. The s t u d i e s  indicated  t h a t  major sav- 

ings i n  the  weight and c o s t  of the  pressure vesse l ,  steam generator ,  

sh ie ld ,  and containment v e s s e l  could be e f f e c t e d .  % 



An a n a l y t i c a l  approach and an  IBM machine code were prepared f o r  

t h e  design of once-through steam genera tors .  The r e s u l t s  ind ica te  t h a t  

t h e  s i z e  and c o s t  of steam generators can be reduced by increas ing the  

gas system pressure  and temperature. Charts have been prepared t o  f a c i l i -  

t a t e  prel iminary design ca lcu la t ions  f o r  a wide v a r i e t y  of steam genera- 

t o r s  f o r  gas-cooled r e a c t o r  app l i ca t ions .  

A comparison of gas-turbine and steam power p l a n t s  f o r  use with a l l -  

ceramic gas-cooled r e a c t o r s  was made. The maintenance problems posed by 

t h e  contaminated system were found t o  be more se r ious  f o r  the gas turbine  

and compressor than f o r  the  gas -c i rcu la to r  of the  corresponding steam 

p l a n t .  

1 4 .  Experimental Inves t iga t ions  of Heat Transfer  and Fluid  Flow 

Circumferent ia l  temperature d i s t r i b u t i o n s  were obtained a s  a func- 

t i o n  of t h e  a x i a l  d i s t ance  along the  c l u s t e r  f o r  a l l  seven tubes of the  

downstream c l u s t e r  i n  an apparatus containing two f u l l - s c a l e  models of 

t h e  EGCR T i t l e  I1 f u e l  bundle. I n  t h e  i n i t i a l  experiments, the  upstream 

c l u s t e r  w a s  unheated. Because of f a u l t y  e l e c t r i c a l  c i r c u i t r y ,  a  d i f f e r -  

ence i n  hea t  genera t ion of 4 4 %  around the  mean e x i s t e d  between t h e  in -  

d i v i d u a l  tubes i n  the  c l u s t e r .  A s  a  r e s u l t ,  a  gross discrepancy of 5% 

was found i n  the  h e a t - t r a n s f e r  c o e f f i c i e n t s  ca lcu la ted  f o r  the  s i x  periph- 

e r a l  tubes .  A s h i f t  observed i n  the  r e l a t i v e  pos i t ions  of the  pe r iphera l  

and c e n t r a l  tube h e a t - t r a n s f e r  c o e f f i c i e n t  curves f o r  the  upstream and 

downstream sec t ions  of t h e  c l u s t e r  w a s  cons i s t en t  wi th  e a r l i e r  r e s u l t s  

obtained i n  gas-mixing s t u d i e s  on the  influence of the  mid-cluster  spacer 

i n  f low r e d i s t r i b u t i o n .  Rewiring of the  apparatus r e s u l t e d  i n  mean tempera- 

t u r e  d i s t r i b u t i o n s  f o r  the  pe r iphera l  tubes which were uniform t o  within 

+0.75$; h e a t - t r a n s f e r  c o e f f i c i e n t s  ca lcu la ted  f o r  tube 6 were -4% grea te r  

than those  obtained wi th  nonuniform heat ing.  

A u n i f i e d  c o r r e l a t i o n  of both t h e  hea t - t r ans fe r  and the  mass-transfer 

d a t a  t o  include a x i a l  v a r i a t i o n s  was developed by assuming t h a t  entrance- 

r eg ion  hea t  o r  mass t r a n s f e r  i n  t h e  EGCR c l u s t e r  geometry could be t r e a t e d  

from the  viewpoint of boundary-layer growth on a f l a t  p l a t e .  Empirical 

constants  were developed from a composite of the  d a t a  obtained on t h e  

s e v e r a l  apparatuses used i n  the  course of the  experimental program. The 

x x i i  



r e s u l t i n g  equations, being expressed i n  terms of a x i a l  d i s t ance  from t h e  

apparent channel i n l e t ,  a r e  independent of t h e  equivalent  channel diameter 

and the  tube ligament spacing, and they charac te r i ze  the  a v a i l a b l e  da ta  

t o  wi th in  k6.476 f o r  heat  t r a n s f e r  and 215% f o r  mass t r a n s f e r .  Both the  

heat  t r a n s f e r  and mass t r a n s f e r  c o r r e l a t i o n s  y i e l d  c o e f f i c i e n t s  -30% 

grea te r  than those found t h e o r e t i c a l l y  f o r  f l a t  p l a t e s .  

15.  Development of Equipment and Test  F a c i l i t i e s  

Experiments a r e  being conducted with a gas chromatograph f o r  the  

purpose of evaluat ing i ts  usefulness  i n  continuously monitoring low-pres- 

sure  (100 mrn ~ g )  helium f o r  H2, 02, N2,  CH4, CO, and C02. A modified 

process chromatograph obtained from Beckman Instruments has given exce l l en t  

r e so lu t ion  of the  s i x  contaminants. 

Addit ional  t e s t s  of the  emf d r i f t s  of sheathed Chromel-P v s  Alwnel 

thermocouples have shown t h a t  hydrogen penet ra t ion  of the  sheath  r e s u l t e d  

i n  development of marginally oxidiz ing condit ions ins ide  t h e  sheath .  

Sheathed thermocouples exposed t o  hydrogen a t  865°C developed emf d r i f t s  

of -2.7 mv ( - 6 7 . 5 " ~ )  i n  98 days. Exposure of s i m i l a r  couples t o  a CO 

atmosphere r e s u l t e d  i n  the  usual ,  s l i g h t ,  p o s i t i v e  emf d r i f t .  Low-tempera- 

t u r e  t e s t s  ( 7 0 4 " ~ ,  1 3 0 0 " ~ )  on sheathed couples i n  a graphite-helium atmos- 

phere have shown no t rend i n  d r i f t  a f t e r  18 days of exposure. High-pres- 

sure  hydrogen t e s t s  have been s e t  up i n  an at tempt t o  a c c e l e r a t e  t h e  

development of negative emf drifts.  

Studies  have been made of expendable, self-contained,  gas-cooled in-  

p i l e  loops f o r  t e s t i n g  f i ss ion-product  deposi t ion  from unclad r e a c t o r  f u e l s .  

Package loops f o r  use i n  the  LITR, ORR, and EGCR were considered. 

Test F a c i l i t i e s ,  Components, and Materials  

16 .  Test  Facilities Dcoign and Conctruction 

Construction 'of GCR-ORR loop No. 2 has been e s s e n t i a l l y  completed, 

and modified loop No. 1 has been i n s t a l l e d  and i s  opera t ing as designed. 

Pressure-vesse l -s tee l  weld samples a r e  being i r r a d i a t e d .  

The bearings of $he two compressors t h a t  had operated f o r  3300 hr 

i n  loop No. 1 were examined, and it was found t h a t  they could have 



continued t o  opera te  without  r e l u b r i c a t i o n .  A gas-bearing compressor 

w a s  received from B r i s t o l  Siddeley f o r  experimentation. 

A subcontrac t  has been arranged with the  Universi ty of Tennessee 

f o r  development of bas ic  information on the  design and operat ion of s h a f t  

s e a l s .  

17. Fabr ica t ion  S tud ies  

~ k e r o u s  Be0 specimens were . . fabr ica ted  and character ized f o r  use i n  

i r r a d i a t i o n  experiments. The bulk dens i ty  of s i n t e r e d  specimens was ob- 

served t o  be s t rong ly  a f f e c t e d  by the  heat ing r a t e  when t h e , s i n t e r i n g  was 

done i n  'hydrogen; t h e  dens i ty  was reduced from 96 t o  64% when the  time 

t o  reach t h e  s i n t e r i n g  temperature w a s  increased from 2 t o  24 hr. 

In  a study of t h e  cumpat ib i l i ty  of ceramics and metals,  severa l  com- 

b ina t ions  of r e f r a c t o r y  mate r i a l s  were shown t o . b e  compatible a t  1400°C. 

However, r e a c t i o n s  of tantalum and mo1.yhdeni.m with pyro ly t i c  graphi te  

were observed a f t e r  345 hr a t  th i s ' t empera tu re .  

A nozzle s l i p - j o i n t  t e s t , a s sembly  c o n s i s t i n g , o f  a T sec t ion  with two 

d i s s i m i l a r  metal welds and a n  A1203-coated inner tube w a s  f a b r i c a t e d  f o r  

ORR loop No. 2. The assembly is  being tested. by thermal cycl ing t o  1550°F.. 







1. EGCR PHYSICS 

A. M. Perry 

React ivi ty  Effects  of EGCR Ekperimental 
Loop Through-Tubes 

Experimental da ta  on t h e  r e a c t i v i t y  e f f e c t s  of t h e  experimental loop 

through-tubes have been obtained with t h e  use  of t h e  Hanford Physical  

Constants Test Reactor. A s  reported previously, ' t h e  r e a c t i v i t y  e f f e c t  

was calculated p r io r  t o  t h e  experiment i n  order t o  approximate t he  multi- 

p l i c a t i on  f ac to r  t h a t  would be produced by t h e  tube, s ince  t h i s  informa- 

t i o n  was needed f o r  planning. Since t h e  ' tube dimensions used i n  t h e  calcu- 

l a t i o n s  did  not precise ly  match those of t h e  tube subsequently used i n  

t he  experiment, t h e  experimental system has been reanalyzed using t he  

methods now being used f o r  EGCR core calcula t ions .  The r e s u l t s  of t h e  

new calcula t ions  a r e  compared with t h e  measurements i n   able 1.1. The 

experimental configuration represented an i n f i n i t e  l a t t i c e  with one s t e e l  

tube c e l l  f o r  each e ight  f u e l  c e l l s  a t  an enrichment of 1.8$. 

'GCR a a r .  ~ r 6 g .  Rep. Dec. 31, 1959, ORNL-2888, p. 8. 

2~~~ Quar. Prog. Rep. March 31, 1961, ORNL-33.02, p. 3. 

Table 1.1. Comparison of Calculated and Measured Mult ip l i -  
ca t ion Factors f o r  Through-Tube Experiment 

i n  Hanford PCTR 

M.11.t fp1ica.t ion Factor 
Ekperiment a 1  Condit ions 

Calculated Measured 

No s t e e l  tube 1.141 1.146 k 0.004 

Ehpty s t e e l  tube 1.032 1.029 2 0.010 

S t ee l  tube containing 2.6% 3.070 1.067 2 0.006 
enriched EGCR f u e l  element 



EGCR Control Rod Pat terns  

C. A. P r e sk i t t  D. R. G i l f i l l a n  

The mul t ip l i ca t ion  f ac to r  of the  EGCR without s t e e l  through-tubes 

has been calcula ted f o r  a  l a rge  number of d i f f e r en t  control  rod pat terns .  

These were two-group, two-dimensional calcula t ions  i n  which each control  

rod was represented a s  a  separate  region, with t h e  current-to-flux r a t i o  

spec i f ied  a s  a  boundary condit ion on t h e  surface. The graphi te  f u e l  

element sleeves were assumed t o  be coated with 2.5 wt s i l i c o n  carbide. 

Subsequent t o  the  completivrl Of these calcula t loas ,  t he  coating was re,- 

moved from the  design, with t h e  r e s u l t  t h a t  a l l  values of t he  mult iplica- 

t i o n  f ac to r  reported here a r e  low by an amount Ak/k = 0.0025. 

These s tud ies  have been divided i n t o  two groups, one i n  which a l l  

con t ro l  rods a r e  f u l l y  inser ted,  with t he  exception of a  se lected few, 

and a  second group i n  which only a  few control  rods a re  inser ted and t h e  

remainder a r e  f u l l y  withdrawn. Al l  ca lcula t ions  i n  t h e  f i r s t  group rep- 

resen t  t h e  i n i t i a l  core loading a t  room temperature without f i s s i o n  prod- 

uc t s .  Since t h i s  condit ion has t he  highest  mul t ip l i ca t ion  f ac to r  ever 

a t t a ined  by t he  EGCR, these  calcula t ions  give information on t he  minimum 

shutdown margin and t h e  number of rods which may be removed from t h e  core 

or  f a i l  t o  function properly when a  shutdown of t h e  cold reactor  i s  re -  

quired. The r e s u l t s  of these  calcula t ions  a re  shown i n  Table 1.2. The 

i d e n t i f i c a t i o n  of t h e  con t ro l  rods i s  shown i n  Fig. 1.1; it should be noted 

t h a t  no control  rods w i l l  be i n s t a l l ed  i n  posi t ions  A, Q, Z, and K. 

One i n t e r e s t i ng  observation t o  be made from these  r e s u l t s  i s  t he  

r e l a t i v e l y  insens i t ive  dependence of Ak on the  loca t ion  of t h e  withdrawn 

cont ro l  rod. This f l a t t e n i n g  of t h e  rod importance r e s u l t s  from t h e  

de l e t i on  of rods A, Q, Z, and K from t h e  array, leaving a  l a rge r  than 

average number of f u e l  channels per control  rod near t he  core boundary, 

and from t h e  tendency toward r e f l e c t o r  moderation of t he  core when a l l  

con t ro l  rods a r e  inserted.  

3~~~ Quar. Prog. Rep. June 30, 1961, ORNL-3166, p. 3 .  



UNCLASSIFIED 
Calculations with t h e  second 
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n group of control  rod pat terns ,  

V J  with a few selected rods f u l l y  

inserted,  were done f o r  t h e  i n i -  

t i a l  core a t  operating tempera- 

t u r e  with equilibrium concentra- 

t i o n s  of xenon and samarium. This 

@ a @ @ @ @ @ 
pa r t  of t h e  study provided in- 

formation on t h e  r e a c t i v i t y  e f -  

f e c t  and power d i s t r i bu t i on  fo r  

t h e  various configurations of 

f u l l y  inser ted control  rods t h a t  

w i l l  be encountered during opera- 

t i o n  of t h e  first core. The r e -  

L s u l t s  of t h i s  group of calcula-  
Fig. 1.1. Iden t i f i ca t ion  of EGCR 

Control Rods. t i o n s  a r e  given i n  Table 1.3. 

A number of i n t e r e s t i ng  e f -  

f e c t s  were observed i n  t h e  s tudies  summarized i n  Table 1.3. For example, 

with rods GOTM inserted,  t h e  power d i s t r i bu t i on  i s  extremely f l a t ,  with 

t he  peak f a l l i n g  near t he  radius of t h e  inse r ted  rods. When t h e  cen t r a l  

rod (rod N) i s  inser ted together  with GOTM, t h e  peak power occurs near 

t h e  core boundary, and t h e  worth per  rod i s  considerably l e s s  f o r  t h i s  

Table 1.2. Mult ip l icat ion Factor of EGCR I n i t i a l  
Core a t  Room Temperature and Clean 

Core Condition 
Ak per 

Withdrawn 
Rod 

No rods withdrawn 0.9214 
Al l  21 rods withdrawn 1.1631 0.0115 
Rod N withdrawn 0.9376 0.0162 
Rods GOTM withdrawn 0.9856 0.0161 
Rods FHUS withdrawn 0.9723 0.0127 
Rods CPXL withdrawn 0.9769 0.0139 



Table 1.3. Mult ip l icat ion Factor and Radial Peak-to-Average 
Power Rat io  of EGCR I n i t i a l  Core a t  Operating Temperature 

with Equilibrium Concentrations of Xenon and Samarium 

Radial 
Control Rods Ak per 

keff  Peak-to-Average 
Ful ly  Inser ted Inser ted Rod 

Power Ratio 

None 
0 
MO 
GOTM 
GOTMLP 
NGOTM 
FH'US 
m s  
FHUSLP 
FSP 
NCPXL 

configuration. It may a l s o  be noted t h a t  rods NFHUS a r e  worth s l i g h t l y  

more than  NGOTM, i n  s p i t e  of the  f a c t  t h a t  t h e  rods a r e  inser ted a t  a 

g r ea t e r  radius. A s  i n  t h e  previous comparison, t he  di f ference between 

t h e  two power d i s t r i bu t i ons  i s  such a s  t o  favor t he  f u e l  more i n  one case 

than t h e  other. 

Neutron Thermalizat ion 

E. A. Nephew C. A. P r e sk i t t  

Calculations of thermal-neutron spectra  i n  graphi te  using t h e  f ree -  

gas model f o r  s ca t t e r i ng  kernels have been used t o  study t h e  accuracy with 

which t h e  spectrum can be approximated with simple models. In  t h e  absence 

of any per turbat ion i n  t he  spectrum, such a s  would be caused by a l a rge  

~u~~~ concentrat,ion, f o r  example, it was assumed t h a t  t h e  f lux  could be 

represented by t h e  sum of two components, a Maxwellian d i s t r i bu t i on  and 

an epithermal residue t h a t  approaches 1 / ~  i n  t he  asymptotic region, t h a t  

is, 



where k is Boltzmann's constant and T i s  t he  neutron temperature. The 
N 

function F(E) w i l l  be refer$ed t o  as  t he  epithermal residue. For any 

computed thermal-neutron spectrum t h e  function F(E) is  determined by a 

l e a s t  squares f i t t i n g  of a Maxwellian t o  t he  t o t a l  f lux  i n  t h e  region of 

i t s  peak, thus obtaining t h e  neutron temperature. It has been found t h a t  

t h e  Maxwellian spectrum i s  a very good f i t  t o  t h e  t o t a l  spectrum up t o  an 

energy corresponding t o  1 .6  kT and t h a t  t h e  epithermal residues obtained 
N 

over a wide range of moderator temperatures and absorption cross sect ion 

have qu i te  s imilar  charac te r i s t i cs .  The most important of these  char- 

a c t e r i s t i c s  a re  : 

1. The residue contains a ( 1 1 ~ )  component whose s ign  and magnitude 

depend on t he  temperature and absorption cross section.  

2. The peak of t he  residue occurs a t  approximately 5.9 kTNi 

3. The residue vaniches a t  energies below about 1 .6  kT 
N' 

The problem of developing an accurate model f o r  t h e  t o t a l  spectrum 

reduces t o  t h a t  of f inding a good approximation t o  F(E) . This approxi- 

mation w i l l ,  of necessity, contain a number of f r e e  parameters, and t h e  

u t i l i t y  of a given model depends on minimizing t h e  number of f r e e  parame- 

t e r s  and obtaining an accurate cor re la t ion  of t h e  parameters with char- 

a c t e r i s t i c s  of t h e  ~ystcm. 

The present study has shown t h a t  no more than two f r e e  parameters 

a r e  required t o  produce an extremely good f i t  t o  t h e  epithermal residue. 

  he region above about 8kTN i s  well  f i t t e d  by adding a ( 1/E) . term t o  

t h e  well-known 1/E var ia t ion  usual ly  assumed over t h i s  range. The region 

below 8 k ~  i s  d i f f i c u l t  t o  handle accurately, but  t h e  inclusion of a N 
Gaussian type of function seems t o  provide an adequate f i t .  With t h i s  

approximat ion t h e  residue takes  t h e  following form: 



I n  f i t t i n g  t h e  res idue over a very wide range of temperature and absorption 

cross  s ec t i on  it has been found t h a t  both p and t h e  di f ference B - A a r e  

very near ly  constant, so  t he  equation given above fo r  F(E) ac tua l ly  con- 

t a i n s  only two f r e e  parameters. 

A comparison between t h e  exact residues and t he  function obtained 

with t h e  present model is  shown i n  Fig. 1.2.   he ftl; i s  seen t o  be qu i te  

good even f o r  t h e  wide range of conditions represented by t he  two cases 

displayed. AddiTional study w i l l ' b e  required i n  order t o  determine t h e  ac- 

curacy t o  which t h e  values of t he  two parameters of t h e  residue may be cor- 

relat ,ed with t h e  temperature and absorption cross sect ion f o r  a conlpletely 

general  s e t  of condit ions.  

UNCLASSIFIED 
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Fig. 1.2. Comparison of Exact Epithermal Residue with t h a t  Predicted 
by Model f o r  Two Values of t h e  Moderator Temperature, TM, and Absorption 
Cross Section. 



,2. EGCR PERFORMANCE ANALYSES 

Reactor Nozzle Temperatures Following T o t a l  Power F a i l u r e  

G. Samuels M. E. Lackey 

I n  t h e  event of a t o t a l  f a i l u r e  of t h e  EGCR power supply, t h e  opera- 

t i o n  of both t h e  v e s s e l  cooling compressors and t h e  r e a c t o r  coolant  blowers 

w i l l  be in ter rupted .  The temperature h i s t o r y  t o  be expected a t  t h e  r e a c t o r  

t o p  nozzles following t h i s  i n t e r r u p t i o n  has been inves t iga ted .  Two cases 

were analyzed. I n  t h e  f i r s t  case it was assumed t h a t  t h e  s e r v i c e  machine 

was a t tached t o  t h e  r eac to r  vesse l ,  with a l l  t o o l s  withdrawn i n t o  t h e  s e r -  

v i c e  machine, and t h a t  t h e  se rv ice  machine i s o l a t i o n  valve was open and i n -  

operat ive.  I n  t h e  second case it was assumed t h a t  t h e  concrete sh ie ld ing  

plugs were i n  place i n  t h e  nozzles. 

Case I: Service  Machine Attached 

During normal operat ion both t h e  se rv ice  machine and t h e  nozzle t o  

v11icl.1 Tl; i s  a t tached a r e  cooled by helium flowing through t h e  s e r v i c e  ma- 

chine and t h e  nozzle i n t o  t h e  r e a c t o r  t o p  plenum. This coolant  flow w i l l  

cease i n  t h e  event of a t o t a l  power f a i l u r e .  It was assumed t h a t  a t  t h e  

time of t h e  power f a i l u r e ,  t h e  se rv ice  machine, t h e  concrete sh ie ld ,  and 

t h e  i n t e r n a l s  of . t h e  nozzle were a t  a temperature of 150°F. The gas i n  

t h e  nozzle would be i n  contac t  with t h e  1050°F gas i n  t h e  r e a c t o r  t o p  

.plenum, and, fol lowing t h e  power f a i l u r e ,  t h e  nozzle gas would rece ive  

hea t  from t h e  1050°F gas by d i f fus ion ,  eddy formation, e t c .  The nozzle 

wal ls  and t h e  concrete s h i e l d  would a c t  a s  hea t  s inks  and would cool  t h e  

gas i n  contac t  with t h e  nozzle wal ls  t o  below t h e  bulk temperature of 

t h e  gas i n  t h e  nozzle. This cool  gas would f a l l  and a thermal-convection 

cur ren t  would be s t a r t e d ,  with t h e  cold  gas f a l l i n g  on t h e  ou t s ide  and 

t h e  hot  gas from t h e  plenum r i s i n g  through t h e  cen te r  of t h e  nozzle. 

A s impl i f i ed  model of t h i s  system was used f o r  t h e  heatup ca lcula-  

t i o n s .  The major assumptions a r e  l i s t e d  below: 

1. ' No l;irne c r e d i t  was taken f o r  t h e  establishment of thermal c i r c u l a -  

t i o n .  



2 .  No heat  w a s  l o s t  from the  nozzle t o  the  concrete.  

3 .  The nozzle w a s  assumed t o  be a t  the  gas temperature a t  a l l  t imes.  

4. Heat was t r a n s f e r r e d  from the  r i s i n g  gas t o  the  f a l l i n g  gas ,  

5 .  The r i s i n g  gas en te red  the  se rv ice  machine and came t o  equil ibrium 

wi th  t h e  i n t e r n a l s  of t h e  machine before f a l l i n g  back i n t o  the  nozzle. 

6 .  No heat  w a s  l o s t  from the se rv ice  machine. 

Various gas i n l e t  temperatures from the  se rv ice  machine were assumed 

and t h e  corresponding gas f low and temperakures en te r ing  the  se rv ice  machine 

were ca lcu la ted .  The i n i t i a l  temperature and flow condit ions were assumed 

t o  hold f o r  a per iod of t ime,  a f t e r  which new gas temperature and flow condi- 

t i o n s  were ca lcu la ted  from the  heat  input  to the service ~rlaclllne. These 

temperature and f low condi t ions  were assumed t o  hold f o r  a per iod of time, 

and then t h e  gas temperature and flow condit ions were again reca lcu la ted .  

This process w a s  repeated  and the gas temperatures were p l o t t e d  a s  a func- 

t i o n  of t h e  t o t a l  e lapsed t ime.  The r e s u l t s  a r e  shown i n  Fig .  2 .1 .  A s  

may be seen from Fig .  2.1, t h e  nozzle w i l l  be a t  approximately 500°F and 

t h e  s e r v i c e  machine w i l l  be a t  approximately 270°F a f t e r  1 hr. These 
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Fig. 2.1. Maximum Nozzle Temperature Following a Tota l  Power Fa i lu re  
wi th  Service  Machine Attached. 



r e s u l t s  a r e  considered t o  be conservative, s ince  no heat  l o s s  from t h i s  

system was considered, t h e  nozzle was assumed t o  have zero hea t  capacity,  

and no allowance was taken f o r  t h e  establishment of thermal c i rcu la t ion .  

It appears the re fo re  t h a t  under these  condit ions t h e  nozzle and se rv ice  

machine temperatures w i l l  remain within s a f e  l i m i t s .  

Case 2 :  Service Machine Unattached 

The reac to r  v e s s e l  t o p  nozzles a r e  normally cooled by helium flowing 

i n  t h e  annulus formed by t h e  nozzle wal l  and t h e  insu la t ing  cyl inder  con- 

t a i n e d  with t h e  nozzle. The nozzle temperature is  normally about 510°F, 

t h a t  is, t h e  temperature of t h e  helium coolant supply. The mechanism of 

t h e  beginning of t h e  n a t u r a 1 , c i r c u l a t i o n  pat tern ,  a f t e r  t h e  power f a i l u r e ,  

was assumed t o  be t h e  same a s  out l ined i n  case 1. 

The major assumption used f o r  t h e  heatup ca lcu la t ions  a r e  l i s t e d  

below: 

1. No time c r e d i t  was taken f o r  t h e  establishment of t h e  thermal 

c i rcu la t ion .  

2. No heat  was l o s t  from t h e  nozzle t o  i t s  surroundings. 

3. Heat was t r a n s f e r r e d  from t h e  r i s i n g  hot  gas t o  t h e  cold f a l l i n g  

gas i n  such a manner t h a t  they came t o  equil ibrium a t  t h e  nozzle top. 

Various nozzle temperatures were assumed and t h e  corresponding gas 

flow and temperatures leaving t h e  t o p  nozzle were ca lcula ted .  The aver- 

age temperature and flow condit ions were assumed t o  hold during a tempera- 

t u r e  change of t h e  nozzle. The corresponding time period was ca lcu la ted  

assuming t h e  nozzle t o  be an i n f i n i t e  hea t  s ink  d u r i n g , t h e  temperature 

change. A new time period was then ca lcula ted  f o r  a new temperature change. 

The maximum nozzle temperature a s  a f'unction of time i s  given i n  Fig. 2.2. 

A s  may be seen from Fig. 2.2 t h e  nozzle temperature w i l l  be approximately 

800°F a f t e r  1 hr .  An evaluation of t h e  e f f e c t  of t h i s  temperature should 

be made. 

Emergency Cooling Upon Loss of Normal Power 

G. Samuels M. E. ~ a c k e y  

An inves t iga t ion  has been made of t h e  flow d i s t r i b u t i o n  t h a t  could be 

obtained i n  t h e  reac to r  under var ious  condit ions following l o s s  of normal 
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Fig .  2.2. Maximum Nozzle Temperature Following a Total  Power Fai lure  
with Concrete Shie ld  Plugs i n  Place. 

power i f  t he  vesse l  cooling compressor were supplied with emergency powzr. 

The r eac to r  vesse l  and nozzles a re  normally cooled by helium supplied by 

the  vesse l  cooling compressor. This compressor a l s o  supplies coolant f o r  

the  se rv ice  machine and the  charge machine. Four flow cases were inves t i -  

gated : 

1. no flow t o  the  charge machine or  the  service machine, 

2 .  no flow t o  the  charge machine, 

3.  no flow t o  the  service  machine, 

4. flow t o  a l l  service  f a c i l i t i e s .  

A s impl i f ied flow diagram of the system is  shown i n  Fig.  2.3. The 

presen t ly  planned system of piping, a s  shown by the  s o l i d  l i n e s  i n  Fig.  2.3, 

and an a l t e r n a t e  system of piping, a s  shown by the  dashed l i n e s  i n  Fig .  2.3, 
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Fig. 2.3. Simplified Flow Diagram of t h e  EGCR Pressure Vessel Cool- 
ing Systems. 

were investigated. The present system was studied under t h e  assumption 

t h a t  one of the  main loop block valves (v2)  had f a i l e d  t o  close. The a l -  

t e rna t e  system flows were calcula ted under t h e  assumption t h a t  both main 

loop block valves ( v ~  and v2) had f a i l e d  t o  close.  The a l t e r n a t e  system 

requires  t h a t  valves Vg and Vg 'be c losed and valve 'V4 be.opened a f t e r  t h e  

power fa i lu re .  These data  w i l l  permit an evaluation of core flow i n  re -  

l a t i o n  t o  hazards problems associated with l o s s  of main blower power. The 

resu l t ing  core and by-pass flows f o r  t h e  four cases a r e  l i s t e d  i n  Table 

2.1. These calcula t ions  do not include any thermal forces.  



Table 2.1. Coolant Flow After  Power Fai lure  with t h e  
Vessel Cooling Compressor Operating 

on Emergency Power 

Flow with Present Flow with Alternate 
Piping ( l b /  h r  ) Piping ( l b /  h r  ) Case 

Bypass t o  Bypass t o  
Core Core 

Top Plenum Top Plenum 

Analog Com~uter Studies of EGCR Transients 

C . S. Walker S. J. Ball 

The analog computer models of the.EGCR reactor  and steam generator 

developed a t  ORNL were combined and t e s t ed  a t  the Electronic Associates, 

Incorporated, computing f a c i l i t y .  The purpose of the s tudies  was t o  p red ic t  

t he  t r ans i en t  behavior of the  p lan t  f o r  severa l  scram conditions and t o  make 

preliminary invest igat ions  of various over -a l l  p lan t  control  systems. Fine- 

s t r uc tu r e  representa t ions  of' both the reac tor  and steam generator models 

were employed f o r  a l l  the  t e s t s  made; however, it was assumed t h a t  t h e  be- 

havior of the two gas loops was i den t i ca l  and t h a t  the  two steam generators 

operated e f f ec t i ve ly  a s  a s ing le  u n i t .  

The r e s u l t s  of two reac tor  scram t e s t s  a r e  shown i n  Figs. 2.4 and 2.5. 

I n  these t e s t s  the  gas flow w a s  decreased a t  the maximum r a t e  allowed by 

t he  blower spec i f ica t ions  .' This decrease is  ca l led  the normal blower coast- 

down. The e f f e c t  of maintaining a constant steam t h r o t t l e  valve posi t ion i s  

shown i n  Fig .  2.4, and the  e f f e c t  of a constant turbine pressure i s  given 

i n  Fig .  2.5.  The major di f ferences  i n  the two s e t s  of data  a re  i n  the  

steam-side behavior; t h a t  is,  the steam flow r a t e  f a l l s  off more rapidly  

f o r  the  case of pressure control .  As a r e s u l t  of the  lower steam flow r a t e ,  

'GCR Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 30--31. 
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Fig. 2.4. Reactor Response t o  Scram from F u l l  Power with Gas Flow 
Decrease a s  Specif ied by Normal Blower Coastdown and a  Constant Steam 
T h r o t t l e  Valve P o s i t  ion. 

t h e  superheater  o u t l e t  steam temperature more c lose ly  approaches t h e  r e -  

a c t o r  o u t l e t  gas temperature. The steam generator  s p e c i f i c a t i o n s  s t a t e  

t h a t  t h e  coolant gas within t h e  steam generator  w i l l  have a  maximum r a t e  

of temperature change of 150°~/min.  For both cases shown, t h e  r a t e  of 

change of steam generator  i n l e t  gas temperature ( r e a c t o r  o u t l e t  gas) is  

l e s s  than 150°~/min;  however, t h e  r a t e  of change of steam generator  out- 

l e t  gas temperature exceeds t h e  design r a t e  f o r  t h e  first 15 t o  20 'sec .  

Another point  of i n t e r e s t  is  t h a t  o the r  t e s t s  showed t h a t  f o r  constant  

gas flow conditions, t h e  steam generator  o u t l e t  gas temperature is  ex- 

tremely insens i t ive  t o  changes i n  r e a c t o r  power. I n  a  t e s t  of a  r eac to r  

scram from f u l l  power with t h e  gas flow r a t e  and t h e  steam t h r o t t l e  valve 
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Fig. 2.5. Reactor Response t o  Scram from Fu l l  Power with Gas Flow 
Decrease a s  Specified by Normal Blower Coast,d.own.and a Constant Turbine 
Pressure. 

pos i t i on  held constant, a 400°F decrease of reac tor  ou t l e t  temperature 

wi thin  2 min. resul ted i n  l e s s  than a 20°F decrease i n  t h e  steam generator 

o u t l e t - g a s  temperature. 

Control s tud ies  were conducted on t he  bas i s  t h a t  the  plant  i s  t o  op- 

e r a t e  i n  e i t h e r  of two con t ro l  modes: (1) a constant-flux mode, i n  which 

t h e  r eac to r  power w i l l  be maintained a t  various l eve l s  f o r  experimental 

purposes, and (2 )  a load-following mode i n  which t h e  reactor  conditions 

w i l l  be varied t o  accommodate f luctuat ions  i n  t h e  power demand on the  

turbine-generator.  Since t h e  control  requirements f o r  t h e  load-following 

mode a r e  by f a r  t h e  more d i f f i c u l t ,  most of t h e  e f f o r t  was extended i n  

inves t iga t ing  con t ro l  systems for  t h i s  mode. 



The study showed t h a t  the  p l an t  w a s  not bas ica l ly  unstable; that is, 

it d id  not o s c i l l a t e  when con t ro l  rod posi t ion,  gas flow r a t e ,  and t h r o t t l e  

valve pos i t ion  were held constant .  Charac te r i s t i c  o sc i l l a t i ons  of the  p l a n t  

under various automatic con t ro l  conditions indicated a general ly  sluggish 

response and loose coupling between the  reac tor  and the  steam generators.  

Typical periods of o sc i l l a t i on  ranged from 10 t o  15 min. While it appeared 

t h a t  any given s e t  of control  rod, gas flow, and t h r o t t l e  valve conditions 

would f i n a l l y  r e s u l t  i n  a unique s e t  of steam-side conditions, the  approach 

r a t e  of sorue of the  parameters, notably turbine pressure i n  the  load-follow- 

ing mode, was extremely slow. Several  of the  load-responsive con t ro l  systems 

t h a t  were investigated showed promise i n  t h e i r  a b i l i t y  t o  con t ro l  the  p l an t  

with steam flow as the  independent var iable .  Reset (or i n t eg ra l )  con t ro l  

s ignals  from the  steam temperature and pressure would be necessary i n  any 

case. 

Graphite Oxidation 

J.  0 . K o l b  W .  E. C o t t r e l l  

Information per ta ining t o  graphite oxidation i n  the EGCR has become 

avai lable  from both experiments and calcula t ions  s ince  the  previous repor t  

on t h i s  problem. A s i l iconized s i l i c o n  carbide coating applied t o  t h e  

sleeve graphi te  was investigated as a means of preventing runaway oxida- 

t ion,  corltingent on continued operation of one primary coolant blower 

a f t e r  ' the  maximum credible  accident. Experiments f o r  determining t h e  

value of t h e  sleeve coating, which i s  intended t o  reduce t h e  oxidation 

by 90 t o  95$, have been conducted i n  t he  Hanford burning r ig .  Two ex- 

periments with one with uncoated sleeves have been completed. I n  t h e  

l a t e s t  experiment, coated sleeves were t e s t e d  which had shear-pin holes 

and bend-tab s l o t s  t h a t  were machined i n to  them a f t e r  t he  coating was 

applied. The annulus coolant ( a i r )  was preheated t o  about 150°C f o r  t h i s  

2~~~ Quar. Frog. Rep. March 31, 1961, ORNL-3102, pp. 63-46.  

3 ~ .  H. Fontana, Sta tus  Report on Oxidation Analyses f o r  the EGCR, ORNL 
CF-61-6-28, June 15, 1961. 



experiment, whereas i n  previous experiments t h e  annulus coolant was a t  

t h e  ambient a i r  temperature of about 80°F. 

I n  t h e  burning-rig experiments, t h e  cen t r a l  coolant i n l e t  tempera- 

t u r e  is  between 250 and 400°C. Heat input i s  constant t o  t h e  moderator- 

block Calrod heaters  t o  make up f o r  heat  losses,  and t h e  heat  input of 

t h e  Globar heater  i n  t h e  cen te r  of t he  channel i s  programmed t o  simulate 

t h e  EGCR af te rhea t .  The Globar heat  load i s  equivalent t o  t h e  t o t a l  a f t e r -  

heat 'generated i n  t he  s leeve and t h e  moderator graphi te  i n  an EGCR ayerage- 

power channel. The p0we.r t o  t h e  moderator block heaters  i s . s e t  t o  es -  

t a b l i s h  calcula ted reac tor  temperatures. To approach runaway conditions, 

t h e  i n i t i a l  temperature dis~l;i.ibutiori 5s no~.mally i n c r e a ~ e d  i n  succesEive 

s teps ,  with t he  a i r  flow r a t e  held constant. 

Although t h e  burning-rig conditions are s lml la r  L u  Llle EOCR f u e l  

channel condit ions a f t e r  t h e  maximum credible  accident, t h e  6 - f t - l ong ' r i g  

can only mock up  p a r t  of t h e  ac tua l  14.5-ft-long ac t ive  f u e l  channel. 

Hence t h e  coolant i n l e t  and i n i t i a l  graphi te  temperatures were chosen t o  

mock up condit ions f o r  t h e  t o p  6 f t  of t he  ac tua l  f u e l  channel. 

Direct  comparison t e s t s  with coated and uncoated sleeves t o  determine 

t h e  effect iveness  of t h e  coating have been made f o r  only one s e t  of condi- 

t i ons .  With no preheating of t he  annulus a i r  and an unmachined sleeve, 

s im i l a r  cooldown was observed for  coated and uncoated sleeves with 287-lb/hr 

coolant  f low and an i n i t i a l  graphite temperature of approxima- ley 600°C . 
With an i n i t i a l  temperature of approximately 700°C and other conditions 

t he  same as above, l o c a l  moderator block temperatures indicated "runaway" 

wi th  both coated and uncoated sleeves.  Therefore, i n  the comparable ex- 

periments t h a t  have been completed, the  sleeve coating does not appear t o  

a f f e c t  s i gn i f i c an t l y  the  conditions of runaway or  the  behavior of tempera- 
/ 

t u r e s  during cooldown. 

The IBM 7090 graphi te  oxidat ion.  code3 developed f o r  ca lcu la t ing  graph- 

i t e  channel temperatures during a t r ans i en t  by the flow.of a i r  through the  

o e f f ec t i ve  sleeve channel w a s  used f o r  determining the  e f f e c t  of a 957- 

coat ing f o r  various air flow r a t e s ,  oxidation heat  re lease  r a t e s ,  i n l e t  

coolant  temperatures, and i n l e t  oyygen concentration condit ions.  These 

var iab les  a r e  f e l t  t o  be the  most important i n  determining a runaway 



condition i n  t h e  EGCR and therefore  could determine t h e  value of coat- 

ing t he  sleeves, t h a t  i s ,  whether o r  not runaway could .be prevented over 

t he  expected range of these  var iables .  

The maximum sleeve and moderator block temperatures a s  a function 

of time i n  a maximum-power channel a r e  indicated ' i n  Figs. 2.6 through 

2.11. The values of t he  var iables  of i n t e r e s t  a r e  l i s t e d  below, with an 

indicat ion of t h e i r  bases: 

Variable Valucs Used i n  Calculations 

A i r  i n l e t  temperature 

Central  a i r  f10.w r a t e  

I n l e t  oxygen concentration 

Oxidation heat re lease  

510" F: normal operating condit ion 

610" F: a r b i t r a r y  100" F increase a'bove 
normal condit ion fo r  higher tem- 
perature off-design conditions 

186 lb/hr:  average-power channel r a t e  
with 43% flow lo s s  through rup- 
tured loop 

365 lb /hr  : average-power channel r a t e  
with no flow lo s s  through rup- 
tured loop 

O2 concentration i n  normal a i r :  maximum 
O2 concentration possible 

One ha l f  02 concentration i n  normal a i r :  
a r b i t r a r y  decrease t o  inves t i -  
gate  e f f e c t  

Normal EGCR re lease  based on Hanford rec-  
ommended oxidation r a t e 3  and Robinson ' s4 
diff'usion-depth expression; changes from 
normal value were made within possible 
extreme values 

The code was wr i t t en  using a cosine function, centered a t  t h e  core 
I 

midplane, t o  describe t he  axial-power d i s t r ibu t ion .  . For these  calcula-  

t ions ,  t h e  cosine power d i s t r i bu t i on  with t h e  highest  peak-to-average 

r a t i o  was used, t h a t  i s ,  zero power a t  t h e  t op  and bottom of t h e  ac t ive  

core, s ince  the  axial-power d i s t r i bu t i on  calcula ted f o r  t h e  EGCR has a 

high peak-to-average r a t i o .  It i s  not present ly  known whether t h e  a x i a l  

4 ~ .  J. Robinson, The Effects  of Diffusional  Control of Oxidation of 
Graphite on t he  Highest Safe Temperatures i n  A i r ,  UKAEA Report 143 (RD/w),  
1959. 
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Fig. 2.6. Naximuin EGCR Slee-.re and 
Moderator Block Temperatures -fs Time f o r  
an I n l e t  A i r  Temyerature of 51OCF, a 
Normal A i r  Oz Concentration, a ,Cextral  
Channel Flow Rate of 136 lb/hr; a ~ d  
Normal Oxidation Heat 3elease.  
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Fig. 2.7.. Maximum EGCR Sleeve and 
Mcderator Block Temperatures vs Time f o r  
an I n l e t  A i r  Temperature of 510°F, One- 
Helf Normal A i r  O2 Concentration, a 
Central Channel Flow Rate of 186 lb/hr,  
and Normal Oxidation Heat Release. 
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Fig. 2.8. Maximum EGCE Sleeve and 
Moderator Block Temperatures vs Time f o r  
an I n l e t  A i r  Temperature of 610°F, a 
Normal A i r  O2 Concentration, a Central  
Channel Flow Rate of 186 lb/hr ,  and One- 
Hal? Normal Oxidation Heat Release. 
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1 Fig. 2.9. Maximum EGCR Sleeve and 
Moderator Block Temperatures vs Time f o r  
an I n l e t  A i r  Temperature of 610°F, a 
Normal A i r  O2 Concentration, a Central  
Channel Flow Rate of 186 lb/hr ,  and Twice 
t h e  Normal Oxidation Heat Release. 



Fig. 2.10. Maximum EGCR.Sleeve and Moderator Block Temperatures vs 
Time f o r  an I n l e t  A i r  Temperature of 610°F, a Normal A i r  O2 Concentration, 
a Central  Channel Flow Rate of 365 lb/hr,  and Twice t h e  Normal Oxidation 
Heat Release. 
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Fig. 2.11. Maximum EGCR Sleeve and Moderator Block Temperatures vs 
Time f o r  an I n l e t  A i r  Temperature of 61OUF, a Normal A i r  O2 Concentration, 
a Central  Channel Flow Rate of 365 lb/hr,  and One-Half Normal Oxidation 
Heat Release. 



d i s t r i bu t i on  used y ie lds  higher maximum graphi te  temperatures than those 

t h a t  would r e s u l t  from the  calcula ted power d i s t r ibu t ions .  The calcula-  

t i ons  reported here indicate,  however, t he  e f f ec t  of t h e  sleeve coating 

under t h e  various other conditions considered. 

The a i r  flow r a t e  i n  t h e  annulus was taken t o  be 6.5% of t h e  cen t ra l  

channel flow r a t e  f o r  a l l  t h e  calcula t ions  of t h e  data  presented i n  Figs. 

2.6 through 2.11. This flow r a t e  was based on t h e  normal operating condi- 

t i o n  with helium as  t he  coolant. Further calcula t ions  w i l l  be made t o  

invest igate  t h e  ef f e c t  of varying t h e  annulus flow ra te .  

An e f fec t ive  sleeve coating (95 t o  100% surface coverage) prevents 

runaway oxidation from occurring i n  t h e  s i tua t ions  described i n  Figs. 2.6, 

2.7, 2.8, and 2.10. I n  a l l  cases with a cen t r a l  channel flow r a t e  of 

186 lb/hr,  runaway occurred with t h e  uncoated sleeve, and, f o r  t he  condi- 

t i o n  of Fig. 2.9, runaway occurred with a 100% e f f ec t i ve  coating. I n  

comparing Figs. 2.9 and 2.10, it may be seen t h a t  a c en t r a l  channel flow 

o coated sleeve. r a t e  of 365 lb/hr  prevented runaway oxidation of t he  1007- 

For t h e  somewhat lower oxidation heat  re lease  of Figs. 2.6 and 2.11, t he  

365-lb/hr flow r a t e  prevented runaway oxidation of uncoated sleeves, 

whereas t he  186-lb/hr r a t e  d id  not. The 100°F higher i n l e t  a i r  tempera- 

t u r e  and f ac to r  of 2 lower oxidation heat re lease  of Fig. 2.8 compared 

with Fig. 2.6 combine t o  give about t h e  same r a t e  of temperature change 

a s  t h a t  of Fig. 2.6. It appears from comparing Figs.  2.6 and 2.7 t h a t  

the  i n l e t  oxygen concentration would have t o  be reduced much more than 

a f ac to r  of 2 t o  prevent runaway oxidation of an uncoated sleeve.  These 

r e s u l t s  indicate,  i n  summary, that an e f fec t ive  sleeve coating could pre- 

vent runaway conditions under ce r t a in  coolant flow r a t e ,  oxidation heat 

re lease  r a t e ,  and i n i t i a l  temperature conditions and t h a t  these same 

var iables  could significantl-y a f f e c t  the threshold condit ion f o r  runaway 

oxidation and therefore determine whether o r  not a sleeve coating of a 

c e r t a in  effectiveness could prevent runaway oxidation from occurring. 

The experimental and calcula ted data  discussed here were considered 

i n  d e t a i l  i n  deciding whether t o  coat  the  graphite sleeves f o r  the f i r s t  

EGCR core. In view of the lack of proof t h a t  a sleeve coating, even i f  

of the  order of 95% ef fec t ive ,  could prevent runaway oxidation i n  the  



EGCR, it was recommended t h a t  t h e  sleeves not be coated. The consequent 

p o t e n t i a l  hazards should be accommodated as  follows: (1) with t he  pre- 

s e n t l y  conceived max,imum credible  accident, which assumes no runaway 

oxidation, t he  graphi te  operating temperature would have t o  be degraded 

t o  t h e  point  where t h e  oxidation would ce r t a in ly  be controlled;  or  ( 2 )  

i f  t h e  graphi te  temperature degradation unduly derated reactor  performance, 

t h e  p o s s i b i l i t y  of runaway oxidation should be included i n  t h e  maximum 

cred ib le  accident and t h e  system containment upgraded accordingly. 

The present program of graphite oxidation s tud ies  includes fu r the r  

experimental determinations of oxidation reac t ion  r a t e s  a t  Hanford and 

more de t a i l ed  ca lcu la t ions  t o  determine t he  effect  of in j t4 ia l  tempprat-urcs, 

coolant flow r a t e s , - a n d  oxidation heat  re lease  r a t e s  on runaway oxidation 

corldit ions. Hanf ord experimenters have conservatively estimated t h a t  t he  

environmental condit ions of moisture content, gamma rad ia t ion  in tensi ty ,  

and surface  contamination i n  the  EGCR during a maximum credible  accident 

could increase t h e  oxidation react ion r a t e  a f ac to r  of 11 above t h a t  which 

had been previously estimated f o r  EGCR conditions. Hence experimental 

reac t ion  r a t e  determinations surveying these  var iables  w i l l  be ca r r ied  out 

by t he  Hanford Nonmetallic Materials Development group. The ca lcu la t iona l  

program w i l l  evaluate whether and under what conditions graphite tempera- 

t u r e  degradation can prevent runaway oxidation. These calcula t ions  a r e  

being performed by a combination of t h e  Allis-Chalmers, Eendix G-15, and 

Oak Ridge IBM 7090 codes. 

' ~ e t t e r  from R. E. Dahl, Hanford. .Atomic Products Operation, t o  R. A. 
Charpie, ORNL, October 31, 1960. 



3. STRUCTURAL INVESTIGATIONS 

B. L. Greenstreet 

S t ruc tura l  I n t eg r i t y  of EGCR Through-Tubes 

J. M. Corum 

The experimental tube collapse invest igat ion being conducted t o  pro- 

vide both instantaneous and time-dependent collapse data  applicable t o  t h e  

experimental through-tubes i n  t h e  EGCR has included t e s t s  of 8.0-in.-o.d., 

0.25-in. -wall tubes and 4.0-Ln. -0. d., 0.12-in. -wall tubes, a s  previously 

reported.' The l a rge r  specimens have a l l  been type 304 s t a i n l e s s  s t e e l ,  

but  t h e  smaller ones have been both types 304 and 347 s t a i n l e s s  s t e e l  so  

t h a t  t h e  behavior of t h e  two materials  can be compared. 

The fourth i n  t h e  s e r i e s  of f i v e  8.0-in.-0.d. tubes i s  being subjected 

t o  an external  pressure loading of 460 p s i  a t  1200°F. The specimen i s  ap- 

proximately 9 f t  long and was purchased i n  accordance with ASTM A 213 - 58 T 

grade TP-304 specif icat ions .  The average measured mean radius-to-thickness 

r a t i o  was 15.38 and t h e  ova l i ty  r a t i o  was 0.9956. A t  t he  end of 1056 h r  t h e  

specimen had not collapsed, and it was removed from the  t e s t  vesse l  f o r  a 

dimensional check. The diameter of t h e  tube was measured a t  30-deg in- 

t e r v a l s  on t h e  perimeter and a t  1 - f t  in te rva l s  along t he  length. By com- 

paring these  measurements with t he  i n i t i a l  measurements a t  t h e  same posi- 

t ions ,  t h e  creep deformation of t h e  tube during t h e  f i r s t  1056 h r  of t he  

t e s t  was examined, as shown graphical ly  i n  Fig. 3 .1  fo r  e igh t  posi t ions  

a t  1-f't inLervals. A c i r c l e  corresponding t o  a pert 'ectly round tube i s  

drawn i n  each f igure  t o  indicate  t he  out of roundness. The data  curves 

were drawn by grea t ly  magnif'ying t h e  deviations from t h e  nominal 8.0-in. 

outside diameter. An examination, i n  consecutive order, of t he  p lo t s  i n  

Fig. 3 . 1  indicates t h a t  each cross sec t ion  of t he  tube had an i n i t i a l  

pseudo-el l ip t ical  shape, with t he  major ax i s  sp i r a l i ng  counterclockwise 

around t h e  tube from top  t o  bottom. Furthermore, t h i s  i n i t i a l  e l l i p t i c i t y  

- . . . .- . .. 

'GCR Quar. Prog. Rep. June 30, 1961, ORNL-3166, p. 39. 



CIRCLE REPRESENTING PERFECTLY 

DEVIATION AFTER 1056 hr 

INITIAL DEVIATION 

0.025in. RADIAL DEVIATION 

ROUND 

Fig. 3.1. Exaggerated Deviations of t h e  Cross Sections of an %-in. - 
o. d., 0.25-in. -Wall Tube from Circles Representing Per fec t ly  Round Tubes 
Showing I n i t i a l  Deviations and Deviations Af'ter 1056 h r  Exposure t o  an 
External  Pressure of 460 p s i  a t  1200°F. 

was simply magnified by creep of t h e  mater ia l  under t h e  external  pressure 

load. After the  measurements were made, t h e  tube was again i n s t a l l ed  i n  

t h e  t e s t  vessel  f o r  t e s t i n g  a t  the  above conditions u n t i l  collapse occurs. 

The s i x t h  i n  t h e  s e r i e s  of 4.0-in. -0. d. tubes i s  being t e s t e d  a t  the  

Universi ty of Tennessee. The specimen i s  type 304 s t a in l e s s  s t e e l  tubing 

purchased i n  accordance with ASTM A 312 - 58 T specif icat ions  and i s  ap- 

proximately 5 f t  long. It i s  being subjected t o  an external  pressure load 



of 425 p s i  a t  i200°F, as  previously reported.' The tube has an average 

measured mean radius-to-thickness r a t i o  of 15.32 and an ova l i ty  r a t i o  of 

0.9975. A t  t h e  end of 871 h r  t h e  specimen had not collapsed, and it was 

removed from t h e  t e s t  vessel  f o r  a dimensional check. The tube was measured 

i n  t he  same manner as  described above f o r  t h e  8.0-in. -0.d. tube, and t h e  

measurements were compared with t he  i n i t i a l  measurements as  i n  Fig. 3.1. 

Although the  e l l i p t i c i t y  f o r  t h i s  tube was much l e s s  apparent than i n  t h e  

case of t he  8.0-in. -0.d. tube, t h e  same type of behavior was observed, with 

t he  i n i t i a l  e l l i p t i c i t y  being magnified by creep of t h e  mater ia l  under t h e  

external  pressure loading. The tube has been r e in s t a l l ed  i n  t h e  t e s t  vessel ,  

and t he  t e s t  is  being continued. 

Thermal Analysis of Structures  Using t h e  Biharmonic Program 

F. J. W i t t  S. E. Moore B. C. Sparks 

The s t r e s s  analysis  program2 coded by Ba t t e l l e  Memorial I n s t i t u t e  

for analyzing bo.dies under plane-s t ra in  conditions was s e t  up on a pro- 

duction basis .  This program solves t h e  nonhomogeneous biharmonic equation 

numerically f o r  t he  Airy s t r e s s  f'unction, and, i n  turn,  evaluates t h e  

s t r e s se s  by numerical d i f f e r en t i a t i on  of t h e  function. Since t h e  program 

w i l l  be used extensively i n  fu ture  work, two spec ia l  problems'were solved 

t o  check t he  techniques f o r  programming the  input and t o  check t h e  ac- 

curacy of t h e  solut ions  obtained. 

A long, thick-walled cylinder without heat  sources o r  sinks, whose 

temperature d i s t r i bu t i on  depends only on t h e  r a d i a l  coordinate, was t h e  

f i r s t  analyzed. The dimensions of t h e  cylinder a r e  shown i n  Fig. 3.2a 

where t h e  inner and outer surface temperatures of 0°F and 500°F a r e  in-  

dicated. The mater ia ls  proper t ies  used were: 

Modulus of e l a s t i c i t y ,  E = 17.5 X l o 6  p s i  

Coefficient  of thermal expans ion, a = 8.0 X 10 in. /in. " F 

Poisson's r a t i o ,  p = 0.3 

%C!K w a r .  Frog. Rep, March 31, 1963., ORNL-3102, pp. 43-50. 
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This problem was chosen be- 

cause ana ly t i c a l  r e s u l t s  were ava i l -  

able3 i n  t h e  form needed f o r  a d i -  

r e c t  comparison with t h e  values 

obtained numerically. The ana ly t i -  

c a l  r e s u l t s  include t h e  values of 

t he  s t r e s s  function and t h e  s t r e s se s  

. fo r  a pa r t i cu l a r  a r ray  of mesh 

points.  Thus, it was necessary 

(a )  CROSS SECTION OF THICK-WALLED CYLINDER only t o  choose t h e  same arra.y i n  

making the ~ ~ . i . m e r i  ca 1 cnmpi~tat ions. 

The use of a symmetrical tem- . 
perature d i s t r i bu t i on  allowed the  

computational work t o  be confined 

t o  an 'examination of one-eighth 

of t h e  cylinder, a s  indicated i n  

Fig. 3.2a. The mesh points ancl 

, . .\f  . . . . . . . b e  the  spacing a r e  shown i n  Fig. 3.2b. 
L. .  u 

' 1 """' . . . . . . . . . . . Both t he  ana ly t ica l ly  and numeri- . . . . .  *c 4.0 in. t 
(6) SECTION OF THICK-WALl..ED CYLINDER 
SHOWING MESH SPACING 

ca l l y  obtained values f o r  t h e  Airy 

s t r e s s  function and t h e  t angent ia l  

s t r e s se s  along a r a d i a l  l i n e  a re  

Fig. 3.2. Dimensions of Cylin- l i s t e d  i n  Table 3.1. 

de r  Used f o r  Check of Biharmonic Pro- The good agreement between 
gram f o r  Thermal Analysis. 

the  two s e t s  of values may be seen. 

The di f ferences  between t h e  s t r e s se s  

a r e  g r ea t e r  than t h e  di f ferences  between t h e  .values f o r  t h e  s t r e s s  functiorl 

because, as sta.t,ed above,, t h e  machine program obtains t h e  s t r e s se s  by nu- 

merical  d i f f e r en t i a t i on  of t h e  s t r e s s  function. A reduction i n  t h e  mesh 

spacing would br ing t h e  two s e t s  of data  i n to  c loser  agreement. However, 

t h i s  refinement is  unnecessary i n  t h i s  case. 

3 ~ .  G. Holmes, A Biharmonic Relaxation Method f o r  Calculating The~~rnal 
S t resses  i n  Cooled I r regu la r  Cylinders, NACA Report 1059 (1952). 



Table 3.1. Comparison of Analyt ica l  and ~ u m e r i ' c a l  Results  

Radius 
( in .  ) 

Analyt i c a l  Value 
of Airy S t r e s s  

Function 

Numerical Value 
of Airy S t r e s s  

Function 

Analyt i c a l  
Tangential  

S t r e s s  
( p s i )  

Numerical 
Tangential  

S t r e s s  
( PS i> 

The s t r e s s  ana lys i s  program was a l s o  used t o  ca lcu la te  t h e  thermal 

s t r e s s e s  which w i l l  e x i s t  i n  an EGCR graphi te  column during s teady-s ta te  

operat ion a t  design power. The temperature d i s t r i b u t i o n  f o r  t h i s  case 

was discussed p r e ~ i o u s l y . ~  The cross  s e c t i o n  of a' column i s  shown i n  

Fig. 3.3a where t h e  por t ion  analyzed is  designated. 

The boundary condit ions which apply t o  t h e  temperature a r e  i d e n t i c a l  

a t  a l l  t h e  f u e l  channel walls,  and t h e  outer  surface  of t h e  column i s  as-  

sumed t o  be insula ted .  Thus, t h e  temperature d i s t r i b u t i o n  across  t h e  en- 

t i r e  column may be obtained through t h e  ana lys i s  of a por t ion  represent ing 

1/32nd of t h e  cross sect ion.  A t y p i c a l  1/32nd por t ion i s  shown i n  Fig. 

3.3b. The degree of symmetry associa ted  with t h e  s t r e s s  d i s t r i b u t i o n  i s  

l e s s  than t h a t  f o r  t h e  temperature, and one-eighth of t h e  column must be 

considered i n  t h e  analys is .  For example, t h e  s t r e s s  d i s t r i b u t i o n  is sym- 

met r i ca l  about t h e  dashed l i n e  i n  Fig. 3.3b. 

The e n t i r e  one-fourth of -t,l*~e cross  sec t ion  depicted i n  Fig. 3.3b was 

analyzed s o  t h a t  t h e  r e s u l t i n g  da ta  could be examined f o r  symmetry. The 

program c o r r e c t l y  computed i d e n t i c a l  numbers f o r  corresponding points .  

The values f o r  t h e  ax ia l ,  t h e  shear, and t h e  m a x i m u m  and minj.rm.~.m in-plane 

p r i n c i p a l  s t r e s s e s  corresponding t o  t h e  numbered mesh points  i n  Fig. 3.3b 

4~~~ Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 36-39. 



a r e  given i n  Table 3.2. The values a re  low, a s  was expected from the  f a c t  

t h a t  t h e  maximum temperature di f ference within t h e  body i s  about 8°F. 

The l a rges t  in-plane s t r e s s  i s  a t  point  22, which i s  near t he  boundary 

between quadrants. This indicates  t he  importance of t h e  r e s t r a i n t  imposed 

UNCLASSIFIED 
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I-- 16.0 in. 

PORTION \ 
ANALYZED - - 

( o CROSS SECTION OF 
EGCR GRAPHITE COLUMN 

(6) ONE-FOURTH SECTION OF EGCR GRAPHITE COLUMN 
SHOWING MESH SPACING 

Fig. 3.3. Dimensions of EGCR Graphite Column Used i n  Calculation 
of Thermal Stresses.  



Table 3.2. Principal,  Shear, and Axial Thermal Stresses on 
One-Eight Section of EGCR Graphite Blpck 

Mesh Maximum In-Plane ~ i n i k r n  In-Plane Maximum Shear . Axial 
Point Principal  S t ress  Principal  S t ress  S t ress  S t ress  
Number (ps i )  ( PS i )  ( PS i )  (p s i )  

2 1 1 0 -8 
2 , 2  -3 ' 3 -9 
3 0 -1 0 4 
4 0 -6 3 -8 
5 1 0 0 2 
6 8 0 4 ?o 
7 1 -6 3 -2 
8 3 0 2 9 
9 0 -2 . 1 1 

10' 4 1 2 12 
11 1 -5 . 3 -4 
12 2 1 0 7 
13 2 -3 2 -7 
14 . 1 - -3 2 -3 
15 1 -5 3 5 
16  6 -15 11 8 
17 0 -5 3 -1 
18 7 -1 4 -6 
19 i o o -7 
20 1 -4 2 -4 
21 3 -12 8 -3 
22 21 -8 14 12 
23 1 -3 2 -1 
24 -1 -3 1 -8 
25 -2 -2 0 -12 

by t he  adjacent quadrant. The s t r e s se s  a t  mesh point  1 through 8 provide 

an approximate representation of t h e  r e s u l t s  f o r  an independent quadrant; 

t h a t  i s ,  oue t h a t  is not a pa r t  of t h e  16-in. by 16-in. cross section.  A n  

examination of these  r e s u l t s  indicates  t h a t  a reduction i n  t h e  in-plane 

s t r e s se s  could be obtained through t he  use of an 8-in. by 8-in. column; 

however, a smaller mesh spacing would have t o  be used t o  f i l l y  invest igate  

t he  influence of such a change i n  geometry. 

Graphite Thermal Rupture Studies 

J. M. Corum F. T. Dodge 

Wigner growth must be considered i n  t h e  appl icat ion of graphi te  i n  

t he  core and r e f l ec to r  regions of a nuclear reactor.  This type of growth 



may produce deformation o r  cracking, depending upon t he  r e s t r a i n t  imposed. 

I n  a case where a po t en t i a l  f o r  cracking ex i s t s ,  t h e  design analyst  must 

p r ed i c t  t h e  amount of fas t -neutron exposure required t o  produce t h i s  type 

of f a i l u r e  . 
The r e l i a b i l i t y  of t h e  predicted exposure-to-failure dose.depends 

heavi ly  upon t h e  accuracy of t h e  f a i l u r e  c r i t e r i o n  used. Therefore in-  

formation on t h e  rupture cha rac t e r i s t i c s  of graphite under m l t i a x i a l  

s t r e s s e s  i s  needed. Since s t r a i n s  incurred through Wigner growth a re  

ana ly t i c a l l y  equivalent  t o  thermal s t r a in s ,  a f a i l u r e  c r i t e r i o n  applicable 

t o  t he  l a t t e r  should a l s o  apply t o  t he  former. On t h i s  bas is ,  a study 

w a s  i n i t i a t e d  t o  determine t h e  f e a s i b i l i t y  of irrves-Ligating thermal rup- 

t u r e  through t e s t s  on bodies with simple geometric shapes. 

There a r e  many poss ible  specimen configurations and methods of apply- 

ing t h e  necessary thermal gradients.  There e x i s t s  i n  each case, however, 

an  i n t e r r e l a t i o n  between t he  specimen geometry, t he  temperature gradient. 

necessary t o  produce rupture, and t he  heat  input necessary t o  produce t he  

required temperature gradient .  Parameter s tudies  involving temperature, 

power,, and geometry were there fore  made f o r  several  t e s t  specimens. The 

following p o s s i b i l i t i e s  were examined: 

1. a thick-walled cylinder heated on t h e  inner surface and cooled on t h e  

outer  surface, 

2. a thick-walled cyl inder  heated i n t e rna l l y  by e l e c t r i c a l  res is tance 

' and cooled on both t h e  inner and outer  surfaces, 

3 .  a thick-walled cyl inder  heated i n t e rna l l y  by e l e c t r i c a l  res i s tance  

and cooled on t h e  inner o r  outer surface only, 

4. a s o l i d  cylinder heated i n t e rna l l y  by e lecLrical  res is tance and sur-  

face  cooled, 

5. a rectangular  bar  heated inLernally by e l e c t r i c a l  res i s tance  and sur-  

face  cooled, 

6. a rectangular bar, a s  above, cooled on one s i de  only. 

A thick-walled cylinder heated by elec-Ln.ical.1-esistance and cooled 

on t he  outer  surface appeared t o  be the' most a t t r a c t i v e  f o r  t h i s  study 

from t h e  standpoint of t h e  temperature di f ference required, the.power in-  

put, and t h e  complexity of t h e  t e s t  equipment. The r e s u l t s  of t he  parameter 



study for  t h i s  par t icu la r  case a re  shown graphically i n  Figs. 3.4 and 

3.5. The graphite was assumed t o  be EGCR needle-type AGOT. Failure was 

assumed t o  occur when the s t r a i n  i n  the  ax i a l  or circumferential direc- 

t i o n  reached the f racture  s t r a i n  corresponding t o  t h a t  direction.  The 

ax i a l  f rac ture  s t r a i n  of 0.205% and the circumferential, or  perpendicular, 

f rac ture  s t r a i n  of 0.406% noted on the  curves i n  Fig. 3.4 a r e  typ ica l  

measured values f o r  an EGCR moderator block, while the  0.086% ax ia l  f rac-  

t u r e  s t r a i n  i s  a minimum value. 'The coeff ic ients  of thermal expansion 

were taken t o  be 0.778 x ' ~ o - ~ / " F  and 2.55 x ~ o - ~ / " F  i n  the  a x i a l  and 

perpendicular directions,  respectively. The modulus of e l a s t i c i t y  was 

taken a s  1.85 x l o 6  pc i  i n  the  ax i a l  di rect ion and 0.74 X l o 6  p s i  i n  t he  

perpendicular direction,  and the thermal conductivity i n  ~ t u / h r *  f t *  " F 

3 5 7 9 I I f 3 17 
RATIO OF OUTSIDE -TO-  INSIDE RADIUS,  bl0 

Fig. 3.4. Maximum Temperature Difference Required t o  Thermally 
Frart-ure a Thiolr. Wallcd OYaphi.te Cyliuder Resistance Heated and Cooled 
on Outer Surface. 
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MAXIMUM TCMPERATURE OIFFERENCF ( O F 1  

Fig. 3.5. Fower Input Required t o  Achieve Various Maximum Tempera- 
t u r e  Differences f o r  a Thick-Walled Graphite Cylinder Resistance Heated 
and Cooled on Outer Surface. 

i n  t h e  perpendicular d i r ec t i on  was taken t o  be t he  following function of 

temperature: 

li = (3.63 X 1 0 - ~ ) t ~  - 0.0267t + 55-44 . 

The maximum temperature di f ference necessary t o  thermally f rac ture  

a cyl inder  with a given r a t i o  of outside t o  ins ide  radius based on any 

one of t h e  above t h r ee  f r ac tu r e  s t r a i n s  being reached is given i n  Fig, 

3.4. The power input required f o r  a given xsal;io of outsidc t o  ins ide  

radius ,  b/a, and a given required maximum temperature di f ference may be 

obtained from Fig. 3.5 .  

As a check of t h e  f e a s i b i l i t y  of t he  postulated method, a 1 .0-f t -  

long cy l i nd r i ca l  specimen having a 1.0-in. o.d. and a 1/2-in. i .d .  (b/a = 

2.0) was considered. It was assumed tha-l; t h e  cylinder would f rac ture  

when t h e  a x i a l  s t r a i n  reached 0.086$, and it was found from Fig. 3.4 t h a t  

a minimum temperature di f ference of approximately 1400°F would be required 



\ 

f o r  f racture .  From Fig. 3.5, it was found t h a t  a power input of 375 kw 

(an outer surface heat f lux of 4 .8  x l o 6  ~ t u / h r *  f t  2, would correspond t o  

a 1400°F temperature di f ference i n  t h e  cylinder. Thus, t h e  temperature 

difference required and t he  heat f l ux  associated with it led  t o  t h e  con- 

clusion tha t ,  even on the  basis  of a minimum temperature difference,  t h e  

temperatures of such a specimen would be well  above t he  usual  upper l i m i t  

of 1000°F considered f o r  moderator s t ruc tures  i n  current  reac tor  designs. 

Experience a t  t he  Los Alamos Sc i en t i f i c  ~ a b o r a t o r - 5  h a s  shown tha t ,  

i n  f rac ture  t e ~ t s  of specime~ls s imi la r  t o  t h e  one described above, surface 

temperatures on t h e  order of 4000°F may be expected when helium coolant 

i s  used. Therefore, i n  order t o  u t i l i z e  t h e  r e s u l t s  from thermal rupture 

t e s t s  t o  p red ic t  behavior i n  t h e  reac tor  temperature range up t o  1000°F, 

a separate study w i l l  be.required.  The second study w i l l  determine t h e  

e f f ec t  of temperature on both f r ac tu r e  s t r e s s  and f rac ture  s t r a in ,  or  a 

t e s t  specimen must be designed f o r  concentrating t h e  s t r a i n  so  t h a t  t h e  

temperature di f ference i s  reduced and, hence, t he  over-a l l  temperature 

load is lowered. . 

5 ~ i s c u s s i o n s  with W. R. Prince of Los Alamos Sc i en t i f i c  Laboratory. 



4. EGCR COMPOIWNT DEVELOPMENT AND TESTING 

Control Rod Drive Testinn F a c i l i t y  

A f a c i l i t y  i s  being designed fo r  conducting endurance t e s t s  of a pro- 

duction model of t h e  EGCR' control  rod and rod dr ive  assembly i n  a simulated 

EGCR environment. A schematic diagram of t he  t e s t  f a c i l i t y  i s  shown i n  

Fig, 4.1, with t h e  e s s e n t i a l  pa r t s  arid conditions indicated. ~ e t a i l e d  de- 

s i,gns f o r  a l l  bui lding rnocli.f:i.cat ions and most f ac i1it.y hardware have been 

completed. Design of t h e  instrumentation and controls system i s  i n  pllugress. 

Some mater ia ls  and cor~~ponents have beell slr~ile~-cd, and coi r t .~-~~c- t ,  i on, is ex- 

pected t o  s t a r t  October 1. The f a c i l i t y  i s  t o  be ready t o  receive t h e  proto- 

type rod dr ive  mechanism f o r  t e ~ t i n g  by Janiiary 1, 3.962. 
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Main Coolant Blowers 

E. R. Taylor 

The fabr ica t ion  of t h e  casings f o r  t h e  EGCR blowers i s  subs t an t i a l l y  

behind schedule. The present Baldwin-Lima-Hamilton schedule s t a t e s  t h a t  

t h e  f i r s t  casing w i l l  be ready f o r  f i n a l  t e s t s  (hydrostat ic,  helium leak, 

and proof) by November 20, 1961. On t h i s  bas is ,  t h e  f i r s t  casing should 

be chipped t o  t h e  Joy' Manufacturing Co. on December 18, and t h e  second 

should follow about t e n  days l a t e r .  

Numerous delays i n  t h e  fabr ica t ion  have resu l ted  from machining e r rors .  

The repa i r s  have consumed considerable time because of t h e  postheat t r e a t -  

ment requirement f o r  type 4-05 s t a in l e s s  s t e e l .  The complex configuration 

of t he  running-seal cavi ty  design, coupled with t h e  type 405 s t a i n l e s s  

s t e e l  end-bell material ,  present fabr ica t ion  circumstances which can re -  

s u l t  i n  many time-consuming problems. 

A l l  other phases of t h e  Joy contract  a re  proceeding without apparent 

d i f f i cu l t y .  The variable-speed f l u i d  couplings have been received, t he  

main dr ive  motors w i l l  be shipped by September 1, 1961, and t h e  gear-speed 

increasers have been shipped t o  Joy i n  Buffalo.. 

Pressure Vessel Cooling System Compressors 

E. R. Taylor 

The present schedule of t h e  Roots-Connersville Blower Company s t a t e s  

a del ivery date of November 15, 1961. Delays were encountered i n  pro- 

viding a casing design t o  conform t o  t he  requirements of t h e  ASME Boiler  

antl. Pressure Vessel Code and t o  t h e  Nuclear Cvde Case Interpreta t ions .  

The Henry Vogt Company, fabr ica tors  of t h e  compressor casings, s t a r t e d  

t h e  i n i t i a l  production welding on August 28, 1961, and it appears t h a t  

they should be able  t o  proceed without undue d i f f i cu l t y .  The fabr ica t ion  

of other bas ic  components is  now proceeding normally. Details  of design 

and fabr ica t ion  on items such as t he  s t a t i c  s e a l  w i l l  be determined i n  t h e  

near f'uture. 



Instrumented Fuel Assembly 

R. L. Senn 

Design and advance procurement a r e  under way f o r  t h e  f a b r i c a t i o n  

and assembly of f o u r  instrumented f u e l  assemblies f o r  t h e  EGCR. These 

assemblies a r e  scheduled f o r  del ivery  t o  t h e  reac to r  s i t e  by October 

1962. Each assembly c o n s i s t s  of t h r e e  instrumented subassemblies, a 

s tandard  f u e l  element subassembly, a flow-measuring sect ion,  and t h e  as-  

soc ia ted  rods and tubing necessary t o  support t h e  e n t i r e  u n i t  from t h e  

s h i e l d  plug a n d  Rridgman c losure  a t  t h e  reac to r  vesse l  t o p  nuzzle. The 

instrumentat  ion includes a Venturi,  with ~ t s  asssc1al;ed L~.allsdurscr, and 

18 thermocouples. One thermocouple is located  i n  t h e  sh ie ld  plug, and 

t h e  remaining 1 7  a r e  t o  be loca ted  a s  indica ted  i n  Table 4.1. 

The thermocouple e leva t ions  and t y p i c a l  loca t ions  within t h e  f u e l  

c l u s t e r s  a r e  shown i n  Figs. 4.2 and 4.3. The c e n t r a l  thermocouple, in-  

s e r t e d  i n  a molybdenum well,  and t h e  i n t e r n a l  thermocouples, brazed t o  

t h e  i n s i d e  of t h e  cladding wall,  w i l l  extend approximately 5 in.  i n t o  

t h e  f u e l  can. A s i m i l a r  design and techniques f o r  f a b r i c a t i n g  i n s t r u -  

mented f u e l  cans have been described previously. ' J  The thermocouples 

t o  measure gas and g raph i te  temperatures a r e  located  i n  grooves and holes 

d r i l l e d  through t h e  sleeves.  

D e t a i l  des ign work is  i n  progress on t h e  individual  f u e l  rod c:.l.usters, 

t h e  instrumented f u e l  cans, and t h e  necessary grooving of t h e  graphi te  

sleeves.  The flow-measuring sec t ion  incorporates a Venturi with piezometer 

r i n 4 s  a t  t h e  downstream and t h r o a t  locat ions ,  .wit11 s i x  pressure t a p s  i n  

each r ing.  Tubing 118 in .  i n  diame-Ler i s  used t o  t ransmit  t h e  pressures 

frdm t h e  Venturi  t o  t h e  transducer i n  t h e  Bridgman closure.  

Prel iminary design work i s  i n  progress on a f i x t u r e  t o  be used i n  

assembling t h e  column and on shipping c r a t e s  which w i l l  serve  both f o r  

t r a n s p o r t a t i o n  t o  t h e  r e a c t o r  and f o r  handling within t h e  EGCR contain- 

ment v e s s e l  during i n s t a l l a t i o n  of t h e  assembly i n  t h e  reactor .  Allis- 

Chalmers will-..provide t h e  p a r t s  shown a s  Zone 1 i n  Fig. 4.2, including 

'GCR Quar. Prog. Rep.  arch 31, 1961, ORNL-3102, pp. 131-3. 

2~~~ Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 109--10. 
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Table 4.1. Thermocouples for EGCR Instrumented Fuel Assemblies 

Thermocouple 
Locat ions Size and Type Number Required 

per Assembly 

Fuel pellet center 118-in. -diam, 48-ft-long, type 347 ' 2 
stainless steel-sheathed, MgO- . 
insulated, W-5% Re vs ~ 2 5 %  Re 

Fuel rod cladding 1116-in. -diam, 45-ft-long, type 347 5 
(brazed inside stainless steel-sheathed, MgO- . 
cladding) insulated, Chromel-P (type 36345) 

vs Alumel (ty-pe 3~196) 

Gas annulus 1116-i-n. -diam, 45-ft-long, type 347 7 
stainless steel-sheathed, MgO- 
insulated, Chromel-P (type 3~345) 
vs Alumel (type 3~196) 

Graphite 1116-in. -diam, 45-ft-long, type 347 1 
stainless steel-sheathed, MgO- 
insulated, Chromel-P (type 3~345) 
vs Alumel (type 3~196) 

Venturi 1116-in. -diam, 35-ft-long, type 347 2 
stainless steel-sheathed, MgO- 
insulated, Chromel-P (type 30345) 
vs Alumel (ty-pe 3~196) 

the shield plug and the Bridgman closure assembly, which incorporates 

a pressure transducer and electrical connectors for the thermocouple and 

transducer leads. ORNL will supply the remaining parts, labeled as Zone 

2, and assemble the entire column. All parts and fuel for the fuel ele- 

ment assemblies will be standard EGCR parts modified as necessary to ac- 

commodate the ' instrumentat ion. 

Equipment Decontamination 

A. B. Meservey 

Corrosion Tests 

The effects on metal corrosion rates resulting from varying the 

H202 concentration from zero to 0.6 M in 0.3 M oxalate decontamination - - 
solutions and oxalate solutions with 0.1 M citrate or acetate were studied - 



with nine d i f f e r cn t  mctals a t  pH 4.0, 4.5, and 5.0 a t  95°C. AceLate, which 

has been used a s  a buffer  and peroxide s t a b i l i z e r  i n  oxalate-peroxide solu- 

t i o n s  a t  Hanford and Argonne, was found t o  have more desi rable  corrosion 

c h a r a c t e r i s t i c s  than  c i t r a t e .  Low peroxide concentrat ions accelerated 

corrosion on mild s t e e l s .  The .corrosion r e s u l t s  a r e  l i s t e d  by metal type 

below: 

Metal Type Remarks 

Types 304 and 347 s t a i n l e s s  s t e e l  Corrosion l e s s  than 0.0001 mil/hr 

Zircaloy-2 Corrosion l e s s  than 0.0001 mil/hr 

Ti-t. WI l.11111. Co~-ros ion  Irlc~.eased PI~OIU <O .0001 
mil/hr without peroxide t o  0.01 
mil/hr a t  0.6 - M H202. 

Aluminum 

High-carbon s t a i n l e s s  - s t e e l ,  
type 440-C (annealed) 

Corrosion behavior was somewhat com- 
plex a t  low peroxide concentrations, 
but  above 0 .1  M H202 t h e  r a t e  became 
more s tab le  at , -0 .~2 t o  0.05 mil/hr 

Without peroxide a s  an inh ib i to r  t h e  
corrosion r a t e  was 0.06 t o  0.9 millhr,  

. t h e  higher r a t e s  tending t o  be a t  t h e  
lower pH values; peroxide inhibi ted 
corrosion t o  as  low as  0.003 mil/hr 

I n  two s e r i e s  of t e s t s  with Croloy, 
corrosion decreased from 0.03 and 
0.01 mil/hr without peroxide t o  
0.0007 and 0.00001 mil/hr a t  0.6 - M 
H202 

Mild s t e e l ,  types A-109 and 1020 Without peroxide, t h e  corrosion r a t e  
was 0.06 t o  0.5 mil/hr, t h e  higher 
values being a t  t h e  lower pH; a t  
0.05 M H202, corrosion increased 
sharply t o  2 t o  4 mils/hr i n  a l l  
aol1iti6ns a t  pH 4.0; a t  pII 4.5 and 
5.0 corrosion i nh ib i t i on  occurred, 
except i n  th .e  presence of 0 . 1  M 

I c i t r a t e ;  i n  a l l  solut ions  above 0 . 1  
I 

M H202 t h e  corrosion r a t e  decreased - 
t o  0.002 t o  0.02 mil/hr, t h e  higher 
r a t e s  being a t  t h e  lower pH values 

Decontamination from Ruthenium Baked i n  Helium. 

EGCR conditions were simulated by baking RU~'~. onto several  metals 

i n  helium a t  110" C. Decontamination was s i gn i f i c an t l y  more d i f f i c u l t  than 



with samples ilried i n  a i r  a t  room temperature. A t  pH .4.O and 95"C, oxalate 

with added peroxide was more effect ive than without peroxide by a factor  

of about 6 (example, D.F. = 41 vs 7 on type 347 s ta in less  s t e e l  i n  20 

min). Dilute n i t r i c  acid with added peroxide was a l so  more effect ive than 

without peroxide, by approximately the  same factor.  Fluoride did not i m -  

prove ruthenium decontamination. 

Decontamination from Iodine 

Carrier-free 1l3' deposited from helium onto metal coupons a t  400°C 

was only 506 removed by 10-min boiling i n  water. O f  several decontamina- 

t i o n  reagents tested, the best  resu l t s  were obtained from 20-min boiling 

i n  29s potassium hydroxide (D. F. -1000) . In  a 2.9s KOH solution the  de- 

contamination factor  was 64. Reducing agents and oxalate-peroxide were 

a l so  promising decontaminants. 



5. EGCR WERIALS DEVELOPMENT 

J. H. Coobs G. M. Watson 

Coatings f o r  Graphite Support Sleeves 

F. L. Carlsen, Jr. R. W. McClung 

Mechanical Test'ing of Coated Sleeves 

The rupture  s t reng ths  of s i l i con ized  Sic-coated graphite support 

s leeves  were determined using t h e  ' ? s r i t t l e  r ing"  t e s t ,  s ince  s t r e s se s  i n  

t h e  range of 1200 t o  1300 p s i  may develop i n  t he  graphi te  support sleeves 

during se rv ice  i n  t h e  EGCR because of fast-neutron-induced d i f f e r e n t i a l  

shrinkage. ' For t h i s  t e s t ,  r i ng  specimens 1 in.  t h i ck  were cut  from two 

f u l l - s i z e  901s graphi te  sleeves t h a t  had been coated by t h e  American Lava 

Corporation. The specimens .were s t ressed  t o  rupture by compression load- 

ing on t h e  outer  surface  t o  produce t e n s i l e  s t r e s se s  on t h e  inner surface 

d i r e c t l y  under t h e  points  of load application.  The r e s u l t s  a r e  given i n  

Table 5.1. 

These rupture s t rengths  a r e  subs tan t ia l ly  higher than  required by t he  

predic ted se rv ice  s t r e s s  of 1300 p s i  and a r e  a l so  higher than t h e  1870- 

t o  2450-psi rupture s t rengths  determined previously i n  " b r i t t l e  r ing"  t e s t s  

of uncoated sleeves made 'from nuclear grades of graphite.  Uncoated 901s 

graphi te  has not been t e s t e d  by t h i s  method; however, i t s  rupture s t rength 

i n  simple tension has been reported t o  be approximately 1900 p s i  perpendicu- 

l a r  t o  t h e  axis  of extrusion.  

The amount of coating mater ia l  on t h e  specimens was detelained i n  an 

attempt t o  cor re la te  t h e  rupture s t reng th  with t h e  amount of coating. The 

specimens were burned i n  an open f'urnace a t  1000°C f o r  48 h r  and t h e  r e s i -  

due was weighed. The residue from impurit ies i n  t h e  graphi te  was assumed 

t o  be small compared with t h e  amount of coating. The r e s u l t s  a r e  given 

i n  Table 5.2. 

'GCR Quar. Prog. Rep. June 30, 1960, Om-2964, pp. 121-2. 



Table 5.1.. Rupture Strength of Siliconized- 
Sic-Coated 901s Graphite Rings 

Rupture Strength 
Sleeve Number of ( PS i) 

No. Spec imens 
Average Range 

ALC-3 7 3610 29004100 

ALC -4 12 2550 230G3300 

Table 5.2. Rupture Strength of Siliconized- 
Sic-Coated 901s Graphite Rings 

Amoun-t of Coating 
Sleeve Number of ( w t  $1 

No. Specimens 
Average Range 

ALC-3 7 5.0 4 . 2 4 . 0  

ALC -4 12 3.8 2 .84 .7  

. .. The average rupture strength and average amount of coating fo r  sleeve 

ALC-3 i s  higher than for  sleeve ALC-4, indicating tha t  t he  rupture strength 

may be dependent on the amount of coating. It was noted,. however, t ha t  

there was no consistent correlation between the  strength and the  amount 

of coating fo r  specimens from'either sleeve. 

Perhaps a more important observation is  t h a t  the coating material 

penetrated in to  the  graphite approximately 118 t o  114 in. from the inside 

surface of sleeve ALC-3; whereas, much l e s s  penetration occurred on sleeve 

ALC-4. This observation is considered t o  be s ignif icant  because, i n  the  

'horittle ring" strength t e s t ,  the t e n s i l e  s t r e s s  is concentrated on the 

inner surface of the  specimen. 

Thickness of Coatings on Graphite 

Metallographic measurements of the  thickness of' pyroly-tic graphite 

coatings have been completed. The specimens were EGCR support sleeves 



t h a t  had been coated by High Temperature Materials ,  Inc. The pyrolyt ic  

coatings were much more uniform than t h e  s i l i con ized  S i c  coatings t ha t  

had been previously measured. I n  addition, it was much ea s i e r  t o  make 

o p t i c a l  measurements on t h e  polished specimens using polarized l i g h t .  

The coating thicknesses f o r  d i f f e r en t  specimens var ied from about 0.5 

m i l  up t o  a'bout 5 mils. Cal ibra t ion curves p lo t ted  from these  data  and 

t h e  eddy-current measurements indicate  t h a t  t h e  accuracy of t he  eddy- 

cur ren t  technique f o r  t h e  measurement of such pyrolyt ic  graphi te 'coat ings  

i s  b e t t e r  than 50.25 m i l .  

Pressure-Vessel Penetrat ions 

G. M. Slaughter 

Thc development of su i t ab l e  designs and f ab r i ca t  ion techniques f o r  

t h e  EGCR burst-slug-detection tubes and thermocouple penetrat ions was 

completed. A repor t  describing t h e  recommended procedures was prepared. 

Welding of F e r r i t i c  S tee l s  t o  Austeni t ic  Stainl.ess S tee l s  

G. M. Slaughter 

Thermal cycling t e s t s  of l a rge  (14-in. -diam, 1-in.  - w a l l )  pipes con- 

t a i n i n g  dissimilar-metal-welds a re  being continued. The specimens consis t  

of ASTM A-212, grade B, s t e e l  joined t o  type 304 s t a i n l e s s  S tee l  and ASTM 

A-387, grade D, s t e e l  joined t o  type 304 s t a i n l e s s  s t e e l .  The welds were 

made with both BP-85 e lect rodes  and type 347 s t a i n l e s s  s t e e l  electrodes 

i n  order t o  de tec t  any e f f e c t s  resu l t ing  from dif ferences  i n  weld-metal 

expansion charac te r i s t i cs .  A l l  specimens were cycled from room tempera- 

t u r e  t o  1050°F. This temperature range was se lected f o r  t he  t e s t s  t o  

correspond with t h e  operating conditions of t h e  ASTM A-387, grade D, 

*GCR Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 97-98. 

3 ~ .  M. Slaughter, Fabrication and ' I n ~ p e c t i o n   procedure^ f o r  EGCR 
Burst-Slug-Detection Tube and Thermocouple Penetrations, O m '  CF-61-8-29, 
Aug. 14, 1961. 



take a very large number of cycles t o  obtain cracking of carbon s tee l  t o  

stainless s t ee l  welds cycled t o  650°F. 

&I incipient crack was noted i n  the carbon s tee l  heat-affected zone 

of the ASTM A-212, grade B, s t e e l  t o  stainless s tee l  joint welded with 

type 347 stainless s tee l  af ter  60 thermal cycles. The weld was cycled 

an additional 17 times, af'ter which dye-penetrant inspection revealed a 

defini$e crack. The 3 1/2-in,-dim plug shown in  Fig. 5.la was then ma- 

chined from the specimen and metallographically examined. Extensive crack- 

ing of the type shown in  Fig. 5.lb was evident i n  the heat-affected zone .. 
of the carbon steel, The presence of oxide i n  the cracks indicated that  " 

preferential oxidation a t  the highly stressed weld interface may also hav 

helped promote premature fai lure of the joint. Evidence of carbon migra- 

t ion from the f e r r i t i c  s tee l  t o  the weld metal along the weld interface 

was also observed. The resultant weakening effect undoubtedly contributed? 

somewhat t o  fai lure . 
Dye-penetrant inspection also revealed .an incipient crack i n  

ASTM A-387, grade D, s t ee l  t o  stainless s tee l  joint welded with type 3 

stainless s tee l  af'ter 60 cycles from 1050°F. A plug was also machined 

from t h i s  sample. The crack a t  the boundary between the weld metal an 

the f e r r i t i c  s tee l  is shown in  Fig. 5.2. Extensive oxidation is evident 

i n  t h i s  crack also, and some decarburization i n  the heat-affected zone 

of the f e r r i t i c  i t e e l  was noted. 

No cracks can be detected by dye-penetrant inspection of ei ther  o 

the dissimilar-metal specimens welded with BP-85 electrode. These spec 

mens have been subjected t o  100 thermal cycles, and cycling of these 

specimens is continuing. 

Reactions of Type 304 Stainless Steel with CO-C02 Atmospheres 

On t h e  h n ~ i s  of the data from several t e s t s  of type 304 stainless 

s t ee l  i n  helium containing COz and C O , ~  it appears that  C02 is decarburizingpmq 

t o  type 304 stainless s tee l  and that  CO is carburizing. The basis for t h i s  



Fig, 5.1. (a) Plug Machined from a Themnal-Cycling Test Specimen 
Showing a Crack in the Dissimilar-Metal Weld. The dye-penetrant indica- 
tion on the plug shows the location of the crack in the heat-affected 
zone of the carbon steel. (b) Photomicrograph of the Crack. 



Fig. 5.2. Crack a t  Boundary Between Type 347 Stainless Steel Weld 
Metal and ASTM A-387, Grade D, Steel  A-Pter Thermal-Cycling Test. 

conclusion is the correlation observed between the carbon content of metal 

specimens and the r a t i o  (P )2 /~C02 ,  which is proportimal t o  the  carbon 
CO 

act ivi ty of CO-C02 atmospheres. Tests have shown that  carburization be- 

comes severe when th i s  ra t io  exceeds 0.10, To further test the  validi ty 

of t h i s  conclusion and t o  clarify some contradictory data5 regarding the 

effects of CO2, two t e s t s  were conducted in atmospheres i n  which the only 

intentional impurity in  the helium was CO2. A flurt;her t e s t  was  conducted 

i n  a CO-C02 atmosphere i n  which the ra t io  ( P & ~ / P  was maintained a t  a co2 
value that  gave severe carburization t o  verify the effect  of the carbon 

activity. 

'+GCR Quar. Prog. Rep. June 30, 1960, ORNL-2964, pp. 1044. 

'CXR mar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 104-6. 



The carbon contents of metal specime~l~ exposed t o  two concentrations 

of C02 i n  helium are  shown i n  Table 5.3. A C02 concentration of 0.00528 

atm corresponds t o  0.0247 vo l  $, based on 315-psi helium plus impurities, 

while a C02 concentration of 0.0524 atm corresponds t o  0.244 v01 $. The 

r e s u l t s  of these t e s t s  indicate t h a t  C02 was both carburizing and de- 

carburizing, depending on the  t e s t  temperature. A fur ther  point of in- 

t e r e s t  i s  the  occurrence of a m a x i m  i n  the  carbon content a t  1607°F 

( 875" C) . The apparent lack of correlation between the  extent of carburiza- 

t i o n  and t h e  C02 pressure s igni f ies  tha t  the CO content of the t e s t  a t -  

mospheres was negligible. 

The atmosphere f o r  the  CO-C02 t e s t  of type 304 s ta in less  s t e e l  was 

maintained a t P  =0.0025 a t m a n d P  =0.023%atm, giving a ( P ~ ~ ) ~ / P  
'332 CO co2 

r a t i o  of 0.227. The severe carburization a t  the  higher temperatures pre- 

dicted on t h e  basis  of the  previous data is  confirmed by the  data in  

Table 5.4. 

Oxidation t e s t s  were conducted t o  determine the  e f fec t  of pressure 

on the  r a t e s  of' oxidation when protective or nonprotective oxides form 

on the  metal. A s  shown i n  Table 5.5, t he  observed oxidation ra tes  depend 

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

Table 5.3. Carburization of Type 304 Stainless s t e e l  - 
Drpoocd t o  COL f o r  800 hr  a% V a r i w a  Te~pe~akui-ea 

Test 
Temperature 

Carbon Content (wt $) 

P = 0.00528 atm 
co2 P = 0.0524 atm co2 



Table 5.4. Carburization of Type 204 Stain- 
less Steel Exposed t o  CO-C02 Atmospheres 

[(pCd '/pCO2 = 0.2271 for  840 hr 

Test Temperature 
(OF) 

Carbon Content 
(wt $3 

Table 5.5. Effect of Gas Pressure on the Oxidation Rate of Type 304 Stainless Steel a t  1800°F 

Weight ~ a i n  (mg/cm2) with 
Time Nonprotective CxPde 

Weight Gain (mg/cm2) with 
Protective Oxide 

P = 0.00528 atm P = 0.0524 atm PCO + P = 0.00435 atm PCO + P = 0.0263 atm eoz co2 con co2 

on the gas concentra-bion when nonprotective oxides form on the  metal and 

are independent of the concerrtration or  pressure when the  oxide is pro- 

tective.  

It is not presently clear  tha t  the interacting ef fec ts  of carburiza- 

t ion and oxidation may be predicted. The experimental r e su l t s  t o  date 

indicate that both phenomena are  governed by the composition of the gas; 

however, t h i s  simple mechanism does not take into account the changes 

occurring a t  the metal interface. For example, it has been observed metal- 

logcttphlcally and by cshemical ~ n ~ l y s i s  that  the metal surface is select ively 

depleted of both chromium and nickel, leaving a th in  zone that is  high i n  

iron content. Thus, the cross sections of metal specimens exposed t o  the 

gases appear t o  consist of a decarburized surface layer of f e r r i t e  on 



unaffected austenite,  i r respect ive of whether carburization or  dccarburiza- 

t i o n  has occurred. 

Bowing of a Simulated EGCR Fuel Element 

W. R .  Martin 

Some EGCR f u e l  elements w i l l  be subjected t o  circumferential thermal 

gradients because of var iat ions i n  the coolant flow and the e f f ec t s  of ad- 

jacent f u e l  elements and the graphite sleeve. These gradients may be of 

the order of 25 t o  50°C. Since gradients of t h i s  magnitude would cause 

trvwlng of the i v e l  elements, midplane spacers were added t o  the f u e l  e le-  

ments t o  lirqit, the howing The presenoo of thc. ctrrlun~i u r  rue1 pellc'tf3 

within the f u e l  element w i l l  a l so  reduce the magnitude of the bowing. Ana- 

l y t i c a l  s tudies  of the bowing of empty s ta in less  s t e e l  tubes have been fl~tl.de, 
6 

but the effect  of the f'uel pe l l e t s  is  d i f f i c u l t  t o  predict .  The extent of 

the r e s t r a i n t  by the f u e l  within the tube was studied i n  an experiment 

adapted t o  the thermal apparatus used f o r  the dimensional studies of the 

EGCR f u e l  element. Circumferential temperature differences were obtained by 

placing a furnace longitudinally along the cladding wall  as shown i n  Fig. 5.3. 

The length of t h e  "hot streak-'! was- W f n r  m a 1  gages were used t o  monitor 

t h e  bowing of the  simulated element a t  temperature as a function of time. 

The changes i n  temperature along the  circumference of the cladding a t  

various temperature leve ls  a r e  shown i n  Fig. 5.4 fo r  several ty-pical t e s t  

conditions. 

The r e su l t s  of-the t e s t s  a re  shown i n  Fig. 5.5. The sca t t e r  i n  the  

data  prohibits any detai led analysis of these resul ts ;  however, the  follow- 

ing observations a re  pertinent : 

1. The maxirmun laLeral deflection increased with increasing thermal 

gradient. 

2. The circumferential temperature gradient was more important than 

t h e  temperature at which the  gradient was achieved. 

6 ~ .  M. Conim and W. A. Shaw, Restrained Thermal Bowing of Beams Ac- 
companied by Creep with Application t o  the  Experimental Gas-Cooled Reactor 
Fuel Elements, ORNL CF-60-9-1, December 1960. 
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3. There was restraint by the U02 pellcta that resulted in a reducliun 

of the maximum calculated deflection. 

4 .  No difference in bowing was found after the element had been heated 

through five cycles. 

5. The maximum permanent deflection in the element was 0.004 in. 
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45 90 
ANGLE 8 (deg) 

Fig. 5.4. Maximum Temperature Differences Along Circumference of 
Simulated EGCR Element at Various Temperatures. 
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Fig. 5.5. Maximum Lateral Deflection of Simulated EGCR Fuel Element 
at  Various Temperatures. 

Fabrication of Instrumented Capsules for  Irradiat ion Tests 

E. A. Franco-Ferreira 

Capsules fo r  I rradiat ion i n  GCR-ORR Loop No. 1 

'Pwo capsules f o r  i r radiat ion of U02 pel le ts  i n  GCR-ORR loop No. 1 

have been fabricated and a th i rd  w i l l  be b u i l t  as a backup unit .  An 

over-all view of a typical capsule is  shown i n  Fig. 5.6a, and a section 

showing the  four internal  cladding thermocouples i n  place is  shown i n  

Fig. 5.6b. The central  thermocouple well is fabricated of molybdenum. 

A diagram of an instrumented capsule is presented i n  Fig. 5.7. 

The cladding thermocouples are  0.060-in.-0.d. stainless-steel-sheathed 

Chromel-Alumel thermocouples with insulated junctions. The portions of 

the thermocouples tha t  are  inside the  capsules a re  swaged t o  0.04-0 in. 0.d. 

i n  order t o  minimize the s ize  of the  s lo t s  which must be cut in to  the  U02 

pel le ts  t o  accommodate them. The en t i r e  length of the thermocouple must 



be brazed to the tube wall with a permissible straightness deviation of 

only 3 deg. Copper is used as the brazing material and is preplaced on 

the thermocouple by electroplating to a thickness of 0.001 in. Brazing 

Fig. 5.6. (a) Over-all View of Typical GCR-ORR Loop No. 1 Capsule. 
The internal cladding thermocouples have been brazed into place and the 
central thermocouple well and bottom end cap are shown ready for assembly. 
(b) Section of Brazed Assembly Showing Attachment of Thermocouple to 
Cladding. 
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0.069-in CROMEL-ALUMEL THERMOCOUPLE 
SHEATHED IN TYPE 304 STAINLESS STEEL 

INNER PORTION OF THERMOCOUPLE 
IS SWAGED TO 0.040-in. 

THERMOCOUPLE COPPER BRAZED TO 
INNER SURFACE OF FUEL CONTAINER 

Fig. 5.7. Diagram of Instrumented Capsule for  Irradiation in  GCR-ORR 
Loop No. 1. 

is carried out i n  a hydrogen atmosphere using an Inconel X j ig  t o  align 

the thermocouples and hold them in  place. Inconel X was selected as the 

jigging material because the nonreducible aluminum and titanium oxides 

which form on the surface prevent the j ig from inadvertently brazing t o  

the capsule. 

C a p s u l e s o L s  - id? Facil i ty 

Sixteen capsules are being fabricated for  the Group V irradiations 

in  the  ORR poolside facility. Four capsules are f ie led with graphite 

bodies containing coated fuel  particles, and eight capsules are being 

loaded with Tho2-U02. The other four capsules are stainless-steel-clad 

U02 f i e1  elements with a central thermocouple in a tungsten well and a 

pressure transducer. One of these instrumented capsules is shown i n  Fig. 

5.8a with the top end cap welded in  and the transducer tube brazed in  

place. The central thermocouple well and the  bottom end cap are shown 
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Fig. 5.8. (a) T n s t m n t e d  Capsule for Irradiation i n  ORR Foolside 
Facglity with Top End C&p and Presswe 'Prwducer Tube in Place. Also . 

shown a r e  bottom end+ap and central thermocouple well. (b) - ~mpone&s 
for Capsules Fueled with Vibratory-Compacted Tho2-U02 GrapuXes. 

separately. The transducer tube is brazed into the top end cap w i t h  NaK- 

resistant  GE-81 brazing alloy. 

The eight capsules fueled with vibratory-compacted Tho2-U02 granules 

incorporate a central thermocouple in  a molybdenum well. The components 

for  a capsule of t h i s  type are shown i n  Fig. 5. &. 



Estimates of t he  Release of e85 from ORR-Irradiated Capsules 

J. L. Sco t t  

I n  an attempt t o  t e s t  t h e  v a l i d i t y  of t h e  method suggested by C o t t r e l l  

e t  a1.7 f o r  predicting t he  re lease  of f i s s i o n  gases from U02, calcula t ions  

were made of the.expected re lease  from ORR-irradiated capsules groups I 

and 11. In  t he  calculations,  t h e  thermal conductivity of t h e  U02 was 

assumed t o  be 0.028 w/cm*"~ i n  t he  range 700 t o  1600°C. I n  t he  absence 

of a precise  knowledge of t he  width of t h e  gap between t h e  U02 and the  

cladding, t he  calcula t ions  were made f o r  a 3-mil helium gap and no gap. 

Values of t he  re lease-ra te  parameter (D') were estimated from t h e  measured 

BET surface areas of t h e  U02 pe l l e t s .  The computed values were then com- 

pared with t h e  amounts of Kr85 ac tua l ly  found i n  these  capsules. 

The r e s u l t s  showed t h a t  t h e  measured values of t he  percentage of 

Kr85 released generally f e l l  within or  c lose  t o  t h e  l i m i t s  s e t  by t h e  

3-mil helium gap and no gap cases. Further, most of t h e  measured values 

were c lose  t o  those predicted fo r  a 3-mil helium gap when t h e  temperature 

of t he  cladding was about 700°C. For capsules with cladding temperatures 

near 800°C, t h e  measured values corresponded more c losely  with t h e  assumed 

condition of no gap between t h e  U02 and t h e  cladding. '  The good agreement 

between measured and estimated values lends credence t o  t h e  method of 

C o t t r e l l  e t  a L 7  and v e r i f i e s  t h e  value of t h e  thermal conductivity of 

U02 which was used i n  t he  calculations.  I n  addit ion,  it appears t h a t  t h e  

surface a rea  of pressed and s in te red  U02 may be used t o  ca lcu la te  r e l i a b l e  

D' values f o r  material  i r rad ia ted  up t o  as  much a s  2400 Mwd/lvl~ of U02. 

Graphite-Metal Diffusion Studies 

J. H. DeVan 

Extensive i n t e rd i f f i s i on  and bonding occurred, as  reported previously, 9 

between graphi te  and type 304L s t a in l e s s  s t e e l  d i f fus ion  couples a t  1300°F. 

The couples were held f o r  1000 h r  under high vacuum a t  contact pressures 

between t h e  specimens of 500 t o  2000 psi .  Additional metallographic s tud ies  



have revealed a s t rong dependence of carbur izat ion depth on t h e  contact 

pressure.  I n  a l l  cases, carbur izat ion depth increased with pressure, 

reaching a maximum of 0.030 in .  a t  t h e  2000-psi pressure level .  This 

maximum depth i s  comparable t o  t he  carbur izat ion depths (approximately 

0.022 i n . )  reported1' f o r  type 304 s t a i n l e s s  s t e e l  specimens exposed t o  

carbon-saturated sodium f o r  1000 h r  a t  1300°F. Since the  sodium-exposed 

specimens were presumably under negl igible  pressure, it would appear t h a t  

pressure e f f e c t s  i n  t h e  graphi te-s ta inless  s t e e l  d i f fus ion  couples were 

associa ted with improvement i n  contact area between t h e  graphite and s t a in -  

l e s s  s t e e l  surfaces.' 
I Chemical analyses of 0.005-in.tthick s t a in l e s s  s t e e l  specimens t e s t e d  

a t  1300°F showed a carbon content of 3.598, which gave a Rockwell C hard- 

ness of 48. X-ray analyses revealed C r 2 3 C 6  t o  be t h e  p r inc ipa l  carbide on 

t h e  s t a i n l e s s  s t e e l  s i de  of t h e  diff 'usion couple, while C r 7 C 3  was predominant 

a t  t h e  graphite-metal in terface .  Neither Fe3C nor C r 3 C 2  could be detected. 

A second s e t  of d i f fus ion  couples has now completed 1000 hr  of t e s t i n g  

a t  1200°F under a vacuum of approximately 3 X l o F 6  mm Hg. The calculated 

contact  pressure loads on t h e  faces of t h e  graphi te  and type 304L s t a in -  

l e s s  s t e e l  d isk  specimens ranged from 500 t o  2000 psi .  Upon disassembling 

t h e  apparatus, it was apparent t h a t  t h e  pressure loads were not uniformly 

d i s t r i bu t ed ,  and there fore  t h e  calculated values were invalid. I n  order 

t o  cor rec t  t h i s  condition, t h e  present equipment has been realigned, and 

a new design i s  being considered. 

Visual  examination of t h e  specimens used i n  t h i s  t e s t  revealed basi -  

c a l l y  t h e  same e f f e c t s  a s  those of t h e  previous 1300°F t e s t .  A l l  bare 

metal surfaces were bonded t o  the  graphite,  whereas copper-plated and 

black-oxidized surfaces  were not. Serious embrittlement of 0.005-in. - 

7 ~ .  B. C o t t r e l l  e t  a l . ,  Fission-Product Release from U02, ORNL-2935, 
Sept. 13, 1960. 

*J. L. Scott ,  The Release of fi85 from U02 i n  ORR Capsules, ORNL-3195, 
Sept. 21, 1961. 

'GCR Quar. Frog. Rep. June 30, 1961, ORNL-3166, pp. 168-9. 

'OW. J. Anderson and G o  V. Sneesby, Carburization of Austenit ic 
S t a in l e s s  S t ee l  i n  Liquid Sodium, Atomics Internat ional ,  NAA-SR-5282. 



t h i ck  specimens t h a t  had bonded t o  t he  graphite was indicated i n  bend 

t e s t s .  Metallographic examinations a r e  present ly  being performed. 

Compatibility Tests of Graphite, S t ruc tu r a l  , 

Mat,erials, and Coolant 

J. H. DeVan 

A f i n a l  investigation1' of gas-metal react ions  between type 304 

s t s i n l c s s  s t e e l  and CO-C02- impurit ies i n  thermal-convection loops u t i l i z e d  

a helium mixture r e l a t i v e l y  r i c h  i n  C02 (vo l  co2/vol $ CO = 4.0). The 

s t a in l e s s  s t e e l  specimens exposed a t  1500°F i n  t h i s  t e s t  exhibited gray- 

green oxidation products, i n  contras t  t o  t h e  gray-to-black oxidation 

products developed i n  predominantly CO mixtures. Adherence of these  gray- 

green films was notably poorer than t h a t  displayed i n  previous t e s t s .  

Spectrographic analyses of these  gray-green films showed chromium and 

manganese as  t he  strongest  components of t h e  scale,  with vanadium present 

i n  minor amounts. Electron d i f f r ac t i on  s tudies  have iden t i f i ed  t h e  f i lms 

a s  predominantly Mn2Cr04. 

, 

Evolution of Gas from Graphite 

L. G. (hrerholser J. P. Blakely 

The degassing s tudies  of EGCR graphi te  have been completed. Two 

specimens were degassed a t  various temperatures up t o  1000°C using p r i -  

marily 100°C ten~pera.ture in te rva l s  between gas col lect ions .  These s tud ies  

were performed t o  es tab l i sh  t he  re lease  of su l fu r  compounds as  a function 

of temperature and t o  provide volume-time re la t ionships  a t  temperatures 

other than t he  300, 600, and 1000°C points t h a t  had been employed pre- 

viously. l 2, l3  . 

"GCR Quar. Prog. Rep. March 31, 1961, ORNL-3102, pp. 211-13. 

Quar. Prog. Rep. ' March 31, 1961, ORNL-3102, pp. 21624. 

1 3 ~ c R  Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 169--77. 



The two specimens, 1 1/2 in.  i n  diameter, 2 in.  long, and designated 

CAB-7B and CAB-lOB, were machined from t h e  cen t ra l  region of t h e  s l ab  cut 

from a bar  processed as  par t  of a furnace load i den t i f i ed  as  F i l e  No. 3 ,  

which was described previously. l3  The r e s u l t s  obtained by degassing these  

two specimens a t  various temperatures up t o  1000°C a r e  given i n  Table 5.6. 

These da ta  a r e  i n  f a i r  agreement, s ince  t he  periods of time a t  which t h e  

specimens were degassed a t  t h e  various temperatures were qui te  d i f fe ren t .  

The temperature spectrum, espec ia l ly  a t  t he  higher temperatures, i s  qui te  

s ens i t i ve  t o  t h e  length  of time a sample i s  degassed a t  some given tempera- 

t u r e .  Prolunged degassing a t  800°C, f o r  exampl-e, r e s u l t s  i n  t h e  removal 

of gas t h a t  otherwise would appear a t  900°C ( o r  t h e  next highest  tempcra- 

t u r e )  i f  a shor te r  period of degassing were used a t  800°C. The volumes 

recorded i n  Table 5.6 a t  900°C show a very pronounced e f f ec t  of time. 

The data  ind ica te  t h a t  SO2 was released at20O0C (and probably below), 

but  it disappeared above 600°C. A maximum re lease  was o'bserved between 

300 and 400°C i n  t h e  case of specimen C4B-7B, but t h i s  re lease  i s  not 

confirmed by t he  r e s u l t s  given f o r  specimen C4B-1OB. It may be noted t h a t  

H2S and CS2 were re leased i n  various amounts over t h e  e n t i r e  temperature 

Table 5.6. Volume and Composition of Gas Evolved by EGCR Graphite a t  Various 
Temperatures up t o  1000°C 

Gas Volume ~o~up&si t ion  of Evolved C ~ E  (vol  $) 
Sample Temperature Time 

No. ("(2) (cm3/100 cm3 Hydro- (hr)  of graphite) H2 H20 carboni N2 CO C02 SO2 H2S + CS2 

C4B-1OB 500 23 2.2 3 32 18 12 10 17 4 5 
600 19 1.8 6 18  12 3 19 36 5 0.4 
700 45 2.0 34 10 21 4 21 6 2 
800 69 3.1 34. 7 ,4 2 49 0.7 0. 1- 
900 47 2.4 34 0.4 4 2 58 0.3 0.6 

1000 42 4.2 30 3 1 1 6 4  0.2 0.9 
1000 25 1.3 36 1 2 3 5G 0.7 0.3 

C4B-7B 200 6 0.4 2 57 3 27 3 8 
300 5 0.4 1 43 8 2 7 3 8  8 2 
400 10 0.8 2 27 8 19 9 16 18 2 
500 7 0.7 4 36 11 8 14 21 5 
600 10 1 .4  '7 15 15 3 30 27 1 
700 10 1.4 28 8 24 3 26 10 
800 10 2.0 28 2 9 2 53 3 0.3 
900 25 4.2 39 0.6 5 2 54 0.2 

1000 , 41 4.4 40 0.4 2 2 55 0.2 0.5 



range studied. Small amounts of these  compounds a l so  have been found i n  

t he  gas released above 1400°C. A l l  t h e  EGCR graphite samples degassed t o  

date have evolved appreciable quan t i t i es  of sulfir (so2, H2S, C S ~ ) ,  and 

there  i s  no reason t o  bel ieve t h a t  t he  graphi te  loaded i n to  t h e  EGCR w i l l  

not do likewise. 

The volume-time re la t ionships  a t  300, 600, and 1000" C have been r e -  

ported12,13 fo r  a number of EGCR graphi te  specimens, and addi t ional  data  

a r e  presented i n  Table 5.7 and Fig. 5.9 t h a t  were obtained by degassing 

a s ing le  specimen of graphite a t  successively higher temperatures i n  t he  

range 500 t o  1000°C. The general shapes of t h e  500 and 600°C p lo t s  a re  

s imilar ;  both show an e s sen t i a l l y  l i n e a r  re la t ionsh ip  between t he  volume 

of gas evolved and the  log  of time. The slope i s  l a rge r  a t  600 than a t  

500°C, as  anticipated.  S t a r t i ng  a t  700°C, a d i f f e r en t  type of desorption 

must occur, as  evidenced by' t h e  change i n  t h e  shapes of t h e  curves. As 

indicated i n  Table 5.6, t h i s  a l so  i s  t he  temperature a t  which a marked 

increase i n  t h e  concentration of H2 i n  t h e  desorbate i s  observed. This 

Table 5.7. Values f o r  t h e  Constants A and B i n  t h e  
  qua ti on^ V = A log t + B fo r  EGCR Graphite Sample 

C4B-1OB a t  Various Temperatures up t o  1000°C 

Temperature Time In te rva l  
("c) (min) 

A . B 

a~olume expressed as  cm3 (STP) of evolved gas per 
100 cm3 uf graphite; time i n  minutes. The in tercepts  
do not include t h e  gas removed a t  t h e  lower tempera- 
tu res .  
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Fig. 5.9. Volume-Time Plots  f o r  EGCR Graphite Degassed a t  500 t o  
100oO C. 

type of curve, i n  which t h e  slope increases and then becomes esserrLlally 

constant, has been observed a t  1000°C f o r  other EGCR graphite specimens, 

a s  wel l  a s  f o r  o ther  grades of graphite.  No explanation can be offered 

f o r  t h e  s l i g h t  decrease i n  slope which is  iloLed upoil going from 800 t o  

900°C. These da ta  i l l u s t r a t e  v iv id ly  the  changes i n  t h e  character  of t h e  

degassing behavior which may occur when a simple specimen of graphi te  i s  

degassed a t  various temperatures over prolonged periods of time. Not 

only may t h e  evolution process change with temperature, but  it may a l so  

change with time a t  a constant  temperature. This behavior suggests t h a t  

no simple k ine t i c s  formulation is possible. Empirical re la t ionships  may 

be applied, however, over l a rge  time in te rva l s  t o  describe t h e  r a t e  of 

evolut ion a t  various temperatures. 



A Diffusion Model f o r  t h e  Transport of Gases i n  Porous Media 

J. T r u i t t  R. B. Evans 

Pore-diffusion phenomena i n  porous media a r e  customarily discussed 

i n  terms of two basic  concepts : Knudsen ( o r  molecular flow) and normal 

diffusion.  Treatment of d i f fus ion  i n  terms of these  two concepts r e s t r i c t s  

t h e  discussion t o  e i t h e r  of t h e  corresponding l imi t ing  cases - gas-gas 

co l l i s ions  only (normal d i f  fus  ion) o r  gas - w a l l  co l l i s i ons  only ( ~nudsen)  - 
and is  not applicable t o  t he  s i t ua t i on  i n  which both co l l i s i on  mechanisms 

a r e  s ign i f ican t .  The primary objective of t h i s  invest igat ion was t h e  de- 

velopmen'l; of a generalized d i f fus ion  model applicable t o  t h e  more r e a l i s t i c  

case i n  which both co l l i s i on  mechanisms a r e  superimposed. 

The model14 i s  based on (1) t h e  r e s u l t s  of a s e r i e s  of. uniform-pres- 

Eurc experiments irivolving t h e  in te rd i f fus ion  of two gases i n  a graphite15 

and (2) a t heo re t i c a l  postula t ion t h a t  a por t ion of t h e  porous media i m -  

mediately involved i n  surface co l l i s i ons  behaves as  a co l lec t ion  of uniformly 

d i s t r ibu ted  "dust, " par t i c les .  When these  pa r t i c l e s  are t r ea t ed  as l a rge  

molecules and as  t h e  t h i r d  gas component of t h e  mixture, a l l  t h e  desired 

r e s u l t s  can be obtained from c l a s s i c a l  multicomponent formulations. These 

t heo re t i c a l  equat'ions y ie ld  t h e  experimentally observed f l ux  r a t i o ,  

(m2/m1) 'I2, f o r  binary gas mixtures, t h e  Bosanquet in te rpo la t  ion formula, 

and a d i f f e r e n t i a l  equation f o r  d i f fus ion  t h a t  i s  applicable over t h e  en- 

t i r e  'pressure range. Application of t hc  model t o  t h e  r e s u l t s  of e a r l i e r  

s tud ies  with permeable 6~ l7 reveals t h a t  a l l  conclusions made and 

equations used previously regarding uniform-pressure measurements remain 

val id .  The model xppears t o  be applicable t o  a l l  porous media over a l l  

pressures ranging from Knudsen t o  t h e  normal region. The model does not 

14R. B. Evans 111, G. M. Watson, and E. A. Mason, J. Chem. Phys., i n  
press (mi). 

15R. .B. Evans 111, Jack T ru i t t ,  and G. M. Watson, J. Chem. Eng. Data, 
i n  press (1961). 

Quar. Prog. Rep. March 31, 1960, ORNL-2929, pp. 2069 .  

1 7 ~ ~ ~  Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 177-8. 



charac te r ize  t he  porous medium, but, i f  t h e  in te rd i f fus ive  r a t e s  of a  

p a r t i c u l a r  binary gas mixture a r e  measured i n  a  ce r t a in  merll'um, t he  d i f -  

fus ive  r a t e s  f o r  o ther  gas mixtures through t h i s  same medium can be pre- 

d ic ted.  Only two parameters a r e  required t o  define a  given binary gas- 

porous medium system i n  terms of t he  model. These a r e  an e f f ec t i ve  normal 

d i f fu s ion  coef f ic ien t  ( c h a r a c t e r i s t i c  of both gases and t he  medium) and 

an e f f e c t i v e  ~ n u d s e n  coef f ic ien t  f o r  one of t h e  gases i n  t h e  same medium. 

According t o  t h e  model, port ions of t h e  porous'medium t h a t  a re  i m -  

mediately involved i n  surface  co l l i s i ons  a re  visual ized as  a  co l lec t ion  

of very l a rge  p a r t i c l e s  (dus t )  of mass m and radius r such t h a t  md >> m l  
d d  

o r  m2 and r . r o r  2 .  This c:ollection i s  t r e a t ed  a3 a t h i r d  gas com- 
d  

ponent. Based on c l a s s i c a l  mult icomponent formulations, ' * t he  experimentally 

observed - J 1 / ' ~ 2  condit ion is devel6ped when the ~ u ~ l i l l L i u ~ l s  J elld dx /do - d d 
0  a r e  applied t o  t h e  system. The f l ux  J1 of e i t h e r  t r u e  gas component can 

be expressed i n  berms of t h e  r e l a t i o n ~ h i p  

where 

The el replaces t h e  r a t i o  of mean f r e e  path t o  pore radius t h a t  i s  frequently 

employed i n  d i f fus ion  discussions. When 6 -+ 1, diff 'usion it; no1.11ial; when 

6 -+ 0, d i f f l ~ s i o n  i s  Knudsen. 
- It turns  out  t h a t  l / D 1  i s  t h e  sum of a .  normal d i f fus ion  term 1/D12 

and a  Knudsen term l/Dlk.  The D12 i s  t he  normal coef f ic ien t  D12 mult iplied 

185. 0. Hirshefelder, C. F. Curtiss,  and R. B. Bird, Molecular Theory 
ui' Gases and Liquids, p. 517, 'Eq. (8.1-3), John Wiley and Sons,, Inc., New 
York, 1954. 



by the  graphite porosi ty- to- tor tuosi ty  r a t i o  of t h e  medium. The normal, 

terms, D12, f o r  t h e  two gases a r e  equal; t h e  Knudsen terms Dlk and t he  

61 of t h e  two gases a r e  not equal. The l a t t e r  can be calculated,  however, 

i f  Dlk and D12 a r e  known f o r  one of t h e  gases. The in tegrated equation 

f o r  t he  f l ux  of component 1 through a system of thickness L a t  dp/dz = 0 

i s  

The l3 incorporates t he  J1/J2 = -(rn2/m1) 'I2 r a t i o  t h a t  resul t ;  from the  

dp/dz = 0 condition, t h a t  i s ,  f3 = J=/J = 1 - (ml/m2) l I2 .  The Knudsen 

contribution appears only through t h e  re la t ionsh ip  

and does not appear i n  t h e  exponential term. An experimental method f o r  

t h e  determination of these  parameters f o r  helium and argon i n  various 

types of graphite i s  current ly  under evaluation. Tentative experimental 

r c au l t s  indicate  t h a t  t h e  model i s  applicable over a wide range of gas 

temperatures, pressures, and media pore s izes .  



6 .  IRRADIATION TESTING OF EGCR COMPONENTS AND MATERIALS 

D .  B. Trauger 0 .  Sisman 

Fuel Capsule I r r ad i a t i ons  In  ORR Poolside F a c i l i t y  

F. K. McQuilkin A.  W .  LongesL 
V .  A .  DeCarlo R .  L. Senn 

I r r ad i a t i on  of s i x  of the  e igh t  group IV capsules, described pre- 

viously, '  i s  continuing i n  the  ORR under the conditions summarized i n  

Table 6 .1 .  The two French beryllium-clad cpasules gave indicat ion of 

f i s s ion-gas  leakage through the  cladding during a rout ine  leak t e s t  and 

were withdrawn during the  August 27 shutdown periqd for disassembly and 

examination. Temperature o sc i l l a t i ons  of 2150, +50, and +20°F have been 

encountered with capsules 02-4, 06-4, and 07-4, respect ively .  During 

t he  Ju ly  reac tor  shutdown, t he  1000-rpm control-gas c i r cu l a to r s  f o r  these 

capsules were rep laced ,wi th  similar 1800-rpm un i t s ,  but no improvement 

has been observed i n  the  temperature f luc tua t ions .  A s  noted i n  Table 6.1, 

f i v e  of t he  s i x  thermocouples on capsule 02-4 have f a i l e d .  

An evaluat ion of the  radiation-monitoring system indicates  t h a t  the  

s e n s i t i v i t y  of the  ion chambers o r ig ina l ly  i n s t a l l ed  i s  probably insurPi-  

c i e n t  t o  de t ec t  f i s s i o n  gases from cladding leaks i n  UO;! f u e l  specimens 

operated a t  low temperatures. Plans have bee11 conlpleted f o r  increasing 

t h i s  s e n s i t i v i t y  by replacing the present ion chambers.with u n i t s  having 

grea te r  s e n s i t i v i t y  and supplementing them with highly s ens i t i ve  GM-tube 

de t ec to r s .  A por table  GM-tube probe -has been i n s t a l l e d  temporarily and 

the  rou t ine  leak checks a r e  being performed immediately following sched- 

u led  r eac to r  shutdown r a the r  than 6 hr l a t e r .  Since the  French capsules 

had not been checked previous,ly with the  more sens i t ive  detectors ,  the 

time of f a i l u r e  cannot be es tabl ished.  

The posi t ioning mechanisms i n s t a l l e d  during inse r t ion  of the group 

V capsules became inoperable a f t e r  l imi ted use. It was determined t h a t  

'GCR Quar. Frog. Rep. June 30, 1961, ORNL-3166, p .  117. 



Table 6.1. Operating Condit.ions fo r  Groug IT Capsules as of August 27, 1961 

C ladd in~  Surface Temperature Capsule Inner Surface 
Temperature ( O F )  

Capsule Type of 
No. " - - . . 7  - 

uasl&il ns&n ~ u w  
Lapsue 

---: -- rT2 -L T --- Temperature ~ e t n ~ e r a t u r e  Average Element No. 2 Element No. 5 

Remarks 

01-4 U02 pe l l e t s  i n  1600 1630 1477 1609 1477 
irstrumented (max) 
s t a in l e s s  
s t e e l  tube 

02-4 Tamp-packed U02 1300 
powder i n  f av) 
s t a in l e s s  s t e e l  , 

tu3e 

03-L Hot-swaged U02 1300 1258 1095 1170 
powder i n  ( av) 
s t a in l e s s  
s t e e l  tube 

04-4 U02 pe l l e t s  1112 1172 . 1040 1099 
i n  beryllium (av) 
tube 

05-4 U02 pe l l e t s  i n  1112 1026 978 1 O O 1  
beryllium tube (av) 

06-4 Hot-swaged U02 WOO 1525 1105 1212 
powder i n  (a.1 
s t a in l e s s  
s t e e l  tube 

07-4 Hot-swaged U02 1300 1367 1270 1315 
powCer i n  < av) 
s t a in l e s s  
s t e e l  tube 

1'77.3 The cen t r a l  thermocouple became inoperable when i t s  
temperature reached 1800°F. Later, however, it 
resumed operation and operated u n t i l  ~ 6 1 ~  13; tem- 
perature recorder No. 6 f a i l e d  on' August 12 

Temperature recorders 1, 2, 5, 4, and 3 f a i l ed  on 
May 26, 28, June 3, July 13  and 27, respectively 

On June 13, t h i s  capsule was inserted an addi t ional  
1 in. 

Twenty thermal' cycles per month a r e  being applied; 
temperature element No. f a i l e d  on May 19  

Twenty thermal cycles per month a r e  being applied; 
NaK b l a r k t  pressure was increased from 500 t o  
575 psig 3n June 5, from 575 t o  625 on Ju ly  13, 
and from 625 t o  725 on Ju ly  30; temperature e l e -  
ments 4 and 2 f a i l ed  on June 22 and July 13, 
respectively 

100% N2 i n  contrbl  gas system 

Temperature element 2 f a i l e d  on June 1 3  

08B-4 U02   el lets i n  1600 1610 1430 14E7 The cen t r a l  thermocouple operated a t  2300°F u n t i l  
instrumented (max) it fa i l ed  3n May 27 
s t a in l e s s  
s t e e l  tube 

3 
a 



t h e  spring-loaded s t .a inless-s teel  detent  plunger t h a t  locks a capsule a t  

i t s  adjus ted pos i t ion  had ga l led  t h e  surface of t h e  positioning-mechanism 

raceway. Modified mechanisms a r e  being prepared f o r  replacement when.the 

group IV capsules a r e  removed. 

Per t inent  design da ta  and planned operating conditions f o r  t he  next 

s e t  of capsules, group V, have been developed and a r e  summarized i n  Table 

6.2. New equipment designed f o r  use with coated-par t ic le  capsules 01-5 

and 08-5 provides f o r  a flow of helium t o  continuously sweep any f i s s i o n  

gases re leased from t h e  coated f u e l  pa r t i c l e s  pas t  t h e  new a c t i v i t y  moni- 

t o r s .  The operat ional  flow diagram f o r  t h i s  equipment i s  shown i n  Fig. 

6.1. The sweep gas w i l l  be sampled per iodical ly  and analyzed with a gama- 

r ay  spectrometer t o  determine t h e  quant i ty  and kind of f i s s i o n  gas being 

released.  A 512'-channel pulse-height analyzer. is  belrig ob*talllecl .fc,i- +hcoo 

measurements. Specia l  equtpment f o r  gaE sampling and handling is being 

i n s t a l l e d  i n  a new shielded equipment chamber, and addi t ional  charcoal 

t r a p s  have been i n s t a l l e d  t o  ensure adequate holdup of f i s s i o n  gases be- 

f o r e  re lease  t o  t h e  offgas system. 

A new method f o r  es tab l i sh ing  and maintaining t h e  desi red specimen 

temperature i s  being i n s t i t u t ed .  Previously, a f ixed loca t ion  wi$h an 

est imated neutron f l ux  was es tabl ished by t he  choice of f i e 1  enrichment. 

The desi red temperature was obtained by varying t h e  r a t i o  of helium t o  

ni t rogen gas i n  -[;he thermal-barrier  gap . t o  ad jus t  t h e  r a t e  Oi IleaL- L~nafiu- 

f e r  from t h e  specimen. This scheme has not been f i l l y  s a t i s f ac to ry  be- 

cause t h e  severe thermal gradients  cause d i f fus ive  separation of t h e  gas 

mixtures. The gas c i r cu l a to r s  i n s t a l l ed  -Lo overcome t h i s  effect.  have 

performed poorly. Var ia t ion i n  t h e  neutron f lux  a t  a f ixed i r r ad i a t i on  

pos i t ion  a l s o  occurs because of changes i n  reec tor  f i e 1  and.  experimental 

loadings, fi.ie1 burnup, and shim rod movement. I n  t h e  revised method, 

e i t h e r  pure helium o r  pure nitrogen gas w i l l  be used i n  t h e  thermal- 

b a r r i e r  gas gap. Each experimental assembly w i l l  be moved, a s  necessary, 

by means of t h e  posi t ioning mechanism $0 obtain t h e  neutron f l ux  required 

t o  achieve t he  desi red capsule temperature. 



Table 6.2. Summary of Design and Planned I r radia t ion  Conditions fo r  Group V Capsules 

Capsule number 01-5 04-5 05-5 

CEA, France CEA, Frar~ce 

06-5 

ORNL 

07-5 

ORNL Origin of fue l  specimen The 3M CO. The 3M Co. 

Type of specimen Fyrolytic carbon- 
coated UC2 par- 
t i c l e s  i n  graph- 
i t e  matrix 

UO2 g e l l e t s  i n  
P&T ins t ru-  
mented type 
304 s t a in l e s s  
s t e e l  tube 

Vibratory compacted 
Tho2-U02 granules 
i n  type 304 s ta in-  
l e s s  s t e e l  tube 

UOz pe l l e t s  i n  UO2 pe l l e t s  i n  
0.012-in. - 0.012-in. - 
wall type 316 wall type 316 
s ta in less  s t a in l e s s  
s t e e l  tube s t e e l  tube 

Vibratory compacted U02 p e l l e t s  
Tho2-U02 granules i n  P&T in- 
i n  type 304 s t a in -  strumented 
l e s s  s t e e l  tube type 304 

s t a in l e s s  
s t e e l  tube 

Pyrolyt i c  carbon- 
coated UC2 par- 
t i c l e s  i n  graphite 
matrix 

Perturbed thermal-neutron 3.38 X 1013 
flux, neutrons/cm3. sec 

Fucl cnrichment i n  u ~ ~ ~ ,  50.0 
. wt $ of t o t a l  uranium 

Total uranium i n  fueled 
specimen, wt $ 

Fuel specimen density 
g/cm3 
$ of theo re t i ca l  

Heat rate,  ~ t u / h r -  f t  

Specifi r. power, w/g 
of f u e l  specimen 

Scheduled burnup, Mwd/MT 
of' i'ueled specimen 

Cladding temperature, OF 

External pressure on 
cladding, psig 

I n i t i a l  
Final  

-atmos . 
6tmos.  

Yes 

300 300 
300 300 

Yes Yes 

300 
300 

Yes Central temperature 
measurement 

Yes Yes 

Type of thermocouple ( a l l  
with insulated junctions) 

1/8-in. -0. d. 1/16-in. -0. d. 
bare W-5% Re bare W-5% Re 
vs W-25% Re vs W-25% Re 

1/16-in. -0. d. 1/8-in. -0. d. 1/16-in. -0. d. 
bare W-5% Re bare W-5% tantalum 
vs W-25% Re vs W-25% sheathed W-5% 

Rc - Rc vc W-255 Re 

1/16-in. -0. d. 
tantalum- 
sheathed W-5s 
Re vs W-25% Re 

Thelmocouple well Opcn mdlybdcnum 
tube 

Tungeten well Plugged molybdenum 
tube 

Pl i~gged mol.yhden11m Tungsten Open molybdenum 
tube well tube 

Capsule in t e rna l  pressure 
measurement 

Yes No No No Yes No 

Shutter thermal cycles 

Thermal-barrier gas 

Gas gap, in. (hot)  

Cladding dLmensions, in. 

Outside diameter 
111s ide diameter 

Fuel specimen dimensions, 
in.  

Outcide diameter 
Inside diameter 

Assembly drawing No. 

ap&T refers  t o  capsule in t e rna l  pressure and cent ra l  fue l  temperature measuring instruments. 

b~ pyrolytic graphite sleeve U.'7033 in. o. d. X 0.605 in. i .d.  insulates and spaces the  fueled matrix specimen. 



Capsule L-27. The cent ra l  temperatures a t  the start of i r radiat ion 

i of the a and b sections of capsule E 2 7  were estimated t o  be approximately 

2000 t o  2400°F, respectively. The bottom U02 fue l  pe l l e t  from the a section 

contact with the tantalum sheathing on the internal  thermocouple and was  

I not damaged t o  a great extent, as were the upper three pe l l e t s .  The cross 

I sect ion revealed normal U02 fue l ,  with no evidence of a reaction a t  e i ther  

the inner or  outer surfaces. Most of the porosity was intergranular, and 

1 there was  no evidence of grain growth. The top three f u e l  pe l le t s ,  which 

p showed evidence a f  having reacted with the internal  thermocouples, were 

1 highly fractured, and no sui table  sample f o r  mounting fo r  metallographic 

examination m e  available. 1, 
A U02 f u e l  p e l l e t  from the b section which remained in tac t  was a lso  

L -  examined. The f u e l  mater ial  did not appear t o  have undergone s ignif icant  

changes during i r radia t ion .  A large amount of intergranular porosity was 

noted t h a t  would seem t o  indicate a density of l e s s  than the measured 95$ 

b of theoret ical .  

- 
of the a and b sections of capsule L-28 were estimated t o  be approximately 

L , 2200 and 3450°F. A portion of a pe l l e t  was selected from the center of the 
w 

a see Llun f u r  Llle metallographfc specwen. COmpWiSOa wlrh me UnlrYadl- 
I 

a%ed control  revealed l i t t l e  or no difference i n  the s i ze  of the grains 

F A transverse section through the  U02 insulator, U02 fuel, and thermo- 
r-- Eouple region was made a t  approximately the  center of the  b section ( ~ i g .  

1 6.10). A reaction of the  UQ2 fue l  with the  tantalum sheath of the thermo- 

I 
couple w a s  evident. The fue l  was very porous and the  grains were columnar. 

The columnar grains of the  fue l  extended in to  the  U02 insulator. The sec- 

ond phase material noted i n  capsule L-24 was not seen. 

Capsule L-32. The estimated cent ra l  temperature a t  the  starb of ir- 

I radiat ion of the  b section of capsule L-32 was 3100°F. No a section 

cent ra l  temperature was obtained because of f a i lu re  of the  thermocouple 

a t  s t e u p .  Very l i t t l e  difference was noted i n  the  microstructures of 
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Fig. 6.1. Flow Diagram of' Sweep Gas System for Use with Capsules 01-5 and 08-5. 



Examination of I r rad ia ted  C a ~ s u l e s  

J. 6.  Morgan M. F. Osborne 
H. E. Robertson E. L: Long, Jr. 

Fuel p e l l e t s  from group 1 ,capsules  04-1, 07-1, and 08-1 were ex- 

amined f o r  changes i n  U02 density. The densi ty  changes detected were 

small and consistent  with previously observed changes, 2 ~ 3  a s  shown i n  

Table 6.3. The average diameter of t h e  Be0 rod from.the center of cap- 

su l e  04-1 decreased from 0.321 t o  0.318 in. i n  good agreement with pre- 

vious data. The r e s u l t s  of radiochemical analyses of these  f u e l  p e l l e t s  

f o r  uranium burnup a r e  shown i n  Table 6.4, along with the 'va lues  calcu- 

l a t e d  from neutron f lux  data. The higher burnup indicated a t  t h e  bottom 

of' capsule 04-1 agrees with t h e  gamma scan, which showed an a c t i v i t y  

peak a t  t h e  bottom and a depression a t  t he  t o p  of t h e  capsule. 

Visual examinati0.n of group I11 capsules 01-3, OlA-3, and 08-3 showed 

a d i s t i n c t  bulge i n  t h e  0.020-in. - th ick cladding near t h e  bottom of cap- 

su l e  01-3. The bulge was about 1 in. long and 0.030 in.  high. Analysis 

of the  NaK from, around these  capsules showed a s i gn i f i c an t  quant i ty  of 

~ s ~ ~ ~ ,  indicat ing fission-product leakage. When the  capsules were pierced 

f o r  f ission-gas removal, NaK leaked from capsule 01-3, and NaK was found 

2~~~ Quar . Prog. Rep. March 31, 1961, ORNL-3012, pp. 156-63. 

3~~~ Quar. Prog. Rep. June 30, 1961, ORNL-3166, p .  130. 

Table 6.3. Changes i n  B u l k  and'Imersion Density of EGCR Prototype Fuel Pe l l e t s  - 
Irradiated i n  t he  ORR 

Bulk &nsitya (g/cm3) 
b 

Immersion Density (g/cm3) 
Capsule Pe l l e t  

No. No. . Preirradiat ion Postirradiat ion Change Preirradiat ion Postirradiat ion Change 

8 .1.0. 38 10.17 4 . 2 1  10.67 10.73 a. 06 
6 10.56 10.44 4.12 in. 61 .1.0.70 tO.09 
7 10.57 10.25 -0.32 10.62 10.70 tO.08 

a~ctermined by immersion i n  mercury. 

bDetermined by immersion i n  CC14.  



throughout t he  capsule when it was opened. Ef for t s  a r e  being made t o  

l o c a t e  t h e  leak. 

Pos t i r r ad i a t i on  determinations were made of t he  oxygen-to-uranium 

r a t i o s  of some of t h e  f i e 1  pe l l e t s .  The r e s u l t s  f o r  two of t he  f i r s t  

group and two of t h e  second group of ORR-irradiated capsules a r e  l i s t e d  

i n  Table 6.5. No increase i n  t h e  r a t i o  was found a s  a r e s u l t  of i r r ad i a -  

t ion ,  wi thin  t h e  reproduc ib i l i ty  of t h e  ana ly t i c a l  method. There is a 

s l i g h t  ind ica t ion  of t h e  U02 becoming more near ly  stoichiometric. Pre- 

i r r a d i a t i o n  values were redetermined using t he  same technique a s  t h a t  

used on t h e  i r r ad i a t ed  samples i n  order t o  make t he  values d i r e c t l y  

comparable. 

Table 6.4. Comparison of Burnup Data f o r  Fuel Pe l l e t s  from 
ORR-Irradiated Capsules 

Burnup (Mwd/MT of U) 
Capsule P e l l e t  

NO. Locat ion ~s~~~ ~ ~ 1 4 4  . 
Analysis Analys is Flux Data 

- -- 

04-1 Second from bottom 2038 1962 1600 
04-1 Second from top  1474 145 5 1600 
07-1 Middle 774 . 743 580 
08-1 Middle 766 70 8 5 60 

Table 6.5. Oxygen-to-Uranium Ratios of Fuel P e l l e t s  from 
ORR-Irradiated Capsules 

Oxygen-to-Uranium Ratio 
of UOz P e l l e t s  ' Calculated 

Capsule Burnup Central  
No. ( ~ w d l m  if U) Bef After Temperature 

I r r ad i a t i on  I r r ad i a t i on  ( "  F) 



ETR-*radiated Capsule E-9 

Metallographic examination of a longitudinal section of the cladding 

from ETR capsule E-9 at  a pellet-to-pellet interface revealed a heavy 

precipitate near the inner surface that  was tentatively identified as a 

nitride, since the U02 fuel  contained an appreciable amount of uranium 

nitride .4 A t  the pellet-to-pellet interfaces the precipitate had pene- 

trated about twice as deep as  it had elsewhere i n  the cladding. Micro- 

hardness measurements were made a t  the outer, central, and inner regions. 

No change in  the microhardness in  the outer region w a s  noted (KHN of 165 

with a 100-g load). The central region of the cladding showed an increase 

from a KHN of 152 t o  approximately 200. The inner region showed a marked 

increase from a KHN of 130 t o  approximately 270. A typical area is shown 

in  Fig. 6.2. 

Fig. 6.2. Typical Area of Type 304 Stainless Steel  Cladding from 
Em-Bradiated Capsule E-9. Heavy precipitate is a t  the inner surface. 
Specimen lightly etched with picric and hydrochloric acids. lOOX 



Metallographic examinations have been made, when possible, of a U02 

f u e l  p e l l e t  or a portion of a pe l l e t  selected from the center of each 

LITR-irradiated capsule. In each instance a transverse section was polished 

and examined, and unirradiated control samples were polished and examined 

fo r  comparison. The photomicrographs presented here are  typical  of the 

microstructures observed unless otherwise s tated.  

Capsule L-11. The average cent ra l  temperature a t  the s t a r t  of ir- 

radia t ion  i n  the a section of capsule L-11 was approximately 2575"F, 

whereas t h a t  of the b section was approximately 2700°F. The cladding 

was held a t  a nominal temperature of 1300°F. 

Increases i n  porosity and grain s ize  were noted i n  I;he hullow U02 h e 1  

specimens from both the a and b sections i n  comparison with the control 

sample. Also, the grain s ize  was larger  a t  the outer surface than a t  the 

inner surface, as would be expected based on the temperature difference 

tha t  exis ted across the p e l l e t  wall. Typical transverse sections of uo2 
p e l l e t s  from sections a and b are shown i n  Figs. 6.3 and 6.4, respectively. 

An unusual area noted i n  the b section U02 specimen i s  shown i n  Fig. 6.5. 

The tantalum sheath of the in terna l  thermocouple had apparently come i n  

contact with the inner wall  of the U02 pe l l e t  i n  t h i s  region. The resul tant  

react ion can be seen as a second phase i n  the grain boundaries a t  the inner 

region. A r ad ia l  crack can a lso  be seen i n  t h i s  area.  

Capsule L-23. LlTE3-irradiated capsule L-23 andcapsules L-24 through 

L-28 and capsule L-32, t o  be discussed l a t e r ,  are  of the model-3 type, 

which includes a depleted U02 sleeve around the hollow U02 pe l l e t s  tha t  

a c t s  as a thermal insulator .  The cent ra l  temperature a t  the start of 

i r radia t ion  in  the a section of capsule L-23 was estimated t o  be approxi- 

mately 2700°F and, i n  the b section, 2800°F. 

The sample from the a section showed no signs of thermal fusion be- 

tween f u e l  and insulator,  whereas the fuel-to-insulator interface in  the 

b section was no longer evident. The f u e l  i n  the a section showed no 

measurable increase i n  grain size,  but there was an appreciable increase 

i n  porosity, whereas the microstructure of the f u e l  from the b section no 



INNER SURFACE 
/ 

. F i g .  6 . 3 .  Typical Transverse Section of a Hollow U02 Pe l le t  from Section a of LITR-Pradiated 
C~psuZe L - l l .  Etched. 250X 



INNER SURFACE 1 
Fig. 6.4. Transverse Section cf a Hollow U02 Pel le t  from Sec2ion b of LITR-Irradiated Capsule 

- 1 .  Etched. 250X 



Fig. 6.5. Transverse Section of Unusual Area of a Hollow U02 Pel let  from the b Section of 
LIT%-Irradiated Capsule L-11. 'The tantalum thermocouple sheath apparently reacted with the U02 
a t  the innep surface. Etched. 250X 



longer resembled the control.  Typical areas from the a and b sections are  

shown i n  Fig. 6.6. Since f a i l u r e  of the seals  allowed air t o  penetrate 

both sections of t h i s  capsule, the higher temperatures i n  the lower end 

(b  section) probably account for  the difference i n  the structure i n  the 

fue ls  from the two sections.  

Capsule L-24. A piece of f u e l  from section a of capsule L-24 that 

had adhered t o  the depleted U02 insulator was selected as the representa- 

t i v e  sample. The average cent ra l  temperature of t h i s  section a t  the s t a r t  

of i r radia t ion  was  estimated t o  be approximately 2550°F. Adherence of the 

f u e l  t o  tkie insulator appears t o  have been a r e s u l t  of the migration of 

a second-phase material  from the insulators in to  the fue l .  The second- 

phase material  is evident i n  Fig. 6.7. 

Metallographic examination of a sample from the b section revealed 

a react ion similar t o  that which occurred i n  the b section of capsule L-23, 

Fission-gas-release experiments and visual  inspection of the "as-opened" 

capsule indicated that a leak occurred i n  section b during i rradiat ion.  

The large grains, large spherical porosity, and adherence of the f u e l  t o  

the U02 insulator a re  shown i n  Fig. 6.8. The presence of the second phase 

material  is  not understood. 

Capsule L-25. The average cent ra l  temperature in  the b section of 

capsule L-25 a t  the s t a r t  of i r radiat ion w a s  estimated t o  be approximately 

2300°F. A transverse section through the U02 insulator, U02 f u e l  pe l le t ,  

tantalum thermocouple sheath, and B e 0  thermocouple insulator i s  shown i n  

Fig. 6.9. L i t t l e  or no difference in  grain s ize was detected between the 

i r radia ted  sample and the control material. There was  some void agglomera- 

t i o n  between grains i n  the i r radiated fuel .  A region at  the outer surface 

of the f u e l  was prac t ica l ly  devoid of porosity within the grains. This 

same region was separated from the remainder of the f u e l  pe l l e t  by a crack 

around the circumference of the pe l le t .  The inner region of the f u e l  ex- 

hibi ted f i n e  porosity within the grains. Evidence of a reaction was  pres- 

en t  i n  the outer half of the tantalum sheathing of the internal  thermocouple. 



I U O *  INSULATOR ON 
OUTER SURFACE 

INNER SURFACE OUTER SURFACE INNER SURFACE 

Fig. 6.6. Typical Microstructures of Hollow UOz Pel le ts  from LITR-Irradiated Capsule L-23. (a) 
Pel le t  from a section. (b) Pe l le t  from b section. ached.  lOOX 



U ~ ~ 2  INSULATOR 

Fig. 6.7. Transverse Section of UOz Fuel Pe l le t  and Insulator k-om a Section of LITR-Lm'adiated 
Capsule L-24. Etched. 250X 



'"0. INSULATOR - 

I 1  
Fig. 6.8. Transverse Section of UOz Fuel Pellet and Insulator from b Section of LITR-Irradiated Capsule L-24. Etched. 250X 

Fig. 6.9. Transverse Section Through the b Section of LITR-Irradiated Capsule L-25. Etched. lOOX 
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Capsule L-27.  The central temperatures at the start of irradiation

of the a and b sections of capsule L-27 were estimated to be approximately

2000 to 2400°F, respectively.  The bottom U02 fuel pellet from the a section

was selected for metallographic examination.  This pellet had not been in

contact with the tantalum sheathing on the internal thermocouple and was

not damaged to a great extent, as were the upper three pellets.  The cross

-                                     section revealed normal U02 fuel, with no evidence of a reaction at either

the inner or outer surfaces.  Most of the porosity was intergranular, and

i        there was no evidence of grain growth.  The top three fuel pellets, which

i showed evidence of having reacted with the internal thermocouples, were

highly fractured, and no suitable sample for mounting for metallographic

examination was available.

A U02 fuel pellet from the b section which remained intact was also

examined.  The fuel material did not appear to have undergone significant
'

changes during irradiation.  A large amount of intergranular porosity was

noted that would seem to indicate a density of less than the measured 95%

         of theoretical.

Capsule L-28.  The central temperatures at the start of irradiation

I of the a and b sections of capsule L-28 were estimated to be approximately

2200 and 3450°F.  A portion of a pellet was selected from the center of the

a section for the metallographic specimen. Comparison with the unirradi-

ated control revealed little or no difference in the size of the grains
I and the amount of porosity.

A transverse section through the U02 insulator, U02 fuel, and thermo-            '

couple region was made at approximately the center of the b section (Fig.

6. 10).    A reaction  of the  U02  fuel  with the tantalum sheath  of the thermo-
couple was evident. The fuel was very porous and the grains were columnar.

The columnar grains of the fuel extended into the U02 insulator. The sec-

ond phase material noted in capsule L-24 was not seen.

Capsule L-32. The estimated central temperature at the start of ir-

radiation of the b section of capsule L-32 was 3100'F. No a section

central temperature was obtained because of failure of the thermocouple

at startup. Very little difference was noted in the microstructures of

84
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INSULATOR UO, INNER 

Fig. 6.10. 'Pransverse Section Through the b Seetion of LITR-Irradiated Capsule L-28. Etched. 
loox 



t h e  f'uel specimens from the  a section and the  unirradiated control, ex- 

cept fo r  extensive microfracturing in . the  i r radiated sample. A typ ica l  

area is  shown i n  Fig. 6.U. Considerable difference was noted, however, 

between t h e  microstructures of the f u e l  specimens from the  b section (Fig. 

6.12) and the  a section. The grains of the  b section f u e l  were of an ir- 

regular shape, and the  f u e l  was quite porous, par t icu lar ly  i n  t h e  region 

of r a d i a l  cracks. 

Conclusions. There appears t o  be no d i r ec t  correlation of grain s ize  

increase and the  in t eg r i ty  of the U02 f u e l  with i r rad ia t ion  temperature 

i n  the s i x  model 3 LITR-irradiated capsules examined. Th i s  probably can 

be a t t r ibu ted  t o  a t  l e a s t  two things. F i r s t ,  the metallographic Samples 

were not representative ul' f u e l  irradiated a t  the estimated temperst~ises 

e i t h e r  because of leaks i n  the capsules or reactions of the U02 with the 

tantalum thermocouple sheaths; and, second, there i s  some doubt tha t  the 

recorded temperatures were accurate because of thermocouple d r i f t .  

OUTER 
SURFACE 

INNER 
SURFACE 

Fig. 6.11. Transverse Section of U02 Fuel Pe l le t  from a Section of 
LITR-Irradiated Capsule L-32. Etched. lOOX 



OUTER 
SURFACE 

Fig. 6.12. Transverse Section of UOz Fuel Pe l le t  from b Section of 
LITR-&radiated Capsule L-32. Etched. lOOX 

Br i t t l e  Fracture of =radiated Structural  Metals 

M. S. Wechsler 

A c r i t i c a l  point i n  large welded structures is the metallurgical 

condition of the weld metal and the heat-affected zone adjacent t o  the 

weld. It is possible t o  study the properties of the heat-affected zone 

by making use of a technique developed a t  Rensselaer Polytechnic Ins t i tu te  

i n  which samples are  subjected t o  the same thermal treatment as would be 

the case during welding. Preliminary re su l t s  are  presented here of an 

investigation of the ef fec t  of radiation on the notch duc t i l i t y  of such 

simulated heat-affected-zone samples. The unaffected parent p h k e  ma- 
t e r i a l  was a lso  studied. The material chosen corresponds t o  the s t e e l  

used fo r  the pressure vessels of many nuclear power reactors,  including 

the EGCR, the EBWR, and various maritime and mil i tary reactors.  

INNER 
SURFACE 

*This investigation was  i n i t i a t ed  by P. Patriarca, ORNL, who arranged 
fo r  the preparaeion of the heat-affected-zone samples a t  Rensselaer 
Polytechnic Ins t i tu te .  



Charpy V-notch impact specimens were prepared from a &in. p la te  of 

ASTM A.212, grade B, carbon-silicon s tee l .  The s t e e l  was from an aluminum- 

t r ea t ed  heat produced according t o  ASTM Specification A-300 f o r  fine-grain 

practice.  The chemical analysis was: C, 0.25s; Mn, 0.74$; P, 0.013s; S, 

0.025s; Si, 0.20$. The p la te  was normalized a t  1625 t o  1675"F, cooled with 

a water spray t o  500°F, and stress-relieved a t  1200 t o  1250°F. One group 

of samples machined from the  plate  was charac ter i s t ic  of the  parent base 

plate .  Two additional groups of samples, prepared a t  Rensselaer Polytechnic 

Ins t i tu t e ,  were synthetic weld-heat -af fectcd material made under condi- 

t i ons  correspondi r g  t o  energy inputo of 100 000 joules/in. ( 2 ~  ser ies)  and 

50 000 joules/in. ( 4 ~  ser ies ) .  Additional information concerning the  pre- 

treatment of the  samples is given i n  Table 6. G. 

Table 6 . G .  Simulated Weld Thermal Cycles 
and Related Properties 

Series 2B Series 4R Parent-Plate 
Samples Samples Samples 

Energy input i n  1-in.  
p la te ,  joules/in. 

100 000 50 000 A s  received 

Peak temperature, "F 2400 

I n i t i a l  p la te  tempera- 80 
Lure, OF 

Treatment a f t e r  heating 
Temperature, O F  115U 
Time, hr 4 

Cooling r a t e ,  "F/sec 
A t  1000°F 
A t  1300°F 

Hardness, VPN 

Fracture t r ans i t ion  
temperature, "F 

10  f t - l b  c r i t e r i o n  

15-mil expansion 
c r i t e r i o n  

50$ shear f rac tu re  
c r i t e r i o n  

6 ~ .  F. Nippes, W. F. Savage, and W. A. Brown, Progress Report No. 2, 
Study of the Weld Heat Affected Zone of A-212B Steel,  Rensselaer Polytechnic 
Ins t i tu t e ,  February 1961. 
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The Charpy V-notch impact curves f o r  t h e  unir radia ted heat-affected- 

zone samples and t h e  parent-plate samples shown i n  Figs. 6.13 and 6.14 a r e  . 

qui te  consistent  with t he  r e s u l t s  of Nippes, Savage, and Brown. It i s  

of i n t e r e s t  t h a t  t h e  i n i t i a l  t r a n s i t i o n  temperature was higher f o r  t h e  2B 

se r i e s  than f o r  t h e  4B s e r i e s  ( ~ i g .  6.13). Metallographic examination of 

t h e  parent p l a t e  showed uniformly d i s t r ibu ted  regions of f e r r i t e  and f i n e  

pear l i t e .  The synthet ic  heat-affected zones appeared t o  be tempered b a i n i t e  

o r  tempered martens i t e  and proeutectoid f e r r i t e  a t  p r i o r  aus ten i te  gra in  
/ 

boundaries.. The major microstructural  d i f ference i n  t h e  synthet ic  heat-  

affected'zones appeared t o  be i n  t h e  f e r r i t e  network. This network was 

discontinuous i n  t h e  4B s e r i e s  (50 000 joules/in.) and continuous i n  t h e  

UNCLASSIFIED 

" 
-100 0 100 200 300 400 

7; TEST TEMPERATURE ( O F )  

Fig.  6.13. Charpy V-Notch Impact Tes t s ,o f  I r radia ted,  Synthetic, 
Heat-Affected Zones i n  ASTM A212, Grade B, S t e e l  (1tem 147) .  



T, TEST TEMPERATURE ( O F )  

Fig .  6.14. Charpy V-Notch Impact Tests of I r rad ia ted  ASTM.A212, 
Grade B, S t e e l  Base P l a t e  (Item 147) .  

2B s e r i e s  (100 000 joules/ in.  ) .  Apparently t h i s  continuous f e r r i t e  net- 

work contributed t o  the. higher i n i t i a l  notch-impact t r ans i t i on  temperature' 

of the  2B s e r i e s .  

The two types of syn the t ic  weld-heat-affected-zone samples and the  

parent-pla te  samples were i r r ad i a t ed  i n  the ORR pool-side f a c i l i t y  f o r  1106 

hr a t  30 t o  130°F t o  doses of 6 t o  10 X lo1* neutrons/cm2 (>1 Mev). The 

e f f e c t s  of the i r r a d i a t i o n  on the Charpy V-notch impact s t rengths  f o r  the 

th ree  mate r ia l  condit ions a r e  presented i n  Figs .  6.13 and 6.14. A summary 

- of the  r e s u l t s  on the  bas i s  of three  t r a n s i t i o n  temperature c r i t e r i a  a r e  

given i n  Table 6 .7 .  The radiation-induced increases i n  t r ans i t i on  tempera- 

t u r e  i n  these  th ree  mater ia ls  a r e  about equal and a r e  nearly the same a s  

f o r  a va r i e ty  of s t e e l s  invest igated by the Naval Research Iaboratory7 

7 ~ .  E. S tee le  and J. R .  Hawthorne, Effect  of I r rad ia t ion  Temperature 
on Neutron-Induced Changes i n  Notch Duct i l i ty  of Pressure Vessel S tee l s ,  
ONRL Report 5629, June 28, 1961. 



Table 6.7.. The Effect of Neutron Irradiat ion a t  90 t o  130°F on 
Racture  Transition Temperature of ASTM A212, Grade B, S tee l  

Neutron dose: 6 t o  10 X 1018 neutrons/cm2 (>1 ~ e v )  

Transit ion Temperature ( "  F) 

Material 
10 f t - l b  30 f t - l b  50% of Ductile 
Criterion Criterion Energy Criterion 

Series 2B (100 000 joules/in. ) 

Unirradiated 
Irradiated 
Increase 

Series 4B (50 000 joules/in.) 

Unirradiated 
Irradiated 
Increase 

Parent plate  

Unirradiated 
Irradiated 
1ncrea.se 

and the Oak Ridge National Laboratory.. * A number of determinations remain 

to be made on the samples irradiated in this experiment. It is planned 

to measure the lateral contraction and expansion of the fractured samples 

and to determine their fracture appearance. Also, the microstructure of 

the irradiated samples will be examined metallographically. Finally, a , 

number of samples from this irradiation experiment will be given a post- 

irradiation recovery treatment before testing, in order to determine the 

manner and extent of the annealing of the radiation effects. 

Instantaneous Fission-Gas-Release Experiments 

R. M. Carroll 

The thin-plate samples of U02 sandwiched between Thon plates that 

were used in the LITR instantaneous fission-gas-release experiments have 

8 ~ .  G. Berggren, Ra.diation ~ffects in Ferritic Steel, p. 91-127 in 
Status of Radiation Effects Research on Structural Materials and the Im- 
plications to Reactor Design, TID-7588, October 1960. 



been removed and examined. The oxygen-to-uranium r a t i o  of t he  samples 

inc'reased during i r r a d i a t i o n  from 2.002 t o  2.66, which is  t he  composition 

of U308. This i n -p i l e  oxidation almost c e r t a in ly  caused t he  f i s s  ion-gas - 
r e l ea se  r a t e  t o  slowly increase, a s  reported previously. The sample had 

a flaky, burned appearance, and t h e  increase i n  surface area  as  oxidation 

progressed was probably t he  primary cause of t h e  increased fission-gas 

re lease .  

Since t h e  f i e 1  was nonstoichiometric, t h e  cooling burs t sg  may have 

been due t o  a phase change of t he  higher oxide s t a t e s  of t h e  U02+. Cool- 

ing bu r s t s  have a l s o  been reported1' f o r  substoichiometric samples of 

U02,. A phase change of nonstoichiometric T J 0 2  d . i i r ing  t h e  cooling process 

appears t o  be t h e  bes t  explanation f o r  t h e  cooling burs t s  i n  both cases. 

The cooling burs t  may be an important f ac to r  i n  t h e  t o t a l  gas re lease .  

~ o t h w e l l l O  reported t h a t  as  much as  one-third t h e  t o t a l  gas i n  a sub- 

s to ichiometr ic  sample was released. i n  a burs t  while cooling from z tempera- 

t u r e  t h a t  had re leased comparatively l i t t l e  of t h e  gas. 

Another th in -p la te  sample of U02 i n  the  form of 0.58-in.-diam disks ,  

0.032 i n .  th ick,  was i n s t a l l e d  i n  the  f a c i l i t y .  The sample consisted 

of high-density, small-grain mater ia l .  It had an i n i t i a l  oxygen-to-uranium 

r a t i o  of 2.01. I n  an at tempt t o  prevent in -p i le  oxidation of the  sample, 

a sweep gas was used that contained 3% hydrogen, with the remainder e i t h e r  

argon o r  helium. When t h i s  sweep gas was used on a U02 sample t h a t  had 

a l ready been oxidized, the  sample crumbled as the  U02+ w a s  reduced.'' 

A sample which had not a l ready been oxidized should r e t a i n  i t s  s t ruc ture  
' 

i n  the  reducing atmosphere and a l so  shou1.d. n o t ,  become oxidized. 1 2  

The atmosphere se lec ted  has apparently been e f fec t ive  i n  preventi.ne; 

i n -p i l e  oxidation of the  .U02 by t race  amounts of oxygen i n  the sweep gas. 

'GCR Quar. Prog. Rep. June 30, 1961, ORNL-3166, p .  153. 

'OE. Rothwell, The Release of u y p t o d 5  From I r rad ia ted  Uranium 
Dioxide on Pos t - I r rad ia t ion  Annealing, AERE-R-3672. 

"R. M. Car ro l l  and C . D .  Baumann, Experiment on Continuous Release 
of F i ss ion  Gas During I r r ad i a t i on  ( ~ n  Interim Report ) , ORNL-3050. 

1 2 ~ . ~ . ~ .  Robertson, concerning the ~ f f e c t s  of Excess Oxygen U02 
CRFD-973. 



This was determined by allowing the  sample t o  operate a t  constant condit ions 

f o r  one reac tor  cycle and observing that during t h i s  time the  emission of 

~ e ~ ~ ~ ,  ~ e ~ ~ ~ ,  Kr85m, and Kr88  remained constant .  Since oxidation of the 

U02 r e s u l t s  i n  increased f iss ion-gas  re lease ,  t h i s  constant r a t e  is con- 

sidered evidence t h a t  the U02 w a s  not oxidized. 

The gamma-ray spectrum of the  f i s s i o n  gas re leased was markedly d i f f e r -  

en t  from t h a t  of f i s s i o n  gas re leased from U 0 2  samples i n  a nonreducing 

atmosphere. A comparison of the  f r a c t i o n a l  re lease  r a t e s  f o r  four  isotopes 

i s  given i n  Table 6.8.  Two f u e l  samples a r e  compared i n  t h i s  t ab le .  The 

f i r s t  two columns a r e  f o r  the  constant condit ion run i n  a reducing atmos- 

phere, and the  data  show that there  was no increase i n  f r a c t i o n a l  re lease  

with time. The next three  columns give the  f r a c t i o n a l  re lease  from the 

th in-pla te  sample of U02 i r r ad i a t ed  i n  a nonreducing atmosphere. They show 

the  increase of f iss ion-gas  re lease  a f t e r  30, 60, and 90 days of ir- 

rad ia t ion  and t h a t  the  xenon-to-krypton f r a c t i o n a l  re lease  d id  not  change 

a s  the  sample was progressively oxidized. If the r a t i o  of the  re lease  ot' 

long-lived xenon t o  the  re lease  of shor t - l ived krypton is  compared f o r  the  

two samples, the  r a t i o  may be seen t o  be higher f o r  the  oxidized sample. 

An explanation fo r  t h i s  i s  being sought. 

Table 6.8. Comparison of Fission-Gas-Release Rates i n  
Reducing and Nonreducing Atmospheres 

Ratio of Release Rate t o  Production Rate 

Rcducing Fics ion 
Gas Sweep Gas Ine r t  Sweep Gas 

After  30 After 60 After  90 June 8 June 29 Days 
Days Days 



A disadvantage of using a trace-hydrogen atmosphere is that the 

hydrogen will affect the emf of the Pt vs Pt-Rh thermocouples by reacting 

with the high-temperature junctions. This reaction is temperature dependent, 

so the high-temperature thermocouples were affected the most. The thermo- 

couple emf was reduced, but it stabilized quickly at constant temperatures. 

It was not possible to determine the true temperature of the sample, but 

the indicated temperature was from 100 to 200°C less than the actual tem-. 

perature. Also, the thermocouples were embrittled from the hydrogen and 

failed early in the second reactor cycle. The sample was therefore with- 

drawn, and no further data were obtained. 

A sample of single-crystal U02 has been prepared for the next ir- 

radiation. Thts also will be operated in a reducing atmosphere, but some 

of the thermocouples will be of the metallic-sheath type to protect the 

junction from the atmosphere. 



7. EGCR EXYEXIMENTAL FACILITIES 

EGCR In-P i l e  Loops 

. F. H. Neil1 

Design Report ( C .  Michelson) 

The prel iminary design r e p o r t  f o r  the  EGCR i n - p i l e  loops w a s  completed. 

The document summarizes the  design of the s m a l l  helium- o r  C02-cooled loops .  

Thcse loops, which would .u.l;ilize the  two small  ( 5  1/2-in. -0.d.  ) v e r t i c a l  

through- tubes near the  c e n t r a l  a x i s  of the EGCR, . a r e  designed t o  operate 

wi th  helium o r  C 0 2  a t  experiment powers up Lo 1500 kw, gas pressures  up 

t o  1000 ps ia ,  experimental sec t ion  i n l e t  temperatures up t o  950°F, and ex- 

perimental sec t ion  o u t l e t  temperatures up t o  1050°F. Severa l  o ther  docu- 

ments were a l s o  completed i n  support of the  loop design r e p o r t .  These in -  

clude a compendium of se lec ted  preliminary design drawings represen ta t ive  

of the  various system flowsheets, component designs, piping arrangements, 

and e l e c t r i c a l  and instrumentation provisions.  A two-volume s&t of design 

c r i t e r i a  presents  the  ground r u l e s  and s t a r t i n g  b a s i s  f o r  the  loop design.  

A two-volume s e t  of design analyses includes most of the  design s t u d i e s  

and a n a l y t i c a l  work performed during the  establishment of bas ic  design 

c r i t e r i a  and' d e t a i l e d  design. Included a r e  extensive s t r e s s  analyses of 

the  loop piping and components. A two-volume compendium of spec i f i ca t ions  

includes loop component and mate r i a l  s p e c i f i c a t i o n s .  

Component Design (R. E. Helms, A. W. Culp, W. S. ~hmielewski)  
' 

Studies were c a r r i e d  out t o  evaluate  t h e  c r e d i b i l i t y  of r eac to r  de- 

p ressur iza t ion  f o r  severa l  assumed loop experiments. Designs f o r  catch- 

ing  products of an expel-imeut ii~el'Ld~wri i n  a geometry which would prevent 

through-tube meltdown and a f i l t e r  system f o r  r ap id  processing of t h e  loop 

coolant and t h e  reac to r  gas were considered. 

Loop Fabr ica t ion ( W. F, ~ e r p s a n )  

A l l  ORNL-procured EGCR i n - p i l e  loop materials ,  except 35 f t  of 12-in. 

type 347H s t a i n l k s s  s t e e l  pipe and t h e  prefabr ica ted  process pipe 



subassemblies, have been received. An order was placed with Taylor Engineer- 

ing Company of Detroi t ,  Michigan, f o r  fabr ica t ion  of t h e  process pipe sub- 

assemblies. Delivery i s  scheduled t o  s t a r t  i n  October 1961 and be completed 

during February 1962. 

The experimental loop nozzle tees ,  which provide loop access through 

t h e  pressure vessel ,  a r e  being fabr icated by Baldwin-Lima-Hamilton Corpora- 

t i o n  of Philadelphia, Pennsylvania. Essen t ia l ly  a l l  machining of bottom 

t e e  subcomponents has been completed. Assembly and welding of subcomponents 

a r e  scheduled t o  s t a r t  during t he  week of September 5. Machining of sub- 

components f o r  t h e  t op  t e e s  i s  i n  progress. 

Hydrogen-Cooled Loop Design (A. W. Culp, C. ~ i c h e l s o n )  

Thc preliminary design analysis  f o r  a hydrogen-cooled in -p i le  I-oop 

f o r  operation i n  t h e  EGCR i s  e s sen t i a l l y  complete. The hydrogen-cooled 

loop i s  designed t o  operate a t  a pressure of 300 psig and a t  a power l e v e l  

of 500 kw. Because of t h e  use of complete secondary coritainmenl; around 

t h e  primary loop piping, including two in -p i le  through-tubes, .the maximum 

cred ib le  accident i n  t h e  case of t h e  hydrogen-cooled loop w i l l  not l eak  

r eac to r  gas i n t o  t h e  c e l l  and there  w i l l  not be over-pressurization of 

t h e  c e l l  accompanied by subsequent re lease  of t he  gas t o  t h e  reactor  con- 

tainment vessel .  The maximum credible  accident i n  t h e  case of t h e  hydrogen- 

cooled loop would simply dump the  loop gas, plus t he  secondary containment 

gas, i n t o  t h e  loop c e l l .  This would r a i s e  t h e  c e l l  pressure t o  approxi- 

mately 6 psig. 

The problems of handling hydrogen as a coolant a re  not as formidable 

a s  f i r s t  predicted.  The loop would contain a maximum of 4 l b  of loop gas. 

A mixture of t h i s  small quant i ty  of gas with t h e  c e l l  atmosphere would 

give a hydrogen concentrat ion well below t h e  l i m i t s  of combustion. Further, 

it is  proposed t o  d i l u t e  t h e  o r ig ina l  c e l l  atmosphere with C02 Lo a C02 

concentrat ion of 80%. Such an atmosphere would not form an explosive m i x -  

t u r e  with hydrogen, regardless  of t h e  hydrogen concentration. Fans mounted 

i n  t h e  c e l l  would ensure good mixing of t h e  c e l l  atmosphere and any hydrogen 

gas leakage. Once t h e  gases were thoroughly mixed, they would not s t r a t i f y ,  

even though t h e  fans subsequently stopped operating. This means t h a t  re lease  



of t h e  hydrogen t o  t h e  c e l l  could not form a flammable mixture and, l i k e -  

wise, subsequent re lease  of t he  c e l l  gas t o  t h e  containment vesse l  could 

not form a flammable mixture. The c e l l  would be kept a t  a pos i t ive  pres- 

sure  of 1 psig  t o  prevent leakage of a i r  i n to  t h e  c e l l  and t o  assure sec- 

ondary containment a t  a l l  times . 
The secondary containment system around t h e  primary loop piping ex- 

t e r n a l t o  t he  c e l l  would be pressurized with helium t o  400 psig. Circula- 

t i o n  of t h i s  gas might be required t o  prevent excessive temperatures of 

t h e  inner in -p i le  through-tube as  a r e s u l t  of gamma heating. 

Because of t h e  lower power l e v e l  of t he  hydrogen loop, with respect  

of t he  other i n -p i l e  loops (500 kw ins tead of 1500 kw), t h e  loop heater  

and cooler would be considerably smaller. The heater  would be approxi- 

mately 408 as  long a s  those used i n  t h e  helium-C02 loops, and t h e  power 

transformer would have a commensurably lower ra t ing.  The cooler would 

be s imi la r  i n  design and operation t o  those used i n  t h e  helium-C02 loops, 

except t h a t  it would only require  13  bo i l e r  tubes ins tead of 38. 

The hydrogen loop offgas system would be s imi la r  t o  t h a t  f o r  t h e  

helium-C02 system, except t h a t  provision would be made f o r  oxidizing t h e  

hydrogen and condensing t h e  steam before exhausting t h e  noncondensibles 

up t he  stack. This would prevent inadvertent re lease  of pure hydrogen 

t o  t he  ven t i l a t ion  system. The hydrogen would be reduced over a bed of 

copper oxide. 

Through-Tube Orif ice  Development Tests 

F. A. F l i n t  

Pressure drop t e s t s  have been performed on s i x  o r i f i c e  p l a t e  configura- 

t i ons  with a i r  a t  15  ps ia  and &I0F over a flow r a t e  range of 0 t o  400 lb/hr ,  

which is equivalent t o  a helium flow r a t e  range of 0 t o  670 lb /h r  a t  r e -  

a c to r  operating conditions. The o r i f i c e  p l a t e  configurations, a i r  flow 

ra tes ,  pressure drops, and corresponding predicted helium flow r a t e s  and 

pressure drops were reported previously.' Ori f ice  p l a t e  No. 4 has been 

'GCR Quar. Prog. Rep. June 30, 1961, ORNL-3166, p. 202. 



t e s t e d  f o r  pressure drop i n  helium a t  reactor  operating conditions. The 

r e s u l t s  a r e  given i n  'l'able 7.1. F'urther ana ly t i c a l  and t e s t  work i s  under 

way t o  reduce t h e  e r r o r  i n  predic t ing t h e  pressure drop across t h e  o r i f i c e  

p l a t e  i n  helium a t  r eac to r  operating condit ion based on t h e  pressure drop 

measured i n  a i r  a t  80°F and 15  psia. A repor t  is being prepared which w i l l  

summarize the  r e s u l t s  of these  t e s t s .  

Table 7.1. Results  of Pressure Drop Tests of Orifice 
P l a t e  No. 4 

Number of' scal lops:  8 
Sca.J.1.o~ cl.ia.met,er: 0.3.5 -in. 
Flow area:  0.29 in.  

Heliurn Flow Helium Pressure Drop Error  i n  

Rate ( in. H ~ )  Predicted 

( lb /hr)  Value 
Predicted Measured ( $1 

R. .E .  MacPherson A. M. Smith 

Four add i t iona l  cycling t e s t s  have been completed i n  t he  through-tube 

bearing t e s t  f a c i l i t y .  Two t e s t s  were conducted with Linde Flame P l a t e  

LW-IN30 and two with S t e l l i t e  No. 12 as the  bearing mater ia l  on both t he  

s leeve t h a t  simulated t h e  reac tor  t e e  sec t ion  and t h e  block t h a t  simulated 

t h e  through-tube. As i n  t h e  previous t e s t ,  t h e  surfaces were maintained 

a t  950 C 25°F during thermal cycling, and loading was applied t o  simulate 

t h e  t h r u s t  and bending loads ex i s t ing  i n  t he  reactor  application.  
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Fig. 7.2. S imla ted  Through-Tube Bearing Tee Section of S t e l l i t e  
No. 12 After 680 Load Cycles with the Surfaces Maintained a t  950°F. 

t h e  abrasion was considerably l e s s  than t h a t  which occurred with S t e l l i t e  

No. 6. 

The reworked par t s  coated with Linde Flame Plate  LW-IN30 were then 

ins t a l l ed  i n  the t e s t  f a c i l i t y  i n  preparation f o r  t e s t  No. 5. After 352 

cycles a t  load and temperature, the  t e s t  was terminated because of bind- 

ing of the  par ts  during cycling. As shown i n  Figs. 7.3 and 7.4, gross 

ga l l ing  and flaking of the  Flame Plate had occurred on both the  sleeve 

and block. 

Further t e s t ing  of S t e l l i t e  No. 12 i s  now i n  progress i n  t e s t  No. 6. 

Cycling of par t s  f o r  1025 cycles has been completed, and the  parts  a re  being 

subjected t o  a long-term s t a t i c  load t o  check f o r  self-welding. 



Fig. 7.3. S&milated Througb-Tube Wm%ng oP L W  Ebme Pbait~3 &I$- 
DT30 After 350 Load Cycles Mth the 'Surface M a i a W ~ d  8% 9WF. 



Fig. 7.4. Simulated Through-Tube Bearing Tee Section of Linde Flame 
Pla te  LW-IN30 After 350 Load Cycles with the Surfaces Maintained a t  950°F. 

Valve Tests 

J. C. Amos 

A 6-in. hermetically sealed gate valve, which was manufactured by 

Darling Valve & Manufacturing Company and described previously, was 

prepared f o r  high-pressure elevated-temperature t e s t s  by welding caps t o  

the  upstream and downstream nozzles. The body of t h i s  valve is  a type 

347 s ta in less  s t e e l  casting. The machined portions of the  weld necks 

were dye-penetrant inspected pr ior  t o  welding, and no dye indications 

were observed. N~imerous defects were detected, however, by dye penetrant 

3~~~ Quar. Prog. Rep. June 30, 1961, ORNL-3166, p. 196. 



inspection of the heat-affected zone of the valve body casting during the 

course of welding. Although extensive weld repair was performed, the 

welds were accepted for test purposes with minor defects remaining. X-rays 

of both welds were acceptable in accordance with ASME Boiler and Pressure 

Vessel Code requirements. The repeated appearance of dye indications in 

the heat-affected zone of castings is consistent with previous welding 

experience. 

A room-temperature mass-spectrometer leak check to verify the integ- 
\ 

rity of the over-all valve hermetic seal disclosed a leak in a seal weld 

between the valve body and the valve bonnet. This leak was repaired, and 

a second mass-spectrometer leak test demonstrated complete leaktightness 

of the valve at room temperature. During initial room-temperature seat- 

leakage tests, it was observed that, if upstream pressure were reduced to 

atmospheric pressure from 800 ps5g or above, the gate would jam in the 

closed position because of pressure trapped between the upstream and down- 

stream gate disks. It was determined by installing a pressure tap and 

relief port in the valve bonnet that gate jamming could be eliminated by 

equalizing the upstream and bonnet pressure. This could be accomplished 

in future valve designs by adding a pressure-equalizing port in the up- 

stream gate disk. Several valve-motor starter relays failed under jammed 

valve conditions, indicating that the relays provided did not have a suf- 

ficient contact rating to interrupt blocked rotor current to the drive 

motor. During room-temperature tests it was noted that a power interruption 

to the valve control panel resulted in erroneous counts registering on the 

electric counters provided for position indication and valve travel limit 

control. This is an undesirable feature which would result in loss of 

correct position indication in the event of a power system interruption. 

A room-temperature seat leakage test of this valve with 1006-psig upstream 

pressure gave a helium leakage rate of 7.6 X cm3 (STP)/S~C. The 

valve is currently being installed in an electric f'urnace where thermal- 
# - 4  

cycling and open-close cycling tests at elevated temperatures will bs 

performed. 

A 1-in.-IPS hermetically sealed harmonic-drive globe valve furnished 

for test and evaluation by United Shoe Machinery Corporation on a no-charge 



INCHES 

Fig. 7.5. Co~di t ion  of Lead S c r e ~ ~  and Flex Nut fo r  Harmonic Drive :%echanism of 1-in. -IPS Globe 
Valve Manufactured by United Shoe Machinery Corporation After 2288 Open-.2Iose Cycles. 



basis (described previously3) has completed 100 thermal cycles between 200 

and 1050°F followed by 2288 full open-close cycles with the valve body at 

1050"~. A final mass-spectrometer leak test verified the integrity of the 

hermetic seal at the completion of the test. Initial seat leakage of 

helium at room temperature and 300 psig was less than 1 X 10-lo cm3 (STP)/S~C 

After thermal cycling and 1000 open-close cycles, seat leakage had increased 

to 5.6 cm3 (STP)/S~C with 1000-psig upstream pressure and the valve body 

at 1050°F. Valve operation became progressively more difficult during the 

latter ctage of the open-close cycling, and the test was terminated when 
, 

the required operating torque became excessive. The valve was disassembled 

under the supervision of a United Shoe Machinery Corporation representa- 

tive, and damage to internal parts of the harmonic drive mechanism, as 

shown in Fig. 7.5, was observed. The manufacturer has replaced the two 

damaged parts, and it is proposed to continue elevated-temperature open- 

close cycling until ultimate failure of the pressure-containing "flex" 

tube occurs. Manufacturers1 tests have indicated that this tube will 

withstand in excess of 10 000 open-cl-ose cycles. ORNL initial tests 

have indicated that the valve will operate satisfactorily for 2000 cycles 

at a body temperature of 1050°F with no adverse effects other than an 

increase in seat leakage at shutoff conditions. 
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8. PBRE PHYSICS 

R. S. Carlsmith A. M. Perry 

Calculations were s t a r t e d  f o r  determining t h e  cha rac t e r i s t i c s  of a 

Pebble-Bed Reactor Experiment. The design w i l l  be s imi la r  i n  many respects  

t o  t he  one previously outl ined by Fraas e t  a1 . l  The 'principal  d i f ferences  

a f fec t ing  t h e  physics of t h e  system a re  t h a t  t h e  current  design w i l l  have a 

core 30 in.  i n  diameter and 48 in. high instead of 1 8  in .  i n  diameter and 

97 in. high and t h e  thermal power l e v e l  of t h e  current  design w i l l  be 5 Mw 

r a the r  than 10 Mw. 

In  t h e  calculations,  t h e  c r i t i c a l  core was found t o  have a composition, 

expressed a s  t he  atomic r a t i o s  of carbon t o  thorium t o  u ~ ~ ~ ,  of 590:1.4:1. 

Since t h e  reactor  i s  l a rge ly  r e f l e c t o r  moderated, it appears appropriate 

f o r  s t r u c t u r a l  s impl ic i ty  t o  u t i l i z e  control  rods located i n  t h e  r e f l ec to r .  

Two-dimensional, four-group calcula t ions  have been made t o  determine t h e  

effect iveness  of rods located on a 40-in. -diam c i r c l e  (with centers  5 in. 

from the  core) i n  t he  v i c i n i t y  of the  maximum thermal-neutron f lux.  With 

BqC control  rods it was assumed t h a t  an,approximate evaluation could be ob- 

t a ined  with a ca lcu la t iona l  model i n  which t h e  rods a re  black t o  neutrons 

of each energy group. The r e s u l t s  of these  calcula t ions  a r e  given i n  Fig. 

8.1 i n  which control  rod effect iveness  i s  p lo t ted  a s  a function of t he  

diameter of t h e  rods and t h e  number of rods inse r ted  t he  f u l l  length of 

core and r e f l ec to r .  It i s  believed t h a t  t h e  t o t a l  required effect iveness  

w i l l  be about 0.20 6k/k, including shutdown margin. On t h i s  bas is ,  a  

t en t a t i ve  se lec t ion  has been made of four rods, each 3 in. i n  diameter. 

An approximate calcula t ion has a l so  been made of t h e  f a s t  f lux  i n  

t h e  inner port ions of t h e . r e f l e c t o r  t o  a id  i n  t h e  est imation of damage t o  

t h e  graphite.  The r e s u l t s  a r e  given i n  Fig. 8.2. 

'A. P. Fraas e t  a l . ,  Preliminary Design of a 1 0 - ~ w ( t )  Pebble,-Bed ' 

Reactor Experiment, ORNL CF-60-10-63 rev., May 8, 1961. 
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9. PBRE DESIGN STUDIES 

Core ~ e s i g n  

J. W. Michel G. Samuels 

A parametric study f o r  determining t he  system pressure and core d i -  

mensions f o r  a Pebble Bed Reactor Experiment was completed. The heat  

t r ans f e r  and pressure drop r e l a t i ons  used i n  t h e  study were t h e  same a s  

reported by maas  e t  a1.l  Two basic decisions which most inslueneed t h e  

core configuration were t h a t  t h e  flow would be upward and t h a t  t h e  pres- 

sure drop across t h e  core would not exceed 808 of t h e  weight of t h e  bed, 

thus el iminating t h e  need t o  hold t h e  bed down t o  prevent l ev i t a t i on .  

The system pressure was f ixed a t  500 psia. Although t h e  exact  choice 

of t h e  pressure i s  ra ther  a rb i t ra ry ,  t h e  hazards problems associa ted with 

a r e l a t i v e l y  slow system loss-of-pressure a r e  not so  severe with an opera- 

t i n g  pressure of 500 psia  or  l e s s .  If a system operating a t  500 psia  i s  

depressurized t o  atmospheric conditions, t he  mass flow of coolant through 

t h e  core f o r  t he  design blower speed w i l l  be about 2 t o  3% of normal and 

su f f i c i en t  t o  remove t h e  af terheat .  

The preliminary core design parameters a r e  l i s t e d  below: , 

Power Level 

Design power l e v e l  

Power den,s i t y  

Core Dimensions and Character is t ics  

Diameter of bed 

Height of bed 

Bcd void f r ac t i on  

Bed face  area  

Bed volume 

Bed weight 

S ~ w ( t )  

9 w/cm3 of bed 

'A. P. Fraas el; al., kreliiiiiiiary Uesign of a l~-Mw(t)  Pebble-Bed 
Reactor Experiment, ORNL CF-60-10-63 rev.,  May 8, 1961. 



Number of spheres 11 700 

Tota l  heat  t r a n s f e r  a rea  574 f t 2  

Bed pressure drop 0.82 p s i  

Rate of temperature r i s e  (no coolant flow) 565" F/min 

l?~.i.el Element 

Sphere outs ide  diameter 1.5 in. 

Average heat  f l u x  29 700 ~ t u / h r -  f t 2  

Maximum allowable power densi ty  ( f o r  1500 - 45 w/cm3 of bed 
p s i  s t r e s s  and k = 8 Btu/hr. "F- f t )  

Coolant Charac te r i s t i cs  

C clc 

Pres sure 

I n l e t  temperature 

Mean o u t l e t  temperature 

Flow r a t e  through core 

Superfic1al.mass ve loc i ty  

Flow r a t e  a s  percentage of l e v i t a t i o n  value 

Average heat  t r a n s f e r  coef f ic ien t  

Reactor Parameters when Operated a t  Levi ta t ion 
Limi t  f o r  700" F Gas Temperature Ri.se 

Power l e v e l  

Power density 

Flow r a t e  through core 

S ~ . ~ p e r f i c i a l  mass ve loc i ty  (based on pressure 
gradient  equal. t o .  87% of bed densi ty  using 
f u e l  densi ty  of 1.7) 

Bed pressure drop 

Average heat  f l u  

Rate of temperature r i s e  (no coolant flow) 

Average heat  t r a n s f e r  coef f ic ien t  

He1 ium 

500 ps ia  

550" F 

1250" F 

19 500 lb;/hr 

3970 l b / f t  h r  

79% 

200 Btu/hr0 f t 2 -  " F 

1.. 28 p s i  

38 000 Btu /hr - f t2  

724" ~ / m i n  

236 Btu/hr . f t2*"F 



Effect  of Irradiation-Induced S t resses  i n  Graphite 
Bodies on Reflector Desiwn 

B. L. Greenstreet W. A. Shaw F. T. Dodge 

Graphite i s  e s sen t i a l l y  pure carbon, but  it is not a spec i f i c  ma- 

t e r i a l  i n  t h e  s t r u c t u r a l  sense. There a r e  di f ferences  i n  o r ien ta t ions  

of c r y s t a l l i t e s ,  t h e  degree of graphi t iza t ion,  homogeneity, p a r t i c l e  s ize ,  

e tc . ,  depending.upon t h e  manufacturing processes. I f  t h e  mater ia l  i s  ex- 

truded, t h e  long d i rec t ions  of t h e  individual  p a r t i c l e s  take a preferred 

or ien ta t ion  in t h e  d i rec t ion  of extrusion. Thus, t he r e  i s  a d i f ference 

i n  proper t ies  measured with t he  g ra in  and against  t h e  gra.i,n hecause of 

t h e  inherent anisotropy of t h e  c rys ta l s .  This l ack  of uniformity makes 

accurate s t r e s s  analysis  of graphite s t ruc tures  d i f f i c u l t .  There a r e  

addi t ional  complications when graphi te  is  used as  a s t r u c t u r a l  component 

i n  reactors,  s ince  under exposure t o  nuclear i r r ad i a t i on  there  a r e  notice- 

able  changes i n  most of t h e  mechanical propert ies.  Some of t h e  changes 

a r e  benef ic ia l  under ce r t a in  circumstances; f o r  example, t h e  s t rength 

and s t i f f n e s s  increase and improve t h e  a b i l i t y  of t h e  mater ia l  -to r e s i s t  

mechanically applied loads. On the  other  hand, changes i n  t h e  s i z e  of 

t h e  individual  pa r t i c l e s  ( ~ i g n e r  growth) can lead t o  induced s t r a i n  of 

t he  material ,  analogous t o  thermally induced s t r a in ,  which can conceivably 

lead t o  f a i l u r e .  When graphite i s  exposed t o  nuclear i r r ad i a t i on  a t  30°C, 

t h e  length increases with t h e  g ra in  and decreases across t he  grain.  There 

i s  a net increase in bulk volume. A t  temperatures above 100 t o  300°C 

the re  i s  contraction i n  a l l  or ienta t ions .  The contract ion is e s sen t i a l l y  

l i n e a r  with respect  t o  exposure up t o  a "breakaway" point2 a t  which t he  

r a t e  of contraction increases. The general  shape of t h e  curve beyond 

t h i s  point has not been established.  

Therc i s  strong evidence t h a t  t h e  t 'racture of graphite i s  determined 

by a c r i t i c a l  magnitude of s t r a in .  If t h i s  s t r a i n  i s  a r e s u l t  of a thermal 

gradient  or  nuclear i r rad ia t ion ,  t h e  increase i n  s t i f f n e s s  (young's modulus) 

2 ~ e r s o n a l  communication t o  W. J. Larkin, AEC-ORO, from J. M. Davidson, 
HAPO, dated Ju ly  18, 1961, subject:  Preliminary' Results of Second I r rad ia -  
t ion of EGCR Graphite. 



has no e f f e c t  on t h e  f rac ture ;  t h a t  i s ,  t h e  increase i n  s t i f f n e s s  does not 

permit a higher temperature gradient  o r  addi t ional  neutron exposure. 

The cracking and rupture associated with d i f f e r e n t i a l  Wigner growth 

s t rongly  influenced t h e  design of t h e  r e f l e c t o r  recommended f o r  use i n  a 

f u l l - s c a l e  pebble-bed power r e a ~ t o r . . ~  In  t h e  specif ied reactor ,  t he  re -  

f l e c t o r  pieces above t h e  f u e l  region must be designed t o  provide t h e  

required gas flow area, t o  y i e l d  a reasonable 1ifet;lnie before f a i l u r e  

occurs, and t o  be replaceable. The chosen design ( see  Fig. 9.1) consis ts  

of c lose ly  packed 2-in.-diam cy l ind r i ca l  rods above and below the  f'uel 

region with t h e i r  axes p a r a l l e l  t o  t h e  core. The rods a r e  t o  be supported 

by s t e e l  g r ids  t o  which the  rods w i l l  be at tached by threaded studs, as  

indicated i n  Fig. 9.1. . The rods a r e  t o  be arranged i n  c lu s t e r s  t h a t  can 

be withdrawn through t h e  se rv ice  tube. 

The induced shrinkage s t r e s se s  w i l l  be a function of t he  r a t e  of 

change.of exposure with respect  t o  t h e  s p a t i a l  coordinates. The s t r e s se s  

can, therefore ,  be reduced by keeping t h e  diameters of t he  rods as.smal1 

a s  possib1,e consis tent  with handling convenience. For s u f f i c i e n t l y  small 

rods,  t h e  f l ux  can be considered constant pver a cross section.  The only 

f l u x  va r i a t i on  w i l l  t he re fore  be i n  t h e  a x i a l  d i rect ion.  

The s t r e s se s  induced i n  graphi te  r e f l e c t o r  rods without tapered holes. 

a t  t h e  ends (shown i n  Fig. 9.1) were computed on t he  following bases: 

1. The rr1al;erial. i s  homogcneou~ and isot ropic .  

2. The f l u x  d i s t r i b u t i o n  i s  constant over- a cross section,  t h a t  i s ,  

it does not vary e i t h e r  with t h e  r a d i a l  or  circumferential  d i rect ion.  

The va r i a t i on  i n  t h e  a x i a l  d i rec t ion  i s  of t h e  form 

where , 4  i s  t h e  f a s t  neutron exposure i n  MW~/AT per year a t  f u l l  power and 

C and k a r e  constants. 

3 ~ .  P. Fraas e t  a l . ,  Design Study of a Pebble-Bed Reactor Power Plant ,  
ORNL CF-60-12-5 rev.,  May 11, 1961. 
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TYPICAL SECTION 

Fig. 9.1. Arrangement of Graphite Reflector Above Fuel Region. 

3.  The change i n  length of a l i n e  element, E, i s  a l i n e a r  f'unction 

of t h e  neutron exposure, t h a t  is, 

where 4 is t he  f a s t  neutron exposure and Ct i s  t h e  coef f ic ien t  of i r r ad i a -  

t io~l growth. 

A closed Form svlut ion I s  terms of 13esselts functions was obtained 

f o r  t he  s o l i d  cylinder. The solut ion can be made t o  s a t i s f y  a l l  boundary 

conditions except Lderltically vanishing s t r e s s  components over t h e  two 

ends. The nonzero s t r e s se s  remaining a r e  se l f -equ i l ib ra t ing  and, there-  

fore, by St .  Venantas p r inc ip le  a r e  of no concern a distance,  say two 



o r  t h r e e  times t h e  radius ,  removed from t h e  ends. To invest igate  t h e  

e f f e c t  i n  t h e  v i c i n i t y  of t h e  ends, t h e  nonzero s t r e s se s  were removed 

by approximating a convergent s e r i e s  so lu t ion  with t h e  first term. The 

constant  of in tegra t ion  of t h e  approximating so lu t ion  was chosen t o  give 

a be s t  graphical  f i t  t o  t h e  desi red form. 

The s t r e s se s  i n  a cy l i nd r i ca l  rod were computed using t he  data4 of 

Table 9.1. The f l ux  was, represented by 

and t h e  mechanical p roper t i es  used were E = 1.53 x 10"si, IJ. = 0.2'75, 

a = -3.4 x 10'~ ( in. / in.  ) / (Mw~/AT).  

Table 9.1. Fast-Neutron Flux Dis t r ibut ion 
a s  a Func$ion of Axial Distance . 

Along a Rod 

Axial Coordinate, 
z ( in .  ) 

Fast-Neutron Flux 
( M w ~ / A T  per Year 

a t  Nl power) 

'I'he so lu t ion  for. t h e  uncorrectcd   tresses gave a maximum f o r  a l l  

t h e  s t r e s s e s  a t  t h e  end z = 0 ( ~ i g .  9.2).  These s t r e s se s  dtminish with 

penetra t ion i n t o  t h e  cylinder,  t h e  magnitude a t  a l l  posi t ions  being pro- 
- 0 . 1 9 ~  

por t iona l  t o  e . By correct ing t h e  a x i a l  s t r e s se s  a t  t h e  end z = 

0 t o  give (nearly) zero s t r e s s ,  t he  magnitudes of t he  other  s t r e s se s  were 

increased appreciably near t h e  end (Figs. 9.3 through 9.6). However, as  

s t a t e d  above, a f t e r  a very shor t  d is tance a l l  t h e  s t r e s se s  a r e  e s sen t i a l l y  

4 ~ a t a  supplied by R. S. Carlsmith, November 21, 1960. 



30 t R= RA31US TO OUTER SURFACE OF CYLINDER 

r = RAOIAL COORDINATE 
; = AXIL\L COORDINATE 
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30 r R= RADIUS TO OUTER SURFACE OF CYLINDER 
r = RADIAL COORDINATE 

z = AXIAL COORDINATE 

8 = ANGULAR COCRDINATE 

~ i g .  9.2. Effect  of I r radia t ion-  
Induced Stresses  on PBRE Graphite Re- 
f l e c t o r  Rods - Uncorrected Stresses a t  
z,'~ = 0. 

Fig. 9.3. Effect  of I r rad ia t ion-  
Induced Stresses  on PBRE Graphite Re- 
f l e c t o r  Rods - Corrected Stresses  a t  
Z/R = 0. 



UWCLASI IFlED 
ORNL-LK-DWG 63664 

r =  RADIAL COOEDIbIA'E 

I =  AXIAL C03RDINCTE 

Fig. 9.4. Effec t  of I r r a d i a t i o n -  
Induced S t resses  on PBRE Graphite Re- 
f l e c t o r  Rods - C ~ r r e c t e d  S t r e s s s s  a t  
Z/R = 0.1. 
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Fig. 9.5. Ef fec t  of I r r a d i a t i o n -  
Induced S t r s s s e s  on PBRE Graphite Re- 
f l e c t o r  Rods - Corrected S t resses  a t  
Z/R = 0.5. 
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. 40 
those corresponding t o  the  un- 

corrected s t a t e .  In  attempting 

t o  s a t i s f y  the  condit ion of zero 

s t r e s s  over a l l  surfaces,  it w a s  

found t h a t  a the s t r e s s  i n  the  
z ' 

a x i a l  d i rec t ion ,  and T ~ ~ ,  shear 

s t r e s s  i n  r a d i a l  d i r ec t i on  on a 

plane perpendicular t o  the z d i -  

rect ion,  could not both be cor- 

rec ted  to zero. It was decided 

t o  cor rec t  the  a s t r e s s  and l e t  
Z 

the  much smaller T~~ s t r e s s  r e -  

main uncorrected. The magnitude 

of the  uncorrected -rrz s t r e s s  is  

about the  same as the a s t r e s s  
Z 

corrected t o  f i r s t  term of the 

s e r i e s  solut ion (see  Fig.  ' 9.3) .  

The r e s u l t s  indicate  t h a t  

the maximum s t r e s s  accrual  is  about 
' /R 36 p s i  per year and occurs a t  a n  

Fig.  9.6. Effect  of I r rad ia t ion-  a x i a l  d is tance equal t o  approxi- 
Induced S t resses  on PBRE Graphite Re- mately one half the radius from 
f l e c t o r  Rods - Corrected S t resses  a t  
Z/R = 1 .0 .  the  end. If the  design l i fe t ime  

of the  reac tor  i s  20 y r  of full-power operation, the maximum s t r e s s  w i l l  

be approximately 720 p s i .  Hence, the  graphite should not need t o  be 're- 

placed because of d i f f e r e n t i a l  Wigner growth alone.  

Heat Transfer Analysis of Pebble-Bed Reactors and Comparison 
wi t21 Prismatic Cores 

R. B. Korsmeyer 

A heal; t r ans f e r  analysis  and a quan t i t a t ive  comparison of t h e  pebble- 

bed reactor  with t he  streamlined, or  "prismatic", type of reac tor  has heen 



completed. Although t h e  radial-f low pebble-bed core has a cha rac t e r i s t i -  

c a l l y  low pressure drop, t h e  r a d i a l  mismatch of gas flow and power density 

and t h e  neutron leakage a t  t h e  center i n l e t  make t h i s  design very unat t rac-  

t i v e  compared with t h e  much simpler axial-f low core. Of t h e  l a t t e r ,  t h e  

downflow core is not subject  t o  bed l ev i t a t i on ,  but t h e  core support s t ruc-  

t u r e  l i e s  d i r e c t l y  i n  t h e  hot e x i t  gas stream. Unt i l  t h e  design of a 

r e l i a b l e ,  dimens iona l ly  s t a b l e  s t ruc ture  i s  demonstrated, therefore ,  only 

t h e  axial-upflow core may be ser iously  considered. 

The high heat  . t r ans fe r  coef f ic ien t s  obtainable i n  pebble-bed cores 

o r  i n  cores with var iab le  coolant flow cross sect ions  a r e  usua l ly  accompanied 

by high-pumping power requiremen-ts. This 1 ' e s d - L ~  from t h e  eddy If-rss~s as- 

.sociated with expansion and contract ion of t h e  coolant passages i n  t h e  

d i r ec t i on  of flow. I n  cores having prismatic f'uel elements (.l;hat i s ,  tubes, 

p la tes ,  e t c .  ) t h e  coolant flow passages a r e  uniform longi tudinal ly .  Com- 

pared with t h e  pebble-bed core, t h e  heat  t r ans f e r  coefficierrl; f o r  a given 

mass flow r a t e  is  low i n  t h e  prismatic core; but  a high flow r a t e  can be 

obtained f o r  a given r a t i o  of puGping power t o  heat removal i n  t he  prismatic 

core. 

It is  important the re fore  t o  compare t h e  cha rac t e r i s t i c  reac tor  size6 

and operating pressures associated with these  two types of core, f o r  t h e  , 

same output, recognizing, of course, t h a t  t he  optimum design conditions a r e  

not t h e  same. I n  other  words t h e  most meaningfil comparison i s  one i n  

which t h e  two reac tors  have been independently optimized t o  de l iver  a 

given ne t  power a t  f ixed  steam conditions. A f a i r l y  l a rge  power s t a t i o n  

f o r  which reac tors  of these  types might be a t t r a c t i v e  would be one designed 

t o  produce, say, 325 e l e c t r i c a l  megawatts (800 Mw thermal), a t  a steam tem- 

perature  of 1050' F. The coolant gas a ~ ~ d  i ts  i n l e t  arld o u t l e t  temperatures 

would be t h e  same i n  each case. For helium a s  t he  coolant and e f f ec t i ve  

5 ~ .  N. Ozisik, R. B. Korsmeyer, and G. L. Rhoden, Heat Transfer 
Analysis of Pebble-Bed Reactors and Comparison with Prismatic Cores, ORNL 
CF-61-6-16, June 19, 1961. 

6 ~ .  P. Fraas e t  a l . ,  Design Study of a Pebble-Bed Reactor Power Plant, 
ORNL CF-60-12-5 rev.,  May 11, 1961. 



in le t  and outlet temperatures of 550 and 1250°F, respectively, equations 

have been developed relating the power densities and the gas-film tempera- 

kure drop for  these two reactors. 

Rather than t o  deal in terms of power density, however, the  power 

stat ion designer is more directly interested i n  the size of the reactor 

which he must enclose i n  a pressure vessel. The right-circular cylinder 

of largest volume which can be enclosed in a sphere of given diameter has 

a length-to-diameter ra t io  of 0.7. A reflected, cylindrical core which 

has the highest neutron efficiency, however, has a r a t i o  of 0.92, although 

there is not much loss in  economy for rat ios between 0.7 and 0.92. Since 

very large pressure vessels of spherical form are cheaper than cylindrical 

vessels w i t h  domed ends, the shape of the pressure vessel does not enter 

into the comparison. The choice of length-to-diameter ra t io  does not, 

therefore, affect the comparison importantly, and equal values for  the 

prismatic and pebble-bed cores have been arbi t rar i ly  chosen, although the 

choice biases the comparison sl ightly i n  favor of the pebble-bed concept. 

A comparison of the core length, core volume, and f i l m  temperature 

drop for  the prismatic and pebble-bed cores, as obtained in  terms of the 

equivalent hydraulic diameters and fuel ba l l  sizes, i s  presented i n  Fig. 

9.7. The curves shown are for  the  particular combinations of pressure 

rat ios and rat ios of pumping power t o  heat removal shown. Subscripts S 

and P refer  t o  the pebble-bed and prismatic reactors, respectively. The 

comparison shows immediately that  the prismatic core is considerably 

smaller for  the same power output than i ts pebble-bed counterpart or i t s  

operating pressure and pumping power are lower. On the other hand, the 

gas-film temperature drop is generally higher i n  the prismatic core i f  

the core is much smaller than the pebble-bed core. Considering that  pris- 

matic &el elemerrts are easily designed t o  have much lower internal tem- 

perature drops than the matching pebble-bed fuel  elements, higher surface 

temperatures can be tolerated without exceeding the maximum allowable 

fuel  temperature. Furthermore, the core radial  temperature distribution 

can be made quite uniform by orificing the fuel-channel in le ts  i n  the 

prismatic core, a step that  i s  impractical for the pebble-bed core. 
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Since t h e  fue l - l ev i t a t i on  problem i s  aggravated a s  t h e  f u e l  b a l l  s i z e  

i s  reduced, t h e  designer is l imi ted  i n  t h e  power dens.ities he can achieve 

i n  unrestrained axial-upflow 'beds. As a r e su l t ,  e i t h e r  uneconomically low 

power dens i t i es  and r a t i o s  of pumping power t o  heat  removal a r e  accepted 

o r  schemes of unproved f e a s i b i l i t y  a r e  resor ted t o  i n  order t o  prevent 

t h e  f u e l  from f lu id iz ing  i n  t h e  gas stream. In  t h e  pebble-bed reactor  

chosen here f o r  comparison, t he  design was optimized with respect  t o  a l l  

these  parameters, and even then it required f u e l  b a l l s  2.5 in. i n  diameter 

and was l imi ted t o  an average power densi ty  of 6.6 w/cm3. The r a t i o  of 

pumping power t o  heat  removal had t o  be held t o  0.003, whereas a value 

of 0.01 i s  acceptable f o r  t h e  prismatic cores. I n  t h i s  pa r t i cu l a r  re -  

a c to r  t h e  core height was 12.4 f t ,  t h e  average gas-film temperature drop 

was 126°F) and t h e  gas pressure was 700 psia.  I n  conclusion, t h e  f i e 1  

handling, and perhaps t h e  reac tor  maintenance, f o r  t he  pebble-bed reac tor  

w i l l  have t o  be considerably ea s i e r  and more economical than t h a t  f o r  t h e  

prismatic reactors  i f  the  pebble-bed reac tor  is  t o  be competitive. 



10. PBRE EQUIPMENT I)F=VELOPm AND TESTING 

Compressor Development 

W. F. Boudreau 

Main Blowers fo r  PBRE 

Preliminary design s tud ies  have been i n i t i a t e d  t o  determine t h e  

general  s i z e  and arrangement of t h e  main PBRE blowers. Since there  w i l l  

be only one coolan-t flow path i n  t h i s  reactor ,  it may be possible t o  make 

use  of two blowers connected i n  se r ies ,  r a ther  than i n  pa ra l l e l ,  and thus 

e l iminate  t h e  use of check valves. Two general  ty-pes of compressors a r e  

being considered. One is  a t o t a l l y  enclosed compressor with an e l e c t r i c  

motor and o i l - l ub r i ca t ed  bearings. A double l abyr in th  s e a l  would be used 

with a small  flow of helium t o  prevent o i l  from enter ing t h e  reac tor  and 

f i s s i o n  products from enter ing t h e  motor and bearing area. The second 

compressor being considered has a sha f t  s e a l  and is  driven d i r e c t l y  by a 

small steam turbine.  Each of these  ty-pes of compressor appears t o  possess 

some pa r t i cu l a r  advantages, and it w i l l  be necessary t o  develop fu r lhe r  

information f o r  both of them, and f o r  t h e  reac tor  system a s  a whole, before 

it w i l l  he ~ o s s i b l e  t o  make a choice. 

In -P i le  Loop Compressors (D. L. ~ r a ~ )  

F a c i l i t i e s  f o r  t e s t i n g  high-temperature grease-lubricated b a l l  bear- 

ings were placed i n  uperation. Thrce d i f f e r en t  t e s t e r  configurations were 

used t o  permit s t a r t i n g  t h e  t e s t s  with read i ly  avai lable  components. The 

bearings were t e s t e d  a t  12 000 rpm i n  a 3 0 0 ' ~  heliurri atmosphere. The re -  

s u l t s  obtained a r e  presented i n  Table 10.1. 

It is  believed t h a t  t h e  shor t  durat ion of run No. 1 i n  t e s t e r  No. 1 

was caused by a small flow of helium through t h e  bearing. This condit ion 

was corrected before i n i t i a t i n g  run No. 2, which was subs tan t ia l ly  more 

successful .  Two addi t iona l  t e s t e r s  a r e  now being assembled. 

Heat t r a n s f e r  calcula t ions  f o r  t h e  compressor were checked by use 

of t h e  general  heat  t r a n s f e r  computer code. The r e s u l t s  indicate  t h a t  t h e  



Table 10.1. Results of ~ i ~ h - ~ e i ~ e r a t u r e  Tests of Grease-Lubricated 
Ball Bearings 

Test 
Tester Run T n e  Cause fo r  Bearing Inspection 

Duration of 
No. No. Terminat ion Results 

(hr) Grease 

144 Barden 
(3-18 

45 6 Barden 
G-26 

333 Barden 
G-18 

Excessive noise 

Excessive noise 

Excessive noise 

Inabi l i ty  t o  r e  - 
s t a r t  drive 
mot or 

. . 

st ill operating 

Grease extruded past 
seals;  bearing races 
and b a l l s  i n  good 
condit Lon 

Grease base hard, no 
oi l ;  races and ba l l s  
i n  good condition 

Not inspected, w i l l  a t -  
tempt t o  r e s t a r t  

Grease base hard, no 
o i l ;  excessive wear 
of forward bearing re- 
ta iner ;  b a l l s  and 
races i n  good condi- 
t ion 

rear  bearings should operate a t  approximately 200°F and the  forward bear- 

ings a t  250°F. The losses i n  the motor appear t o  form an important heat 

source. Parts  fo r  the  in-pile loop compressor and the loop fo r  t e s t ing  

it have been fabricated and are  now being assembled. 

Equipme~~l; f o r  Decontamination Operat ions 

J. C. Amos 

The f eas ib i l i t y  of maintaining an all-ceramic gas-cooled reactor plant 

depends i n  large measure on the effectiveness with which equipment can be 

decontaminated i n  s i t u  before beginning maintenance operations. Decon- 

tamination procedures f o r  pebble-bed reactor components require 

'A. P. Fraas e t  a l . ,  Preliminary Design of a 1 0 - ~ w ( t )  Pebble Bed Re- 
actor  Experiment, pp. 17.1-17.4, ORNL CF-60-10-63 rev., May 8, 1961. 



hydraul ic  i s o l a t  iorl of tlie component t o  be decontaminated. Since l a rge  

valves  i n  hot  ducts a r e  t o  be avoided i f  possible and s ince  such valves 

would probably not be hydraul ical ly  l eak t igh t ,  a promising method of 

i s o l a t i n g  a component appears t o  be t h e  i n se r t i on  of some type of removable 

c losure  through an aper ture  provided i n  t he  duct wall f o r  t h i s  purpose. 

Gas stoppers of various types .have -been manufactured commercially 

and used f o r  many years  by t h e  ga,s d i s t r i bu t i on  industry t o  s e a l  off  gas 

mains during maintenance operation. Several vendors of such equipment 

were contacted and one o r  more of t h e i r  standard items purchased f o r  t h e  

purpose of determining t h e i r  a b i l i t y  t u  s e a l  l a rge  ducts containing aqueous 

decontamination solut ions .  

A 24-in. carbon s t e e l  pipe 5 f t  long with a 4-in. -diam opening i n  t he  

s i d e  and a Lucite mockup of a 24-in. sched-40 pipe t o  provide v i sua l  ob- 

se rva t ion  of stoppers were s e t  up as  shown i n  Fig. 10.1 f o r  preliminary 

screening t e s t s .  A standard, rubber, .24- in. gas -main bag manufactured 

by Mulcare Engineering Company i s  i n s t a l l ed  i n  t h e  Lucite pipe. The 

Goodman-Peden stopper is shown i n  Figs. 10.2 and 10.3 p r io r  t o .  i n s t d l a -  

t i o n  and a s  i n s t a l l e d  i n  t h e  carbon-steel  pipe. A t h i r d  type of temporary 

duct  s e a l  has been ordered from t h e  LaFavorite Rubber Manufacturing Company. 

Standard items offered by a l l  th ree  vendors require  4-in.-diam openings 

f o r  i n s e r t i o n  of' t h e  24-in. u n i t s  and 6-in.-diam openings f o r  inse r t ion  

of 48-in. uni.t,s. 

Some water leakage was observed during i n i t i a l  t e s t s  of 'both t h e  

Mulcare and Go0dma.n-Peden un i t s .  Leakage around t h e  Mulcare u n i t  followed 

a path along t h e  seams of t h e  rubber bladder. This leakage was subsequently 

at,opped by continuing t o  i n f l a t e  t h e  bladder unt-il a complete ~ e a l  was ac- 

complished by one sec t ion  of t h e  bag; however, t h i s  over- inf la t ion LiLtirnately 

r e su l t ed  i n  f a i l u r e  of t h e  bag. With t he  Goodman-Peden stopper i n s t a l l e d  

i n  t h e  s t e e l  duct, water was added t o  a depth of approximately 27 in. above 

t h e  stopper, a t  which time t h e  weight of t h e  water forced t h e  stopper out 

of posi t ion.  It i s  evident t h a t  ne i ther  of these  u ~ l i t s  would be ~ u i t a b l e  

f o r  r e t a in ing  more than a few f e e t  of head of an aqueous solution.  However, 

s ince  decontamination operations can be ca r r ied  out by spray techniques, 



the head of liquid imposed on the seal can be held to a mininrum, especially 

in horizontal ducts. 

Fig. 10.1. Gas Stq?-r Screening Test Setup Showing Mulcare Oas 
Bag Installed in Lucite Duct and Goodman-Peden Stopper Installed in Carbon 
Steel met. 



Fig. 10.2. Goodman-Peden Stopper f o r  24-in. D ~ c t s ;  Manufactured by 
Safety Gas Main Stopper Co. 

I n  the  ins ta l led  condition, both uni t s  tes ted  were a f u l l  24-in. i n  

diameter. Since the  inside diameter of a 24-in. pipe is  l e s s  than 24-in., 

wrinkling of the bladder occurred i n  the  case of the  Mulcare uni t  and the  

gas stopper could not be positioned perpendicular t o  the  pipe axis. This 

indicates  tha t  spec ia l ly  sized uni t s  may be necessary Pur pruper  s ea l i r a  

of standard pipe. 

I n i t i a l  water t e s t s  indicated t h a t  inf la tab le  bladders may provide 

an economical method of sealing large ducts against small heads of aqueous 

decontamination f lu ids  i f  t h e  uni t s  a re  properly sized and seams can be 

e i t h e r  eliminated or arranged so tha t  they do not provide a leakage path. 

Additional t e s t s  w i l l  be directed toward first obtaining a bladder t h a t  

w i l l  provide an en t i r e ly  sa t i s fac tory  water seal. Tests w i l l  then be 

conducted t o  evaluate the  resistance of these uni t s  t o  at tack by the pro- 

posed decontamination solutions a t  actual  operating temperatures. In- 

s t a l l a t i o n  and removal procedures w i l l  a l so  be established during these 

t e s t c .  



Fig. 10.3. Goodman-Peden Stopper Installed in 24-in. Carbon-Steel 
Duct. 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 





THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



W. 0. Harms 0. Sisman 
D. B. !&auger 

Materials Develo~ment 

J. H. Coobs 

Evaluation of Coated Fuel Particles (J. M. Kerr, F. L. Carlsen, Jr., 
T. Hikido) 

The evaluation of spheroidal, coated fue l  particles designed for  use 

i n  graphite-matrix fue l  elements i n  unpurged all-ceramic reactors has been 

continued. As previously reported,' coated particles from two different 

vendors were selected for irradiation i n  the LITR a f te r  thorough preir- 

radiation evaluation. The f i r s t  t e s t  capsule, designated UP-1, which has 

been irradiated and is being examined, contained particles coated by High 

- -Temperature Materials, Inc. Irradiation of the second capsule (UP-2), 

which contains coated particles from Minnesota Mining and Manufacturing 

Company ( 3 ~ ) ,  was ini t iated on June 1, 1961, and w i l l  continue un t i l  October 

17, 1961. 

Two batches of fu l ly  enriched coated fuel  particles have been received 

from a third vendor, the Na.tional Carbon Company, fo r  evaluation and possible 

irradiation i n  the LITR. The uranium carbide particles were coated a t  two 

different temperatures, "Af' and "B" , which are reflected in  the designations 

given t o  the two batches, "NCC-AD" and "NCC-BE." Metallographic examina- 

tions of particles from the two batches revealed an unusual coating s t r u c ~ ~  

ture, which consisted of three layers of different forms of carbon. A ty-pi- - 

ca l  part icle from batch NCC-BE i s  shown i n  Fig. ll.1, and Fig. 11.2 ~hows 

the representative microstructure nf a part icle from batch NCC-AD. The ma- 

t e r i a l  immediately adgacent t o  the approximately 200-p-diam carbide sphe- 

raids appears t o  be similar to  layers that  were identified t o  be graphite 

i n  other batches of coated and uncoated uranium carbide particles. It is 

- -  - 

'GCR Quar . Prog. Rep. June 30, 1961, ORNL-3166, pp. 8446.  



Fig. 11.1. Typical Microstructure of Pyrolytic-Carbon-Coated Uranium 
Carbide Par t ic les  from Batch NCC-BE, I l lu s t r a t ing  Polyphase Structure of 
Coating. As  polished. 250X 

believed t h a t  t h i s  10- t o  25-p-thick inner layer resul ted from the carbide 

p a r t i c l e  preparation s t ep  and was present before the par t ic les  were sub- 

jected Lu the coating operation. The coating has a d~nplex s t ructure con- 

s i s t i n g  of a 25- Lu 30-p-thick laminar pyrolytic-carbon layer followed by 

an approximately 75- t o  100-p-thick layer of columnar pyrolytic graphite. 

Evidence of an extensive reaction involving the two inner layers of 

pa r t i c l e s  from batch NCC-AD may be seen i n  Fig. 11.2. This reaction layer, 

which w a s  observed i n  a l l  the par t ic les  tha t  were examined, is quite simi- 

l a r  t o  the reaction layer  found a f t e r  a previous batch of coated par t ic les  

was heated t o  217OoC, with consequent coating f a i lu re .  Therefore, the pres- 

e n t  plans a re  t o  i r r ad ia t e  only par t ic les  from batch NCC-BE i n  the LITR; 



Fig. 11.2. Typical Microstructure of Pyrolyt ic-Carbon-Coated Uranium 
Carbide Par t ic les  from Batch NCC-AD, I l l u s t r a t ing  Reaction a t  Inner Coat- 
ing Surface. As polished. 250X 

however, samples of both batches w i l l  be studied by the neutron-activatian 

technique. 

The uraniwn carbide spheroids of both batches appear t o  be of high 

qual i ty  and are  essent ia l ly  f r ee  of any phases other than UC and UC2, which 

a re  present i n  the approximate r a t i o  1:5. Average values of the t o t a l  weight 

per coated par t ic le  and the weight of uranium per pa r t i c l e  are,  respectively, 

0.00017 and 0.00007 g for  batch NCC-AD and 0.00014 and 0.00006 g f o r  batch 

NCC -BE. 

Preirradiation evaluations are  being made of the two batches of coated 

par t ic les  according t o  the procedures described previously.2 The r e su l t s  

-- 
2~~~ War.  Prog. Rep. March 31, 1961, ORNL-3102, pp. 104-7. 



obtained thus f a r  a re  presented in  Table 11.1. The surface contamination 

on the par t ic les  from batch NCC-BE is  somewhat higher than that observed on 

previous batches of coated par t ic les  and w i l l  make the analysis of f i ss ion-  

gas-release data more d i f f i c u l t .  It was  decided, however, t o  i r rad ia te  t h i s  

mater ia l  i n  the LITR because of the unusual s t ructure of the coating, which 

combines the laminar and columnar types of pyrolyt ical ly  deposited carbon. 

The bulk dens i t ies  of pyrolytic-carbon-coated uranium carbide and un- 

coated uranium carbide pa r t i c l e s  from the Minnesota Mining and Manufacturing 

Company ( 3 ~ )  were determined. The volume of the par t ic les  was determined 

uaing both the p l a s t i c  embedment technique and the mercury porosimeter. 

The uncoated UC2 pa r t i c l e s  were approximately 250 p i n  diameter and those 

t h a t  were coated had a coating thickness of approximately 40 p. Hesults 

f o r  ident ica l  samples measured by the two techniques a re  given i n  Table 11.2. 

Table 11.1. Pre i r rad ia t  ion Evaluation Data fo r  Pyrolyt ic-  
Carbon-Coated Spherical Uranium Carbide Par t ic les  from 

Batches NCC-AD and NCC-BE 

Batch Batch 
NCC-AD NCC-BE 

Uranium content, $ U per gram of 41.2 43.4 
par t ic les  

Coated-particle diameter range, p 

As-received surface contamination, 
$ of t o t a l  uranium 

Uranium dissolved i n  acid leaching 
(as-received), $ 

Surf ace contaminat ion a f t e r  three 
thermal cycles, a of t o t a l  
uranium 

Uranium dissolved i n  acid leach- 
ing a f t e r  thermal cycling, $ 

Final surface contamination, $ of 
t o t a l  uranium 

a~hermally cycled t o  1450--1500" C. 

b ~ v a l u a t  ion not ye t  completed. 



Table 11.2. Density Data f o r  Coated and Uncoated Uranium 
Carbide P a r t i c l e s  

. 
Average Bulk   ens itya ( g/cm3 ) 

Sample Type of Number of 
Designation Parbic les  Determinations Embedment . Mercury Porosimeter 

Measurement Measurement 

3M Lot F Coated 4 5,641 2 0.002 
5 5.50 + 0.18 

3 M  Lot B Uncoated 4 11.02 + 0.33 
3 10.98 + 0.54 

a Precis ion noted i s  based on 95% confidence l eve l .  Lot F p a r t i c l e s  
contained 73.2% uranium. 

Sweep capsule i r r a d i a t i o n  t e s t s  of coated-par t ic le  graphite-matrix 

. f u e l  bodies a r e  planned f o r  the  ORR Poolside F a c i l i t y .  The f u e l  specimens 

w i l l ' b e  hollow graphi te  cyl inders  0.600 i n .  o . d . ,  0.250 i n .  i , d . ,  and 0.500 

i n .  long, containing 0.178 g of uj/cm3 i n  the  form of pyrolytic-carbon-coated 

uranium carbide spheroids.  Fuel  p e l l e t s  f o r  the  f i r s t  two experimental 

assemblies, which a r e  scheduled f o r  i n s e r t i o n  i n  the  ORR during t h e  October 

.shutdown, were received from the  Minnesota Mining and Manufacturing Company 

and the  National Carbon Company. After  dimensional measurements, dens i ty  

determinations, and radiographic examination, two 12-pe l l e t  s tacks  were se -  

l e c t e d  from each l o t  and loaded i n t o  the  i r r a d i a t i o n  t e s t  capsules .  The 

bulk d e n s i t i e s  of the  24 p e l l e t s  se lec ted  from the  l o t  received from the  

Minnesota Mining and Manufacturing Conipany averaged 1.90 g/cm3, with a range 

from 1.88 t o  1.92 g/cm3. The p e l l e t s  from the  National Carbon Company had 

a s l i g h t l y  lower average bulk dens i ty  of 1.84 g/cm3, with a range from 1.82 

t o  1 .86 g/cm3. The f u e l  p a r t i c l e  d i s t r i b u t i o n ,  although not  completely 

uniform, appeared t o  'be s a t i s f a c t o r y ,  according t o  radiographic examination. 

Additional p r e i r r a d i a t i o n  evaluat ion t e s t s  a r e  under way on p e l l e t s  

from t h e  two l o t s .  The t e s t s  w i l l  include alpha counting t o  determine 

surface  contamination, leaching i n  1:l HNOs-H20 solutions,,  measurements 

of thermal expansion and thermal conductivi ty,  chemical analys is ,  neutron- 

a c t i v a t i o n  t e s t s ,  and metallographic examination. Some p e l l e t s  w i l l  be 



subjected t o  thermal cycles and then re-examined. I n  addit ion,  t h e  feas-  

i b i l i t y  of using a bo i l ing  20 M - HN03 treatment t o  detect  damaged p a r t i c l e s  

w i l l  be invest igated ( s ee  l a t e r  section,  t h i s  chapter, on "Chemical Process- 

ing of Coated-Part icle Fuels"). It has been observed i n  exploratory graphite 

fuel-element reprocessing s tud ies  t h a t  t h i s  acid  treatment w i l l  d i s in tegra te  

c e r t a i n  graphi te  matrices but  w i l l  not a t t a ck  t h e  pyrolytic-carbon fue l -  

p a r t i c l e  coatings, except f o r  s l i g h t  surface oxidation. I f  any coatings 

a r e  cracked, or otherwise defective,  t h e  acid  w i l l  a t t ack  t h e  f u e l  p a r t i c l e  

and uranium w i l l  appear i n  t h e  leach l iqu id .  
* 

A batch of 114-in. -diam, 114-in. -long graphi te  p e l l e t s  conl;aining 

normally enriched uranium carbide p a r t i c l e s  coated with pyrolyt ic  carbon 

was a l s o  received from t h e  3M Company. These p e l l e t s  were alpha counted 

on both ends, bu t  no counts above background could be detected. Metal- 

lographic examination of t h e  coated pa r t i c l e s  i n  t he  graphi te  matrix r e -  

vealed t h e  t y p i c a l  s t r uc tu r e  of coating and carbide par t i c les .  The radio- 

graphs of these  p e l l e t s  ind ica te  nonuniform d is t r ibu t ion ,  with agglomera- 

t i o n s  of coated p a r t i c l e s  occurring randomly i n  t h e  pe l l e t s .  The average 

dens i ty  of these  p e l l e t s ,  based on 20 determinations i s  1.579 ? 0.006 g/cm3 

(95% confidence l e v e l ) ,  with a range of 1.56 t o  1.60 g/cm3. The r e s u l t s  

of ac id  leaching and thermal cycling t e s t s  of these  p e l l e t s  a r e  presented 

i n  Table 11.3. 

Diffusion coe f f i c i en t s  of ~e~~~ from coated Pa r t i c l e s  (D.  F. Toner, 
J. L. Sco t t )  

Neutron-activation t e s t s  t o  measure f iss ion-gas  re ten t ion  proper t ies  

were run on UC2 spheres coated with pyrolyt ic  carbon (manufactured by High 

Temperature Materials, Inc. ) . The cumulative re lease  of ~e~~~ from t h e  

spheres i s  p lo t ted  a s  a function of time a t  2180°C i n  Fig. 11.3. 

It was suggested previously3 t h a t  above 2000°C t h e  xenon re lease  from 

coated UC2 p a r t i c l e s  received from t h e  3M Company occurred by rupture of 

t h e  carbon coating. Since t h e  coatings on t he  present sample (HTM-1) did 

not rupture  a t  2180°'c, it i s  concluded t h a t  t he  coating was probably applied 

a t  a higher temperature. The re lease  of xenon from the  IiTM-1 sample ap- 

peared t o  occur by d i f fus ion  through t h e  coating. 

3~~~ Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 89-91. 
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Table 11.3. Pre i r rad ia t ion  Evaluation of Coated- 
Pa r t i c l e  Fueled-Graphite P e l l e t s  

Sample 

Uranium Removed by Leaching i n  
8 - M HN03 ($ of t o t a l  uranium) 

Designation 
A s  Received After  Thermal 

cyclioga 

aPe l le t s  were cycled t h r ee  times between 200 
and 1500" C. 

UNCLASSIFIED 

0 10 20 30 40 5 0  ' 60  70 

TIME (hr) 

Fig. 11.3. Diffusion Release of ~e~~~ from Pyrolytic-Carbon-Coated 
UC2 Spheres a t  2180°C. . 



The model f o r  r e l ea se  is di f fus ion through a uniform spher ical  she l l .  

I f  a constant  uniform. concentrat ion of ~e~~~ within t h e  f u e l  and zero con- 

cen t r a t i on  a t  both surfaces  of t he  coating a r e  assumed, t h e  equation of 

crank4 i s  appl icable  : 

where 

b = t h e  quter  radius  of t h e  she l l ,  cm, 

a = t h e  inner radius  of t h e  shel l ,  cm, 

D = dif 'fhsion coefficienl;,  cmf/sec, 

ti 
= time i n t e r cep t  ( t h a t  i s ,  t h e  value of t extrapolated from t h e  

curve when t h e  cumulative re lease  i s  zero) ,  ~ C C .  

With t h i s  equation, it i s  not necessary t o  specify  t h e  in te r face  concen- 

t r a t i o n .  The calcula ted value of D a t  2180°C was 1 .41 X 10-lo  cm2/sec. 

Model f o r  t h e  Release of Fiss ion Products from Fueled Graphite Contained 
i n  a Low-Permeability Bot t l e  (J. W. Prados) 

A simple mathematical model was developed t o  describe t h e  steady- 

s t a t e  re lease  of gaseous f i s s i o n  products from porous ceramic fue l s  i n  

low-permeability containers.  The resu l t ing  equations were used t o  analyze 

experimental re lease- ra te  r e s u l t s  obtained from a UC2-fueled graphite body 

enclosed i n  a low-permeability impregnated graphi te  container ( m - 4 8 - 2 ) .  

The r e l a t i v e  re lease  r a t e s  of the  f i s s i o n  product species KYg5", KYee, and 

~e~~~ were predicted with reasonable success. Absolute r a t e  predictions 

were not possi.ble because of lack of information on t r u e  permeability and 

poros i ty  p r o f i l e s  i n  t h e  graphi te  container. 

Fission-Gas Release from Miniature Fueled-Graphite Bodies (D.  F. Toner, 
J. L. Sco t t )  

Four neutron-activation t e s t s  have been run on miniature 0.25-in.- 

diam, 0.25-in.-long s o l i d  cyl inders  of fueled graphi te  each containing 

4 ~ .  Cra*,, Mathematics of Diffusion, p. 95, Oxford Press, 1956. 

5 ~ .  W. Prados, A Model f o r  Fission-Gas Release from Porous Fuels i n  
LOW-permeability Containers, ORNL-3168, Aug. . 11, 1961. 



about 850 p a r t i c l e s  dispersed i n  t h e  graphi te  matrix. The p a r t i c l e s  were 

manufactured and coated with pyrolyt ic  carbon by t h e  3 M  Company and were 

from t h e  same batch as  t h e  coated p a r t i c l e s  t e s t ed  f o r  f ission-gas re ten t ion  

previously. . The purposes of t h e  t e s t s  were (1) t o  determine t h e  amount of 

~e~~~ released from the  p e l l e t s  and (2) t o  determine t h e  number of uncoated 

pa r t i c l e s  or  pa r t i c l e s  with cracked coatings. 

The r e s u l t s  of t he  t e s t s  a r e  summarized.in Table 11.4. The data  in-  

d ica te  t h a t  t he  f r ac t i ona l  re lease  of xenon below 2000°C is l e s s  than 

during t h e  timec indicated. h-om these .da ta  and previous r e s u l t s  of t e s t s  

of coated pa r t i c l e s  not dispersed i n  a  graphi te  matrix, it may be con- 

cluded t h a t  some pa r t i c l e s  i n  a l l  four f u e l  bodies were e i t h e r  uncoated, 

6~~~ Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 86-88. 

Table 11.4. Release of ~e~~~ from Miniature Fueled 
Graphite Bodies 

Heat -Treatment 
3 M  Conditions Fract ional  Number of 

P e l l e t  Release of Exposed 
No. Time Temperature Xenon Pa r t i c l e s  

(h r )  ("c> 

2  0-2 1075 5.81 x ( a) 
2-4 1200 6.50 x (a> 
4-22 1400 2.26 -X 10'~ ( a>  
22-27 1600 2.87 x ( a>  
27-28 Room 3.28 x loe4 ( a>  

11 0-18.4 1300 1.89 x lo-4 2  
18.4-24.4 2100 6.72 x 3  
24.4-41.1 Room 7.89 x 3  

?Not determined. 



-had cracked coatings, o r  both. I n  p e l l e t s  7 and 11, two p a r t i c l e s  i n  each 

p e l l e t  were exposed i n  t h e  "as-receivedf' condition. From t h e  ~e~~~ r e -  

leased,  it i s  estimated t h a t  two or  t h r ee  pa r t i c l e s  were exposed i n  p e l l e t s  

2 and 14. 

The t o t a l  f rac t ion ,  F, of gas released from one of these  f i e 1  bodies 

i s  a funct ion of t h e  gas re leased per pa r t i c l e ,  f ,  and t h e  f r ac t i on  of 

p a r t i c l e s  with imperfect coatings, f ' thus 
P' 

Tn order t o  determine t' it is necessary t o  lrnow by some independent means 
P' 

how much gas i s  re leased from a p a r t i c l e  t h a t  has ruptured. Previously, it 

was reported t h a t  coatings on UC2 particleb: r~.acLurtcl. whcn hca-l;ed over 3flT)f1°C 

and t h a t  t h e  gas re leased upon f rac ture  was composed of t h a t  which had d i f -  

fused out of t h e  UC2 i n t o  t h e  vuid or  porous space between t h e  p a r t i c l e s  

and t h e  coating p r i o r  t o  t h e  f racture .  Thus, heating a sample t o  2100°C 

, and observing a p a r t i c l e  rupture provides an independent means of determining 

t h e  amount of ~e~~~ re leased per pa r t i c l e .  

The da ta  from a t yp i ca l  t e s t  a re  shown i n  Fig. 11.4. The rc lease  of 

~e~~~ during t h e  f i r s t  29 h r  a t  1500°C occurs by d i f fus ion  from pa r t i c l e s  

with cracked coatings. The amount of gas released depends upon t h e  number. 

of cracked pa r t i c l e s  and the  d i f fus ion  constant of xenon i n  UCz a t  1500°C. 

The second par t  of t h e  curve, a t  2000°C, shows an increase i n  t h e  diffusi.on 

r a t e ;  however, no coatings cracked during heating a t  t h e  higher temperature. 

A s  t h e  temperature was increased t o  2100°C, two burs t s  of gas occurred, one 

followed by t he  other.  This port ion of t he  gas re lease  i s  shown i n  an ex- 

panded time sca le  i n  Fig. 11.5. This re lease  indicated t h a t  coatings of 

two p a r t i c l e s  had cracked. I f  t h e  amount of gas released per p a r t i c l e  

i s  t h e  same as t h e  gas released by pa r t i c l e s  i n i t i a l l y  exposed, it may be 

concluded t h a t  a f t e r  these two p a r t i c l e  coatings had ruptured a t o t a l  of 

four  p a r t i c l e s  were unprotected, two of them i n  the as-received condit ion.  

Fission-Gas Release from Large Fueled-Graphite Bodies ( R .  E .  Adams) 

Neutron-activation f iss ion-gas-re lease  t e s t s  were s t a r t e d  using fueled- 

graphi te  specimens s imi la r  t o  those being i r rad ia ted  i n  helium sweep capsules 



UNCLASSIFIED 
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TlME (hr)  

Fig. 11.4. Release of ~e~~~ a t  1500, 2000, and 2100" C from Miniature 
Fueled-Graphite P e l l e t  No. 7. 

52.4 52.6 52.8 53.0 53.2 53.4 53.6 

TlME ( h r )  

Fig. 11.5. Fract ional  Release of ~e~~~ from P e l l e t  No. 7 a t  210o0C. 
Expanded time sca le ,  



i n  t he  MTR-48 f a c i l i t y .  I f  a  correla. t ion between r e s u l t s  from the  two types 

of t e s t s  can be es tabl ished,  t he  r e l a t i v e l y  simple neutron-activation tech- 

nique may be used a s  a screening t e s t ,  so  t h a t  specimens l i k e l y  t o  re lease  

l a rge  amounts of f i s s i o n  products may be detected p r io r  t o  use i n  sweep cap- 

s u l e s .  The specimens t e s t e d  were 1 - in .  cylinders,  1 1/2 i n .  long, contain- 

ing spher ica l  175- t o  250-p-diam UC2 p a r t i c l e s  coated. with pyrolyt ic  carbon. 

The p a r t i c l e s  were dispersed i n  a porous graphite matrix and f i r e d  a t  1800°C. 

Other information on the  specimens i s  presented i n  Table 11.5 .  

Fission-gas-release t e s t s  a r e  conducted by heating the  specimens f o r  

v ~ r i n u ~  periods of Lime a t  j-ncreasing temperatures up t o  1000°C. The f i r s t  

t e s t s  were made i n  vacuum (1 t o  5 p Hg), and the r ~ l e a s e d  ~e~~~ ,was collccted. 

i n  a charcoa l - f i l l ed  t r a p  cmoled by l i qu id  nitrogen.  The a c t i v i t y  i n  the  col-  

l e c t i o n  bulb was recorded continuously. A t  the  end of the t e s t  the collecl,ion 

bulb w a s  sealed,  and the  ~e~~~ was determined' ana ly t i c a l l y .  Appropriate cor- 

r e c t i o n  f o r  ~e~~~ decay and counter e f f i c iency  permits the  f 'r-actional r e -  

l ease  a t  any time t o  be determined. 

The data  obtained from specanen 1060, p lo t ted  i n  Fig .  11.6,  a r e  typ ica l  

of the  da ta  obtained i n  these  experiments. The gas re lease  t h a t  occurred i n  

about 5 hr during heating t o  600°C was about four  times t h a t  which occurred 

during approximately 16 hr a t  600°C. Similar  e f f e c t s  were noted during the 

succceding pa r t s  of the  t e s t .  

Table 11.5. Data on Fueled-Graphite Specimens Used 
i n  Fission-Gas-Release Experiments 

Specimen Specimen 
No. 1060 No. 1081 

- ~ 

Specimen weight, g 35.067 35.513 

Uranium content, g 1.386 1.836 

u~~~ content, g 0.010 1.710 

I r rad ia ted  time, h r  3 6 0.80 

I r r ad i a t ed  f lux,  6.92 X 1011 2.06 X 1011 
neutrons/cm2- cec 

Calculated f i s s i o n s  1.45 x l 0 l 5  1.48 x l 0 l 5  



UNCLASSIFIED 

0 , 8  I6 24 32 40 48 56 
TIME (hr 

Fig. 11.6. Fission-Gas Release from Fueled-Graphite Specimen No. 
1060. 

The data  from several  experiments on the  two specimens a r e  summarized 

i n  Table 11.6. During i n i t i a l  heating of specimen No. 1081 ( ~ e s t  1081-l) ,  

equipment malfunction caused temperature f luc tua t ions  between about 400 

and 730°C during the  f i r s t  27 hr of t es t , ,  but  the  t e s t  was continued f o r  

18 hr a t  800°C. Test 1081-2 was then made using the  same specimen. The 

f r a c t i o n a l  re leases  obtained during Test 1081-2, a t  800°C and below, were 

much l e ~ ~  than during the preceding t e s t .  

S ign i f ican t  r e s u l t s  from these experiments may be summarized a s  follows: 

1. The t o t a l  f r ac t i ona l  re lease  of ~e~~~ from both fueled-graphite 

specimens during heating i n  vacuum f o r  50 t o  100 hr a t  1000°C o r  l e s s  was 

approximately 8 X of the  ~e~~~ i n  the specimens. 

2 .  Two mechanisms of gas re lease  apparently operated: (1) a d i f fus ion  

mechanism, the  r a t e  of which increased with temperature, and (2 )  a mechanism 

which allowed rap id  re lease  during and shor t ly  a f t e r  the  specimen temperature 



Table 11.6. Data on Fission-Gas Release from Neutron-Activated 
Fueled-Graphite Specimens 

Heat -Treatment Total  Cumulative 
Conditions Fract ional  

Specimen Remarks Release of 
Time Temperature 
( h r )  ( "c )  

~e~~~ 

Temperature varied 

0.01 Specimen 1081 r e -  
0.22 heated. w i t h  new 
0.50 co l lec t ion  bulb 
5.2 

Specimen 1081 re -  
heated i n  CO a t -  
mosphere with new 
co l lec t ion  bulb 

was increased f o r  the  f i r s t  time t o  a given temperature l eve l .  It was postu- 

l a t e d  t h a t  the  r ap id  gas r e l ea se  during i n i t i a l  heating might be associated 

with r e l ea se  of CO from the  graphite upon i n i t i a l  heating, assuming t h a t  the  

CO could r e a c t  with exposed UC;! t o  allow rap id  re lease  of f i s s i o n  products. 

A t h i r d  t e s t  w a s  then made on specimen No. 1081.in which it was heated i n  

an  atmosphere of CO fiowing a t  about 5'cm3/min. The f iss ion-gas  co l lec t ion  

t r a p  w a s  cooled t o  -78°C i n  a bath of dry i ce  and acetone. The r e s u l t s ,  

a l s o  shown i n  Table 11.6, indicate  t h a t  the  f r a c t i o n a l  ~e~~~ re lease  w a s  

much grea te r  a t  6 0 0 " ~  than i n  the previous t e s t s  made i n  vacuum. It was 

concluded t h a t  t he  presence of CO d e f i n i t e l y  accelera ted the  gas r e l ea se .  



Pos t i r rad ia t ion  Examination of Fueled-Graphite Bodies 

Physical  Examinations (J. G. Morgan, M. F. Osborne, H. E. ~ o b e r t s o n )  

Pos t i r rad ia t ion  examinations have been completed of UC2-graphite 

specimens i r r ad i a t ed  i n  capsules MTR-48-1 and MTR-48-2. Core d r i l l i n g  

f o r  determining t h e  uranium concentration and fission-product d i s t r i bu -  

t i o n  was done on graphite can b from capsule MIX-48-1. The data  obtained 

a r e  p lo t ted  i n  Fig. 11.7. The concentration of f i s s i o n  products dropped 

over t h r ee  orders of magnitude through t h e  f i r s t  0.2 in. of t h e  graphi te  

wall. Additional samples w i l l  be taken on t he  outer  surface. The re-  

s u l t s  of core d r i l l i n g  of t h e  f i e 1  cylinders and graphite can a were r e -  

ported previously. , 

The second i r r ad i a t i on  capsule (MTR-48-2) contained the  f u e l  d ispers ion 

i n  a s ing le  graphite can. The uranium and fission-product gradient  across  

the  can wal l  i s  shown i n  Fig.  11.8. Corc d r i l l  samples were a l s o  taken 

across t h e  f i e1  p e l l e t  and were analyzed f o r  uranium. The r e s u l t s  of 

t h e  uranium analyses a re  l i s t e d  i n  Table 11.7. Some depletion of uranium 

a t  t he  outcr wall  of t he  f u e l  p e l l e t  i s  evident. 

Metallographic Examinations (E. L. Long, Jr.) 

Fuel Pe l l e t s  of Capsule MTR-48-1. Metallographic examinations of 

f u e l  p e l l e t s  a and b of capsule MTR-48-1 have been completed. The f u e l  

 pellet^ Sor i;he MT'K-48-1 experiment were fabr icated by converting t h e  U02 

t o  UC2 by heating a t  approximately 2800°C. As can be seen i n  Figs. 11.9 

and 11.10, which present microstructures of an unirsadia ted control  sample, 

most of t h e  UC;! moved out of t h e  space o r ig ina l l y  occupied by t h e  UO;! 

p a r t i c l e s  and i n to  t h e  graphite. A t  low magnification, t he  mic ros l~~ ic tu r eo  

of t h e  i r rad ia ted  a and b p e l l e t s  were s imi la r  t o  t h e  microstructures of 

t h e  control  specimen, but oome differences could be seen a t  high ~ a g n i f i -  

cation.  The microstructures a t  t h e  center and mid-radius of f u e l  p e l l e t  

a a r e  shown i n  Fig. 11.11. Ar'eac near -the .center and mid-radius of f ue l  

p e l l e t  b a r e  shown i n  Fig. 11.12. It may be seen t h a t  t he  irraxl-iated UC;! 

7~~~ Quar. B o g .  Rep. June 30, 1961, ORNL-33.66, p .  145. 



p a r t i c l e s  a r e  not a s  angular a s  those of t h e  control  specimen and t h a t  no 

UC2 "f ingers"  were present a f t e r  i r rad ia t ion .  This spheroidization could 

be a r e s u l t  of surface  tension.  

Fuel P e l l e t s  of Capsule MTR-48-2. The r e s u l t s  of metallographic ex- 

amination of f u e l  p e l l e t  a of capsule MTR-48-2 were reported previously. 8 

An un i r rad ia ted  con t ro l  sample of t he  r~ la te r i s l  used f o r  p e l l e t  b i s  shown 

DISTANCE FROM CENTER OF CAN (in.)  

Fig. 11.7. Uranium and Fiss  ion-Product Concentrations Across Wall of 
Graphite Can of Capsule MTR-48-1. 



i n  Fig. 11.13. Graphite crystals  can be seen i n  the  UC2 par t ic les .  The 

UO2 par t ic les  were converted t o  UC2 a t  a lower temperature than f o r  the 

pe l l e t s  f o r  the  MTR-48-1 experiment. As a consequence, t h e  UC2 did not 

move out in to  the  graphite as  i n  the  case of the  fue l  pe l l e t s  fo r  MCR-48-1. 

.- 
0.5 0.6 0 .7  0.8 0.9 

DISTANCE FROM CENTER OFCAN (in.) 

Fig. 11.8. Uranium and Fiss ion-Product Concentrations Across WaU of 
Graphite Can of Capsule MIX-48-2. 



Table 11.7. Uranium Concentration Across Fuel Pel lets  
I rradiated i n  Capsule M!I'R-48-2 

Uranium Concentrat ion 
Position of Center ( a t  oms /mg of graph it e) 
of D r i l l  (in. from 
center of pe l l e t )  Fuel Pe l le t  Fuel Pe l le t  

A B 

0.000 9.0 X 1016 1.6 x l 0 l 7  

0.095 6.5 X 1016 1.5 X l 0 l 7  

0.190 8.8 x lo1" 1.6 x 10l7 

0.285 ( Lo be analyzed) 

0.1380 9.8 x 1o16 1.0 x 1017 

1.30 x 1. 86 x 

a 
Average gre i r r ad ia t  ion concerltrat ion. 

UNCLASSIFIED 
Y-37760 

Fig. 11.9. Unirradiated Control Sample of Fuel Pe l le t  Material for  
Capsule MTR-48-1. Fine UC2 part ic les  surround the  large voids. As 
polished. lOOX 



Fig. 11.10. Same as Fig. 11.9 but a t  a Higher Magnification. Ettched. 
750X 

The postirradiation examination of &el  pe l le t  b revealed a micro- 

s t ructure not unlike tha t  of fuel pe l l e t  a. A portion of the  UC2 migrated 

in to  t h e  graphite, while the  remainder spheroidized, as may be seen i n  

Fig. 11.14. 

Graphite Cans nf Capcules MTR-48-1, -2, -3. The low-permeability 

graphite f u e l  cans used i n  the M!I!I3-48-1, -2, and -3 experiments have been 

examined. The plugs in  the graphite cans from capsules MTJ3-48-1 and -3 

were threaded, whereas the plug f o r  the graphite can of capsule MTR-48-2 

was tapered. A l l  the plugs were sealed with s i l icon.  The cans were 

sectioned as  required t o  show the qual i ty  of the s i l icon  seals,  defect 

regions i n  the cans and seals ,  and the presence of any uranium compounds 

that might have migrated from the fue l  pe l l e t s  in to  the cans. 

Capcule MTR&-l contained two f u e l  cans, designated as  f u e l  cans 

A and B. Longitudinal sections were made through the plugs of both cans. 

Emmination of the threaded sea ls  disclosed that the s i l icon  sealed only 

the first top thread i n  the A can, and, although the s i l icon  bonded a l l  

threads i n  the B can, only the first thread was sealed. If the roots of 



Fig. ll.11. Samples of Fuel Pe l l e t  a from Irradiated Capsule MTR-48-1. 
(a) Sample from near t he  center of the  pel let .  (b) Sample from mid-radius 
of the pe l le t .  As  polished. 500X 



UNCLASSIFIED 
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Fig. ll.12. Samples of Fuel Pellet b from Irradiated Capsule M11R-48-1. 
(a)  Sample from near the center of the pellet. (b) Sample from mid-radius 
of the pellet. Etched. 500X 



Fig. 11.13. Unirradiated Control Sanple of Material from Fuel Pel let  b 
of Capsule MTR-48-2. Note graphite crystals  in  the UC2. Etched. 250X 

Fig. 11.14. Sample from Mid-Radius of Fuel Pel le t  b of Irradiated 
Capsule MTR-48-2. Note shade of UC2 par t ic le  a s  compared with the control. 
A s  polished. 500X 



I J 
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Fig. 11.15. Longitudinal Sections Through the  Threaded Silicon-Sealed 
Plugs of Fuel Cans from Capsule MTR-48-1. (a) Fuel can A. (b) Fuel can B. 
As polished. 50X 



Fig. 11.16. T,ongitudinal Section Through the  Tapered, Silicon-Sealed Plug 
of the  Fuel Can fYom Capsule MTR-48-2. As polished. 5UX 



the threads are not sealed a spi ra l  void results  which extends the length 

of the threaded section. The silicon was also present throughout the pores 

i n  the graphite i n  the threaded regions. Longitudinal sections through 

the threaded regions of fuel  cans A and B are shown i n  Fig. 11.15. 

Metallographic examination of a transverse section revealed no evidence 

of uranium compounds having migrated into the walls of the fuel  cans, 

and there was no evidence of s i l icoa  migration down the inside walls of 

the cans. 

The MTR-48-2 capsule contained only one fuel  can, which was f i t t e a  

with a tapered plug rather than a threaded plug and sealed with silicon. 

Metallographic examination of a longitudinal section through the plug 

showed that the silicon penetrated approximately half-way through from 

the top, as  shown i n  Fig. 11.16. 

As  previously reported,g a leak was indicated during irradiation of 

capsule MTR-48-2. Metallographic examination revealed a fracture that 

originated a t  the gap between the tapered plug and the can ( jus t  below 

the termination of the silicon seal )  and extended into the thermocouple 
- - . * hole. No evidence of uranium compound migration was found i n  the metaldg . 

lographic examination of a transverse section of the fue l  can w a l l .  However, 

an unidentified layer approximately 0.005 in. thick was noted on the inner 

w a l l  09 the fuel can, as shown i n  F i g .  ll. 17. The layer is not l ike  si l icon 

or si l icon carbide in  appearance; there was no evidence of a similar layer 

on the outer surfaces of the f'uel pel lets  that  were i n  t h i s  fuel  can. 

Capsule MTR-48-3 also gave evidence of a leak i n  the graphite can dur- 

ing irradiation. lo A longitudinal section through the threaded, silicon- 

sealed plug and sequential examination revealed poor penetration of the 

silicon. None of the roots of the threads were sealed, as may be seen in  

Fig. ll.18. Additional grinding revealed a hairline crack in the  silicon 

seal  a t  the top of the plug ( ~ i g .  11.18b). The leak probably followed the 

spi ra l  cavity formed by the W i l l e d  roots of the threads and continued via 

the hairline cracks i n  the si l icon seal. 

'GCR Quar. Prog. Rep. March 31, 1961, ORN1;-3102, p. 178 

~ O G C R  &uar. prog. ~ e p .  JW 30, 1961, om-3166, p. 14.4. 



Fig. ll.L'7. Unidentified Layer on Inner Wall of Fuel Can from 
Capsule MTR-48-2. As polished. 250X 

In  summary, on a l l  three threaded silicon-sealed plugs examined a 

s p i r a l  void remained as a r e su l t  of the  unf i l led  roots of the  threads, 

and, a t  best, only the  f i r s t  thread was completely sealed. The tapered 

sil icon-sealed plug revealed an integral  sea l  t h a t  extended from the top 

of the  can t o  about half-way through; however, a f racture developed i n  

the  graphite can a t  the termination or  the seal, which a lso  afforded an 

escape route fo r  the  f i s s i o n  gases. This was the  only fue l  can t h a t  gave 

indications of the  s i l i con  or a s i l i con  compound having possibly migrated 

aown t h e  inner walls of the  cans. There was no metallographic evidence 

of uranium compounds i n  the  walls of the  cans as a r e su l t  of fue l  migration. 

I r radiat ion Tests 

Miniature-Capsule Fission-Gas-Release Experiments i n  LITR (F. R. McQuilkin, 
W. E. Thomas) 

Operating data f o r  the  miniature capsules recently i r radiated i n  the  

LIT% core a re  given i n  Table 11.8. As indicated, i r rad ia t ion  of four ex- 

perimenlxl capsules, LM-3, LM-4, LM-5, a11d LCP-1, was completed, and the 

capsules were removed f o r  post i r radiat ion analysis. 



Fig. 11.18. Longitudinal Sections Through the  Threaded, Silicon- 
Sealed Plug of Fuel Can from Capsule M!I'R-48-3. (a) Note roots of threads 
not f i l l e d  with sil icon. As polished. 50X (b) Additional polishing 
revealed hair l ine fracture i n  s i l icon  seal. As polished. 250X 

Temperature indications from the three external thermocouples (1/16- 

in . -dim, type 304 s ta in less  steel-sheathed, Chromel-Alumel wires) used 

t o  measure the cladding surface temperatures of assembly LM-3 were e r r a t i c  

throughout the t e s t  period. The temperature indicated f o r  the a (upper) 

specimen cladding increased 95"F, while the indication from one of the 

thermocouples on the b (lower) specimen increased 70°F and the indication 

from the other one i n  the same plane decreased 640°F. Throughout the t e s t ,  

the thermocouple that indicated the maximum cladding surf ace temperature 

was used fo r  automatic control. 

Both of the tungsten-rhenium thermocouples used t o  measure center 

f u e l  temperatures in  coated-particle t e s t  assembly UP-1 indicated a 

gradual temperature decline during the t e s t  period. The f i n a l  tempera- 

tures  were 100 t o  200°F lower than a t  the i n i t i a l  temperatures. 



Table 11.8. Operatirg Data f o r  Miniature Fueled Capsules i n  LI'W 

Central Fuel Tenperature [OF) 

Experiment a 1  
Assembly No. 

Fuel 
Composition 

U235 
I n i t i a l  Final Date Date Estimated Enrichment 

( $1 Instal led Removed Burnup 
a b a b 

Capsule Capsule Capsule Zapsule 

1715 Open" ll-22-60 6-1-60 3.5 a t .  $ 
o f U + T h  

2-8-61 7-25-61 5.1 a t .  $ 
of U 

4 -1 -61  8-22-61 3.1 a t .  $ 
of U + Th 

Fyrolytic-carbon- 93 
coated UC2 

3-9-61 7-25-61 ~8 at .  
of U 

LCP-2 Eyrol33ic-carbon- 93 2355 2475 6-1-61 In p i l e  
coated UC2 

C 
%he central  thermocouple ixdicated a gradual downward The central  themocouple indicated a gradual 

d r i f t  t o  1860°F on 3-5-61, folloved by an e r r a t i c  increase downmrd d r i f t  t o  1720°F on 6-29-61 followed by an 
t o  2140°F on 3-26-61, ~ n d  then fai lure.  e r r a t i c  increase t o  2495OF as  of the  date of removal. 

b ~ h e  central  thermocouple was unreliable i n  operation, 
and fa i lu re  occurred a f t e r  8 days service; the 2300°F value 
reported i s  estimated. 



Irradiat ion of a second coated-particle t e s t  assembly (UP-2) contain- 

ing loose pyrolytic-carbon-coated UC2 spheres (-450 p i n  diameter) prepared 

by the 3 M  Company w a s  begun on June 1. The par t ic le  aggregates a re  contained 

within hollow cyl indrical  tantalum cans which i n  turn are  encapsulated i n  an 

Inconel tube. The components of t h i s  t e s t  un i t  a re  shown i n  Fig. 11.19. A 

tantalum pin was used t o  mechanically fasten the can l i d  t o  provide fo r  

convenient hot c e l l  disassembly and minimize the danger of damage t o  the 

i r radiated par t ic les  during t h i s  s tep.  

Specimen temperatures a t  the center of the tantalum can are measured 

by 0.072-in.-dim tantalum-sheathed tungsten-rhenium thermocouples. The 

b specimen cent ra l  thermocouple f a i l e d  shortly a f t e r  s ta r tup  and the a 

specimen cent ra l  thermocouple has shown a gradual decline of 2 t o  3°F per 

day of operation from an i n i t i a l  temperature of 1940°F. 

A t h i rd  coated-particle t e s t  assembly (LCP-3) containing pyrolytic- 

carbon-coated UC2 spheres manufactured by the National Carbon Company has 

been designed. The loose par t ic les  w i l l  be contained i n  hollow cyl indrical  

tantalum cans having dimensions suitable t o  provide specimen temperatures 

in  the range 2000 t o  2500°F. 

Fig. 11.19. Components of Ekperimental Assembly LCP-2. 



MTR Irradiat ions (C . W. Cunningham and J. A. ~ o n l i n )  

Ekperimental assembly m - 4 8 - 5  containing pyrolytic-carbon-coated UC2 

pa r t i c l e s  dispersed i n  a graphite matrix was  inserted i n  the M'I!R HB-3 beam- 

hole on Ju ly  24 and is scheduled fo r  operation through November 6. The 

t e s t  element i n  t h i s  assembly i s  similar t o  capsule M'I!R-48-2.11 It has a 

s ingle f u e l  cylinder 1 in. 0.d. and 1.5 in.  long. Unlike previous specimens, 

the encapsulating graphite bot t le  is  porous, and the number of thermocouples 

f o r  measuring the bo t t l e  wall  temperature has been increased from three t o  

s ix .  Both assemblies were designed f o r  a t o t a l  f i s s ion  power of 2.75 kw 

(140 w/cm3) and t o  operate with a 1500°F wall temperature. The spherical 

UC2 par t ic les ,  supplied by the 3M Company, are  175 t o  250 p i n  diameter 

with 80- t o  100-p coatings. The graphite-matrix f u e l  cylinder and the 

bo t t l e  were supplied by the National Carbon Company. The f u e l  cylinder 

weighs 35.8 g and contains 2.0 g of 93% enriched UC2 t o  give a u~~~ density 

of 0.0841 g/cm3. 

The assembly was operated in a retracted position during the f irst  

f i v e  days in-pile t o  obtain fission-gas-release data a t  low power and re-  

duced temperatures. The f i s s ion  power and cent ra l  temperature a re  estimated 

t o  have been 1.85 kw and 1750°F, respectively, based on a measured bot t le  

w a l l  temperature of 1050°F. The assembly was then inserted t o  achieve the 

design conditions and an estimated 2500°F f u e l  central  temperature. 

Fission-gas-release r a t e  data f o r  assemblies MTR-48-2, -3, -4, and -3 

a re  compared in  Table 11.9. The data f o r  assemblies 3 and 4 are uncertain 

because of possible graphite bot t le  leakage. Pinholes were found i n  speci- 

men 3 and leaks are  suspected i n  specimen 4. Because of the purge-gas 

ac t iv i ty ,  gas samples could be taken only a t  the conclusion of the t e s t s ,  

and a 14-hr delay was required for  decay of ac t iv i ty  before analyses could 

be made. Thus data f o r  the short-lived f i s s ion  products a re  somewhat in- 

accurate. 

"GCR Quar . Frog. Rep. June 30, 1960, OW-2964, pp. 154-6. 



Table ll.9. Fission-Gas-Release Data for Experimental Assemblies MIX-48-2, -3, -4, and -5 

Graphite Estimated Ratio of Release Rate t o  
Estimated Bottle Wall. . Centrd 

Exprinantd Fission power Teweratwe 
Birth Rate 

Assembly W. 
(daysla ( kw) ("F) Temperatwe &5m -88 Xe133 Xe135 

(OF) 

x 10'~ x x loe3 
48-zb 60 2.75 1500 2500 4.3 1.7 2.20 
48-3 10 12.5 1050 2400 5.2 0.07 9.8 
48-4 37 13.8 ll50 ,2700 5.0 0.22 ll 
48-5 1 1.75 1050 1750 4.5 1.5 7.9 

5 1.85 1050 1750 2.4 0.49 2.7 
5 1.85 1050 1750 2.0 0.50 2.7 

13 2.75 1500 2500 2.9 1.U 4.1 

?Days af%er s ta r t  of test .  

b ~ e e  also Fig. 5.4, p. 128 of GCR Quar. Prog. Rep. June 30, 1961, ORNL-3166. 

Chemical Processing of Coated-Particle Fuels 

L. M. Ferr is  A. H. Kibbey 

Chemical-processing methods are being developed f o r  recovering uranium 

and thorium from irradiated high-temperature f u e l  elements containing 

coated f u e l  part icles .  Dissolution procedures which serve a s  head-end 

methods f o r  decontamination and recovery of f i s s i l e  and f e r t i l e  material 

by t r ibu ty l  phosphate-nitric acid solvent-extraction processes are  b e i ~ g  

given f i r s t  considerat i~n,  but alternative techniques, such as  chloride 

vola t i l i ty ,  are also being evaluated. 

Three methods f o r  processing pyrolytic-carbon-coated UC2-TW2 and 

A1203-coated U02-Tho2 fue l  part icles  are being studied: (1) the grind- 

leach process i n  which the f u e l  element is mechanically ground t o  a f ine  

powder t o  allow leaching of uranium and thorium with an acidic reagent; 

(2) the combustion-dissolution process i n  which the f u e l  is burned i n  

oxygen followed by dissolution of the oxide ash i n  an acidic reagent; and 

(3) the HID3 leaching process i n  which the f u e l  element is  disintegrated 

and the f u e l  simultaneously leached with boiling 21.5 M HN03. - 
The studies conducted thus f a r  have indicated the following: 

1. More than 996 of the uranium and thorium can be recovered from 

graphite-base Fuel elements by leaching with fluoride-catalyzed n i t r i c  



acid if the  f'uel element is mechanically ground f ine  enough t o  ensure 

crushing of the f u e l  pa r t i c l e s .  This technique i s  applicable t o  elements 

containing e i ther  pyrolytic-carbon- or Aln03-coated f u e l  par t ic les .  

2. Combustion i n  oxygen of elements containing pyrolytic-carbon- 

coated UC2-ThC2 par t ic les ,  followed by dissolution of the U308-Tho2 ash 

i n  boi l ing 13 - M HNO3-0.05 - M HF, leads t o  complete recovery of the uranium 

and thorium i f  the f u e l  element does not contain iron as  an impurity and 

is not coated with a refractory material  such as Sic.  The combustion- 

dissolut ion technique is not applicable t o  elements containing A120g-coated 

f u e l  particles. 

3. Pyrolytic-carbon coatings are  not affected by boiling 90% HN03 

and other aqueous oxidizing agents, even when the graphite matrix is 

disintegrated. The HN03 leaching process is  therefore not applicable as  

a processing method f o r  elements containing coated f u e l  par t ic les .  

Digestion with 90% HN03 i s  being explored as  a method fo r  evaluating 

the in teg r i ty  of coated f u e l  par t ic les  dispersed in  graphite f u e l  bodies. 

The method appears t o  be applicable because sound coatings of pyrolytic 

carbon and A1203 a re  not attacked by 90$ HN03 and other oxidizing solutions, 

although the graphite matrix i s  disintegrated t o  a powder. For example, 

boi l ing 3-g samples of UC2 par t ic les  (MI batch 16564-SP-5) having 160-p 

pyrolytic-carbon coatings f o r  72 hr resul ted i n  l i t t l e  solubilization of 

the  uranium, as shown by the following data: 

Oxidizing Solution 

28 HNo3-98$ H2sor, 

5% mo3-95s H2S04 

9876 H2S04 saturated with 
KzCr207 

Amount of Uranium Leached 

Similar t e s t s  with General Atomic's UC2 par t ic les  having 30- t o  50-p 

carbon coatings indicated t h a t  neither 90$ HN03, 90$ HI'T03-0. 28 V205, 

nor 15 - M RNO3-5 - M H2SOr, was effect ive i n  dissolving the carbon coatings. 

Except with the H2S04-containing solution, where 13% of the uranium was 

solubilized, l e s s  than 0.55 of the uranium was leached from the par t ic les .  



In  each of these experiments it i s  l ikely that  the amount of uranium 

solubilized represents the extent t o  which the particles were cracked during 

handling and not the effectiveness of the various oxidizing solutions i n  

dissolving the carbon coatings. 

In contrast t o  the results cited above, uranium was apparently com- 

pletely leached from irradiated graphite specimens containing carbon- 

coated UC2 particles, af ter  fission-gas-release t e s t s  (see preceding sec- 

tion, th i s  chapter, on "~ission-Gas Release from Miniature Fueled-Graphite 

~odies" ) .  Each of the four cylindrical specimens ( 3 ~ - ~ 2 ,  -P7, -P11, - ~ 1 4 )  

weighed about 0.3 g and reportedly contained 10% uranium. After two suc- 

cessive, 4-hr leaches with boiling 908 HN03, a t o t a l  of about 0.3 g (-100s) 

of uranium was solubilized from each specimen. Uranium recoveries of l ess  

than 58 were obtained from similar specimens tested previously.12 This 

difference i n  behavior may be due t o  each irradiated specimen having been 

heated Lo st leas-1; 1600°C during the fission-gas-release tes ts ,  and, 

consequently, enough damage t o  the coatings could have occurred to  allow 

penetration of n i t r i c  acid. Since the other specimens had not been heat- 

treated, the particle coatings presumably remained essentially intact .  

Test t o  confirm th i s  hyyothesis are planned. 

1 2 ~ .  M. Ferris, A. H. Kibbey, and M. J. Bradley, Processes for  Re- 
covery of Uranium and Thorium from Graphite Fuel Elements. Part 11, 
ORNL-3186 ( i n  press) . 



12. CLAD FUEL DEVELOPMENT 

Beryllium-Clad Fuel Assembly Design Studies 

G. Samuels R. S. Holcomb 

The preliminary design of a beryllium-clad 19-element fue l  assembly 

has been completed. The f u e l  element consists of 0.20-in.-i.d., 0.413-in.- 

o. d. U02 pe l l e t s  contained i n  a 0.416-in. -i. d., 0.496-in. -0. d. beryllium 

tube which has six 0.040-in. -thick, 0.145-in. -high longitudinal f i n s  twisted 

through 120 deg over the  length of the  tube. Mngnecium oxide pe l l e t s  a re  

located a t  each end of t h e  element t o  insulate  the beryllium end caps from 

t h e  high cent ra l  temperature i n  the  U02 pe l le t s .  

The 19 elements a r e  spaced on a 0.79-in. equi la te ra l  t r iangular  pitch 

by top  and bottom spiders made of beryllium. The fuel-element bundle is 

held by t h e  top and bottom spiders within a graphite sleeve which has a 

hexagonal hole with rounded corners t h a t  forms the  gas flow passage. The 

weight of t h e  elements is  carr ied by the  top spider rest ing on the  graphite 

sleeve. The f u e l  element bundle is positioned within the  graphite sleeve 

by six tabs  on t h e  top  and bottom spiders which f i t  i n to  s l o t s  i n  the  

sleeve. The f u e l  assembly i s  i l l u s t r a t ed  i n  Fig. 12.1. 

The beryllium-clad f u e l  assembly i s  designed t o  produce 1.63 times 

t h e  average charnel power i n  the  EGCR when a column of s i x  assemblies is  

ins t a l l ed  i n  a f u e l  channel. The mixed-mean ex i t  gas temperature from 

t h e  channel w i l l  be 1050°F with a flow r a t e  of 2860 lb/hr, which is  the  

maximum flow t h a t  can be provided with the t o t a l  available pressure drop 

ncroaa t h e  core. 

Since the  maximum channel power is only 1.36 times the  average with 

uniform enrichment i n  the  EGCR, the  enrichment w i l l  have t o  be increased 

i n  t h e  beryllium-clad f u e l  assembly t o  achieve the  design power rating. 

The self-shielding e f fec t  causes a r ad ia l  gradient i n  the power generation 

r a t e  i n  t h e  f u e l  element bundle t h a t  increases as t h e  enrichment is  in- 

creased. As a r e su l t  of t h i s  r ad ia l  power gradient, there  a re  variations 

i n  the  gas temperature and i n  the surface temperature between the  center, 

intermediate, and outer rows of fue l  elements. Such variations can be 
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Fig. 12.1. EGCR Beryllium-Clad Fuel Assembly. 



compensated f o r  i n  the  outer row by changing the spacing between the outer 

row of f u e l  elements and the graphite sleeve. Znprovement of the tempera- 

ture d i s t r i bu t ion  of the  intermediate row requires changing the enrichment 

o r  the  f u e l  element p i t ch .  

The calculated gas temperatures and f u e l  element surface temperatures 

f o r  3.5% and 5% enrichment a r e  p lo t ted  i n  Figs. 12.2 and 12.3. The various 

DISTANCE FROM BOTTOM OF GORE (in.) 

UNCLASSIFIED 
ORNL-LR-DWG 63673  

Fig. 12.2. Local Gas and Surface Temperatures of 19-Element Beryllium- 
Clad Fuel Assembly with 3.5% Enrichment. 
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Fig. 12.3. Local G a s  and Surface Temperatures of 19-Element Beryl- 
lium-Clad Fuel Assembly with 5s Enrichment. 

curves r e f e r  t o  the designated surface area or  flow region as ident i f ied  

i n  the  sketch of Fig. 12.4. The calculations were made f o r  the f ixed ref-  

erence design, so  the temperature d i s t r ibu t ion  is affected only by power 

var ia t ion  from enrichment. It was assumed t h a t  the  gas enter ing a particu- 

lar flow region remained there and d id  not mix with any other gas along the 

e n t i r e  length of the reactor .  Radial heat flow was assumed i n  the  U02, and 
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Fig. 12.4. Flow Region and Surface Zone Designation fo r  Heat Transfer 
Calculations of 19-Element Beryllium-Clad Fuel Assembly. 

a x i a l  conduction and circumferential conduction from one surface area t o  

another i n  the beryllium tube was neglected. 

I n  both cases, the maximum gas temperature r i s e  occurs i n  region 3 .  

The difference between the maximum and minimum gas temperature r i s e  is 

121°F f o r  the 5% enrichment case as compared with 87°F f o r  the 3.5% en- 

richment case. The maximum surface temperature occurs on surface area 

C-4, being 1190°F f o r  the 5% enrichment case and 1172°F f o r  the 3.5% en- 

richment case. The maximum temperature difference around a f u e l  element 

occurs on element B, being 122OF for  the 5% enrichment case and 87°F f o r  

the 3.5% enrichment case. 

Circumferential conduction w i l l  reduce the temperature var iat ion 

around the f u e l  element surface, and some mixing of the gas streams should 



occur between f u e l  assemblies. In any case, the temperature variations 

i n  the fue l  assembly w i l l  be minimized by select ing a fue l  channel i n  the 

high-flux region of the core i n  which t o  i n s t a l l  the beryllium-clad f u e l  

assembly column so that the l e a s t  amount of increased enrichment w i l l  be 

required. 

Materials Investigations 

J. H. Coobs 

Low-Temperature Fission-Gas Release from U02 (D .  F. Toner, J. L. ~ c o t t )  

It was reported previously that the release of ~e~~~ from sintered 

U02 a t  400°C i n  a vacuum was dependent upon the r a t e  of oxidation;' however, 

a t  600° C, the ~e~~~ release was controlled by diffusion and was not de- 

pendent upon the  r a t e  of oxidation. I n  order t o  confirm these observa- 

t ions,  another neutron-activation t e s t  has been run a t  400°C on a sample 

of UO2 designated as NUMEC 34-30. During t h e  f irst  70 h r  of the  t e s t ,  

t h e  specimen was heated i n  a vacuum of 1-p Hg; f o r  the  l a s t  30 hr, the  

specimen was heated i n  hydrogen a t  1 atm. The f rac t ional  amount of ~e~~~ 

released during the  t e s t  is  plot ted i n  Fig. 12.5 as a function of time. 

The sharp increase i n  the  slope-of the  curve a f t e r  about 62 h r  is probably 

due t o  t h e  saturat ion of the  U02 by oxygen and the  formation of a second 

phase. When hydrogen was admitted, the r a t e  of xenon release was reduced 

considerably, but not t o  so low a value as the  i n i t i a l  r a t e  of release. 

This reduction i n  the  r a t e  of xenon release indicates t h a t  surface oxida- 

t i o n  of the  UOz is associated with the high xenon release between 62 and 

70 hr. 

Neutron-activation t e s t s  were run t o  determine t h e  act ivat ion energy 

f o r  ~e~~~ release below 1000" C i n  U02. Release measurements were made 

on a s ingle  fragmented pe l l e t  of NUMEC 34-30 between 500 and 1000°C i n  

vacuum and a t  400°C i n  hydrogen. The data were plotted as log D' versus 

1 /~,  as  shown i n  Fig. 12.6, and the act ivat ion energy between 4.00 and 

'J. L. Scott and D. F. Toner, GCR Quar. Frog. Rep. March 31, 1961, 
Om-3102, pp. 93--97. 
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Fig. 12.5. Release of ~e~~~ from NUMEC 34-30 a t  400°C i n  Vacuum and 
i n  Hydrogen. 
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800°C was calculated t o  be 14.7 kcallmole. The value of D' obtained a t  

1000°C is higher than indlCated by  Lke extrapolation of * h ~  i i~ t ,~  frum 

lower temperatures; t h i s  r e su l t  suggests tha t  the  mechanism by which ~e~~~ 

diff'uses from U02 may be a f'unction of the  temperature range in  which the  

process takes place. Activation energies of 70 t o  80 kcal/mole have been 

reported by numerous investigators2 f o r  the  range 1000 t o  1600°C, and 

Anderson ct al.  a t  Harwell observed three different  activation energi ea 

i n  studying thoron emanation from UOz powder. Above 1100°C the activation 

energy was 81 kcal/mole; between 800 and llOO°C it was 38 kcal/mole; and 

below 800°C it was approximately 20 kcallmole. 
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2~ission-Product Release from U02, Nuclear Safety, Vol. 3, No. 2 ( i n  
press) .  
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3 ~ .  S. Anderson e t  al., The Properties and Microstructure of Uranium 
Dioxide: Their Dependence Upon the  Mode of Preparation, AEIIE-C/R 886 (1954). 
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Fig. 12.6. Activation Energy f o r  the  Diffusion of ~e~~~ i n  U02. 

A pa ra l l e l  s i tua t ion  has been observed with Tho2. Afker a previous 

se r i e s  of t e s t s 4  it was reported t h a t  i n  Tho2-5 wt U02 the  act ivat ion 

energy f o r  diffusion of ~e~~~ was 75.9 kcal/mole i n  the temperature range 

1440 t o  2015°C. In  pure thor ia  microspheres (35-p diam) prepared by a 

4 ~ .  L. Scott, D. F. Toner, and R. E. Adams, GCR Quar. Prog. Rep. 
June 30, 1961, ORWL-3166, pp. 89-91. 



g e l  process, however, Morgan and yust5 found tha t  t he  diffusion of 018 

had an ac t iva t ion  energy of 14.7 kcal/mole i n  the range 600 t o  1400°C. 

The s imi l a r i ty  of these data  t o  those fo r  U02 i s  not surprising, since 

these two compounds have the  same crys ta l  structure,  form continuous so l id  

solutions,  and have t h e  same atomic bonding. 

It should be pointed out t h a t  a t  800°C the  D' is  a t  the  intersect ion 

of the  high and low activation-energy curves. The amount of xenon re-  

leased by diffusion below 600°C is so small t ha t  large er rors  i n  D' may 

occur. More t e s t s  a re  needed t o  def in i te ly  confirm a low act ivat ion energy 

below 800°C. It is thought tha t ,  i f  t h i s  low act ivat ion energy does exis t ,  

it may be associated with oxygen-ion vacancy movement. 

Fabrication of UO;! I r rad ia t ion  Specimens (A. J. Taylor, J. M. ~ o b b i n s )  

Fabrication and inspection were completed on 250 U02 pe l l e t s  f o r  ir- 

radia t ion  i n  GCR-ORR loop No. 1 a t  a heat ra t ing  uf 27 000 ~ t u / h r * f t .  Il'hese 

p e l l e t s  a r e  3/8 in. i n  length, 0.706 + 0.001 in. o.d., and 0.323 + 0.005 in. 

i.d. The bulk dens i t ies  a r e  approximately 958 of theoret ical .  Metallographic 

examinations of these pe l l e t s  revealed the  presence of a discontinuous grain- 

boundary phase t h a t  was ident i f ied  by x-ray d i f f rac t ion  analysis as iron- 

r i c h  mater ial  containing FesOq and alpha iron. Chemical analyses showed 

t h a t  t h e  i ron  and s i l i c o n  contents of the pe l l e t s  were higher than the  

l i m i t  of 100 ppm specified f o r  i r rad ia t ion  specimens. In  the r e su l t s  of 

several  analyses the  i ron  content ranged from 110 t o  294 ppm and the  s i l i con  

content from 100 t o  240 ppm. It was subsequently determined t h a t  t he  powder 

used i n  preparing the p e l l e t  was correspondingly high i n  iron and s i l icon.  

A new high-temperature, continuous, hydrogen-atmosphere, s inter ing 

m n a c e  has been ins t a l l ed  f o r  use i n  t h e  development of techniques f o r  

fabricat ing ceramic components. Temperature prof i les  f o r  the  furnace 

have been obtained a t  hot-zone temperatures of 1400 and 1600°C using a 

W vs ~ 2 6 8  Re thermocouple, and a s imilar  determination is i n  progress 

a t  1750°C. The cal ibrat ion of the  thermocouple was corrected internal ly  

by v isua l ly  observing through a viewing port a t  one end of the  hot zone 

5 ~ .  S. Morgan and C. S. Yust, Met. Div. Ann. Prog. Rep. May 31, 1961, 
ORNL-3160, pp. 41-42. 



the  thermal emf values a t  which samples of nickel (m. p., 1455" C) and iron 

(m. p., 1535" C) melted. It was established t h a t  a t  1400 and 1600" C the  

temperatures a t  the  extreme ends of the  approximately %-in. hot zone are 

not more than 15OC l e s s  than the  temperature a t  the  center. 

Fabrication of Fueled Be0 (R. L. ~amner) 

The re su l t s  of fur ther  studies made t o  consistently eliminate the 

microscopic cracking of Be0 specimens containing large U02 par t ic les  have 

indicated two possible causes fo r  t h i s  problem: (1) the  release of binder 

residue during s inter ing and (2) laminations induced upon release of speci- 

mens from the  forming dies. 

Crack-free specimens were prepared by removing the  epoxy res in  binder 

i n  vacuum a t  600°C prior  t o  s inter ing and by reducing the  angle of taper 

a t  the  ejection end of the die. These specimens contained 20 vol 8 U02 

as 150- t o  250-p par t ic les  and had bulk densities of 95s of theoretical.  

The reproducibility of the r e su l t s  has not been determined. 

Thermal-Codi.int,i v i ty  Studies (T. G. Godfrey, D. L. ~ c ~ l r o y )  

The thermal conductivity of 93.4$ dense U02 i n  the  temperature range 

27 t o  195OC was determined i n  the  r ad ia l  heat flow apparatus described 

previously. The resul t s  a re  l i s t e d  i n  Table 12.1. These resul ts ,  to-  

gether with pr ior  experience, indicate a precision of 52s and an accuracy 

of k58. The corrected values are approximately 20s below those reported 

by Kingery e t  a L 7  but are i n  good agreement with recent work by Howard 

and Gulvin. 8 

Dispersion-Strengthened Fe-Al-Cr &Lloys (B. K i n g )  

Methods f o r  the  preparation of dispersion-strengthened oxidation- 

res is tant  materials are being studied. A review of possible methods for  

'GCR Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 7-3. 

7 ~ .  D. Kingery, J. Francl, R. L. Coble, and T. Vasilos, J. Am, Ceram. 
SOC., 37(2) : 107-10 (1954) . 

%. C. Howard and T. F. Gulvin, Thermal Conductivity Determinations on 
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Table 12.1. Thermal Conductivity of U02 i n  the 
Temperature Range 27 t o  195°C 

Thermal Conductivity, 
b 

k (w/cm-'c) a Temperature 
("C > Corrected t o  

Measured Theoretical 
Density 

a Average specimen temperature. 

b ~ a l u e s  reported represent averages of 24 measure- 
ments, 12 based on absolute and 12 on d i f f e ren t i a l  
determinations. 

producing a f ine  dispersion of A1203 i n  a matrix of an a l loy  of 7 wt $ 
Al, 5 wt $I C r ,  and the  balance Fe has indicated t h a t  con~olidat~i-on of 

surface-oxidized powders i s  feasible  and is potent ial ly  an economical 

technique. Attempts a re  being made t o  prepare master a l loy powders having 

t h e  required high spec i f ic  surface, proper oxidation behavior, and su i t -  

able  base-metal composition. Three methods of preparing these powders 

a r e  being investigated: (1) mechanical fragmentation of alloys containing 

1 2  and 16$ Al together with 5 t o  108 C r  and the  balance Fe, (2) mechanical 

fragmentation of a 58% ~e--38% A l 4 $  C r  alloy, followed by leaching with 

NaOH t o  remove excess aluminum and leave an a l loy  with 12% Al and 6% C r  

t h a t  w i l l  contain 508 voids and has a high surface-to-volume rat io ,  and 

(3) spontaneous dis integrat ion by the  reaction A14C3 + 6 H20 3 CH4 + 
2 A1203 of alloys made up of 48% A l ,  4$ C r ,  1.5$ C, and the  balance Fe 

o r  32$ Al, 4% C r ,  1.5$ C, and the  balance Fe. The powdered material produced 



by method 3 w i l l  be leached with NaOH t o  dissolve excess aluminum and produce 

a porous, structure. The resul t s  of preliminary experiments indicate tha t  

the  first method w i l l  be d i f f i c u l t  t o  carry out; however, the  l a t t e r  two 

methods show considerable promise. 

Experimental Tube-Burst Tests ( J. T. ~ e n a r d )  

A correlation of tube-burst data on type 304 s ta in less  s t e e l  a t  1300, 

1500, and 1600°F has been made using the  Dorn parameterg and plot t ing 

o versus trgQIRT, where o is the  tangential  s t ress ,  tr the  time t o  rupture, 

Q t he  activation energy, R t he  gas constant, and T the temperature i n  OK. 

The activation energy, Q, was found t o  be 110 000 cal/mole. The s t ress-  

rupture curves fo r  U00, 1300, 1500, and 1600°F predicted from t h i s  r e l a t i o  

a re  shown i n  Fig. 12.7, along with the  available experimental data. It - 
may be seen tha t  the  experimental resul t s  correlate  closely with the  D o r a  

parameter fo r  short  rupture times (<lo00 hr) but the  experimental results'  ' 

deviate from l inea r i ty  a t  longer times and the f i t  is somewhat negated. 

Beryllium Corrosion (w. J. ~ e r n e r )  

A ser ies  of samples is  presently being prepared fo r  electron-microscopy 

studies of the  films formed on Brush Beryllium Company hot-extruded tubing 

during exposure t o  approximately 4 vol water vapor i n  flowing helium a 

650°C. Sample preparation included the  grinding of a longitudinal f l a t  

t he  outer surface of each specimen for  comparison with the  ground surfac 

of the original  tube. 

The reaction r a t e  curve obtained i n  the  exposure t e s t  fo r  samples -'. 
1, 2, and 3 i s  shown i n  Fig. 12.8, and the  l i m i t s  of the  presently avail-- ' 

able data f o r  samples 4, 5, and 6 are  indicated. Rate curves f o r  the  re- 

ac t  ions of high-purity Pechiney flake beryllium powder with wet CQ2 and 

with wet helium a t  650" C a re  a lso   ham i n  Fig. 12.8 f o r  comparison. In 

neither of the  t e s t s  with Pechiney flake material was there a 'beak-away" 

reaction. The major differences between the  two materials a re  the  purity, 

'R. L. O r r ,  0. D. Sherby, and J. E. Dorn, Correlation of Rupture Data 
fo r  Metals a t  Elevated Temperatures, Trans. ASM, 46: 1-28 (1954) . 



Fig. 12.7. Comparison of Tube-Burst Data with Stress-Rupture 
Curves Predicted by Use of t h e  Dorn Parameter. 

t h e  orientation, ~ n r i  the r e l a t ive  absence of' grain boundaries i n  the f lake 

mater ial  as  compared with the  hot-extruded material. The chemical composi- 

t i o n s  of the  two materials a r e  compared i n  Table 12.2. 

Beryllium Tubing Evaluation (R. W. McClung, C. V.   odd) 

Two hundred f e e t  of 0.300-in. -0. d. , 0.040-in. -wall beryllium tubing 

i n  1-f't lengths was recefved from Imperial Chemical Industries, Ltd., f o r  

evaluation. The nondestructive evaluation t e s t s  used included fluorescent 

penetrants, low-voltage radiography, pulse-echo and resonance ultrasonics,  

eddy currents, and a i r  gaging. 

The penetrant technique revealed a few, shallow, scattered pinholes 

on a l l  t h e  tubing and two tubes with deep cuts or  cracks. The radio- 

graphic procedure revealed t h e  presence of numerous f ine  high-density 



$binning were observed in about 6$ of the tubes. 

Two of' the 200 tubes were rejected by the pulse-reflection ultrasonic 

technique because of the presence of crack-like indications. These were b 

the same two tubes hi whieh cuts or cracks were found by penetrant examinaa 

standard notch 0.006 in. deep and 0.250 in. long. Indications of suspected ! 



Table 12.2. Results of Chemical Analyses of High- 
Puri ty  Pechiney Flake Eeryllium Powder and Bmsh 

Hot-Extruded Beryllium Tubing 

Impurity Analysis (ppm) 

Impurity Brush Beryllium 
Pechiney Flake 

Beryllium Powder 
Hot-Extruded 

Tubing 

discont inui t ies  were compared with the indication from the reference defect.  

Two tubes were found t o  contain indications comparable t o  the reference 

standard, but, on the basis  of the eddy-current examination, t h i s  is  the 

bes t  beryllium tubing that has been received. 

Wall thickness var iat ions were measured over the en t i r e  tubing length 

by the resonance-ultrasonic technique. Six tubes f a i l ed  t o  comply with 

the specir ied thickness of 0.040 + 0.006 in.  Many of the tubes were near 

the minimum allowable thickness, and the s i x  tubes mentioned above were 

only s l i g h t l y  below tolerance. The air-gage technique was  used on randomly 

selected samples t o  measure variations i n  the inside diameter. The minimum 

and maximum were 0.3001 and 0.3036 in. ,  respectively.  The maxbum inside 

diameter var iat ion i n  any single  tube w a s  0.0027 in.;  the minimum was 0.0002 

in .  These no11destructive evaluation r e su l t s  show t h i s  tubing t o  be among 

the bes t  that has been examined t o  date.  

Destructive Evaluation of Discontinuities i n  Beryllium Tubing 
(R.  W. McClung, J. R .  weir) 

Attempts are  being made t o  correlate  the r e s u l t s  of nondestructive 

evaluation of small-diameter beryllium tubing with the destructive t e s t  



examination of 0.300-in.-i.d., 0.040-in.-wall tubing from Pechiney, the 

Chesterfield Tube Company, and the Brush Beryllium Company. Much of the 

tubing that exhibited discrete rejectable indications was then re-examined 

with eddy currents to locate the suspected defect accurately. bw-voltage 

radiographic examinations of these marked areas were made to obtain further 

information concerning the nature of the discontinuities. Pits, gouges, 

extru6ion marks, and high-density particles were found in well over one- 

half of the tubes. At present it is not known whether the eddy-current 

indications were caused by the high-density particles or by some disconti- 

nuity that was not detected by radiography. 

!The defective areas have been further evaluated by the measurement 

of wall thicknesses by the resonance-ultrasonic technique. The tubing is 

now being fabricated into appropriate tube-burst capsules for destructi 

testing. 

Welding of Beryllium (R. G. ~illiland) 

A joint design similar in geometry to that used for fabricating 

beryllium tube-burst test specimensll is being studied for use in makin 

end closures in beryllium tubing. The results of tests of such edge we 

made using the tungsten-arc and the electron-beam welding processes are 

presented in Table 12.3. Preliminary evaluation of the room-temperatur 

shear data indicates that the conventional tungsten-arc welding proces 

produces strnnger welds than does the electron-beam process. Specimens 

have also been prepared for shear-strength tests at 600°C. 

Thermal-cycling tests were also performed on welds of the types o 

beryllium listed in Table 12.3. Beryllium tubes 0.300 in. i.d. with 0.0 

in. walls were closed at one end with a tungsten-arc weld and were sub- 

jected to approxirilately 500 thermal oyoles. The teat conditions included 

a temperat.ilro change of 1000°F with a maximum temperature of 1380°F. A 

~ O G C R  Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 1154. 
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Table 12.3. Results of Room-Temperature Shear Tests on End-Closure 
Welds of 0.300-in. -i.d., 0.040-in. - W a l l  Beryllium Tubing 

-- 

Ultimate Shear Strength 
( ps i) 

Tube Fabricat ion Method Vendor 
Tungsten-Arc Electron-Beam 
Welded Joint  Welded Joint  

Machined from hot -pressed 
block 

Machined from hot-extruded 
rod 

Machined from warm- 
errlruded rod 

Warm extruded t o  s i  a P  

Machined from hot-pressed 
block (0.158 C) 

Hot impact extruded 

Hot extruded t o  s i ze  

Extruded t o  s i ze  

Brush Beryllium 

Brush Beryllium 

Brush Berylliqn 

~ r u e h  ne l -y l l iu~  

Brush Beryllium 

Pechiney 

Chesterfield 

Imperial 
Chemicals 
Industries 

36 nnn 

complete thermal cycle required 1 hr. The  result,^ of the tests were en- 

couraging i n  tha t  a l l  the welded joints were helium leakt ight  a f t e r  t h i s  

ra ther  severe thermal cycling. Radiographic and metallographic evaluation 

of these joints  i s  current&, under way. 

I rradiat ion Effects Studies 

Beryllium-Clad UOz-Fueled Capsules (J. G. Morgan, M. F. Osborne, 
H. E.  Robertson) 

S ix  beryllium-clad U02-fueled capsules t h a t  were i rradiated in  the 

ORR (group 111) were examined. Capsule fabrication and operating data 

f o r  these capsules a re  summarized in  Table 12.4. 



Table 12.4. Fabrication and Operating Data for ORR-Irradiated Beryllium Capsules 

Average Outside 
Diameter (in. ) Pellet External Average 

b 
Fabricat or Enrichment pressure Cladding a Burnup 

No. 
Beryllium U02 i n  u 2 3 5  

( PS i )  
Temperature (~wd/W!) 

Can Pellets ( $1 (OF) 

02-3 ORNL 0.594 0.513 1.82 450' 1048 2750 
03-3 CEA 0.591 0.512 0.71 300C l l14  2350 
04-3 CEA 0.592 0.516 0.71 450C 1072 2250 
05-3 AEA 0.383 0.299 2.42 300 1140 3150 
06-3 AEA 0.381 0.298 2.42 300 1112 2500 
07-3 aRNL 0.300 0.299 2.42 300 1084 2300 

%he design cladding temperature was l l l2"  F. 

bBurnup calculated from previous experimenls . 
C 
Capsules 02-3, 03-3, and 04-3 began operation a t  150 ps i  and the pressure was 

increased in  75-psi increments a t  one-month intervals t o  the indicated value. 

Each capsule, a f t e r  removal from its i r rad ia t ion  f a c i l i t y  tube, was 

gamma scanned, dimensioned, d r i l l e d  f o r  f iss ion-gas removal, and then cut  

open. Individual U02 pe l le t s  were measured and weighed where possible, 

and immersion density determinations were made i n  some cases. Samples of 

UOz were selected f o r  radiochemical burnup analysis. Sections of beryllium 

tubing, end-cap weld areas, Be-U02 interfaces, and U02 pe l le t s  were mounted 

f o r  metallographic examinat ion. 

Visual examination disclosed no obvious changes i n  f ive  of the  cap- 

sules, but one, capsule 05-3, had a circumferential break i n  the  weld area 

a t  the  bottom end cap, as  shown in Fig. 12.9. Capsule 06-3 was shown by 

bubble t e s t ing  t o  have a t  l e a s t  two small leaks. The fission-product con- 

tamination of the  NaK heat t ransfer  bath surrounding each capsule confirmed 

the leakage. 

Gamma scans indicated f a i r l y  uniform burnup along the  capsules, with 

the  exception of capsule 05-3 (see Fig. 12.10), which apparently suffered 

a 50s flux depression a t  the top  end, probably due t o  fau l ty  positioning 

of a cadmium shut ter  used i n  del iberate  thermal cycling. I n  some cases, 

it was possible t o  distinguish each individual pe l le t ,  i n  addition t o  la rge  

gaps between pel le ts ,  by the small minima on the  gamma-scran curve, as  

shown i n  Fig. 12.11. 



Fig. 12.9. End Cap Prom Beryllium-Clad Capsule 05-3 Showing Break 
in Weld Area. 7X 

Fig. 12.10. Gamma Scan of Capsule 05-3 Showing Flux Depression 
Near Top End. 



have leaked, and i n  addition no f i s s ion  gas w a s  found i n  capsule 04-3. It d 
could not be determined whether t h i s  was due t o  an undetected leak or t o  a 1 
malfunction of the gas-collection system. The fission-gas release data, 

= 1 
presented i n  Table 12.6, a re  consistent with data from similar previous 

experiments . - 



Table 12.5. Beryllium Capsule Dimensional Data 

Average Diameter Maximum Bow Maximum Eccentricity 
( in. ) ~a;rirmun (mils) (mils) Capsule Change No. Before Af'ter (mils) Before After Before Af'ter 

Irradiation Irradiation Irradiation Irradiation Irradiation Irradiation 

02-3 0.5937 0.5944 +2.9 2.0 10.4 1.0 2.0 
03-3 0.5912 0.5924 +3.6 10.7 18.4 1.6 2.0 
04-3 0.5918 0.5923 +2.1 11.0 11.1 4.4 5.0 
05-3 0.3825 0.3874 +9.2 9.1 33 1.0 4.0 
06-3 0.3806 0.3828 +5.2 6.5 12.1 3.4 2.3 
07-3 0.3804 0.3826 +3.6 0.6 5.9 0.2 1.5 

Table 12.6. Releaae of ~r~~ and ~e~~~ from 
U03 T r r ~ A i s r t c t d  i n  Berylliut~~ Ctrguulc?B 

Calculated mS5  el'^ 
U02 Helease Release 

No. Temperature 
(OF) ($1 ($1 

Mass spectrometer analyses of the gases showed the presence of an un- 

usually high hydrogen concentration, about 42$, i n  capsule 02-3. Since 

the capsules were f i l l e d  w i t h  purified helium, i t  was assumed tha t  t h i s  

hydrogen evolved from the U02 during high-temperature i r radiat ion.  The 

UOz had been s intered i n  Hz,  and the subsequent degassing may have been 

inadequate. 

The capsules were disasocmbled by making c i rcu lar  cuts near the ends 

and longitudinal cuts  over the cent ra l  sections with a high-speed abrasive 

s l i t t i n g  wheel. One of the s l i t  capsules and two of the pe l l e t s  removed 

from that capsule a r e  shown i n  Fig. 12.12. A t  l e a s t  one pe l l e t  was removed 

in t ac t  from each capsule, except capsule 02-3, and the dimensions of the 

p e l l e t s  were measured where possible. Small increases of up t o  about 1% 

were observed i n  34 meas~arements, One excepbion, a length decrease of O.4$, 

was probably due t o  measurements being made a t  d i f fe rent  positions on an 
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Fig. 12.12. Capsule 04-3, As Opened, Showing Cracked Pel le t s  and End Caps. 



aoymmetrical p e l l e t .  The immersion density w a s  determined f o r  two pe l l e t s  

from each of capsules 05-3, 06-3, and 07-3. Small increases of about 0.5% 

were measured i n  a l l  cases. This is  i n  good agreement with data from simi- 

lar previous experiments. The increases i n  dimensions combined with the 

increases i n  immersion density seem t o  indicate that the very small cracks 

i n  the U02 pe l l e t s ,  as may be seen i n  Fig. 12.12, expose some of the or igi-  

na l ly  isolated voids as well  a s  increase the bulk volume. 

When an attempt was made t o  open capsule 02-3 i n  the described manner, 

one end cap broke off and the cent ra l  portion of the beryllium can shattered, 

a s  shown i n  Fig. 12.13. T h i ~  indicated tha t  this  beryllium capsule was 

under considerably more s t r e s s  than any of the other f ive  capsules. Similar 

belmvior has k e n  reported as a r e s u l t  of heat treatment under very high 

externa l  pressure ( the order of 60 atm) i n  the  absence of i r rsdiat ion.12 

2 ~ .  Stobe, French CEA, personal communication. 

Fig. 12.13. Capsule 02-3 Showing Center Section t h a t  Shattered 
After a P a r t i a l  Cut Had Been Made. 



Both capsules 05-3 and 06-3 were found completely f i l l e d  with ' N ~ K ,  

indicat ing t ha t  leaks had developed during operation, s ince  both a high 

pressure and thermal cycling would be required t o  force  NaK throughout 

the  capsules. Preliminary metallographic examination of the  beryllium 

cladding has shown corrosion on both the inner and 'outer surfaces .  Com- 

p l e t e  metallographic examination of a l l  capsule components is  under way. 

DeO-UOz Pe l l e t s  (J. G. Morgan, M. F. Osborn, H. E .  ~ o b e r t s o n )  

Pos t i r rad ia t ion  examinations were conducted on the f i r s t  of a s e r i e s  

of i r r ad i a t ed  capsules containing small hollow p e l l e t s  consis t ing of 70 

vo l  $ Be0 and 30 vo l  $ U02. These samples had dens i t i e s  92% of theore t i -  

c a l  and were sealed i n  helium. The top, a sect ion,  operated a t  an average 

cen t r a l  temperature of 1900°F. The bottom, b sect ion,  operated a t  2350°F. 

After  i r r ad i a t i on  a l l  e igh t  f u e l  p e l l e t s  were i n t ac t ,  with no excessive 

cracking. Length and outside diameter measurements were made on each of 

the  p e l l e t s ,  except one, which was prepared f o r  metallographic examination. 

There w a s  a general increase i n  dimensions, a s  shown i n  Table 12.7.  The 

f iss ion-gas  re lease ,  l i s t e d  i n  Table 12.8, was lower than t h a t  experienced 

with pure U02. 

Beryllium (J .  R .  Weir) 

Swelling da.l;a f o r  beryllium i r r ad i a t ed  t,o a neutron dose of 3 .G X lo2' 
neutrons/cm2 (>1 ~ e v )  have been obtained a t  650 and 700°C on specimens manu- 

factured by various techniques and having various compositions. The r e -  

s u l t s  of these  measurement^ a re  shown i n  Table 12 .9 .  Since the  e r ro r  i n  

measurement of the density i s  probably +0.2$, there  i s  no conclusive evi-  

dence f o r  composition-dependent swelling within t h i s  range of neutron ex- 

posure and temperature. 

These r e s u l t s  along with r e s u l t s  obtained from previous i r r ad i a t i on  

e.xperim~nt,s atre s m r i z e d  i n  Fig.  12.14. Two data  points  were deleted 

from t h i s  f igure  a s  it appeared i n  a previous report13 because these da ta  

points ,  .which showed 3.5 and 5.5% swelling, were i n  e r r o r  a s  a r e s u l t  of 

Quar. B o g .  Rep. March 3 i ,  1961, ORNL-3102, pp. 204.-7. 



Table 12 .7 .  Dimensions of BeO-U02 Fuel P e l l e t s  of C a p ; u l ~  LM-2 

P e l l e t  Length ( in.  ) Change i n  GutsiCe Diameter ( in. ) Change i n  
Sect ion 

No. Length Outside Diameter 
P r e i r r a d i a t i o n  Pos t i r rad ia t ion  ( )  P r e i r r a d i a t  ion P o s t i r r a d i a t  ion (%> 

- - -~ - -- - - 

TOP, a 1-2 0.2484 0.2455 0 0.1562 0.1570 0 

Bottom, b. 8-16 0.25C1 0.2565 



Table 12.8. K r a 5  Release from U02-Be0 Samples 
I r rad ia ted  i n  Capsule LM-2 

Average 
Central Burnup K r 8 5  

Section Temperature (~lwd/MT of U) Released 

(OF) 
( $1 

Table 12.9. Swelling Results f o r  Beryllium I r rad ia ted  t o  a 
Neutron Dose of 3.6 X lo2' neutrons/cm2 (>I ~ e v )  

Specimen I r r ad i a t i on  Density Composition Specimen Specimen Temperature Change Other t h a a  Canf igurat ion 
Beryllium ("c)  ( $1 

Sheet 
Sheet 
Sheet 
Sheet 
Rod 
Rod 
Block 
Sheet 

I J N C L A ~ S I F I E D  
ORNL-LR-DWG 6 0 7 3 5 A  

600 700 800 
IRRPnlATlON TEMPERATURE (OC) 

Fig. 12.14. Swelling of Beryllium Under Irradiation at Elevated 
Temperatures. 



i n a b i l i t y  t o  remove t h e  low-density corrosion products from t h e  specimens 

p r i o r  t o  pos t i r r ad i a t i on  densi ty  measurement. 

Several  i n -p i l e  s t ress - rup ture  experiments have been performed t o  in-  

ve s t i ga t e  t h e  r e l a t i o n  of t h e  in tegrated f l ux  t o  t h e  e f f e c t  of i r r ad i a t i on  

on t h e  s t ress - rup ture  s t reng th  of beryllium tubing. The manner i n  which 

these  experiments a r e  performed was described previously. l3 The r e s u l t s  

obtained thus  f a r  a r e  summarized i n  Fig. 12.15. The f r ac t i ona l  decrease 

i n  100-hr rupture s t reng th  i s  p lo t ted  a s  a function of t h e  in tegrated 

flux a t  100-hr rupture  time. The points on t h e  f igure  represent data  ob- 

t.;li.nect a't 600 and 700°C on tubing machined from hot-gressed heryl 1 i i l m  

(HPT), on warm-extruded tubing (WET), and on Pechiney tubing ( P T ) .  The 

equation represent ing the  da ta  from 600°C t e s t s  of hot-pressed tubing i s  

where 

0 oleo = 100-hr rupture s t r e s s  i n  absence o f , i r r a d i a t i o n ,  

(5 I 
oleo = 100-hr rupture s t r e s s  under i r r ad i a t i on  a f t e r  in tegrated f l ux  

(Z1 ~ e v )  of d1. 

There i s  considerable s c a t t e r  i n  the  r e s u l t s  a t  700°C from both in- 

p i l e  t e s t s  and the  out-of-pi le  t e s t s .  It i s  believed t h a t  some of t h i s  

s c a t t e r  has been due t o  corrosion of the  beryllium by s m a l l  amounts of 

irrlpurities i n  the  argon o r  helium environment used i n  t e s t i n g .  Specimens 

t e s t e d  a t  600°C generally exh ib i t  a t h i n  protect ive  oxide l ayer  which 

should not a f f e c t  the  r e s u l t s  s i gn i f i c an t l y .  

Inconel ( w .  E .  Brundage, N .  E.  Hinkle, W .  W .  Davis, J .  C .  ~ u k a s )  
. . 

A second experimental assembly containing ten tube-burst specimens of 

"boron adjusted" heats  of Inconel was operated i n  the poolside f a c i l i t y  

of the  ORR. The time-to-rupture data  obtained a re  l i s t e d  i n  Table 12.10.  
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These data  subs tan t ia te  t h e  re -  

s u l t s  previously reported14 f o r  

these  materials .  When analyzed 

with respect  t o  B" concentra- 

t ion ,  however, t h e  r e s u l t s  do 

not show any supporting t rend 

f o r  t h e  proposed damage mechanism; 

namely, t h a t  t h e  rupture s t rength 

of Inconel i s  impaired by t h e  

helium generated during thermal- 

neutron bombardment of t h e  B ~ O .  

The boron concentration, enrich- 

Fig. 12.15. Effect of Irradiat ion me", and d i s t r i bu t i on  a r e  being 
on t h e  Stress-Rupture Propert ies of investigated i n  order t o  a i d  i n  
Beryllium. 

t h e  analysis  of these  data. 

Beryllium Oxide (G.  W. Keilholtz, J. E. Lee, Jr.) 

Beryllium oxide specimens i r r ad i a t ed  i n  t he  ETR. a r e  being studied t o  

obta in  information on t h e  s t a b i l i t y  of Be0 under i r r ad i a t i on  conditions. 

- 

Quar. Prog. Rep. June 30, 1961, ORNL-3166, p. 162. 

Table 12.10. Effect of Neutron Bombardment on the  Stress-  
Riipture Chare.ct,erj.st i c s  of  oron on ~d justed" ~ e a t s  of 

Inconel Tested a t  1500°F i n  A i r  

Material Boron Content 
Time t o  

Specimen Stress  Ruptul.e 
NO. ( p s i )  

(hr )  

OB <lo ppm, natural  boron 29-8 
23-3 

2B 20 ppm, nataral. horon 29-5 
29-9 

10B 100 ppm, natural  boron 29-2 
29-6 

6B11 60 ppm, 98$ B~~ 29-1 
29-7 

6B10 60 ppm, 95% B~~ 29-4 
29-10 



The cy l i nd r i ca l  specimens were encapsulated i n  s t a i n l e s s  s t e e l  and mounted 

i n  an annulus through which a mixture of argon and helium w a s  c i rcu la ted  

f o r  temperature con t ro l  during i r r ad i a t i on .  S ix  experimental assemblies 

containing 63 specimens have been i r r ad i a t ed .  The specimens from assemblies 

1 through 5 have been examined, and assembly 6, which contains the l a rge s t  

specimens, including severa l  unclad samples, has been p a r t i a l l y  disassembled. 

In tegrated f a s t  neutron exposures i n  the  range 1 X lo2' t o  2 x 

neutrons/cm2 were obtained with specimens 1 i n .  long and 0 .4  t o  1.1 i n .  i n  

diameter a t  exposure temperatures from 100 t o  1000°C. Serious deter iora-  

t i o n  of Be0 specimens, ranging from f r ac tu r e  t o  d i s in tegra t ion  i n to  powder, 

has been observed. 

The g r ea t e s t  damage appears i n  bodies i r r ad i a t ed  t o  high neutron doses 

a t  low temperatures. Specimens i r rad ia ted  a t  110°C powdered a t  a dose of 

1 . 5  X 1021 neutrons/cm2. Specimens i r r ad i a t ed  a t  444°C t o  a dose of 

1.1 X 1021 neutrons/cm2 and a t  737O C t o  a dose of 1 .6  x l o 2  neutrons/cm2 

remained i n t a c t .  Specimens i r r ad i a t ed  a t  827 t o  950°C t o  a dose of 2 . 1  

t o  2.6 X neutrons/cm2 f rac tured .  

Changes i n  l i n e a r  dimension of up t o  4% have been found. X-ray d i f -  

f r a c t i o n  measurements revealed changes i n  the  c - l a t t i c e  parameter of up 

t o  7 X 10'~ k / c O  f o r  mate r ia l  i r rad ia ted  a t . l lO°C but only 1 t o  2 X 10.' 

AC/C a t  444 t o  1025°C. The Ac/c value appeared t o  sa tu ra te  a t  a dose 
0 0 

of 3 X lo2' neutrons/cm2 i n  the  higher temperature range. A l l  tempera- 

t u r e s  above 444°C appeared equally e f f ec t i ve  i n  suppressing the  Ac/co 

value.  Changes i n  the  a - l a t t i c e  parameter were smaller by a f ac to r  of 7 .  

Voids 0 . 1  t o  0 . 3  p i n  diameter that were not i n  the o r ig ina l  mater ia l  

were found by e lec t ron  microscopy i n  the  i n t e r i o r  of the g a i n s  and a t  

g ra in  boundaries. No evidence of chemical decomposition was observed. 

Radial  temperature di f ferences  during i r r ad i a t i on  increased by 50 t o  1008, 

ind ica t ing  a decrease i n  thermal conductivity. 

The gases produced by transmutation were assayed a f t e r  d issolving 

the  specimens i n  molten s a l t .  The tritium content of Be0 i r rad ia ted  a t  

110°C increased with neutron dosage; 6.4 p a r t s  of tritium per mil l ion pa r t s  

of Be0 were recovered from specimens i r r ad i a t ed  t o  2 .1  X neutrons/cm2. 

Specimens i r r ad i a t ed  above 440°C contained much less '  tritium. Helium was 



: re ta ined by the  Be0 even a t  i r r ad i a t i on  temperatures of 1025OC. The helium 

content of the Be0 increased l i n e a r l y  with f a s t  i r r ad i a t i on  dosage a t  a 

r a t e  of 205 micro l i t e r s  per gram of Be0 per lo2' neutrons/cm2. 

The cause of the  observed changes cannot be determined with ce r t a in ty  

from these experiments. The hypothesis t h a t  thermal s t r e s s  alone i s  r e -  

sponsible f o r  f a i l u r e  i s . r e j e c t e d  because the changes occur gradually over 

the  i r r ad i a t i on  period.  It appears t h a t  atomic displacements or  gas genera- 

t i o n  or some combination of these i s  the  primary cause of f a i l u r e .  

It is probable t ha t ,  f o r  maximum l i f e  i n  a reactor ,  Be0 bodies should 

be a t  temperatures above 400°C and t h a t  temperatures wel l  above t h i s  f igure  

a r e  preferable .  Physical de te r io ra t ion  of many of the specimens tes ted  

was such a s  t o  make the mater ia l  unsuitable f o r  use; however, the survival  

of some specimens a f t e r  an exposure of 1 .6  X loZ1 neutrons/cm2 at' about 

750°C suggests t h a t  conditions e x i s t  under which Be0 may be used. It i s  

c l ea r  t h a t .  continued study of severa l  experkleu La1 var iables  w i l l  be 

required before Be0 moderators f o r  long-lived reac tors  can be designed with 

confidence. 

The next Be0 i r r ad i a t i on  t e s t  assembly, No. 7 ,  i s  scheduled f o r  in- 

s e r t i on  i n  the ETR i n  October 1961. Fabrication of the  hardware i s  es-  

s e n t i a l l y  complete and f i n a l  assembly i s  cur ren t ly  i n  progress.  This 

assembly w i l l  provide f o r  i r r ad i a t i on  of 48 specimen p e l l e t s ,  0.800 i n .  i n  

diameter and 0.50 Jn. th ick.  Forty of these p e l l e t s  a r e  of high-density 

mate r ia l  prepared a t  ORNL using cold pressing and s in t e r i ng  techniques. 

Eight p e l l e t s  of s imilar  s i z e  of high-density Be0 mate r ia l  prepared by a 

hot-pressing technique and s ingle  c ry s t a l s  of pure Be0 w i l l  a l so  be in- 

cluded i n  the  assembly. Beryllium oxide has a t heo re t i c a l  densi ty  of 3.02; 

the cold-pressed mater ia l  densi ty  i s  96% of t heo re t i c a l  and the  hot-pressed 

mater ia l  density i s  92% of t heo re t i c a l .  Both a re  c l a s s i f i e d  a s  high-density 

mater ia l .  The i r r ad i a t i on  temperatures w i l l  be 650, 950, and llOU°C a t  a 

pea.k. f a,~-t,-neutr0~1, E l u ~  of the order of 1 t o  2 X 1014 neutrons/cm2 see .  

A new arrangement of the  temperature and dose r a t e  var iables  has been 

designed, which provides f o r  exposure of high-temperature samples t o  a low 

f l u x  and low-temperature samples t o  a high f l u x .  This should permit an 



eva lua t ion  of t h e  temperature-annealing e f f e c t s  i n  r e l a t i o n  t o  t h e  neutron- 

f l u x  e f f e c t s .  

Prel iminary design work on experimental assembly No. 8 i s  a l s o  i n  + 

progress .  This assembly i s  t o  provide f o r  i r r a d i a t i o n  of approximately 

100 c y l i n d r i c a l  p e l l e t s  1/2 i n .  i n  diameter and 1/2 i n .  long and approxi- 

mately 200 p e l l e t s  1/4 i n .  i n  diameter and 1/4 i n .  long. These w i l l  be 

i n s t a l l e d  i n  four  mult iple-capsule columns t h a t  can be ex t rac ted  from the  

core  separa te ly  t o  a l low l a r g e  va r ia t ions  i n  the  neutron dose. The p e l l e t s  

w i l l  be of more than one dens i ty  and g ra in  s i z e  and w i l l  be i r r a d i a t e d  a t  

two o r  more temperatures i n  t h e  f l u x  gradient  of the  r e a c t o r  on a s t a t i s t i -  

c a l l y  designed arrangement. I r r a d i a t i o n  of these  specimens w i l l  r equ i re  

a major expansion of the  experimental c o n t r o l  equipment a t  the  reac to r  s i t e .  

The design work on t h i s  instrumentat ion has been completed. 



13. DESIGN STUDIES OF ADVANCED POWER PLANTS 

Preliminary Designs fo r  Four Integrated Gas-Cooled 
Reactor Core and Steam-Generator Units 

A. P. Fraas 

Conceptual designs f o r  four gas-cooled reactor plants have been pre- 

pared t o  investigate the poss ib i l i ty  of reducing capi ta l  costs by exploiting 

the advantages of all-ceramic f i e 1  elements. A l l  four of these plants were 

designed t o  produce 500 Mw of e l ec t r i c i ty ,  and i n  a l l  four the steam gen- 

erator  was placed d i rec t ly  above the reactor so tha t  the two could be housed 

i n  a common pressure vessel. This arrangement gives a compact un i t  and re -  

duces the cost of the pressure vessel, ducts, shield,  and containment vessel.  

A new type of axial-tube steam generator well sui ted t o  t h i s  basic 

configuration has been evolved. This can be designed t o  take advantage of 

the higher gas system pressures and temperatures t o  e f fec t  major reductions 

i n  the s ize  and cost of the steam generator. 

The most promising of the four designs is the HGCR-5, shown i n  Fig,  

13.1. In comparing t h i s  with the large Br i t i sh  CEA plants it was  found 

that the weight of such important items as  the pressure vessel, the graphite, 

and the steam generators is lower i n  the new design by a fac tor  of about 10. 

The volume of the reactor building and the concrete i n  the shielding Jmve 

been reduced by a similar factor .  A comparison of the EGCR-5 with pres- 

surized-water reactor and boiling-water reactor plants shows t h a t  the weight 

of s t e e l  required f o r  the pressure vessel, the containment she l l ,  and the 

steam generator can be reduced by factors  of 3 or more. A comparison of 

the HGCR-5 with a modern coal-fired steam plant indicates that the weight 

of s t e e l  i n  the pressure vessel, the containment she l l ,  and the steam gen- 

erator  is about one-third tha t  required f o r  the boi ler  portion of the coal- 

f i r e d  plant, and the building volume is reduced by a similar factor .  A 

comparison of the HGCR-5 with the GCR-2 and the EGCR indicates tha t  mador 

savings i n  the weight and cost  of the pressure vessel, steam generator, 

shield, and containment vessel can be effected through the use of al l-  

ceramic f u e l  elements as opposed t o  s ta in less  steel-encapsulated U02 f u e l  

elements. 
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In the  de t a i l ed  repor t  on t h i s  design study,' many of the  design con- 
' 

s idera t ions  associated with the  evolution of the four designs a r e  presented, 

together with discussions of f u e l  handling, maintenance, and hazards prob- 

lems, pa r t i cu l a r l y  those associated with leakage from a high-pressure gas 

system containing roughly 100 000 cur ies  of a c t i v i t y .  The d i f f i c u l t y  of 

coping with these problems on paper and the  need f o r  a reac tor  experiment 

such a s  the  PBRE a r e  emphasized. 

Steam Generators f o r  High-Temperature Gas-Cooled Reactors 

A .  P. Fraas M.  N. O z i ~ i k  M. M .  Yarosh 

An ana ly t i c a l  approach and an IBM machine code were prepared f o r  the  

design of once-through steam generators f o r  gas-cooled reac tors  f o r  both 

axial-f low and cross-flow tube matrices.  The codes were applied t o  inves t i -  

gate the e f f e c t s  of steam generator configuration,  tube diameter, extended 

surface,  type of cooling gas, gas and steam temperature and pressure condi- 

t ions ,  and the pumping power-to-heat removal r a t i o  on the s i ze ,  weight, and 

cos t  of the  steam generators.  

The r e s u l t s  indicate t h a t  the s i z e  and cos t  of steam generators can be 

reduced by increasing the gas system pressure and temperature. For gas 

system pressures and temperatures over 300 p s i  and llOO°F, mounting the tubes 

a x i a l l y  i n  the  s h e l l  and d i r ec t i ng  the  gas a x i a l l y  over the  tubes y i e ld s  

smaller and less-expensive un i t s  than can be obtained with conventional cross  

flow over banks of serpentine tubes.  With the  axial- tube configuration 

there  appears t o  be no grea t  incentive t o  increase the  gas system pressure 

above about 500 p s i ,  and increasing the  gas temperature above about 1250°F 

would e n t a i l  a sharp increase i n  cos t s  because s t a i n l e s s  s t e e l  would have 

t o  be used ra ther  than chrome-molybdenum s t e e l s .  

For high-temperature high-pressure gas systems, the  l e a s t  expensive 

and most promising u n i t  considered employs a x i a l  gas flow over 0 .5 - in . -d im  

bare U-tubes arranged with t h e i r  axes p a r r a l l e l  t o  t h a t  of the s h e l l .  This 

'A. P. Fraas, Preliminary Designs f o r  Four Integrated Gas-Cooled Re- 
ac tor  Core and Steam-Generator Units ,  Om-2752 ( t o  be published).  



configurat ion is  well  su i t ed  t o  t h e  i n s t a l l a t i o n  of a reheater  and can 

be b u i l t  with conventional fabr ica t ion  techniques. I n  t h e  de t a i l ed  re -  

po r t  on t h i s  design study, char t s  a r e  presented t o  f a c i l i t a t e  preliminary 

design ca lcu la t ions  f o r  a wide va r i e ty  of steam generators f o r  gas-cooled 

r eac to r  appl icat ions .  

A Comparison of Gas-Turbine and Steam Power Plants  
f o r  Use .with All-Ceramic Gas-Cooled Reactors 

A .  P. Fraas M. N .  Ozisik 

The most promising of the  conceptual designs of gas-cooled reac tors  

coupled t o  steam power p lan t s ,  the  HGCR-5, has,been used a s  the  point  of 

depar ture  f o r  the  preparation of a conceptual design f o r  a gas-turbine 

p l a n t .  The same basic  reac tor ,  fuel-handling system, and containment 

s h e l l  have been employed. 

The f i r s t  por t ion of the  study was concerned with the  design of s u i t -  

ab le  hea t  exchangers. Charts were developed f o r  the  cos t  and effect iveness  

of regenerators  a s  functions of the  p r inc ipa l  design parameters. These 

were used t o  determine the  e f f e c t s  of gas-turbine-cycle parameters on the  

c o s t  of the  major components of the  p l an t .  The r e s u l t s  indicate  t h a t  the  

most promising of the  gas-turbine p lan t s  evolved would cos t  more than half  

again  as much a s  the  corresponding steam p lan t  and would y i e ld  a net  thermal 

e f f i c i ency  about 75% of t h a t  f o r  the  steam p l an t .  Since the reac tors  a r e  

ba s i ca l l y  s imi la r ,  the  c a p i t a l  charges and f u e l  cycle cos t s  would be corre-  

spondingly higher f o r  the  gas-turbine p l an t .  

Mailitellance problems posed by a contaminated-gas system appear t o  be 

far more ser ious  f o r  the  gas turbine and compressor than f o r  the  gas-c i r -  

cu l a t i ng  blower of the  corresponding steam p l an t ,  Regeneration reduces 

the  gas temperature r i s e  through the  reac tor  and increases the  gas f l o w .  

2 ~ .  P. Fraas, M. N. Ozisik, and M. M. Yarosh, Steam Generators f o r  
High-Temperature Gas -Cooled Reactors, ORNL-3208 ( t o  be published) . 

3 ~ .  P. Fraas and M.  N.  Ozisik, A Comparison of Gas Turbine and Steam 
Power Plants  f o r  Use with All-Ceramic Gas-Cooled Reactors, ORNL-3209 
( t o  be publ ished) .  



r a t e  so  t h a t  the  compressor and turbine a r e  l a rge r  i n  diameter, as well  

a s  over 10 times a s  long, a s  the  c i r cu l a t i ng  blowers. Not only is' the sur-  

face  a rea  exposed t o  the contaminated gas greater ,  but  the i n i t i a l  tempera- 

t u r e  drop i n  the  gas system occurs i n  the turbine r a the r  than a heat ex- 

changer, and hence the  amount of f ission-product a c t i v i t y  deposited i n  the  

turbine appears l i k e l y  t o  be about 100 times greater  than i n  a c i r cu l a t i ng  

blower. Further, the casing f o r  the  gas turbine would have t o  be s p l i t  on 

the  hor izontal  center l ine ,  whereas the  blower ro to r  assembly could be r e -  

moved through a s ing le  c i r cu l a r  f lange separated from the  hot port ion of 

the  casing by a heat  dam. Thus the  leakt ightness  problem would be f a r  more 

d i f f i c u l t  i n  the  gas turbine .  Further, the  much greater  complexity of the  

duct system f o r  the  gas turbine presents more severe thermal expansion 

problems, which inherently reduce the  i n t eg r i t y  of the  gas-system pressure 

envelope r e l a t i v e  t o  t h a t  f o r  the  steam system. 



4 EXPERlMENTAL INVESTIGATIONS OF HEAT TRANSFEE AND FLUID FLOW 

H. W. Hoffman 

Resistance-Heated-Tube Heat-Transfer Experiment 

G. J. Kidd, Jr. 

I n i t i a l  experiments with t he  model 4 heat- t ransfer  apparatus1 have 

been completed. Circumferential temperature d i s t r ibu t ions  a s  a function 

of a x i a l  d is tance along t h e  c l u s t e r  were obtained fo r  a l l  seven tubes of 

t h e  downstream c l u s t e r  a t  a Reynolds rnod111.11~ 0% 54 000 and an average 

hea t  f l ux  of 6610 ~ t u / h r . f t ~  with t he  upstream c lu s t e r  unheated.  e eat 
f luxes f o r  tubes 1 and 2 were 4% above t h e  mean; f o r  tubes 3 and 5, -1% 

below t h e  mean; f o r  tubes 6 and 7, -2% below the  mean; and f o r  tube 4, 

-3% below the  mean.) The calcula ted mean circumferential  heat- t ransfer  

coe f f i c i en t s  a r e  presented i n  Fig. 14.1. The curve f o r  the  peripheral  

tubes  represent t h e  average of t h e  data  f o r  t he  s i x  outer tubes; t he  

gross discrepancy was 5%. The s h i f t  i n  t h e  r e l a t i v e  posit ions of t h e  

per iphera l  and cen t r a l  tube curves f o r  t h e  upstream and downstream sec- 

t i o n s  of t h e  c l u s t e r  i s  a t t r i bu t ed  t o  a r ed i s t r i bu t i on  of flow between 

t h e  inner and outer  por t ions  of t h e  channel a s  t h e  gas stream passes t h e  

mid-cluster  spacer. T h i s  r e s u l t  i s  i n  agreement with previously r e -  

ported conclusions based on t h e  gas-mixing s tudies .  2 

An inves t iga t ion  of t h e  cause of t he  discrepancies i n  heat  genera- 

t i o n  between t h e  severa l  tubes of t he  c l u s t e r  disclosed t h a t ,  tilhes 1 and 

2 were connected t o  t h e  e l e c t r i c a l  power supply s o  t h a t  t h e  current  i n  

these  tubes was 180 deg out of phase with t h e  current  i n  t h e  remaining 

tubes.  Since t h e  tubes cons t i tu t ing  t h e  c l u s t e r  ( a s  well  as  t he  power 

l eads  t o  these  tubes) a r e  i n  c lose  proximity and carry  high-amperage 

currents ,  t h i s  phase va r i a t i on  may have generated su f f i c i en t  in te rac t ion  

'GCR Quar. Prog. Rep. June 30, 1961, ORNL 3166, pp. 63-67. 

2~~~ Quar. Prog. Rep. March 31, 1961, ORNL 3102, pp. 87-48. 
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Fig. 14.1. Axial Variat ion of Heat -Transfer Coefficient  i n  Down- 
stream Chist,er of Model 4 Apparatus. Ser ies  4-1 experiments; nonuniform 
power; average heat  f lux  of 6610 ~ t u / h r * f t ~ ;  Reynolds modulus of 54 000. 

between t h e  e l e c t r i c a l  c i r c u i t s  t o  cause t h e  observed heat-generation 

var ia t ion.  This s i t ua t i on  has been corrected by rewiring t h e  apparatus. 

A second e r r o r  source was eliminated by replacing t h e  low-impedance vo l t -  

meter (11.1 ohms) used i n  t h e  s e r i e s  4-1 experiments by a precis ion high- 

impedance (10 megohm) vacuum-tu'be voltmeter. 

Tests were then made ( s e r i e s  4-2) with a uniform power indicat ion 

f o r  a l l  tubes. Circumferential temperature measurements a t  ~ / d  = 35 e 
indicate  t h a t  the re  now e x i s t s  sl.i.hstantia1 agreement (kO.75%) i n  t h e  mean 

surface temperatures f o r  t h e  per ipheral  tubes ( see  Table 14.1). 

Detailed temperature probing of t h e  c lu s t e r  ( a t  14 a x i a l  locat ions  

f o r  a l l  seven tubes) has been i n i t i a t e d  f o r  a uniform heat  generation r a t e  

of 6500 ~ t u / h r - f t ~  and a Reynolds modulus of 54 000. 'This s e t  of 'experi- 

ments i s  termed s e r i e s  4-3. Measurements have been completed f o r  tube 

6; t he  data  a r e  presented i n  the  form of t he  heat- t ransfer  coef f ic ien t  

i n  Fig. 14.2. The r e s u l t s  agree c losely  with t h e  average peripheral- tube 

values f o r  t h e  nonuniform heat  generation case ( s e e  Fig. 14.1) ; t h e  s e r i e s  

4-3 'data  f a l l  -4% above those of s e r i e s  4-1. The asymptotic Nusselt 



modulus ( N  = 122), with thermal properties evaluated a t  the bulk f l u i d  
Nu, .o 

temperature, corresponds t o  t h a t  calculated using a ~ i t t u s - ~ o e l t e r  cor- 

r e l a t ion  f o r  "long" tubes. 

Table 14.1.  Comparison of Mean Surface Temperatures 
f o r  Peripheral Tubes a t  ~ / d ,  = 35 

Tube No. 
Mean Surface Temperature ( O F )  

Series 4-1 Series 4-2 
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Fig. 14.2. Axial Variation of Heat-Transfer Coefficient fo r  Tube 
6 of Downstream Cluster of Model 4 Apparatus. Series 4-3 experiments; 
uniform power; average heat flux of 6500 ~ t u / h r * f t ~ ;  Reynolds modulus 
of 54 000. 



Unified Correlat ion f o r  Heat and Mass Transfer 
i n  EGCR-Type Clusters 

The,experimental r e s u l t s  f o r  heat  and mass t r a n s f e r  i n  models of 

EGCR c lu s t e r s  lead t o  t h e  conclusion t h a t  entrance-region conditions pre- 

v a i l  over e s sen t i a l l y  t he  e n t i r e  length of t h e   cluster^.^ Since entrance- 

region heat  ( o r  mass) t r a n s f e r  ins ide  tubes has been successful ly  t r e a t e d  

from t h e  viewpoint of boundary-layer growth on a f l a t  p la te ,  it seems 

reasonable t o  suggest a s imi la r  approach f o r  t he  s i t u a t i o n  of flow out- 

s ide  tubes. Thus, using a s  t h e  cha rac t e r i s t i c  length i n  t h e  t ranspor t  . 

parameters (~eyno lds ,  Nusselt, Shemood moduli) t h e  dis tance from the  

channel entrance ( o r  from t h e  point of i n i t i a t i o n  of t h e  spec i f i c  t r a n s f e r  

process) ,  t he  cor re la t ing  equations take t h e  form 

f o r  heat  t r ans fe r ,  and 

mx ---  - N~ 
Re, x #!id NSc) 

f o r  mass t rans fe r .  I n  Eqs. (1) and (2 ) ,  q and m a r e  t h e  heat  and mass 

f lux  ( i n  Btu /hr*f t2 ) ,  respectively;  At i s  temperature di f ference ( i n  
X 

OF) and Apx i s  density di f ference ( i n  l b / f t 3 )  evaluated a t  t he  posi t ion 

x (ft) ; NNu i s  t he  Nusselt modulus and NSh i s  t h e  Shewood modulus de- 

f ined by Eqs. (1) and (2) ;  Npr i s  t h e  Frandt l  modulus; k i s  t h e  thermal 

conductivity ( i n  Btu/hr. f t .  O F )  ; NRe i s  t he  Reynolds modulus based on t he  

length x; and N ( t h e  Schmidt modulus) i s  t h e  r a t i o  of t h e  d i f f u s i v i t y  S c 
of momentum (kinematic viscosi ty)  t o  t he  d i f fu s iv i t y  of mass, Dv ( i n  

3~urnmer research par t ic ipant .  

4~~~ Quar. Prog. Rep. Sept. 30, 1959, ORNL-2835, p. 57; GCR w a r .  
Pro$. Rep. Sept. 30, 1960, OR&-3015, p. 59. 



ft 2/hr) . Rewriting Eqs . (1) and ( 2) [with some algebraic  manipulation] 

i n  terms of t he  more f ami l i a r  diameter-Reynolds modulus gives 

and 

where N i s  now t h e  Reynolds modulus based on t he  equivalent diameter Re 
of t h e  channel, de ( i n  f t  pa i s  t he  densi ty  of t h e  bulk f l u id ;  and G 

i s  t h e  mass ve loc i ty  ( i n  l b / h r ' f t 2 ) .  For given N and N i n  a given Pr Sc 
geometry, f (Npr) and g l  ( N ~ ~ )  a re  constants (say B1 and C, respect ively) .  

The problem i s  s impl i f i ed  fu r the r  by considering only t h e  mean values of 

t h e  temperature and t h e  mass removal a t  any x and by defining t he  tempera- 

t u r e  and concentrat ion excess i n  terms of f l u i d  conditions a t  t h e  channel 

i n l e t .  Thus, AtTr = t - t and 40.- = - 
A W, x a, i A pv, w 'v, a, i* 

In the  l a t t e r  

express ion, i s  a constant  over t h e  e n t i r e  surface, being derived 
pv, w 

from t h e  vapor pressure of naphthalene i n  an isothermal system; and s ince  

t h e  naphthalene concentrat ion i n  t he  i n l e t  a i r  i s ,  zero, 'v, a, i = 0 .  Hence, 
- 
- 'V,WO 

The comparison between t h e  heat  and masc t r ans f e r  experiments 

must be tempered somewhat by t h e  f a c t  t h a t  t h e  heat- t ransfer  measurements 

correspond most c lose ly  t o  a uniform wall  heat  (mass) flux s i tua t ion ,  

whereas t h e  mass t r a n s f e r  s tud ies  r e l a t e  t o  a uniform wall  concentration 

(temperature) condition. For t h i s  analysis  t he  heat  - t rans fe r  data  have 

been reduced t o  an isothermal condition on t he  bas i s  t h a t  t h e  r a t i o  of t h e  

uniform f l u x  coef f ic ien t  t o  t h e  uniform temperature coef f ic ien t  i s  1.043. 

I n  t h e  hea t - t rans fe r  experiments, s ince  t h e  x o r ig in  of t he  At curve 
X 

does not necessar i ly  coincide with t h e  o r ig in  of measurement (because of 

end l o s se s  and some hea t  generation i n  t h e  e lect rodes  t h a t  keep t h e  tube 



surface temperature upstream of t h e  i n l e t  from being equal t o  t h e  f l u i d  

temperature), it i s  necessary t o  replace x by x + ~d .  h he quant i ty  E e 
i s  determined by extrapolat ion of t h e  At curve t o  t h e  x axis . )  Then, 

X 

taking n f o r  turbulent  flow t o  be 0.8, Eq. (3) becomes 

where B1 and E must be determined by experimental means. 

Since t h e  molecular d i f fus ion  r a t i o  s h i f t s  from N = 0.7 i n  t h e  
Pr  

hea t - t rans fe r  t e s t s  t o  N = 2.5 i n  t h e  mass-transfer s tudies ,  a change 
Sc 

i n  t he  value of n i n  Eqs. (2) and (4) from 0.8 is  t o  be expected. I n  

t h e  region of x-Reynolds modulus of i n t e r e s t ,  both t h e  von ~grrngn analogy5 

and t he  Deissler  and Loeff ler  analys is6  suggest n = 0.83 f o r  turbulent  

flow; t h i s  value has been confirmed by t h e  experiments of Sherwood and 

~ r a s s . ' ~  Equation (4) can then be wr i t t en  

Further, i n  t he  mass-transfer experiments it i s  necessary t o  account f o r  

t h e  i n e r t  s t a r t i n g  sect ions  (uncoated port ions of t h e  rods) which have 

no counterpart i n  t h e  heat- t ransfer  s tudies .  Again, by analogy with both 

experiment and theory f o r  f l a t - p l a t e  geometries, it is  possible t o  obtain 

t h e  express ion 

5 ~ .  G. ~ n u d s &  and D. L. Katz, Fluid Dynamics and Heat Transfer, 
p. '424, McGraw-Hill, New York, 1958. 

%. G. Deissler  and A. L. Eoeffler ,  J'r., Turbulent Flow and Heat 
Transfer on a F la t  P l a t e  a t  High Mach Number with Variable Fluid Propert ies,  
ASME Paper No. 55-A-133 (1955). 

7 ~ .  K. Sherwood and 0. Trass, Sublimation Mass Transfer Through Corn- 
p ress ib le  Boundary Layers on a F la t  Pla te ,  ASME Paper No. 59-A-137 (1959). 



where m(o,x) represents  t h e  mass f l ux  ( l b /h r . f t 2 )  which would e x i s t  a t  

x if naphthalene exis-ked back t o  t h e  geometric entrance, and x i s  t h e  
i 

a c t u a l  d is tance from t h e  geometric entrance t o  t h e  leading edge of t he  

naphthalene. The quant i ty  m i n  Eq. (6)  corresponds t o  m( o, x) . For t he  

s i t u a t i o n  i n  which t h e  naphthalene-coated region extended from x/d = 
C 

2.7 t o  x/de = 21.8, t h e  r a t i o  m(o,x) /m(xl,x) varied nonlinearly, a s  in-  

d ica ted  i n  Table 14.2. 

Table 14.2.  Correction f o r  I ne r t  S t a r t i ng  Length i n  
Mass-Transfer Experiments 

The da ta  obtained thus  f a r  on heat  and mass t r a n s f e r  i n  EGCR-type 

x/d e m ( ~ , ~ ) / m ( ~ l , x )  

2.7 (naphthalene s t a r t )  
3 .8  0.885 
6 . 1  0.942 
9.8 0.967 

13.6  0.976 

c l u s t e r s  have derived from s tud ies  with a number of' s i gn i f i c an t l y  diS- 

x/de m(o,x)/m(xl,x) 

17.4 0.982 
19.6 0.984 
21.8 0.985 
22.5 (mid-clus t e r  spacer ) 

f e ren t  experimental systems (various entrance arrangements,, spider  and - 
mid-cluster  spacer designs, channel diameters, and tu'be spacings). How- 

ever, f o r  t h e  purposes of t h i s  analysis ,  these  several  systems w i l l  be 

considered a s  a composite. It i s  f u r t he r  assumed t h a t  each mid-cluster 

spacer and end spider  induces such violent  mixing t h a t  f l u i d  proper t ies ,  

including temperature and veloci ty ,  a re  v i r t u a l l y  uniform a t  t he  i n l e t  

'GCR Quar. Prog. Rep. June 30, 1959, ORNL-2767, pp. 75-76, 80; 
Dec. 31, 1959, ORNL-2888, pp. 5940 ;  June 30, 1960, ORNL-2964, p. 55; 
June 30; 1961, ORNL-3166, p. 55. 



cross sect ion of each c l u s t e r  segmentg ( a s  physical ly  defined by t h e  

spiders  and spacers) .  These segments a r e  designated I, 11, 111, and IT, 

referr ing,  respectively,  t o  t h e  upstream and downstream sect ions  of t h e  

i n l e t  c l u s t e r  and t h e  upstream and downstream sect ions  of t h e  succeeding 

c lus te r .  F i t t i n g  Eqs. (5) and (6) t o  t h e  experimental data  y ie lds  t h e  

r e s u l t s  shown i n  Table 14.3; a t y p i c a l  comparison of t he  data  with t h e  

reciprocal  of t h e  cor re la t ing  equation [ E ~ .  (5)  ] i s  shown i n  Fig. 14.3 

f o r  heat  t r ans f e r  i n  segment 11. The weighted-mean value of B1 i n  Table 

14.3 i s  0.0321, and t h e  maximum deviation with respect  t o  a l l  tubes i s  

t6.4%. Thus, 

N = 0 . 0 3 2 1 ~ ~ . ~  + 6-48  , Nu, x 
0 Re , xo 

where x is  t h e  dis tance from t h e  apparent o r ig in  of each segment, x + ~d . 
o e 

For t h e  downstream portion of t h e  c lu s t e r s  (segments I1 and IV), t h e  tem- 

perature di f ference i s  based on t h e  calcula ted a i r  temperature a t  t h e  seg- 

ment i n l e t .  Equation ( 8) gives values f o r  t h e  heat - t rans fe r  coef f ic ien t  

which a r e  -14% higher than those recommended by Eckert and ~rake ' '  and 

-28% higher than found experimentally by Reynolds e t  a l . l l  I n  view of 

the  differences i n  configuration and t he  high i n t e r s t i t i a l  ve loc i t i e s  

ex i s t i ng  a t  a given flow i n  t he  c l u s t e r  geometry, t h i s  disagreement i s  

not unreasonable. 

Similarly, f o r  t he  mass - t rans fe r  experiments, it i s  found t h a t  

 or t h e  mass-transfer experiments, t h e  data  .indicate t h a t  t h i s  as-  
sumption i s  not e n t i r e l y  correct .  A more de ta i l ed  discussion i s  t o  be 
found i n  a forthcoming memorandum by H. H. Sogin, "A Unified Correlat ion 
of Mean Heat and Mass Transfer Dis t r ibut ions  i n  Seven-Tube Clusters."  

'OE. R. G. Eckert and R. M. Drake, Jr., Heat and Mass Transfer, 
pp. 173-6, 215-7, McGraw-Hill, New York, 1959. 

llw. C. Reynolds, W. M. Kays, and S. J. Kline, Heat Transfer i n  
t h e  Turbulent Incompressible Boundary Layer, NASA Memoranda 12-1-58W, 
12-2-58W, 12-3-58W, and 12-4-58W (1958). 



i s  an. adequate representation of the data .  This r e s u l t  i s  -31% greater 

than tha t  obtained by Sherwood and Trass7 f o r  sublimation from a f l a t  

p l a t e .  The wide dispersion (+15%) has been included i n  order t o  account 
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Fig. 14.3. Heat Transfer in  Segment'II of Model 3 Apparatus. 

0 
20 2 4  2 8  3 2  36 40 

Table 14.3.  Experimentally Determined Constants f o r  
Eqs. ( 5 )  and (6)  

4 4  

Segment 

x/o( ,  , LENGTH-TO- DIAMETER RATIO 

Heat Transfer Mass Transfer 

I 1 0.0325 0.0184 
I I -21 0.0317 No data 
I11 0 0.0307 0.0180 
IY -22.5 0.0333 0.0180 



f o r  a l l  extremes a t  a l l  c lus te r t  or ienta t ions  i n  t h e  downstream cxuster. 

I f  only t h e  0-deg or ien ta t ion  were considered, t h e  v a r i a b i l i t y  would be 

reduced t o  +6$. 

In  view of t h e  assumptions involved i n  t h i s  analysis  and t h e  manner 

i n  which t he  cor re la t ing  equations were developed ( N  and NSc introduced 
Pr 

i n  funct ional  form and incorporated empirically i n to  t h e  constant) ,  a  

comparison between Eqs. (8) and (9) t o  t e s t  t h e  e f f ic iency  of t h e  mass- 

t r ans f e r  experiments i n  predic t ing heat  t r a n s f e r  i s  not possible.  However, 

t h e  hea t - t rans fe r  cor re la t ion  ( s ince  it i s  independent .of t h e  equivalent 

diameter and the  ligament r a t i o )  should be usefu l  i n  estimating t h e  thermal 

cha rac t e r i s t i c s  f o r  geometries s imi la r  t o  t h a t  of t h e  EGCR c lus te r .  Further 

experimental s tudies  t o  examine t h e  assumptions made a r e  planned. 



15. DEVELOPMENT OF EQUIPMENT AND TEST FACILITIES 

Gas Chromatographic Analysis of Helium a t  Low Pressures 

J .  C .  White A .  S .  Meyer, Jr. J .  E.  A t t r i l l  

Experiments a r e  being conducted with a gas chromatograph f o r  the  pur- 

pose of evaluat ing i t s  usefulness i n  continuously monitoring low-pressure 

(100 mm ~ g )  helium f o r  H2,  02, N2, CH4, Co) and C02. A process gas chroma- 

tograph manufactured by Beckman Instrumen t.s, 1n.c. ( ~ o d e l  320C ) has been 

adapted f o r  these s t ud i e s .  This instrument i s  funct ional ly  s imilar  t o  the 

process chromatographs of Greenbrier Instrument, Inc . which have been 

used f o r  the  ana lys i s  of helium from t e s t  loops and the  helium-purif ication 

t e s t  f a c i l i t y .  The instrument i s  equipped with a l i nea r  sampling valve, 

a dual-colwhn valve,  and a programmer-timer-control u n i t  t h a t  can be used 

t o  ca r ry  out. sampling and column switching operations according t o  a pre- 

s e t  cycle and a l s o  t o  present  the ana ly t i c a l  data  i n  bar-graph form. The 

chromatograph has a thermal conductivity detector  equipped with f i lament 

elements r a the r  than the  30K thermistors used i n  the Greenbrier i n s t ru - .  

ments. The s e n s i t i v i t y  of t h i s  detector  is  lower by a t  l e a s t  an order of 

magnitude. In i n i t i a l  t e s t s ,  the Beckman instrument has been found t o  be 

qu i t e  s t ab l e ,  and it appears t o  be of adequate s e n s i t i v i t y  f o r  appl icat ion 

t o  s tud ies  of the  reac t ions  of s t r u c t u r a l  metals and contaminants i n  helium 

The modifications necessary t o  adapt the  instrument t o  the analysis  

of low-pressure samples a r e  shown schematically i n  Fig. 15.1. The sample 

ven t - l ine  i s  capped off  a t  t he  sampling valve and the  sample i n l e t  i s  con- 

nected t o  the  three-way "vacuum" solenoid. During the  period of the  analy- 

s i s  cycle,  i n  which the  sampling switdh is open, the sample loop is evacu- 

a t ed  through the vacuum solenoid.  When the  sampling 's ignal  i s  received 

from the  programmer con t ro l  u n i t ,  the  vacuum solenoid i s  energized t o  admit 

the  sample a t  the  pressure of the  t e s t  system. After  a few seconds delay, 
\ 

'GCR Quar. Prog. Rep. Sept .  30, 1960, ORNL-3015, pp. 143-5. 

2 G C ~  Quar. Prog. Rep. June 30, 1961, ORNL-3166, pp. 178-80. 
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Fig.  15.1. Beckman Model 320C Process Chromatograph with Modifica- 
t i ons  f o r  Sampling,at  Low Pressures (valves of Sampling System Shown i n  
Evacuation POS it ion) . 

the  sampling solenoid i s  switched t o  i t s  normal posi t ion,  and a f t e r  a 

few seconds more the  sampling valve is re turned t o  the  load pos i t ion  

t o  evacuate the c a r r i e r  gas from the  sample loop during the  remainder 

of the  ana lys i s  cycle .  The pressure i n  the reac t ion  apparatus is  main- 

ta ined by makeup helium t h a t  i s  del ivered through a vacuum-regulator 

valve (Matheson Co. Inc. ,  No. 4 0 ) .  The gas f o r  c a l i b r a t i on  purposes is 



regulated t o  the same pressure a s  the  t e s t  system so t h a t  i den t i ca l  vol- 

umes of sample a r e  taken from each source. 

Delay i n  the  switching of the sampling valve i s  e f fec ted  by the 

simple c i r c u i t  shown i n  F ig .  15.2 .  The s igna l  from the  programmer con- 

t r o l  s ec t i on  immediately energizes the  c o i l  of the vacuum solenoid and 

t he  heater  of the  time-delay r e l ay .  When the  time-delay r e l ay  closes,  t h e  

sampling solenoid is  energized.  When the sampling switch i n  the  control  

s ec t i on  i s  opened, the  vacuum solenoid i s  immediately de-energized, while 

t he  sampling solenoid remains energized during the recovery period of 

t h e  time-delay r e l a y .  Ca r r i e r  gas from the  sample loop therefore  i s  not 

discharged back i n t o  the  reac t ion  apparatus.  

The modified instrument has been assembled and made f r e e  of leaks .  

Excel lent  reso lu t ion  of the  s i x  contaminants has been obtained with a 

s i l i c a - g e l  column ( 3  f t  high and 3/16 i n .  0 .d .  ) and a colii.mn (6 f t  high 

and 3/16 i n .  o. d .  ) packed with type 5A molecular s ieves  using a 45 cm3/min 

flow r a t e  of c a r r i e r  gas and a t  a temperature of 50°C. An analysis  cycle 

can be completed every 15 min. Several  a s  ye t  unexplained dips  i n  the 
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Fig.  15.2.  C i r cu i t  f o r  Delay of Sampling Valve Switching of 
Model 320C Gas Chromatograph. 

Beckman 



base l i n e  have been observed a f t e r  each sampling operation.  Fortunately,  

however, none of these aberra t ions  coincide with the  peak of an e luted 

contaminant. Unt i l  'the f i laments,  which were damaged during ea r ly  t e s t s  

of the  instrument, a r e  replaced, s e n s i t i v i t y  and reproduc ib i l i ty  of t h i s  

chromatograph cannot be estimated prec i se ly .  As an indicat ion of sen- 

s i t i v i t y ,  f o r  5-cm3 samples a t  atmospheric pressure,  f u l l - s ca l e  def lec t ion  

of the recorder i s  obtained f o r  a 10% concentration of hydrogen and fo r  

concentrations of 1% or  l e s s  f o r  the  remaining contaminants. Although 

the  s e n s i t i v i t y  i s  expected t o  vary i n  d i r e c t  proportion t o  the  absolute 

pressure,  comparable s e n s i t i v i t y  f o r  samples a t  reduced pressure should 

be a t t a inab l e  by increasing the  volume bf the  sample loop. 

Measurement of High Temperatures 

W .  T .  Rainey R .  L. Bennett 

Long term d r i f t  t e s t s  have been continued i n  an attempt t o  determine 

the causes o f  t h e  rapid negative emf d r i f t s  noted during exposure of 

Chromel-P vs Alumel sheathed thermocouples t o  graphite-helium atmospheres 

a t  870°C. As reported previously,3 these d r i f t s  were shown t o  be c losely  

associa ted with gaseous products desorbed from graphi te .  

The r e s u l t s  of two s e r i e s  of t e s t s  i n  which sheathed thermocouples 

were exposed t o  pure gases a r e  presented i n  Fig.  15.3.  The Chromel-P vs 

Alumel thermocouples sheathed i n  type 304 s t a i n l e s s  s t e e l  t h a t  were used 

i n  these t e s t s  were fabr icated from the  mater ia l .obta ined previously from 

Vendur A and a l l  were grounded-junction thermocouples. 'They were checked 

by x-ray and dye penetrant  techniques before use.  No defects  were found. 

Exposure t o  carbon monoxide a t  7 ps ig  and. 865°C f o r  137 days has resu l ted  

i n  an average emf d r i f t  of +O. 26 mv ( 6 . 5 " ~ )  . Exposure t o  hydrogen under 

the  same conditions ( i n  the same furnace) has caused an average negative 

d r i f t  of -2.7 mv ( - 6 7 . 5 " ~ )  during 98 days. It should be noted t h a t  the 

thermocouples exposed t o  hydrogen showed the usual  s l i g h t  pos i t ive  emf 
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of exposure before t he  negative 

d r i f t  s t a r t ed .  

Additional d r i f t  t e s t s  have 

been s t a r t e d  under conditions 

s imi la r  t o  those expected i n  t h e  

EGCR. Sheathed (type 304 s t a in -  

l e s s  s t e e l  from Vendor A) thermo- 

couples a r e  being exposed. t o  a 

graphite-helium atmosphere a t  

704" C. A l l  these Llle~-u~ircoilples 

a r e  0.069 in. o. d. and were f ab r i -  

cated with grounded junctions. 

The t e s t s  have been under way f o r  

Fig. 15.3. EMF D r i f t  of Chromel-P ye t  been observed, 
v s  Alumel Sheathed Thermocouples i n  
Hydrogen and Carbon Monoxide a t  865°C. Equipment has been s e t  up 

f o r  a high-pressure d r i f t  t e s t  

t o  s t udy - the  r a t e  of emf d r i f t  under hydrogen pressures of 100 t o  200 

p s ig  a t  870°C. Two groups of thermocouples have been i n s t a l l ed  f o r  t h i s  

t e s t .  A l l  t he  thermocouples have insula ted junctions. The 0.069-in. - 
0.d. sheaths a r e  type 304 o r  347 s t a i n l e s s  s t e e l .  Data have not ye t  been 

obtained. 

Negative .emf d r i f t s  a r e  apparently caused by se lec t ive  oxida.tiun uf 

t he  chromium i n  the  Chromel-P wire. Hydrogen pene1;rsttion of the  sheath 

mate r ia l  a t  e levated temperatures i s  s u f f i c i e n t  t o  s e t  up the marginally 

oxidiz ing conditions necessary f o r  such p re f e r en t i a l  oxidation.  Hydrogen 

pene t ra t ion  of s t a i n l e s s  s t e e l  i s  an accepted phenomenon and does not r e -  

qu i re  defect ive  welds o r  tubing. The di f ferences  i n  r a t e s  of emf d r i f t  

noted f o r  products from d i f f e r en t  vendors a r e  probably due t o  i n t e rna l  

d i f fe rences  r a t h e r  than di f ferences  i n  r a t e s  of penetrat ion of hydrogen. 

So f a r ,  no defec t s  have been found i n  the sheath mater ia l  which could 

cause di f ferences  i n  penetra t ion.  The oxidizing atmospheres s e t  up inside 



the  sheath must be dependent upon the  air and moisture content of the  mag- 

nesia and i t s . d e n s i t y ,  a s  wel l  a s  hydrogen content .  It i s  hoped t h a t  high 

hydrogen pressures w i l l  accelera te  t,he r a t e  of emf d r i f t  so  t h a t  d i f ferences  

i n  thermocouple mater ia ls  may be detected rap id ly .  ' 

In-Pi le  Loops f o r  Testing Ceramic Fuels 

R. B. Korsmeyer 

Two s tudies  have been made of expendable, s e l f  -contained, gas -cooled 

in -p i le  loops f o r  t e s t i n g  fission-product deposit ion from unclad reactor  

fuels .  One loop was designed t o  f i t  i n t o  e i t h e r  t he  ORR-HN-1 beam hole 

or  i n to  t h e  LTTR-HB-2 hole, and t h e  other loop was designed f o r  inse r t ion  

i n t o  an outer experimental hole of t h e  EGCR. * The purpose of t h e  s tudies  

was t o  examine t h e  p o s s i b i l i t i e s  of t h e  g rea te r  experimental f l e x i b i l i t y  

and ease of handling inherent i n  t h e  operation of portable loops compared 

with permanent in -p i le  i n s t a l l a t i ons ,  recognizing, of course, t h a t  t h i s  

approach e n t a i l s  acceptance of more l imi ted objectives.  

The package loop conceived f o r  use i n  t he  LITR o r  t h e  ORR has a 

fission-power capacity of about 5 kw. A schematic diagram of t h i s  loop 

. i s  shown i n  F ig .  15.4.  The design i s  based on f ixed  heat  r e j ec t i on  to. 

the c i r cu l a t i ng  water, with supplemental heat  supplied t o  the gas by the  

preheater f o r  operation below design f i s s i o n  heat  from the  f u e l .  In  t h i s  

way, it i s  possible t o  keep the gas flow and e x i t  temperature from the  

f u e l  a t  design values.  Although intended f o r  operation a t  constant gas 

flow regardless  of f u e l  heat output, the flow may be reduced by reducing 

the  pump speed through a variable-frequency power supply. 

Since the  loop was conceived a s  a device f o r  t e s t i n g  f ission-product 

deposit ion from unclad f u e l  elements, such a s  pebble-bed reac tor  f ue l s ,  

a comparison of i t s  cha rac t e r i s t i c s  with those of the pebble-bed reac tor  

4 ~ .  B. Korsmeyer, An In-Pile Loop f o r  Testing Ceramic Fuels, ORNL 
CF-61-6-67, June 30, 1961. 

5 ~ .  B. Korsmeyer, EGCR Package Loop, ORNL CF-61-8-69, Aug. 23, 1961. 
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Fig. 15.4. Schematic Diagram of Loop. In-Pile Testing of Unclad. 
Fuels. 

CZR-ORR loop No. 2 provides some indicat ion of the  degree t o  which loop 

experiments could be made t o  simulate large  reactor  operations.  

It i s  not c l ea r  a t  the  present time what parameter i s  most use fu l  

f o r  sca l ing  fission-product deposit ion data  from loop t e s t s  t o  the  con- 

d i t i o n s  v i sua l ized  i n  l a rge  power reac tors .  Two parameters which have 

been generally considered a r e  sur face- to - to ta l  power and surface-to- 

volume r a t i o s .  However, heat  t r ans fe r  spec i a l i s t s  indicate  t h a t  another 

parameter, the length-to-equivalent  diameter r a t i o ,  i s  control l ing.  This 

view stems from the  be l ie f  t h a t  t h e  mechanism of fission-product deposi- 

t i o n  i s  r e l a t e d  t o  the  mechanism governing mass t r ans f e r  and heat  t rans-  

f e r  i n  f l u i d  streams. These parameters f o r  the corresponding zones of 

the  pebble-bed reac tor ,  GCR-ORR loop No. 2, and the  package loop a r e  

l i s t e d  i n  Table 15.1, along with descr ipt ions  of the  zones, the  approxi- 

mate gas temperature ranges, and the  percentage of t o t a l  surface i n  each 

case .  It i s  apparent t h a t  the  simulation between the  pebble-bed reac tor  

and the  loops with respec t  t o  surface-to-power o r  surface-to-volume r a t i o s  

i s  not  very good, although the  length-to-diameter r a t i o s  i n  the main heat  

exchangers i n  each case a r e  of the  same order.  

The loop f o r  use i n  the  EGCR i s  shown i n  schematic ou t l ine  i n  Fig.  

15 .5 .  The main heat  sink f o r  the loop i s  furnished by the  helium supply 

f o r  through-tube cooling, which i s  ava i lab le  a t  125°F and 175 lb/hr i n  

the  hor izontal  pipe chase. This helium passes f i r s t  through the  cooler 

i n  countercurrent  exchange with the  loop gas and then en te rs  t h e  regenerator 

i n  p a r a l l e l  but  not mixed with the  pump discharge. The regenerator reduces 



I 
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Table 15.1. Comparison of Loop and Pebble-Bed Reactor Surfaces, Volumes, and Some Length-to-Diameter Ratios 

, 
Pebble-Bed Reactor (800 MW) GCR-ORR Loop No. 2 (76 kw) Package Loop ( 5  kw) 

Zone Surface-to- Surface-to- 
Zone Temperature Zone Description Surf ace Length-to- Zone Description surf  acea Zone @scr ipt ion Volume Power 

Conditions and Temperature Diameter and Temperature 
Ratio, S/V Ratio, SIP Ratio, ( $1 s/vb S/P L / D ~  and Temperature Surface S/V S/P L/D 

(OF) (OF) (OF) 
( $1 

(n-l) ( f t 2 / ~ w )  

1 Hottest, con- Core, 550-1350°F 0.4 0.2 1.0 Fuel chaulber, 0.6 16 0.01 Fuel chamber, 1.0 75 0.06 
t a ins  fuel  1250-1500" F 1200" F 

2 Hot gas, nearly Hot plenum, 0.3 0.2 0.5 <1.0 Hot piping be- 5.3 16 0.09 54 preheaterC hot 0.5 41 0.03 56 
isothermal 1350" F tween fue l  gas return duct, 

14.0 
chamber and -1200" F 

Steam generator 0.3 1.2 0.5 regenerat or, 
stack, 1250°F 1370" F 

3 Gas cooling Steam generator, 68.5 22.0 153.0 850 Regenerator (hot 29.3 434 0.50 220 Regenerator, hot 43.6 520 2.6 420 
side) , 1360- hot gas side, side, 1200-500" F 

1250-550" F 870" F 

Evaporator, 2.9 77 0.05 58 
870400" F' 

4 Cool gas, nearly Vessel shell ,  4.1 2.9 9.2 
isothermal thermal barrier ,  

piping, blowers, 
550" F 

Piping compres- 17.4 19 0.30 216 Compressor, pres- 11.4 15 0.7 
sors, -600°F sure shel l ,  500°F 

Cool graphite 13.2 31.0 29.0 Fi l ter ,  -600°F High High 
shield, 550" F 

5 Gas preheating None Regenerator, 29.3 434 0.50 220 RegeneraLor, cold 43.0 510 2.6 420 
cold gas side, gas side 500- 
620-1230" F 900" F 

6 Intermediate gas None Preheater, 1300" F 11.1 Preheater 0.5 43 0.03 37 70 0.19 
temperature Piping, -1250°F 4.1 19 0.07 39 

900-1200" F 
nearly iso- 
thermal 

%eluding f i l ter . ,  

b ~ a t a  furnished by T. S. Kress. 
C Pressure vessel s h e l l  i n  t h i s  region and i n  the  region of the  fuel  chamber w i l l  probably 

need t o  be insulated from the hot gas suff ic ient ly  t o  assure a maximum metal tenrperature no 
higher than about 1100°F; otherwise t h i s  passage of the  preheater would be classed i n  zone 3. 
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Fig. 15.5. Schematic Diagram of EGCR Packace Loop. 

t h e  temperature of t h e  hot  gas, enter ing a t  a maximum of 1150°F, by simul- 

taneous regenerative heat  exchange with t h e  pump discharge.and heat  r e -  

j ec t ion  t o  t h e  helium coolant. The loop gas (purrip dischal-g& stream) leaves 

t h e  regenerator surrounded by t h e  helium coolant i n  concentric ducts. 

The concentric streams a r e  ducted through t h e  hot plenum and down in to  

t h e  core t o  t h e  loop f u e l  chamber i n l e t  where t h e  cooling helium stream i s  

discharged d i r e c t l y  i n t o  t h e  reactor.  Thus t h e  cooling stream holds t h e  

temperature r i s e  of t h e  loop t o  a minimum during passage t o  t h e  f u e l  chamber 

i n l e t .  The loop gas pa.sses upward through t he  f u e l  and leaves. t h e  f u e l  

chamber through a bare pipe i n  order t o  cool down t o  t h e  reactor  hot gas 

tern.perH'I;'t~:re before enter ing t h e  regenerator. 
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16. TEST FACILITIES DESIGN AND CONSTRUCTION 

GCR-ORR Loop No. 2 

J. Zasler 

Design and Construction (P. A. Gnadt, W. R.  Huntley, S. Kress, E. E. wade) 

Construction of the ORR f a c i l i t y  has been essent ia l ly  completed. A l l  

components have been s e t  and the main piping between them has been welded 

i n  place. The main components and piping, except f o r  the compressors and 

heater, are  shown i n  Fig. 16.1. The side-stream cleanup system, except 

f o r  some special  valves not yet  received, and the flange buffer gas system 

are complete and ready fo r  checkout. 

The full-flow mainstream f i l t e r  has been pretested, assembled i n  i ts 

shield, and instal led a t  the ORR. Pretesting consisted of thermal cycling 

three times t o  700°F. After this t e s t  the first u n i t  and a spare tested 

99.885 and 99.938 e f f i c i en t  on 0.3-p smoke par t ic les .  

The c e l l  ventilation and associated offgas piping have been instal led 

i n  the basement. The offgas piping f o r  main loop gas dump and pressure 

r e l i e f  has been instal led.  The cell-cooling and fission-gas-trap refr ig-  

erat ion uni t s  have been instal led and are  ready f o r  checkout. 

The c e l l  viewing window and the control s ta t ions  f o r  remotely operated 

c e l l  maintenance equipment have been instal led.  The shielding door f o r  

the experimental assembly removal hole has been ins ta l led  ( ~ i g  . 16.2) . 
The main e l ec t r i c  control panels have been s e t  i n  the basement of 

the ORR Building. Shop work on the auxil iary e l e c t r i c a l  and the pneumatic 

control panels is continuing. The e l e c t r i c a l  and instrument penetrations 

have been instal led and are ready f o r  the c e l l  leakage r a t e  t e s t .  The 

primary e l e c t r i c a l  supplies and switchgear have been instal led.  The motor- 

generators and associated speed-control equipment f o r  the compressors have 

been ins ta l led  and checked out. Cable runs between the power supplies, 

main control panels, and the c e l l  penetrations are  now being instal led.  

Piping f o r  the beam hole and experimental assembly cooling water is 

approximately 308 complete. The remaining portion of t h i s  water system 



Fig.  6.1. &kin Copor-ents t:f X R - X E  Loop No. 2 F a c i l i t y  as Viewed Through C e l l  Kincow. 



Fig. 16.2. View of GCR-ORR Loop No. 2 Faci l i ty  Showing Shielding Door 
f o r  Removal of Experimental Assemblies and Viewing Window. 

w i l l  be ins ta l led  during the reactor shutdown scheduled f o r  October. 

A l l  main piping f o r  the on-rack water systems and the supplies has been 

instal led . 
Detailing was completed on the 24-in. shielding plug, and the uni t  

is  now being fabricated. Work has continued on the 35-ton experimental 

assembly and pressure piping car r ie r .  !The ca r r i e r  dol l ies  have been f in -  

ished. The t ransfer  table,  which provides f o r  withdrawal of the t e s t  

plugs across the c e l l ,  is  a lso  nearing completion. The inner s e a l  door 

of the test-plug removal sleeve is complete. Three ion-chamber shields 

were fabricated and lead f i l l e d  and work was s tar ted  on two more. 

The OW-designed compressors with grease-lubricated bearings, which 

are t o  be used i n i t i a l l y  i n  the loop, have been delivered and ins ta l led  

a t  the ORR. 



Performance t e s t s  of the prototype 1 1/2-in. sched-80 pipe cut t ing 

and sea l ing  die  were completed. A pipe cut  made with the die i s  shown 

i n  Fig. 16.3. Helium leakage r a t e s  of the severed ends of the pipe of 

the  order of 10'~ t o  10 cm3 (STP)/S~C were obtained. During test ing,  

the forming blocks shif ted,  and it is  believed tha t  a more consistent 

and, on the average, lower leakage r a t e  i s  obtainable with fixed blocks. 

Adherence of the pipe metal t o  the knife did not increase a f t e r  the f i r s t  

three cuts  and is not a problem. One d ie  f o r  use on the loop is  on hand 

and the other was returned t o  the vendor f o r  correction. 

Preliminary t e s t s  un conneclors f o r  the thermocouple leads which 

go i n  the f u e l  tube show t h a t  they w i l l  withstand 720 p s i  without f a i lu re  

UNCLASSlrlCD 
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Fig. 16.3. Cuts and Seals Made i n  1 1/2-in. Sched. -80 Ty-pe 347 Stain- 
l e s s  S tee l  Pipe with Prototype Die. 



or leakage. The connector t e s t ed  had a carbon s t e e l  f lange.  Tests a r e  

t o  be made on connectors with s t a i n l e s s  s t e e l  f langes .  

A s l i p  jo in t  i s  required i n  the  18- in .  pressure piping plug t o  allow 

inser t ion  and removal of the  t e s t  specimens. This j o in t  i s  approximately 

4 i n .  i n  diameter and 8 i n .  i n  length, and it must operate a t  temperatures 

up t o  1500°F. The female member i s  fabr ica ted  from Haynes 25 a l l oy  and 

the  male i s  type 347 s t a i n l e s s  s t e e l  flame-spray-coated with aluminum 

oxide. The s l i p  j o in t  has been t e s t ed  by thermally cycling it 10 times 

between 80°F and 1550°F. The inner p a r t  was moved longi tudinal ly  during 

the  cycling.  The r e s u l t s  indicate  t h a t  the  jo in t  w i l l  be s a t i s f ac to ry  

i n  the loop. Dimensional s t a b i l i t y  was good. X-ray, dye check, and 

shuw no cracks. There w a s  no abrasion or  self-welding of 

the  mater ia ls  . 
Detai l ing of the  18-in. pressure piping plug i s  now complete. A 

number of design changes have recen t ly  been made t o  provide f o r  be t t e r  

gamma-heat removal i n  the forward port ions of the  plug. 

Designs were completed of loop a u x i l i a r i e s  such as the  sampling 

system, water-cooling systems, and pressure-transmitter  racks.  Design 

work i s  i n  progress on . the  equipment t o  be used a t  the  segmenting c e l l  

f o r  sectioning both the 4-in.-diam f u e l  tube and the pressure-piping . 

plug a f t e r  i r r ad i a t i on .  

An analysis  was made 'to de-tennine the  pressure-re l ief  capacity of 

the  annulus between the  24-in. plug and the  t e s t  plug. It was concluded 

t h a t  the  capacity i s  su f f i c i en t  t o  r e l i eve  the  t e s t  region i n  the  event 

of a rupture of the main loop pressure s h e l l .  

The side-stream cooler was eliminated because it was determined t h a t  

adequate cooling was obtained by rad ia t ion  and natural-convection heat  

t rans fe r  from the  length of tubing leading from the  rack t o  the  f i r s t  

side-stream component. 

The 7090 code (TOSS) has been successful ly  revised and extended 

so t h a t  mult iple modes of heat  t r ans f e r  (e .g .  r ad ia t ion ,  convection, and 

conduction) from a s ingle  surfa,ce can be considered. This w i l l  be made 

avai lable  khrough the  SHARE organization a f t e r  a f in i shed  repor t  i s  wr i t t en .  

This code has been used extensively i n  several  s tudies  'for loop No. 2: 



The a x i a l  " in -p i le"  loca t ion  on the pressure s h e l l  a t  which ex t e r i o r  in-  

s u l a t i o n  may begin was determined with the  extended code; a l s o  determined 

were temperatures and pressures ex i s t i ng  i n  the t r ans f e r  cask during t rans -  

f e r  of a f u e l  element, temperature d i s t r i bu t i ons  i n  the concrete behind 

t he  thermal sh i e ld  fo r . two  values of gamma heat, t en t a t i ve  r e s u l t s  f o r  

t he  hazardous condit ion of l o s s  of loop coolant and no subsequent ORR 

ac t ion ,  and r e s u l t s  f o r  the  s imi la r  condit ion of l o s s  of loop coolant 

accompanied by a scram of t he  O R . .  The l a t t e r  condit ion was a l s o  simulated 

on the  analog com]?uter, and the  r e s u l t s  w i l l  be compared with the 7090 data .  

New input da t a  were compiled f o r  analog computer s imula t lun  1-lf  I.,lle 

loop i n  i t s  more advanced s tages  of design. Results were obtained but 

have not y e t  been evaluated.  

~ i l ~ e r  Tests ( R .  E. h c ~ h e r s o n )  

Tests have been conducted on both Flanders Airpure and Cambridge 

Absolute f i l t e r s  f o r  use a s  fu l l - f low primary coolant f i l t e r s .  Efficiency 

t e s t s  were conducted on the  f i l t e r s  i n  the "as received" condition, a f t e r  

"canning," and a f t e r  thermal cycling of the  canned u n i t s .  Also, a i r  pres-  

sure  drop t e s t s  were performed on the canned f i l t e r s  over a flow range of 

150 t o  530 lb/hr . 
Resull. ,~ of t he  t e s t s  on the  Flanders Airpure f i l t e r s  were reported 

previously.1 Results  of t e s t s  on the  Cambridge Absolute f i l t e r s  a r e  given 

i n  Table 16.1.  Although the  three  f i l t e r s  d id  not meet the  design c r i t e r -  

ion of 99.97% ef f ic iency  f o r  removal of 0.3-p pa r t i c l e s ,  they a r e  considercd 

t o  be s a t i s f ac to ry  f o r  the  intended appl icat ion.  The eff ic iency of the  

f i l t e r s  was not impaired during thermal cycling.  In f a c t ,  post-thermnl 

cycl ing e f f ic iency  t e s t s  showed a s l i g h t l y  higher eff ic iency than t h a t  

of the  "as received" f i l t e r s .  It was a l s o  demonstrated t h a t  some vola- 

t i l e  mate r ia l  would be given off  f o r  a l imi ted time when the f i l t e r  w a s  

i n i t i a l l y  heated. A curve of f i l t e r  pressure drop versus gas flow r a t e  

f o r  u n i t  No. 1 is  shown i n  F ig .  16.4. 

'GCR Quar . Prog. Rep. March 31, 1961, ORNL-3102, p. 268. 
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Fig .  16.4. Pressure Drop Versus Flow Rate Across F i l t e r  Unit No. 1. 

Table 16.1. Results  of Efficiency Tes,ts 
of Cambridge A'bsolute F i l t e r s  

Condition 
D. 0. P. F i l t e r  

~ f f  iciencya 

As received 

A s  received 

As received 

Canned (before 
thermal cycling) 

Canned (before 
thermal cycl ing) 

Canned ( a f t e r  
thermal cycl ing) 

Canned ( a f t e r  
thesi~ml cycl ing) 

Canned ( a f t e r  
"bake out" a t  
705°F) 

a Dioctylphthalate, 0.3-p p a r t i c l e  s i z e  

Modification of GCR-ORR Loop No. 1 

J. K .  Franzreb 

A l l  equipment and instrumentation i n s t a l l ed  i n  the  newly reconstructed 

loop has performed a s  designed. The loop has been used t o  i r r a d i a t e  



pressure  ve s se l  s t e e l  weld samples f o r  two seven-week cycles .  The rr~axiaium 

specimen teynperature has been held a t  555°F and the  temperature spread 

from top  t o  bottom of the  specimen column has been only 50 t o  60°F. 

The add i t i ona l  instrumentation necessary f o r  f u e l  capsule t e s t s  i n  

t he  r e b u i l t  loop i s  near ly  complete. The secondary containment around 

t he  c3mpressor piping has been completed, and a s a t i s f ac to ry  helium leakage 

' r a t e  has been obtained. Shielding of the  secondary containment around 

t he  surge tank and duct  is  a l s o  complete. The design repor t  and the  safe- 

g u a r d ~  questionnaire were completed, and the loop design was accepted by 

the  CIRJL R~; l . c t , n r  Ex~e r imen ta l  Keview CommI'tcLett . 

Compressor Development 

W .  F. Boudreau 

Regenerative Compressors with Grease-Lubricated Bearings 

Compressors f o r  GCR-ORR Loops. ( I .  K .  ~amba)  An evaluation of the 

condi t ion of the bearings t h a t  were removed from the  two compressors which 

had operated2 f o r  3300 hr i n  GCR-ORR loop No. 1 w a s  received from the 

manufacturer ( ~ a r d e n  Corp.) .  The r epo r t  indicated t h a t  the  bearings 

could have operated f o r  some addi t iona l  period of time i n  a s a t i s f ac to ry  

manner, without r e lub r i ca t i on .  The conipressors "now i n s t a l l e d  i n  .this. 

loop have accumulated about.2300 hr of running time a t  helium conditions 

of 275 p s ig  and 550°F, and it i s  planned t o  continue operating them f o r  

a f u r t h e r  period of a t  l e a s t  1200 hr bcfore removing them f o r  inspection.  

Two regenerative compressors a r e  being i n s t a l l ed  i n  GCR-ORR loop 

No. 2, and the components f o r  a t h i r d  u n i t  a r e  being procured. The roh1;-  

ing assemblies f o r  these  compressors a r e  i den t i ca l  t o  those being used 

f o r  GCR-ORR loop No. 1, except t h a t  two-pole motors a r e  being used i n  the  

new u n i t s  t o  match the  output of the  present ly  i n s t a l l ed  motor-generator 

s e t s .  Two of these  compressors w i l l  be operated i n  p a r a l l e l  t o  provide 

about 80% of the  o r i g i n a l  design mass flow f o r  loop No. 2. Each of these 

*GCR Quar. Frog. Rep. June 30, 1961, ORNL-3166, p. 214. 



compressors i s  i n s t a l l ed  i n  i t s  own individual  pressure vesse1, to  conform 

t o  the loop operating and maintenance c r i t e r i a .  

Coii~pressor f o r  Control Rod Drive Test F a c i l i t y .  ( H .  C .  young) A 

small regenerative compressor i s  being fabr icated t o  ORIK drawings, and 

a loop has been designed f o r  t e s t i n g  it. 

Com~ressors with Gas Bearinns 

Br i s t o l  Siddcley Experimental Compressor. (D. L. ~ r a ~ )  Based on 

temperature measurements i n  t h e  c r i t i c a l  area of t h e  compressor housing 

between t he  volute and t he  cooling w a t e r  jacket, it was decided t o  accept 

t he  experimental compressor from Br i s to l  Siddeley with t h e  maximum operat- 

ing temperature a t  t he  normal design pressure of 406 ps ia  l imi ted  t o  356OF. 

The i n s t a l l ed  thermocouples, speed detector,  and sha f t  touch indicators  

were l e f t  in tac t .  The compressor was received on July  31, and f i n a l  e l e c - .  
I 

t r i c a l  and instrument work a r e  under way on t h e  loop f o r  t e s t i n g  it. 

Continental Bearing Research Corporation Experimental Compressor. 

(D. L.  ray) A gas-lubricated bearing system designed and fabr icated by 
. . 

t he  Continental Bearing Research Corporation was t es ted .  The ro t a t i ng  

u n i t  was accelera ted t o  approximately 18 000 rpm before the e l e c t r i c a l  
C 

t 

supply was temporarily l o s t .  During the  4 t o  5 min required t o  r e s to r e  

the  power supply, the  u n i t  decelerated smoothly t o  approximately 6000 t o  

8000 rim. When thc power supply was res tored,  the  u n i t  accelera ted t o  

24 000 rpm and then stopped abrupt ly .  Inspection revealed t h a t  the  bronze 

end r ings  of the  motor ro to r  (supplied by ORNL) had ruptured and rubbed 

against  the s t a t o r .  

Since the  bearings appeared t o  have operated successfully,  plans a r e  

being made t o  rebui ld  the t e s t  un i t ,  e i t h e r  with a s imi la r  r o to r  furnished 

by ORNL o r  with a new motor procured from a vendor t o  be se lected by the  

compressor f ab r i ca to r .  The r e b u i l t  u n i t  w i l l  be t e s t ed  i n  Oak Ridge, where 

a variabl  e - f seq~~ency  power supply 1s avai lable  f o r  t e s t i n g  a t  lower speeds. 

Compressors f o r  GCR-ORR Loop No. 2 .  ( H .  C .  Young) B r i s t o l  Siddeley 

has revised the dclivcx-y Aa Le Lor the f i r s t  two cornpressors from July  31  

t o  October 15, 1961. One compressor was operated a t  f u l l  speed, pressure, 



and temperature f o r  a sho r t  period; however, bearing touching terminated 

t he  t e s t .  Modifications t o  the  cooling system t o  reduce thermal s t r e s se s  

have r e su l t ed  i n  excessive operating temperatures a t  the  f r o n t  bearing, 

and a number of modifications t o  provide greater  i n t e rna l  cooling a r e  

i n  progress .  

Thermocouple readings i n  the a rea  of the  f lange and motor b a r r e l  

junction ind ica te  t h a t ,  even with an e l e c t r i c  heater ,  the t o t a l  maximum 

s t r e s s  exceeds t he  allowable s t r e s s .  The heater  i s  t o  be re located c loser  

t o  the  f lange underciit i n  an e f f o r t  t o  reduce the  te~rlperature gradient .  

Development of Shaf t  Seals 

W .  F. Boudreau W .  K .  S t a i r  

Subcontract .arrangements haw been rllude f o r  the  Sleve10pmen.t~ of bas ic  

information on the  destgn and operation of sha f t  s ea l s .  The mechanical 

Engineering Department of the  University of Tennessee w i l l  undertake a 

study t h a t  w i l l  include: 

1. a c r i t i c a l  screening survey of known devices f o r  g8.s dynamic seal ing,  

2 .  de t a i l ed  t h e o r e t i c a l  analyses of those devices which hold the  g rea tes t  

promise of p r a c t i c a l  u t i l i z a t i o n ,  

3. ( iesign and fabr icat ion of a reduced-scale s e a l  t e s t i n g  f a c i l i t y ,  

4 .  a t e s t  program f o r  the experimental evaluatj-on of -[;he parametc r~  

developed under item 2. 



17 . FABRICATION STUDIES 

J. H. Coobs 

Fabrication of Unfueled Be0 

R .  L. Hamner 

High-purity specimens of unfueled l3GO a r e  being prepared f o r  i r r ad i a -  

t i o n  experiments designed t o  evaluate Be0 a s  a moderator mate r ia l  f o r  r e -  

ac to rs  i n  which high fast-neutron doses would be accumulated. A t o t a l  of 

115 cy l i nd r i ca l  Be0 specimens, 0.800 f 0.002 i n .  i n  diameter and 

0.500 f 0.002 i n .  long, were prepared f o r  i r r ad i a t i on  experiment ORNL-41-7 

i n  the ETR (see chapter 12, t h i s  r e p o r t ) .  These speciniens were fabr ica ted  

t o  the  cpe,cif ied  d i r~~e~ls ions  by cold pressing and s in t e r i ng  i n  hydrogen a t  

1750°C. The bulk dens i t i e s  obtained were 2.90 2 0 .01  g/cm3, or  approxi- 

mately 96% of Additional Be0 specimens of the  same dimensions . . .  

and with a bulk densi ty  of 2.80 f 0.03 g/cm3 were machined from hot-pressed 

blocks f o r  use i n  t h i s  experiment. The conditions i n  the proposed i r r ad i a -  

t i o n  experiment w i l l  be s imilar  t o  those obtained i n  a p r i o r  (ORNL-41-5) 

t e s t  i n  which low-density, 0 .8 - in . -d im specimens cracked and powdered a t  

a fast-neutron dose of greater  than 1021 neutrons/cm2 (>1 ~ e v ) .  

In preliminary developmedt work it was observed again1 t h a t  the bulk 

densi ty  of BcO bodies was a f fec ted  markedly when the  heating r a t e  t o  the 

s i n t e r i ng  temperature was var ied.  S t a r t i ng  with the same green density,  

the  f i n a l  bulk densi ty  obtained was decreased from 96 t o  64% of t heo re t i c a l  

when the time t o  reach the s i n t e r i ng  temperature was increased from 2 t o  

24 hr. It i s  noted t h a t  these r e s u l t s  a r e  d i r e c t l y  opposite t o  those r e -  

ported by Lively e t  a12 based on s in t e r i ng  s tud ies  of Be0 conducted i n  an 

a i r  atmosphere. This anomaly i s  not understood, but  it might be caused 

by prolonged exgoswre of the 5e0 t o  t r a ce  amounts of moisture i n  the  hydro- 

gen atmosphere during s i n t e r  ing . 

'GCR Quar . Prog. Rep. June 30, 1961, ORNL-3166, pp. 83--84. 

'D. T. Livey, N.  Bret t ,  I. Denton,, and P. Murray, Factors Affecting 
the  Density of Sintered and Hot Pressed Bery l l i a ,  Progr. i n  Nuclear Energy 
Tech., Engr., and Safety,  ~ ( I v ) :  111-34 (1960). 



The preparat ion of small,  cy l indr ica l ,  0 .25- in . -dim,  0.25-in.-long 

Be0 specimens of four  d i f f e r e n t  types f o r  i r r ad i a t i on  experiment ORNL-41-8 

w a s  begun, based on the  spec i f ica t ions  and fabr ica t ion  developments pre- 

v iously  reported.  l This experimental assembly i s  designed f o r  studying 

t he  e f f e c t s  of dens i ty ,  g ra in  s i ze ,  and temperature on Be0 bodies i r rad ia ted  

a t  high fas t -neutron doses. The 120 specimens designed t o  meet the  low- 

dens i ty  large-grain-s ize  spec i f ica t ions  were cold pressed and s in te red  i n  

hydrogen a t  1750°C t o  a dimension approximately 0.003 i n .  oversize and t o  

a bulk densi ty  of approximately 2.6 g/cm3. It i s  calcula ted , t h a t  with the 

~xt,end.ed heat  treatment required t o  1ncrea.se the grain s i ze  the  specimens 

w i l l  shrink t o  meet the  dimensional spec i f i ca t ion  and t h a t  the bulk density 

w i l l  be increased t o  approxima.l;ely 2.'/ g / l ~ m 3 .  Arl addilic:llln,l.. 118 apooimens 

f o r  t h i s  s e r i e s  t h a t  were designed t o  meet the  high-density f ine-grain-s ize  

spec i f i c a t i on  were s in te red  undeY the  same conditions t o '  a bulk densi ty  

of 2.90 f 0.01 g/cm3 and a r e  now being. characterized.  

Fabr icat ion s tud ies  were i n i t i a t e d  on the  preparation of l a rge r  Be0 

specimens of the  same type with dens i t i e s  of 2.7 and 2.9 g/cm3 and two 

s ign i f i c an t l y  d i f f e r e n t  glnaln s i ze s  f o r  each densi ty .  These specimens,, 

nominally 0 .5  . in.  i n  diameter and 0.5 i n .  long, a r e  t o  be included i n  

experimental assembly ORNL-41-8 t o  evaluate the add i t iona l  var iable  of 

thermal s t r e s s .  

Compatibility of Selected Ceramics and Metals 

J .  M. Kerr 

Nine d i f f e r e n t  combinations of ceramics and metals were heated -t;o 1400°C 

i n  flowing argon f o r  a minimw~l .I;dne of 100 h r .  The cornbin;l.t,ions were 

A1203-Re, BeO-Re, MgO-Mo, Tho2-Re, U02-Re, Zr02-Mo, pyrolyt ic  graphite-Mo, 

. py ro ly t i c  graphite-Ta, and U02-Ta. The f i r s t  s i x  couples of the above l i s t  

were heated f o r  100 hr, the pyrolyt ic  graphite-Mo and pyrolyt ic  graphite-Ta 

3 ~ .  A .  Aitken, I n i t i a l  S in te r ing  Kinetics of Beryllium Oxide, J. Am. 
Ceram. Soc., 43: 630 ( ~ e c .  1960). 



couples were heated fo r  345 hr, and the U02-Ta couple w a s  heated for  772 

hr. Metallographic examination revealed reaction only between %0-b and 

pyrolytic graphite-Mo. No reaction was observed between any of the other 

ceramic-metal combinations. A duplicate run of the pyrolytic graphite-Ta 

couple w i l l  be made. 

Fig. 17.1. OCR-ClRR h o p  No. 2 Sl ip-Jobt  %lest Ae~embly. The nozzle 
"T" section is on the right and the aluminum oxide-coated inner tube is 
shown an the l e f t .  



GCR-ORR Loor, No. 2 Fabrication Assistance 

E . A. Franco-Ferreira 

A nozzle s l ip - jo in t  t e s t  assembly f o r  ORR loop No. 2 use has been 

fabricated.  The two sections of t h i s  un i t  a re  shown i n  Fig. 1 '7 .1 .  On 

the r i g h t  is  shown the nozzle T section and on the l e f t  i s  the A1203- 

coated, s t a in l e s s  s t e e l  inner tube. The lower portion of the T section 

i s  made of Haynes 25 alloy; two dissimilar-metal welds were required be- 

tween the Haynes 25 a l loy  and the s ta in less  s t e e l .  

A l l  welds were inspected and the c r i t i c a l  dimensions or ttkle p ~ l r t ~  

have been measured. The t e s t  assembly is presently being thermally cycled 

through ten  cycles from room temperature t o  1550°F i n  a helium atmosphere. 

While the assembAy i s  a t  temperature, the inner tube i s  moved t o  determine 

whether self-welding or ga l l ing  occGs. After the cycling t e s t s  a re  com- 

pleted, the pa r t s  w i l l  be measured t o  check dimensional s t ab i l i t y ,  and a l l  

welds w i l l  be inspected again. If the uni t  successfully passes the ex- 

amination, the T section w i l l  be ins ta l led  i n  the ORR loop No. 2 f a c i l i t y .  
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