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NOTICE 

T h i s  document con ta ins  in fo rmat ion  o f  a  p re l im inary  na ture  and was prepared 
p r i m a r i l y  for i n te rna l  use  a t  the Oak R idge  N a t i o n a l  Laboratory .  It i s  s u b j e c t  
t o  r e v i s i o n  or cor rec t ion  and therefore does n o t  represent  a f i n a l  report. The 
in fo rmat ion  i s  n o t  t o  be abstracted, repr in ted  or o the rw ise  g i v e n  p u b l i c  d i s -  
seminat ion w i thou t  the approva l  of the ORNL pa ten t  branch, L e g a l  and In fo r -  
mot ion Cont ro l  Department.  
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LEGAL NOTICE 

T h i s  repor t  was  prepared as an account  o f  Government sponsored work. 

nor the Commiss ion,  nor any person ac t i ng  on beha l f  o f  t he  Commiss ion:  

A. Makes any warranty  or representat ion.  expressed or impl ied,  w i t h  respec t  t o  the  accuracy,  

completeness,  or usefu lness of  t he  in format ion con ta ined  in t h i s  report,  or t ha t  t h e  use  of 
any in format ion,  apparatus, method, or process d i sc losed  i n  t h i s  repor t  may n o t  i n f r i nge  

p r i va te l y  owned r ights ;  or 

9. Assumes any l i a b i l i t i e s  w i t h  respect  t o  t h e  u s e  of, or for damages r e s u l t i n g  f rom the  use  of 
any in format ion,  apparatus, method, or process d i sc losed  i n  t h i s  repor t .  

Ne i the r  the  Un i ted  States, 

A s  used in the  above, “person ac t i ng  on beha l f  o f  t he  C o m m i s s i o n ”  i nc ludes  any employee or  

cont ractor  of the  Commission, or employee o f  s u c h  contractor ,  t o  the  ex ten t  t ha t  s u c h  employee 

or cont ractor  o f  t he  Commission, or employee o f  s u c h  contractor  prepares, d isseminates,  or 

prov ides a c c e s s  to, any in format ion pursuont  t o  h i s  employment  or con t rac t  w i t h  the  Commiss ion,  

or h i s  employment  w i t h  such contractor. 
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Kenneth D .  George* 

ABSTRACT 

Those cha rac t e r i s t i c s  of the OZR, LITR, and GGR t h a t  experimenters 

have found t o  be imyortant are l i s t e d .  

ducted among experimenters on the  u t i l i t y  of the  reac tors  for various 

types of eqe r imen t s  a r e  discussed, and some changes which might be made 

t o  improve the u t i l i z a t i o n  a r e  l i s t e d .  

of most of t he  experiments cur ren t ly  being performed i s  given i n  an 

Appendix. 

The resElts cf a survey con- 

P. b r i e f  out l ine,  with rePerences, 

Wn loan from U .' S . Army Ordnance Gorp.;, Picatinny Arsenal, Dover, N , J. 

f 
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INTRODUCTION 

A t  the  Oak Ridge National Laboratory (ORNL) three general-purpose 

research reactors  are current ly  being operated, by the  Operations 

Division, on a continuous 24-hours-per-day basis i n  order t o  provide 

i r r ad ia t ion  services  fo r  experimenters. These reac tors  are the  Oak Ridge 

Research Reactor (ORR), the Low In t ens i ty  Testing Reactor (LITR), and the 

Oak Ridge Graphite Reactor (OGR) . 
pas t  four years, the LITR f o r  eleven years, and the OGR f o r  about nineteen 

years.  

The ORR has been i n  operation for the 

It was felt  tha t ,  i n  view of  t h i s  unique s i tua t ion ,  a survey of 

experiments m i g h t  reveal  the fac tors  that  led t o  the choice of the  reactor  

most favorable f o r  each experiment. It i s  rea l ized  that  fac tors  o t ' n e ~ ~  

than purely technica l  ones may be overriding i n  the choice of the reactor  

f o r  some experiments. For example, re locat ion of expensive bu i l t - i n  

equipment may be uneconomical, space i n  one of the newer reactors  may not I 

be avai lable  f o r  a l loca t ion  t o  a pa r t i cu la r  experiment, and budget l i m i -  

t a t i o n s  f o r  pa r t i cu la r  experiments may not permit the  use ol" more cos t ly  

i r r ad ia t ion  f a c i l i t i e s .  

experimenters using the reactors  an6 gives b r i e f  descr ipt ions of most of 

the experiments current ly  being performed. Information on a f e w  exper- 

A 

T h i s  paper presents the r e s u l t s  of a survey of  

iments t h a t  are no longer being performed i s  a l s o  included. References 

t o  publications giving de ta i led  descr ipt ions and the  r e s u l t s  of the exper- 

iments are included where ava i lab le .  

many of t he  experiments now i n  the  ORR, i n i t i a l  exploratory work was 

performed i n  the OGR and/or t he  LITR. 

It should be pointed out t h a t  f o r  
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DESCRIPTIONS OF THE REACTORS 

Oak Ridge Research Reactor 

This reac tor  uses MTR-type, enriched-uranium f u e l  elements and bery l -  

lium r e f l e c t o r  pieces i n  a 7-element x 9-element rectangular  l a t t i c e  with 

moderation and cooling provided by forced c i rcu la t ion  of demineralized 

water.' The reac tor  tank i s  submerged i n  a water-filled pool having walls 

and bottom of barytes concrete which serves as a b io logica l  sh i e ld  as w e l l  

as the  pool container.  

reac tor  (Fig.  1). The reac tor  i s  housed i n  a bui lding about 100 f t  x 

108 f t  i n  a rea  with four  f loors ,  including a basement. 

6 f t  wide extends around the outs ide of the  pool s t ruc tu re  a t  an e leva t ion  

roughly midway between the  first- and second-floor e levat ions (F ig .  2 ) .  

Control-rod dr ives  are operated from below the 

A reac tor  balcony 

The main reactor  cha rac t e r i s t i c s  of  importance t o  experimenters are 

as follows: 

1. Operating power: 30 Mw 

2. Thermal-neutron f lux:  1.6 x 10 n/cm -sec (average); 14 2 

5 x 1014 n/cmZ-sec (maximum). 

3. Neutron f l u x  d i s t r ibu t ion :  see Ref. 2. 

4. Gama heating: 3-10 w a t t / g m  depending on material and l a t t i c e  

pos i t ion .  

5 .  Coolant temperature: reac tor  cooling-water i n l e t  temperature-- 

120°F. 

6. Coolant pressures:  about 11 ps ig  below core; 36 ps ig  above core 

( f u l l  flow). 

7. Operating cycle: 8 weeks, comprising 7 weeks a t  f u l l  power and 

1 week of  shutdown f o r  maintenance, experiment changes, and 

refuel ing.  
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Fig. 2 .  E a s t  End of ORR Showing Beam-Hole Shields and Reactor Balcony. 
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8, Refueling cycle: about 12 days; within each operating cycle 

there  are three short  ( -3  day) shutdowns f o r  refueling. 

9 .  Operating time: about 8%. 

10. Unscheduled shutdown frequency: average of about four per month. 

11. Operating costs:  $80,000 per month (includes labor, overhead, 

materials, f u e l  fabr ica t ion  cost; bu t  no U235 cost, reprocessing 

cost, nor depreciat ion) .  

The i r r ad ia t ion  f a c i l i t i e s 3  avai lable  a t  t he  reactor  f o r  the  pe r fom-  

ance of experiments are: 

Lat t ice  Posit ions 

These provide the highest  neutron fluxes (up t o  5 x 1014 n/cm2-sec) 

avai lable  i n  the  reactor .  

top, but  the  reactor  can be refueled without dis turbing experiments (Fig.3) .  

Access i s  through flanges i n  the  reactor  tank 

A typ ica l ,  bu t  not current,  a l l oca t ion  of l a t t i c e  posi t ions and access 

flanges t o  experiments i s  shown i n  Fig.  4. 

t i f i e d  by a combination of a l e t t e r  (A  through G )  and a numeral (1 

through 9).  

. 
Lat t ice  posi t ions are iden- 

Horizontal Beam Holes 

S i x  beam holes, each 6 in .  i n  diameter, are provided. The beam can 

be shut o f f  by flooding the  6.4-ft-long coll imator sec t ian  of the  hole 

w i t h  water and ro t a t ing  a 2-f t - thick s tee l  shu t t e r  (Fig.  30) .  

Engineering-Test F a c i l i t i e s  

These two la rge  f a c i l i t i e s  (Fig.  5 ) ,  located on the north and the 

south s ides  of t he  reactor,  each have 19 x 25 i n .  obround access holes 

t o  the  s ide  of t he  l a t t i c e  and are closed with 5$-ft-diam. shielding 

plugs.  These plugs may be penetrated w i t h  severa l  smaller holes fo r  

. 
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V-10 TO B-1 

V - t l  TO A- l  AND A-2 

V-9 TO C-l 
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Fig.  3 .  ORR Ver t ica l  Experiments. 



POOL FACILITY 

UNCLASSIFIED 
ORNL-LR-DWG 4 9 8 3 9  

-in. ID  

( 6 )  

NOTE. 0 
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IN TOP COVER OF REACTOR VESSEL SCALE (INCHES) 

Fig. 4.  ORNL Research Reactor La t t i ce  Pa t t e rn  and Experiment Locations. 



9 

REACTOR 

BALCONY 

Fig. 

U N C L A S S I F I E D  
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TEST FACIL ITY PLUG 

5.  ORR Engineering Test and Poolside Irradiation Facilities. 
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experiments t h a t  individual ly  do not require  the use of the  e n t i r e  hole.  

Such penetrat ions are designated HN-1, HN-2, e t c .  ( f o r  the nor th  f a c i l i t y ) .  

The maximum t,hemal neutron f l u x  i n  these f ac i l . i t i e s  i s  about 

7 x 1 8  nJcm2-sec. 

Poolside I r r a d i a t i o n  F a c i l i t v  

. 

I n  t h i s ,  t he  most accessible  f a c i l i t y  i n  the  reac tor  (Fig.  5),  

experiments may be placed on the  f lat ,  west s ide  of the  r e a c t c r  t%rk close 

t o  the  l a t t i c e .  

ava i lab le  a t  t h i s  f a c i l i t y  are each approximately 4 x loL3 n/cm2-sec!. 

The maximum thermal and fas t  (>0.4 MeV) neutron flux?s 

Hydr a u l i  c -Tub e F a c i l i t y  

Four sample tubes are provided f o r  t ranspor t ing  5/8-=in.-O~ ( 3  tubes) 

and 1 1/8-in.-OD (1 tube) aluminum sample containers ( o r  " rabbi t s" )  from 

a loading stat.ior1 i n  'Lhe pool t o  l a t t i c e  pos i t ion  F-8 (Fig.6) .  Up t o  two 

ra-bbits may be loaded i n  each tube. 

unperforated r abb i t  o r  i n  smaller containers which a re  then placed ins ide  

a perforated r abb i t  (Fig.  7 ) .  While i n  the  reac tor  core, the  rabbi t s  a r e  

Samples may be sealed ei+,her i n  an 
L 

con.tinuously cooled by water flowing through %he hydraulic ,tubes . 
I r r ad ia t ed  r abb i t s  can be unloaded i n  an adjacent hot c e l l ,  i f  desired.  

The thermal neutron f l u x  i n  l a t t i c e  pos i t ion  F-8 i s  1 - 2 x LOi4 n/cm2-sec. 

Pneuiistic Tube F a c i l i t y  

This f a c i l i t y  allows small (5/8-in. -OD by 1 1/8-in.  -long) sample 

containers,  or  Yrr%-bbitas", of high-density polyethylene p l a s t i c  (Fig.  7) 

t o  be t ransfer red  t o  or from tbe  reac tor  with a t r a n s i t  t i m e  of 2-3 

seconds. The sample space within each r abb i t  i s  about 1.3 nil. The 

reac tor  terminus of the  f a c i l i t y  i s  a t  the  reac tor  end of a small pene- 

t r a t i o n  (H!J-3) i n  the north engineering t e s t  f a c i l i t y .  The mximum 
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thermal neutron f l u x  i n  €IN-3 i s  6.5 x 1013 n/cm2-sec. 

i r rad ia t ion ,  the rabbits a r e  cooled by forced a i r  flow. I r r ad ia t ion  

time i s  limited t o  about 40 min. because o f  the p o s s i b i l i t y  of rabbit 

f a i l u r e  due t o  radiat ion damage. The rabbit loading s t a t i o n  i s  within 

a hood i n  a chemistry laboratory located i n  the  reactor-building basement. 

While under 

Low-Intensity Testing Reactor 

The LITR was the o r ig ina l  hydraul ic- tes t  mock-up of the PER. It was 

converted t o  a t r a in ing  reactor  f o r  the operating staff of the MIR i n  

1951 and subsequently has been used as a t e s t i n g  reactor .  4 

This reactor  (Fig.  8) uses MTR-type, enriched-uranim f u e l  elements 

and beryll ium-reflector pieces i n  a 5-element x 9-element l a t t i c e  w i t h  

moderation and cooling provided by forced c i rcu la t ion  of demineralized 

water. The reactor  tank i s  surrounded w i t h  concrete block shielding.  

Control-rod dr ives  a re  mounted on the top  of the  reac tor  tank. 

i s  flanked on two sides w i t h  two large rooms for housing experiment equip- 

ment (F ig .  9 ) .  

around the tank, ca l led  the "mid r i f f "  and the " top  level",  are enclosed 

f o r  the s h e l t e r  o f  experiments and of  operating personnel. 

The reactor  

The beam holes open in to  these rooms. Two higher l eve l s  

The main reac tor  cha rac t e r i s t i c s  of importance f o r  experiments a re  

as follows: 

1. Operating power: 3 Mw 

2. Thermal-neutron f lux:  1 . 7  x 1013 n/cm2-sec (average); 

5 x 1 0 ~ 3  n/cmZ-sec (maximum). 

3. Gamma heating: 0.8 - 1.6 w a t t / @ ,  depending on material and 

l a t t i c e  pos i t ion .  

Coolant temperature: water i n l e t  temperature--approximately 95OF 4. 
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UNGLASSI FI ED 
ORNL- LR- DWG 68190 

SHIELD PLUG STORAGE 

EAST EXPERIMENT ROOM 
(62 x 2 8 f t )  

REACTOR SHIELD 

REACTOR CORE 
CONTROL ROOM 

ERGENCY EXPERIMENT 
OR GENERATOR ROOM 

PNEUMATIC TUBE 
LOADING STATION 

WEST EXPERIMENT ROOM 

I 
I 
I 
I 
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Fig .  9. LITR Experiment Area - Ground Floor .  
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5 .  Coolant pressures:  about 10 ps ig  a t  the  l a t t i c e  (The pressure 

drop across l a t t i c e  a t  f u l l  flow i s  less than 1/2 p s i . )  

6. Operating cycle: shutdown for -2 1/2 days every 4 weeks; addi- 

t i o n a l  shor t  ( s eve ra l  hours) shutdowns each week i f  needed by 

experiment*ers. 

7. Refueling cycle: 4 weeks 

8. Operating t,ime: about 88$ 

9. Urxcheduled shutdown frequency: about 5 per  month 

loo Operating costs :  about $18,000 per month (Same bas i s  as ORR, q,,v,)  

The i r r a d i a t i o n  f a c i l i t i e s  ava i lab le  f o r  experiments are: 

Lat t ice  Posi t ions 

These provide the  highest  ava i lab le  neutron f luxes and are accessible  

through f langes i n  the  s ide  and the t o p  of the  tank,  I n  the  l a t te r  case, 

experiments ha.ve t o  be disconnected each t i m e  the  tank top  i s  removed, 

La t t ice  pos i t ions  are designated by the l e t t e r  "C" followed by t.wo d i g i t s  

representing the  numbers of two in t e r sec t ing  rows. 

B e r n  Holes 

S i x  hor izonta l  beam tubes, each. 6 i n ,  i n  diameter a r e  provided. 

Three tubes t e m i s a t e  i n  each experiment room. The maximum thermal 

n e u t r m  f luxes a t  the l a 5 t i c e  ends of these beam tubes range from 8 x 

t o  3 x 1013 n/cmz-sec. 

Pneumatic Tubes 

Two pneumatic, tubes are ava i lab le  t o  take  samples, up to 3/8-in. 

diameter by 1 '(18-h. lon;, t o  a region i n  the  r e f l e c t o r  where the neutron 

f l u x  i s  1 0 ~ 3  n/cm*-sec. 
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Oak Ridge Graphite Reactor 

This reac tor  (F ig .  10) d i f f e r s  markedly from the ORR and LITR. 

OGR i s  a graphite-moderated, air-cooled, natural-uranium-fueled reactor  . 
The core and r e f l e c t o r  i s  a 24-ft  cube of graphite blocks containing hor i -  

zonta l  f u e l  channels arranged i n  a rectangular g r id  with 8-in.  spacing. 

The graphite cube is  surrounded with a 7-f t - thick concrete b io logica l  

sh i e ld .  The over -a l l  reactor ,  including the  shielding, i s  about a 40-ft 

cube. 

The la rge  amount of  space ava i lab le  i n  the  bui ld ing  and a t  the reac tor  

experiment faces has allowed separate rooms t o  be b u i i t  i n  convenient 

loca t ions  f o r  housing experiment equipment. 

The 

4 

The reac tor  is  housed i n  a bui lding roughly 140 x 180 x 80 f t  high. 

The main reac tor  cha rac t e r i s t i c s  or importance fo r  experiments a re  

as Pollows: 

1. Operating power: 3.5 hlw 

2. Thermal-neutron f lux:  1.1 x 10l2 n/cm2-sec (maximum) 

3. Gama heating: ~ 1 0 - 3  watt/@ ( i n  carbon) 

4. Temperature i n  experiment holes: 2 5 O  - 1 6 0 O c  

5 .  Pressure ins ide  reac tor :  about 29 i n .  water gage below 

a tmo s phe r i c 

6. Operating cycle: shutdown every seven days f o r  about 10 hrs . ;  

o ther  shutdowns a t  experiment convenience 

7. Refueling cycle: none required (Conversion of u-238 t o  Pu-239, 

and the occasional replacement of f u e l  i n  those channels con- 

t a in ing  a bu r s t  slug, is  s u f f i c i e n t . )  

8. Operating t i m e  : about go$ 

9 ,  Unscheduled shutdown frequency: about 1 per  month 

10.. Operating costs :  about $27,000 per  month (Same bas i s  as ORR, q .v . )  
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NUMBER OF SLUGS PER FUEL CHANNEL: UP TO 54 
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CONTROL AND/OR SHIM RODS (NEUTRON ABSORBERS) : 
5 SHUTDOWN RODS AND 
2 REGULATING RODS 

Fig. 10. Oak Ridge National Laboratory Graphite Reactor. 
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The number of i r r ad ia t ion  f a c i l i t i e s  avai lable  f o r  experiments i s  

very la rge .  

run through the graphite cube a t  r igh t  angles t o ,  and midway between, the 

f u e l  channels. Unused f u e l  channels i n  the  core and r e f l ec to r  a re  a l so  

avai lable .  

avai lable .  

The main f a c i l i t i e s  a r e  k-in.-square horizontal  holes t h a t  

Table 1 on the  following psge summarizes the f a c i l i t i e s  

DISCUSSION OF SURW RESULTS 

I n  t h i s  discussion some of the advantages and the short-comings of 

the  three reactors  a re  pointed out .  Not a l l  these points  are i n t r i n s i c  

t o  t h e  pa r t i cu la r  type of reactor;  i n  some cases they arise from the 

design of the enclosing building. The comments which follow apply 

spec i f i ca l ly  t o  the  three  reac tors  as they are present ly  b u i l t  and housed 

a t  the  Oak Ridge National Laboratory. 

It i s  v e l 1  recognized that no one reactor  design can be optimum f o r  

experiments i n  a wide var ie ty  of research and of engineering d i sc ip l ines .  

If the design i s  optimized i n  favor of a pa r t i cu la r  type of invest igat ion,  

it i s  inevi table  t h a t  i t s  u t i l i t y  for some other  types of work w i l l  s u f f e r .  

The design of a general-purpose reac toqtherefore ,  has t o  be a compromise. 

The same can be said f o r  the operating cycle of the reactor .  Operating 

cycles which are  best f o r  one experiment w i l l  be unsuitable for others .  

Local changes i n  neutron f lux  can be made i n  order t o  favor a pa r t i cu la r  

experiment, bu t  th is  i n  general  w i l l  r e s u l t  i n  disturbances t o  the  f l u x  

a t  other  experiment locat ions t h a t  may be undesirable.  

reactor ,  f l e x i b i l i t y  i n  operating schedule or i n  f u e l  d i s t r ibu t ion  t o  

favor the  maintenance or the operation of  a pa r t i cu la r  experiment may 

I n  an ex i s t ing  



Table 1. Research Openings In to  Graphite Reactor 

Number of blaximun Thermal Approximate Approximate 
Kind of F a c i l i t y  F a c i l i t i e s  Neutron Flux ( n/cm2-sec) Gamma ( r /h r )  Temperature OC 

bin . - square  horizontal  42 3.6 x t o  1 x 3 105 to 35 to 160 
8 x 105 

Ic-in.-square v e r t i c a l  3 8 x 6.7 105 135 t o  140 
(measured) 

- __ ~- 

1.68-in.-dim. horizontal  4 1 x 1012 9 105 35 

2 3/4 x 3/8 i n .  f o i l  s l o t  1 1.1 x 10l2 9 x 105 160 

Unused f u e l  channels i n  4.5 $05 to 
core region 5 5.5 x loL1 t o  1 x 10l2 9 x 10 35 

Unused f u e l  channels i n  418 1010 t o  3 x 10x1 104 to 3 105 30 to 40 
r e f l ec to r  region 

lk-in.-square b io logica l  1 5 x 108 3.4 103 25 to 35 
tunnel, bare (measured) 

_ _  _ ~ ~ _ _  ~ ~ ~ _ _  

14-in.-scpare b io logica l  1 1.3 x 10 9 200 (measured) 25 t o  35 ~ 

tunnel, lead-lined 

5-Tt-square v e r t i c a l  1 about 1 x 10 
thermal column column (measured) 

135 a t  top  of Room Temp 8 

Room Temp 1.2 x 10 4 2$- f t - square ho r i zont a1 1 5 109 
(core hole) (measured) 

i 
Iu e 
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be a great  convenience t o  that experiment. If, however, s imi la r  priv- 

i l eges  were extended t o  a l l  experiments i n  a complex f a c i l i t y  l i k e  the Om, 

the r e su l t i ng  reac tor  cycle or f l u x  d i s t r ibu t ion  would i n  all l ikel ihood 

be unfavorable t o  a l l ;  and the reac tor  would be l e s s  e f f i c i e n t  as a re-  

search f a c i l i t y .  

Not a l l  experiments require the highest  a t t a inab le  neutron f lux .  I n  

some experiments a r e l a t i v e l y  low f l u x  is  required f o r  producing a low 

react ion r a t e  i n  the  samples; i n  others  it i s  necessary t o  avoid the  high 

gamma heating which usually accompanies a high neutron f lux .  

reac tors  under discussion each d i f f e r  i n  average neutron f l u x  by roughiy 

an order of magnitude. 

in the gmphite-moderated OGR is, however, an order of magnitude lower 

than i n  the water-moderated ORK and LITR. 

The three  

The r a t i o  of gamma heating r a t e  t o  neutron f l u x  

Types of E: periments 

While there  i s  no very clear-cut d i s t i nc t ion  between the types of 

eziperiments being done a t  the three  reactors ,  many of the same experiments 

having been done a t  each reac tor  as it became avai lable ,  it can be seen 

from those experiments described i n  the Appendix tha t  some rough general i -  

zat ions can be made. These a re  as follows: 

1. The outstanding cha rac t e r i s t i c  of  the ORR i s  i t s  high neutron 

f l u x  (-10 n/cm2-sec average).  I t s  use i s  thus favorable f o r  

most invest igat ions requir ing the highest  avai lable  neutron f l u x  

when the e f f e c t s  of nuclear heating can e i t h e r  be to l e ra t ed  o r  

eliminated. Some of these invest igat ions are:  

14 
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a. 

b. 

C .  

d .  

e .  

f .  

€5- 

2. By 

Physics invest igat ions i n  which severa l  neutron-beam sca t -  

t e r ings  are made i n  succession or where very s m a l l  s o l i d  

angles of detect ion are used; 

High-resolution neutron d i f f r ac t ion  s tudies;  

Studies  of the  e f f e c t s  of neutron i r r ad ia t ion  on the  c rys t a l  

s t ruc ture  and the  mechanical proper t ies  of sol ids;  

Invest igat ions on the  chemical s t a b i l i t y  and corrosive 

propert ies  of f u e l  solut ions and s l u r r i e s  a t  high power 

dens i t ies ;  

The preparation or' transmutation al loys;  

Studies  on rad ia t ion  damage and fission-gas release from 

s o l i d  nuclear fue l s  a t  high fission-power dens i t ies ;  

Production of radioisotopes of high spec i f i c  a c t i v i t y .  

v i r tue  of the f l e x i b i l i t y  of i t s  operating schedule, and the 

f a c t  t h a t  i t s  neutron f l u x  (d 1013 n/cm2-sec average) i s  the 

same as i n  many power-reactor appl icat ions,  the  LITR has been 

found pa r t i cu la r ly  favorable f o r  the following: 

a. Preliminary screening t e s t s  of new materials, components, 

experiments, and processes p r i o r  t o  subject ing them t o  large 

doses of rad ia t ion  i n  a higher-flux reactor ;  

Studies o f  the  e f f e c t s  of rad ia t ion  on the chemical s t a b i l i t y ,  

corrosion resis tance,  and mechanical propert ies  of power- 

reac tor  f u e l  and f e r t i l e  materials. 

b, 

3. By v i r tue  of i t s  r e l a t ive ly  low, constant, neutron flux 

(-. 6 x 

rate ( A H  3 x 

the  following types of research: 

n/cm2-sec average) and i t 5  very low gamma heat ing 

w a t t / @ ) ,  the OGR i s  p a r t i c u l a r l y  favorable f o r  

t 



-23 - 
a. In-pile irradiations at very l o w  temperatures ( N O  to 100'K); 

b. Basic solid-state research on semiconductors and other highly 

radiation-sensitive materials requiring a low and constant 

rate of defect introduction; 

e. Studies where neutron-induced effects are to be distinguished 

from gamma effects, and, therefore, where very pure fluxes 

of neutrons relatively free from gammas are required; 

Fission product radiochemistry (yields and decay character- 

istics) ; 

d. 

e. Studies on radiation effects in material in which annealing 

during irradiation is to be minimized; 

Activation analysis of very heat-sensitive biological 

specimens . 
I". 

Advantages, Disadvantages and Improvements 

As found in this survey of experimenters, the main advantages and 

disadvantages of the three reactors from the viewpoint of theLr utility 

for experiments and some of the possible improvements which might be made 

are as follows: 

ORR Facility Advantages 

1. The neutron flux is an order of magnitude greater than at the 

LITR, and two orders of magnitude above that of the OGR. 

permits some experiments to be done which can not be done at all 

at the other reactors; it also allows some experiments to be 

performed more rapidly or with results of higher quality. 

This 



2. 

3 .  

4. 

5. 

Access t o  the reactor core is par t icu lar ly  good, by reason of the 

bottom-mounted control-rod dr ives .  

tank are  undisturbed by refuel ing operations. 

The f l e x i b i l i t y  affcrded by water shielding i n  the reactor  pool 

during the placement, removal, and disassembly of experiments is  

a great  convenience. 

The 8-week operating schedule i s  optimum f o r  the many experiments 

of a long-term nature t h a t  are performed a t  a high-flux reactor .  

The large neutron-flux space gradient permits wide control of the 

i r r ad ia t ing  f lux  by movement of the experiment. 

Experiments penetrating the 

ORR F a c i l i t y  Disadvantages 

1. Generally the fabricat ion and i n s t a l l a t i o n  costs of an experiment 

w i l l  be higher than f o r  a lower-flux f a c i l i t y .  

a var ie ty  of causes and i s  pa r t i cu la r ly  applicable t o  in-core 

experiments. High radiat ion leve ls  increase the amounts of 

shielding required; high gamma-heating r a t e s  require e f fec t ive  

and sometimes complex means of  heat removal from the samples and 

the s t ruc ture  of an experiment; o f f se t s  o r  complex bends a re  

required i n  access tubes t o  minimize radiat ion streaming; hydro- 

dynamic forces a r i s ing  from grea te r  coolant-flow ra t e s  require 

strong and vibration-free access tubes; and the poten t ia l ly  grea te r  

amounts of ac t iva t ion  or f i s s i o n  products i n  an experiment 

require grea te r  s t ruc tu ra l  i n t e g i t y  and usually double contain- 
@ 

ment of the  experiment. 

The 8-week reactor  operating cycle may be too long f o r  some 

experiments. 

This a r i s e s  from 

2 .  

These then have t o  be designed so t h a t  t h e i r  samples 
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can be withdrawn from the flux, removed during one of the b r i e f  

refuel ing shu.tdowns t h a t  occur within the operating cycle, o r  

completely removed while the reac tor  i s  operating. Adopting any 

of these a l t e rna t ives  generally r e s u l t s  i n  a c o s t l i e r  experiment 

design. 

Short shutdowns f o r  experiment convenience are not p rac t i ca l .  

Quite apart from t h e i r  undesirable e f f e c t s  cn long-term experi-  

ments, shor t  shutdowns ((1 hr)  can very e a s i l y  develop in to  long 

shutdowns (1-2 days) due t o  xenon poisoning. The a l t e rna t ive  t o  

t h i s  long shutdown (namely, an immediate refuel ing t o  remove 

poisoned f u e l )  could, i f  done frequently, e n t a i l  an increase i n  

the  operating costs  of the reactor  because of the l a rge r  f u e l  

inventory needed. It i s  necessary t o  adhere s t r i c t l y  t o  the 

establ ished operating cycle i n  order t o  r ea l i ze  maximum reactor  

operating t i m e .  

iment w i l l ,  i f  extended t o  others,  generally r e s u l t  i n  an unfavor- 

able cycle f o r  a l l .  

Neutron-flux space gradients and mutual f l u x  disturbances between 

experiments tend t o  be la rge  f o r  the  r e l a t i v e l y  small-volume 

(-100 l i t e r )  ORR core. 

f a c i l i t y  i s  qui te  s teep.  

The l a rge  gamma-heating rate ( typ ica l ly  3 - 10 w a t t / g m )  o f ten  

requires t h a t  cooling, addi t iona l  t o  t h a t  normally provided by 

convection of the  reac tor  o r  pool water, has t o  be provided. 

the case of gas-cooled experiments, ccmplex equipment may have t o  

be used t o  provide t h i s  addi t iona l  cooling. 

3 .  

Short shutdown pr iv i leges  granted t o  one exper- 

4. 

The neutron f l u x  gradient a t  the poolside 

5 .  

I n  
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6 .  Insuf f ic ien t  space e x i s t s  i n  the reac tor  pool over the  top  of 

the  reac tor  tank for the  access tubes of t he  many complex in -  

core experiments current ly  in s t a l l ed .  

7. In su f f i c i en t  space e x i s t s  on the reactor  balcony f o r  the  i n s t a l -  

l a t i o n  and maintenance of the  out-of-pile components of experi-  

ments being performed i n  the core and a t  the poolside f a c i l i t y .  

There are no convenient provisions for making shielded connection 

between in-pool sect ions of experiments and those sect ions housed 

i n  shielded cubicles i n  the bui lding basement. This lack i s  of 

concern mainly i n  those experiments i n  which la rge  pieces of 

equipment need t o  be housed i n  a shielded cubicle.  

t o  lack of space on the reactor  balcony, o ther  experiments can 

a l so  be involved. 

There is  insu f f i c i en t  space i n  the beam-hole area for the  equip- 

ment and instrument cabinets of experiments being performed a t  

the s i x  beam holes. 

8.  

Due, however, 

9. 

10. Acoustic and e l e c t r i c a l  noise, d i r t ,  mechanical disturbances, and 

t r a f f i c  from nearby work (construction, maintenance, welding, and 

crane operations) adversely a f f e c t  experiments and de l i ca t e  

apparatus at the beam holes .  

Thermal disturbances from nearby t ruck  and personnel doors 

adversely a f f e c t  e lec t ronic  equipment a t  the  beam holes.  

The fast-neutron (epi-thermal) and gamma f luxes a t  the beam-hole 

po r t s  are la rge  enough t o  cause de tec tor  background problems and 

t o  require  massive shielding around experiments. 

t h i s  shielding fu r the r  aggravates the space problem. 

The system for beam-hole flooding by experimenters (provided t o  

11. 

12. 

The presence of 

13. 
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shut o f f  the beam) i s  awkward. 

The capacity of the building-exhaust ven t i l a t ion  system i s  too 

small t o  provide the ven t i l a t ion  required €or la rge  experiment- 

equipment c e l l s .  

The recessed window a t  the poolside i r r a d i a t i o n  f a c i l i t y  r e s t r i c t s  

the s i ze  of some types of experiments and complicates the design 

of experiment conduits. 

14. 

15. 

ORR F a c i l i t y  Possible Improvements 

Only i n  a new reac tor  f a c i l i t y  would it be p r a c t i c a l  t o  make some 

of the improvements l i s t e d  below: 

1. Make the  pool above the  reac tor  tank wider t o  re l ieve  congestion 

i n  t h i s  a r ea .  

Provide add i t iona l  pool-wal_l penetrat ions a t  various l e v e l s .  

More of  these are needed fcjr taking experiment conduits from 

the  pool out t o  the  balcony. 

2 ,  

3. Provide addi t iona l  f l oo r  space i n  the  reac tor  building, par t icu-  

l a r l y  on the reac tor  balcony and a t  the  beam-hole experiment 

areas. 

a t  the beam holes .  Additional bui lding space i n  the basement 

could be used for shielded f a c i l i t i e s  t o  house loop equipment. 

Provide a number of shielded pipe chases or trenches f o r  running 

experiment l i n e s  and loop connections between basement c e l l s  

and the reac tor  pool and balcony. 

An addi t iona l  20 f t  or so of r a d i a l  space could be used 

4. 

5 .  Increase w+pacity of the  ce l l -ven t i l a t ion  system. 

6. A s  a reac tor  bui lding service t o  experiments, provide a source 

of r e l i a b l e  e l e c t r i c  power f o r  use i n  experiments during normal- 

power outages.  
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7. 

8 .  

9. 

10. 

11. 

12. 
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A t  the poolside i r r a d i a t i o n  f a c i l i t y ,  provide forced-convection 

cooling for experiments; a l so  reduce the magnitude of the neutron- 

f l u x  gradient,  possibly through use of neutron r e f l e c t o r  mater ia ls  

o ther  than l i g h t  water. 

I n  emjunct ion with 3 above, construct one o r  more rooms t o  

enclose the beam-hole experiment a rea  completely. These rooms 

should be sound-proofed and air-conditioned. Hatches would be 

needed so t h a t  shielding blocks close t o  the beam-hole por t s  

can be moved when necessary. 

be ex te rna l  t o  these rooms. 

Provide a simpler means f o r  experimenters t o  flood beam holes 

when they des i r e  t o  shut of f  the beams. 

T ra f f i c  around the  reac tor  should 

To save space a t  the beam-hole area,  use a design i n  which the  

reac tor  and the experiment sh ie lds  a re  integrated.  It may be 

possible  i n  t h i s  way a t  some beam holes t o  eliminate e n t i r e l y  

the  massive sh ie lds  present ly  used. 

Make provision for multiple use of each neutron beam, possibly 

by providing addi t iona l  l eve l s  f o r  s e t t i n g  up experiment equipment. 

Increase the  thermal-neutron f l u x  a t  the beam holes, e i t h e r  by 

an increase i n  reac tor  power o r  by a f u e l  d i s t r i b u t i o n  favoring 

those beam holes where the f l u x  i s  marginal f o r  the experiments. 

The lat ter course would be a t  the  expense of the neutron f l u x  i n  

o ther  f a c i l i t i e s  and usual ly  i s  impract ical  f o r  t h i s  reason. 

1 3 .  Reduce the high-frequency e l e c t r i c a l  interference emanating from 

a r c  welders and relay-operated equipment, espec ia l ly  i n  the 

neighborhood of the beam holes.  To do t h i s  it may be necessary 
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t o  employ a va r i e ty  of measures; f o r  example, interference 

suppressors on relays,  separate grounding systems f o r  experiments, 

screened rooms around sens i t i ve  equipment, e t c .  

For thermal-neutron d i f f r a c t i o n  s tudies  provide some beam holes 

tangent ia l  t o  the reac tor  core i n  order  t o  reduce the  unwanted 

fast-neutron and gamma backgrounds. This should a l s o  allow a 

reduction i n  beam-hole shielding and the consequent re lease  of 

valuable f l o o r  space. 

14. 

15. I n  a new reac tor  f a c i l i t y ,  take p a r t i c u l a r  care t o  secure the 

a s -bu i l t  dimensions and r e l a t i v e  loca t ions  of the reactor ,  pool, 

and experiment f a c i l i t i e s .  Without these data ,  design of exper- 

iments i s  d i f f i c u l t ;  and f i e l d  measurements must be made, o f t en  

i n  high rad ia t ion  f i e l d s .  

LITR F a c i l i t y  Advantages 

1. 

2 .  

3. 

4. 

5 .  

The neutron f l u x  i s  about the same as i n  many power reactors ;  

i t s  va r i a t ion  over a re fue l ing  cycle i s  moderately s m a l l  

(- 2% i n  average f l u x ) .  

The gamma heat ing i s  la rge  enough t o  serve as a source of  hea t  

f o r  achieving elevated in-p i le  sample temperatures, and ye t  i s  

small enough tha t  cooling of samples t o  room temperature, or 

below, i s  not d i f f i c u l t .  

Direct  access t o  the l a t t i c e  f o r  experiments i s  ava i lab le .  

After i r r ad ia t ion ,  experiments can be l e f t  i n  the reactor  tank 

t o  decay p r i o r  t o  removal. 

The operat ing cycle i s  both shor t  (1 week) and f l ex ib l e ,  permit- 

t i n g  shutdowns a t  experiment convenience. The small magnitude 

of xenon poisoning allows t h i s  f l e x i b i l i t y .  
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6 .  The lover  fluxes,  both neutron and gamma, r e s u l t  i n  lower experi-  

ment fabr ica t icn  and i n s t a l l a t i o n  costs  compared t o  a higher- 

f l u x  reactor .  This comes from simpler cooling, less shielding, 

and less complex access-tube requirements. 

7. The east and w e s t  experiment rooms provide ample space f o r  

loca t ing  control-instrument cabinets.  The number of a c t i v i t i e s  

i n  these rooms i s  such t h a t  t he  noise l e v e l  i s  usual ly  reasonably 

low 

8.  Considerable f l e x i b i l i t y  e x i s t s  for modifying the  neutron-flux 

d i s t r ibu t ion  t o  s u i t  the  over -a l l  needs of experiments through 

changes i n  f u e l  loading d i s t r ibu t ion .  

LITR F a c i l i t y  Disadvantages 

1. The l imited number of reac tor  tank side-access penetrations 

forces  many of t he  in-core experiments t o  be inser ted  through 

ver t ical-access  penetrations i n  the  reac tor  tank top. Experi- 

merits using ver t ical-access  penetrations have t o  be disconnected 

" 

. 
each time the tank top i s  removed. Bends necessary i n  the pres-  

e n t  side-access f a c i l i t y  tubes l i m i t  the  s i ze  of some experi-  

mental samples. 

2. Space i n  the  reac tor  tank f o r  experiment tubes and f o r  storage 

of spent fue l ,  decaying experimental samples, and unused l a t t i c e  

components, i s  l imi ted ,  This i s  a r e s u l t  of the  control-rod 

dr ives  being mounted on the  top  of the  reac tor  tank and the  

lack  of a t rue  storage pool. 

3. Transfer casks f o r  spent f u e l  and i r r ad ia t ed  experiments a l s o  

have t o  be loaded within the  confined space of the  reac tor  tank. 

f 
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This operation presents  a p o t e n t i a l  hazard t o  the reac tor  core. 

I n  general, each monthly re fue l ing  produces l o c a l  neutron f l u x  4.  

changes. Whether these changes are s ign i f i can t  depends on the  

a f fec ted  experiment. Even though only one o r  two f u e l  elements 

are replaced a t  each refuel ing,  there  i s  l i k e l y  t o  be a reloca- 

t i o n  of 10 t o  20 of the  remaining elements as w e l l .  

5 .  The small s i z e  of the  l a t t i c e  increases the  l ikel ihood of mutual 

f l u x  per turbat ions between experiments. Similar ly ,  neutron-flux 

gradients are l i k e l y  t o  be sharp near the edges of the core; 

the  placement of experiments and f l u x  monitors i s  c r i t i c a l .  

LITR F a c i l i t y  Possible Immovement 

Side por t s  near the top  of the  reac tor  tank would permit many of 

the experiment tubes now connected through the  tank top  t o  remain connected 

during shutdowns when the t o p  i s  rernoved. The addi t iona l  bend would, 

however, make in se r t ion  and removal of an experiment more d i f f i c u l t  and 

would, t o  some extent ,  r e s t r i c t  the s i z e  of the experiment capsule t ha t  

could be used. This improvement i s  about the only one of any s ignif icance 

f o r  the LITR t h a t  i s  f eas ib l e  from the  point  of view of cos t ,  

OGR F a c i l i t y  Adavantages 

1. Space f o r  equipment e x t e r i o r  t o  the  reac tor  i s  adequate, and 

separate  rooms are ava i lab le  f o r  use as labora tor ies  close t o  

the reac tor  face.  This i s  a consequence of the la rge  s i ze  of 

the reac tor  and of i t s  enclosing bui ld ing ,  

2. In-p i le  space f o r  each experiment i s  l a rge  ( typ ica l ly ,  24-f t -  

long, h-in.-square holes  are provided) This follows from the  

la rge  core s i z e  (24-f t  cube) and f u e l  channel spacing (8- in .  

rectangular  g r id )  
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3. The neutron f l u x  i s  very constant, and i t s  space gradient i s  

small. 

loca l ized  and seldom a f f e c t  neighboring experiments. 

advantages r e s u l t  from the la rge  core s i ze  and the f a c t  t h a t  

re fue l ing  i s  very infrequent.  

tageous f o r  ce r t a in  bas ic  s o l i d  state invest igat ions and. f o r  

experiments where low sample-container ac t iva t ion  i s  desired.  

Gamma heat ing i s  very low. 

f l u x  and t o  the  use of graphite as the  moderator. 

heat ing i s  about an order of magnitude less than t h a t  of a water- 

moderated reac tor  having the  same neutron f lux .  

A thermal-neutron i r r a d i a t i o n  f a c i l i t y  having a very high 

cadmium r a t i o  (> lo5) and a very small gamma background i s  

ava i lab le .  

A fast-neutron f a c i l i t y  (with fission-neutron energy spectrum) 

i s  ava i lab le .  Though the f lux  i s  not high (- 10l2 n/crn2-sec), 

it i s  very uniform over the sample volume. 

Massive shielding a t  most experiment holes i s  not required.  

many cases simple shielding provisions allow samples t o  be 

changed during reac tor  operation; the  negative pressure e x i s t i n g  

i n  the reac tor  a l so  s impl i f ies  sample changing. 

F l e x i b i l i t y  i n  f u e l  d i s t r i b u t i o n  allows some adjustment of the 

r a t i o  of fast-neutron t o  thermal-neutron f luxes t o  be made f o r  

Flux perturbat ions due t o  experiments a re  general ly  

These 

The low neutron f lux  i s  advan- 

4. This i s  due both t o  the low neutron 

The gamma 

5 .  

6. 

7. I n  

8.  

p a r t i c u l a r  experiments. 

F l e x i b i l i t y  i n  the  operating schedule allows frequent shutdowns 

t o  be made f o r  experiment convenience. 

xenon-poison problem contyibutes t o  t h i s  f l e x i b i l i t y .  

9. 

The nonexistence of a 



OGR F a c i l i t y  Disadvantages 

Other than the  low neutron flux, which r e s t r i c t s  many invest igat ions 

but  which ac tua l ly  i s  an advantage f o r  some s tudies ,  there  a re  no out-  

standing disadvantages t o  t h i s  reac tor  f a c i l i t y .  

OGR F a c i l i t y  Possible Improvements 

1. Sample changing i n  the  s lanted thermal-neutron f a c i l i t y  i n  the  

top  thermal column could be made e a s i e r .  Presently,  a massive 

1- f t - sq  x 8-ft-long s l i d i n g  plug has t o  be moved. h 1- in .  I D 

serpentine hole i n  t he  plug would be adequate f o r  most experi-  

ments. The f a c i l i t y  could be re f r igera ted  f o r  prolonged low- 

temperature exposures. 

2. Srnall s teps  i n  the  exter ior-  of t he  reac tor  sh i e ld  would allow 

recessed sh ie lds  to be placed between adjacent experiment holes 

and thereby reduce 

A shor te r  pneumatic-rabbit t r a n s i t  time f o r  Hole 22 (e.g. ,  $ see ) ,  

r adiatj-on leakage between experiments. 

3. 

would be advantageous f o r  s tud ies  of very short- l ived f i s s i o n  

products. 

Head room i n  those experiment rooms housing cryogenic apparatus 4. 

needs t o  be increased. 
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APPENDIX 

Experiments i n  the ORR 

Gas-Cooled ORR Loop 1 

Experiment Description.-- ORR Loop 1 i s  a forced-convection, helium- 

The cooled, fue l - i r r ad ia t ion  loop, designed t o  operate a t  300 p ~ i a . ~  

s t ruc tu re  i s  designed t o  accommodate temperatures as high as 1400°F a t  t'ae 

fuel-region o u t l e t .  Clad fuel-elements up t o  1 i n .  i n  diameter by 18 i n .  

long and having a t o t a l  power generation up t o  20 kw can be accommodated. 

Hermeti cally-sealed,  r e  generative -type compressors operating a t  600'~ are 

used for c i r cu la t ing  coolant. Regenerative-type heat-exchange i s  used t o  

na in ta in  the  l a rge  temperature d i f f e r e n t i a l  i n  the  loop. Supplementary 

e l e c t r i c a l  heat ing and wide-range cooling through a heat  exchanger by 

means of a var iable  air-water mixture are provided. 

The purposes of experimentation are: (a) t o  ve r i fy  the  performance 
4 

of  Experimental Gas-Cooled Reactor f u e l  rods under reac tor  operat ing 

conditions; ( b )  t o  ve r i fy  the  performance of spec ia l ly  instrumented f u e l  
I 

assemblies f o r  f u e l  rods for  the EGCR and f o r  o ther  clad-fuel reactors ;  

and ( c )  t o  t es t  features  of f u e l  elements f o r  advanced gas-cooled reac tors  

including roughened or extended hea t - t ransfer  surfaces  having var iable  

diameters, s t r u c t u r a l  features ,  and instrumentation. Although s t a i n l e s s  

steel  w i l l  be used for most tests, various me ta l l i c  cladding mater ia ls  

can a l s o  be used. 

Experiment Fac i l i ty . - -  La t t ice  Posi t ion B-1. 

The fuel-element sect ion of t he  loop i s  i n  the  B-1 l a t t i c e  pos i t ion  

of the  ORR. Loop compressor equipment i s  located on the  midriff  balcony, 

and the instrumentation i s  i n  the  basement (F ig .  11). Though samples can 

be changed only during reac tor  shutdowns, they can be withdrawn from 
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the  high-flux region during operation. 

possible the dry t r a n s f e r  of an i r r ad ia t ed  sample element from the  loop 

through the pool d i r e c t l y  t o  the  ORR hot c e l l s  without t he  use of shielding 

casks. This permits examination o€ samples immediately following i r r a -  

d ia t ion .  

f o r  t h i s  experiment. 

than i n  loss of i r r ad ia t ion  time and introduction of nonstandard operating 

conditions . 

A spec ia l  unloading tube makes 

The long operating cycle of the  reac tor  (8 weeks) i s  advantageous 

Short  shutdowns do not a f f e c t  loop operation, o ther  

Some of the problems that have been encountered w i t h  the  f a c i l i t y  a re :  

1. 

2. 

3 .  

4. 

Access t o  the i r r a d i a t i o n  space is  d i f f i c u l t  because of the o f f -  

s e t  required i n  the in-p i le  sec t ion  of the loop f o r  shielding 

and f o r  preventing interference with reac tor  refuel ing.  Also 

the midriff  balcony w a s  not o r ig ina l ly  intended f o r  experiment 

equipment of t h i s  s i ze  and complexity; and, accordingly, space 

i n  that region i s  severely l imi ted .  

The thermal neutron f l u x  of approximately 2.5 x 1013 n/cm*-sec 

within the f u e l  sample i s  a l i t t l e  high f o r  many gas-cooled 

reac tor  e w r i m e n t s .  However, it does make convenient accelera-  

t i o n  of ce r t a in  tests possible .  The s teep  f l u x  gradient a t  the 

top  and bottom of the ORR core necess i ta tes  adjustment of f u e l  

enrichment and introduces nonuniform heat generation i n  the 

specimen . 
The gamma heat,  estimated at 3-5 watt/@, i s  an inconvenience 

f o r  most experiments. 

The f a c i l i t y  i s  affected noticeably by experiments i n  the 

adjacent l a t t i c e  posi t ions and by the over -a l l  reac tor  f u e l  

loading. 

d 
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5. The e n t i r e  loop has been doubly contained i n  s t a i n l e s s  s t e e l  

jackets  b u i l t  t o  ASA o r  ASm Code Spec i f ica t ions .  This involved 

some addi t iona l  complications i n  the  f a c i l i t y .  

of t he  s t ruc tu re  w a s  required f o r  thermal insu la t ion  and environ- 

mental reasons. 

However, much 

Possible Improvements.-- While extensive a l t e r a t i o n s  t o  an ex i s t ing  

reac tor  f a c i l i t y  of t h i s  type a re  probably not warranted nor advisable, 

a new f a c i l i t y  constructed with experiments such as t h i s  i n  mind would be 

of grea te r  convenience i f :  

1. The pool were somewhat wider. 

2. Additional penetrat ions were designed and b u i l t  i n t o  the  pool 

wall a t  appropriate l e v e l s .  

Additional f l o o r  space were provided i n  the  reac tor  building, 

p a r t i c u l a r l y  a t  the  balcony l e v e l  approximating the top  eleva- 

t i o n  of the  reac tor  tank. 

A motor-generator-type, reliable-power f a c i l i t y  were designed 

i n t o  the  reac tor  complex and considered a part of the  reac tor  

se rv ices .  This service i s  needed for continuous operation of 

the  loop compresser. 

3 .  

4. 

Actually, a poolside f a c i l i t y  i n s t a l l a t i o n  i s  more convenient f o r  

experiments of t h i s  type i f  su i t ab le  r e f l e c t o r s  can be designed t o  give 

a uniform r a d i a l  neutron f lux .  

I r r ad ia t ion  of Gas-Cooled Fuel Capsules 

Experiment Description 6, 7 .-- E i g h t  f a c i l i t i e s  are provided for high- 

temperature i r r a d i a t i o n  of gas-cooled reactor-type f u e l  capsules (F ig .  1.2). 

Experiments conducted i n  these f a c i l i t i e s  are designed t o  measure f i s s ion -  

- 



42 

UNCLASSIFIED 
ORNL-LR-DWG 55364 

CONTROL GAS IN 
HELIUM PRESSURE ON 
NoK SURFACt (315psio) 

BULKHEAD 

4 CONTROL GAS OUT 

/ 
MOTE MANIPULATOR 

SECTION A-A 

I FIN (ON ORR 
ONLY 1 

Fig .  12.  EGCR Prototype Diameter Fuel Capsule f o r  I r r ad ia t ion  i n  
OF3 and ETR. 



gas release, determine f u e l  s t a b i l i t y ,  examine in t e rac t ions  betveen file1 

and clad-ding materisls, and t o  study the s t r u c t u r a l  and closure fea tures  

of capsules under i r r a d i a t i o n  conditions.  The hea t  t r a n s f e r  medium i s  

NaX i n  contact  with the f u e l  cladding. 

a thermal b a r r i e r  t o  accommodate irradiation-induced temperatures up t o  

1 6 0 0 ~ ~ .  

achieved, and specimen lengths u.p t o  12 i n .  may be used. 

f a c i l i t i e s  are provided with cadmium shu t t e r s  for thermal cycling, posi-  

t i o n  adjustment f o r  f l u x  control,  gas-mixture adjustment i n  the  heat-  

An inner  gas - f i l l ed  gap provides 

Power dens i t i e s  up t o  r/O,OOO Btu./hr-ft of f u e l  length can be 

The capsule 

barrier anr,ulus for temperature control,  f iss ion-gas purge and sampling 

devices ,  and means for l eak  t e s t i n g  of specimens during i r r a d i a t i o n  

(Fig.  13 ) .  

Experiment Fac i l i t y . - -  Poolside I r r ad ia t ion  F a c i l i t y .  

The f u e l  capsules a r e  posit ioned i n  the poolside i r r a d i a t i o n  f a c i l i t y ;  

gas-adjustment and sampling devices are located on the  reac tor  balcony; 

and control  panels a r e  housed i n  a separate room (Fig.  14 ) .  

f a c i l i t y  provides a neutron f l u x  whose energy spectrum and i n t e n s i t y  

( 3  x 1013 n/cm2-sec, thermal) are sa t i s f ac to ry  for the  experiment. 

heat  removal and the accompanying thermal stresses are s a t i s f a c t o r i l y  

accommodated i n  the experiment design. S a q l e s  cannot be changed during 

reac tor  operation. The present  eight-week reac tor  cycle, however, i s  

des i rab le  f o r  these experiments. 

The poolside 

G m - a -  

Some of the  problems which have been encountered are:  

1. Access ib i l i ty  t o  the  in-pool f a c i l i t i e s  has become d i f f i c u l t  as 

o ther  i n -p i l e  experiments have been added i n  the immediate a rea .  

Changes during shutdown are complicated by interference from t h e  

leads of o ther  experiments. 

I 
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2 .  Space on the  balcony f o r  necessary equipment and f o r  t r a f f i c  is  

ina.dequate . 
3. While f lux  var ia t ions  a r i s i n g  from f u e l  loading changes, from 

other  equipment, and from reac tor  cont ro l  act ions have been 

acceptable, less va r i a t ion  would be highly des i rab le .  Both the  

hor izonta l  and v e r t i c a l  f l u x  gradients  a t  the experiment cap- 

su les  are much s teeper  than des i rab le .  

4. The power densi ty  of t he  experiments i s  l imi ted  by the  na tu ra l  

convective cooling ava i lab le  i n  the  poolside f a c i l i t y .  Forced 

convection would be des i rab le .  

5. Unscheduled reactor  shutdowns reduce the  usefulness of t he  

experiments and complicate t h e i r  control .  The r e su l t i ng  thermal 

cycling i s  undesirable.  

6. The recessed window of the  poolside f a c i l i t y  complicates t he  

construction of experiment lead  conduits and l i m i t s  the  choice 

of  design and the  dimensions f o r  the experiments. 
c 

Possible Improvements. -- I n  a new reac tor  t he  biggest  improvements 

would come from providing a wider reac tor  pool and increased balcony 

space. 

Pressurized Water Loop 

Experiment Description8) '. -- I n  t h i s  loop, f u e l  specimens under 

i r r a d i a t i o n  are d i r e c t l y  cooled by water flow. The loop proper i s  

designed f o r  in -p i le  operation a t  625OF and 2250 p s i  with a maxima water 

flow rate of 80 gpm. 

temperature of 3 0 0 ~ ~ .  

Heat-exchanger capacity i s  150 kw a t  a system water 

Loop construction i s  of 300-series s t a i n l e s s - s t e e l s  

throughout. A bypass pu r i f i ca t ion  system provides f o r  continuous water- 
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chemistry control  (Fig.  15). 

dia ted  i n  the  space provided by two tubes, 1.5-in. I D x 24 i n .  long. 

Fuel and material t es t  specimens are irra- 

The loop has been i n  operation s ince December, 1959; and a l l  exper- 

iments performed t o  date  have been i n  support of the  N .  S . SAVANNAH reac tor  

program. Four experiments involving both swaged and vibratory-compacted 

U02 f u e l  clad i n  304 s t a i n l e s s  s tee l  have been i r r ad ia t ed  a t  nominal 

N. S o  SAVANNAH reac tor  operating conditions of 500'F and 1750 psig.  

Thirty-two Charpy specimens of reac tor  vesse l  s t e e l  were i r r ad ia t ed  i n  

one experiment t o  an average exposure of 1.3 x 1019 nvt ( b 1  MeV).  S i x  

f u e l  pins  1/2 i n .  i n  diameter by 18 i n .  long a r e  i r r ad ia t ed  simultaneously. 

Experiment Fac i l i ty . - -  La t t i ce  Posi t ions A - 1  and A-2. 

The in-p i le  t e s t  sect ion of the loop occupies l a t t i c e  pos i t ions  A - 1  

and A-2. Equipment required t o  maintain water c i r cu la t ion  a t  the  desired 

conditions i s  located i n  the  basement of the  ORR building (Fig.  16) .  The 

space provided by l a t t i c e  posi t ions A - 1  and A-2 has been adequate f o r  a l l  

experiments performed t o  date .  

t i ons  through the  spec ia l  reactor-refuel ing flange has proven t o  be a 

very desirable  fea ture .  

i n  the  ORR basement has proven t o  be adequate. 

The v e r t i c a l  access t o  these l a t t i c e  posi-  

Space f o r  the loop out-of-pile equipment located 

The maximum perturbed thermal neutron f l u x  i n  t h i s  experiment i s  

approximately 7 x 1013 n/cm2-sec i n  l a t t i c e  pos i t ion  A-2. 

heat  of 5 w a t t l g m  i s  estimated f o r  l a t t i c e  pos i t ion  A-2. 

heating values a re  preferred,  bu t  the  present  value does not present a 

ser ious problem. 

conveniently serves as a coolant f o r  t he  removal of gamma heat from the 

secondary containment tube around the  in -p i l e  test  s e c t i m .  

uses ORR pool water as i t s  secondary coolant.  

A maximum gamma 

Low gamma- 

Reactor cooling water which flows through the  ORR core 

The loop 
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Fig. 16. MSR Pressurized Water Loop in the ORR. 
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Long reactor-operating cycles are favorable t o  t h i s  experiment. 

Normal shutdown periods grovide ample t i m e  f o r  rout ine maintenance of 

loop equipment. 

specimens can be removed o r  i n s t a l l e d .  During shutdown, the  specimens 

normally can be removed and new ones i n s t a l l e d  within 30 minutes. A 

period of approximately 8 hours, after a specimen change, i s  required 

f o r  the loop t o  reach, operating conditions t h a t  permit reac tor  s t a r t u p .  

The reactor  and loop must be shut  down before t e s t  

Pool water above the  i c -p i l e  t es t  sec t ion  serves as a sh ie ld  during speci-  

men removal operations a The loop, pool, reactor ,  and hot -ce l l  arrmgement 

i s  convenient f o r  test-specimen removal, storage,  inspection, and prepara- 

t i o n  f o r  shipment. 

There are no spec ia l  loop operat ional  problems associated with 

unscheduled reac tor  shutdowns. 

Some of the probiems t h a t  have been encountered are: 

1. Space i n  the  pool above the reac tor  has become crogded, a s i t u -  . 
a t i o n  which could complicate loop maintenance. 

2. T%Le neutr.on f lux i n  L a t t i c e  posi t ion A - l  i s  considerzhly 

depressed by the  experlment.s i n  neighboring l a t t i c e  pos i t ions  

8-2 and B-1, A hjgher thermal-neutron f l u x  would be des i rab le  

f o r  obtaining increased fUel burn-up rates i n  the  experiments. 

The experiment ce l l -ven t i l a t ion  system appears t o  be almost 

inadequate 

f o r  %his  experiment 

During experiment i n s t a l l a t i o n ,  considerable cos ts  were incurred 

i n  running the  shielded l i n e s  between the  in-pool and the  base- 

ment sec t ions  of the  loop and i n  shielding the  basement room. 

3. 

Additional capaci ty  would have been advantageous 

4 
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Possible Improvements.-- The major improvements would include: 

1. 

2 .  

3. 

4.  

5. 

Providing more pool space f o r  experiment l i n e s .  

Providing a r e l i a b l e  emergency e l e c t r i c a l  suFply f o r  experiments 

as p a r t  of the r eac to r - f ac i l i t y  services .  

Providing addi t iona l  ce l l -vent i la t ion  system capacity. 

Providing addi t iona l  bui lding space f o r  shielded f a c i l i t i e s  t o  

house loop equipment. 

Providing b u i l t - i n  shielded passages f o r  making loop connectiocs 

between the reac tor  pool and the  loop equipment area. 

Fission-Gas Retention by Fuel Materials 

Experiment Description.-- The purpose of the  experiment i s  t o  evaluate 

the  a b i l i t y  of high-temperature f u e l  materials t o  r e t a i n  fission-product 

gases during i r r a d i a t i ~ n . ~ ~ ’ ~ ~ ’ ~ ~  The f u e l  sample i s  placed i n  a capsule 

which is  hung v e r t i c a l l y  within one of the l a t t i c e  posi t ions of the ORR 

(Fig.  17 shows a t y p i c a l  sample assembly.). The f u e l  i s  heated by i t s  

own f i s s ion  power which i s  adjusted by moving the f u e l  into,  o r  out  of,  

the  neutron f lux.  A t  constant power, the temperature of the  f u e l  i s  

regulated by air  cooling. Fiss ion gases released from the f u e l  are 

entrained i n  a moving stream of i n e r t  gas and car r ied  outside the reac tor  

for analysis  by gamma-ray spectrometry (Fig.  18). 

Argon o r  helium i s  used as a sweep gas. When argon i s  subs t i tu ted  

f o r  helium, the temperature of the  f u e l  increases due t o  the lower thermal 

conductivity of the  argon. The temperature increase i s  proportional t o  

the power and i s  sometimes 250°C o r  more. 

increasing the  f u e l  temperature as well as regulat ing the  cooling-air  

By using t h i s  method of 

flow, a wide range of temperatures can be a t ta ined  a t  a constant f iss ior i  

. 
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power. 

sweep gas and then measuring the neutron ac t iva t ion  of the  flowing argon. 

The neutron f l u x  i s  measured a t  any time by using argon as a 
12 

Experiment Fac i l i ty . - -  La t t ice  Posi t ions C-1 and B-9. 

Two e s s e n t i a l l y  i d e n t i c a l  experiments a r e  being done--one i n  l a t t i c e  

pos i t ion  C - 1  (Fig.  19), the o ther  i n  pos i t ion  B-9 (Fig.  20). Components 

o f  the cooling-air  and sweep-gas systems a r e  located i n  a shielded cubicle 

on the reac tor  balcony for the C * l  experiment and i n  a shielded equipment 

c e l l  i n  the ORR basement for the  B-9 experiment. Control and instrument 

panels for both experiments a re  housed i n  a s ingle  room located on the 

t h i r d  f loo r  of the reac tor  bui lding.  These experiments have been designed 

to be independent of neutron f l u x  per turbat ions from other  experiments c r  

from reac tor  f u e l  changes. Gamma heat ing (4.5 watt/gm) has a l so  been 

allowed f o r  i n  the  design and presents  no problem. Space fo r  the exper- 

iments i s  adequate, access i s  excel lent ,  and the f l e x i b i l i t y  afforded by 

the use of pool water f o r  shielding i n  the ORR i s  a grea t  advantage. 

The present  eight-week reac tor  cycle i s  about optimum f o r  these experiments. 

Unscheduled shutdowns present  no spec ia l  problems o ther  than in t e r rup t ing  

the  co l lec t ion  of da ta .  Scmples are changed m l y  during reac tor  shutdowns. 

Reactor Materials Development 

Experiment Description.-- Samples of reac tor  materials-fuel,  cladd.ing, 

s t ruc ture ,  moderator, o r  sh idding--are  i r r ad ia t ed  t o  determine e f f e c t s  

on t h e i r  physical  and mechanical proper t ies  .14 I n i t i a l  screening t e s t s  

of re la t ive l j r  shor t  durat ion (100-300 h r s )  a r e  made a t  neutron f luxes of 

about n/cm2-sec i n  order t o  evaluate new mater ia ls  or fabr ica t ion  

processes 

a re  then made of se lec ted  mater ia ls  a t  hieher  f luxes,  Sol4 up t o  

Engineering proof t e s t s  of longer durat ion (about 1000 h r s )  

. 
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lo1’ n/cm2-sec . 
by air  cooling. 

Samples are maintained a t  desired operating temperatures 

Experiment Fac i l i ty . - -  La t t ice  Pos i t ion  F-2. 

Engineering proof t e s t s  a re  performed i n  t h i s  f a c i l i t y ,  f o r  the  ORR 

operating cycle i s  not su i ted  t o  the shor te r  duration screening t e s t s .  

A f a c i l i t y  tube, which doubly contains the sample capsule within concentric 

tubes, posi t ions the capsule i n  the  F-2 l a t t i c e  pos i t ion  (Fig.  21). 

f a c i l i t y  tube en te r s  the reac tor  tank through one of the top  flanges and 

is  constructed with severa l  bends t o  prevent rad ia t ion  streaming. 

tube, which i s  t y p i c a l  of many reac tor  l a t t i c e  access i n s t a l l a t i o n s ,  and 

i t s  in-pool piping a re  shown i n  Fig.  22. 

the capsule through the tube.  

instruments are  located i n  a room i n  the  reac tor  bui lding.  F iss ion  gas 

and e x i t  air  sampling equipment i s  located i n  a shielded cubicle  on the 

reac tor  balcony. 

1014 n/cm2-sec. 

This 

The 

Cooling a i r  flows t o  a& from 

Controls f o r  the a i r  and racks f o r  recording 

The neutron f l u x  i n  the  F-2 f a c i l i t y  is  1.2 x 

Samples can be changed only during reactor  shutdowns. 

Possible Improvenents 

1. A wider balcony would f a c i l i t a t e  maintenance work a t  the shielded 

cubicle 

2. A shor te r  o r  more f l e x i b l e  reac tor  shutdown cycle would permit 

a grea te r  va r i e ty  of experiments t o  be performed. 

A less expensive a l t e rna t ive  t o  the  complex bends t h a t  are 

required i n  the  f a c i l i t y  tube t o  prevent rad ia t ion  streaming 

would reduce experiment fabr ica t ion  and i n s t a l l a t i o n  cos ts .  

4. An increase i n  thermal-neutron f lux,  possibly through use of a 

3. 

f l u x  t r ap ,  would be he lpfu l .  
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In-Pi le  Fue 1-Element Me It down Studies  

. 

Experiment Description.-- I n  t h i s  experiment samples of reac tor  fue l s  

which have been i r r ad ia t ed  t o  the desired burnup a r e  melted by in se r t ion  

i n t o  a high neutron f lux .  The f u e l  is  clad i n  s t a i n l e s s  s t e e l  and i s  

mounted within a tho r i a  chamber. 

furnace shown i n  Fig.  23 .  

This chamber i s  a pa r t  of the reac tor  
, 

The furnace, together  with a f i l t e r  uni t ,  i s  pa r t  of the experimental 

u n i t  which i s  placed i n  the  f a c i l i t y  tube mounted permanently i n  the F-9 

l a t t i c e  pos i t ion .  This tube, shown i n  Fig.  24, i s  equipped with a hydraulic 

cylinder for posi t ioning the furnace i n  the  required neutron flux; a 

hydraul ical ly  ccntrol led foot  valve makes it possible t o  s e a l  reac tor  

water from the tube so t h a t  experiments can be i n s t a l l e d  or removed while 

the reac tor  i s  a t  power. 

I n  addi t ion t o  the  meltdown experiment done i n  the F-9 l a t t i c e  posi-  

t i o n  of the O M ,  an i r r a d i a t i o n  f a c i l i t y  i s  i n s t a l l e d  i n  the  F-3 l a t t i c e  

pos i t ion .  This w i l l  accommodate up t o  7 specimens t o  provide f u e l  with 

the various degrees of burnup required f o r  the meltdown experiments. 

Fast-Neutron Damage i n  Sol ids  

Experiment Description.-- This t i t l e  covers invest igat ions of neutron- 

induced damage i n  s ing le  c rys t a l s  of various so l id  mater ia ls  a t  normal 

temperatures .15916j17 A s  the p r inc ipa l  i n t e r e s t  l i e s  i n  dimensional and 

ordering changes i n  c r y s t a l  lat t ices,  t ime-integrated fast-neutron f luxes 

of lo2' - n/cm2 (> 1 MeV) are  required,  

Experiment F a c i l i t y .  -- Lat t ice  Pos i t ion  C-3 ( P a r t i a l  Fuel Element). 

To obtain the high fast-neutron f luxes required, it is  necessary t o  

place the  samples close t o  f u e l  i n  the reac tor  core. A region of high 

. 
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fast-neutron flux i s  obtained within a cavi ty  formed by omitting some of 

the fuel p la t e s  i n  the center of a f u e l  element (Fig. 25). Samples may 

then be placed i n  a container which i s  inser ted  in to  t h i s  cavity.  The 

container i s  cooled by the  normal flow of reactor  cooling water. 

I n  the  C-3 l a t t i c e  posi t ion of ’che ORR, the  fast-neutron f l u x  

(>1 MeV) i n  the cen t r a l  port ion of a pa r t i a l - fue l  element i s  about 

5 x lo1” n/cm2-sec. This f l u x  fa l l s  by a f ac to r  of four a t  each end of 

the 2-ft-long i r r ad ia t ion  space. 

fast neutron doses up t o  about 

With i r r ad ia t ion  times up t o  one year, 

n/cm2 are obtained. 

Samples wnich do not y ie ld  water-soluble ac t iva t ion  products can be 

i r r ad ia t ed  within perforated containers i n  the f a c i l i t y .  Otherwise, 

closed containers must be used. When u.sing closed containers, some addi- 

t i o n a l  spezimen cooling can be obtained by f i l l i n g  the containers with 

lieliwln. rJormally, however, the samples a re  small enough t o  require no 

addi t ional  cooling. 

Fast-Neutron Damage t o  Reactor Materials 

Experiment Description.-- Information on the e f f e c t s  of neutron 

i r r ad ia t ion  on the  mechanical propert ies  of control-rod materials Tor a 

fu.ture h.igh-flux reactor  i s  being obteined. Tensile t es t  specimens a re  

i r r ad ia t ed  i n  high fast-neutron fluxes, a t  l e a s t  loL4 n/cm2-sec (> 1 Mev). 

Experiment Fac i l i ty , - -  La t t ice  posi t ion C-7. 

A p a r t i a l  fuel-element f a c i l i t y ,  as described on page 60, i s  used t o  

provide t‘ne high fast-neutron f lux.  

a t  the specimens of  about 3 x 1014 n/cm2-scc b 1  Mev). 

Lat t ice  pos i t ion  C-7 provides a f l u x  

The specimen con- 

t a i n e r  i s  perforated t o  allow the  cooling water t o  flow over the specimens. 
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I n  th i s  experiment t he  a v a i l a b i l i t y  of the  reac tor  pool f o r  p a r t i a l  

disassembly End reassembly of specimens i s  a grea t  convenience. 

Homogeneous Fuel Loops 

Experiment Description.-- These loops are used i n  an in-pi le  t e s t  pro- 

gram f o r  obtaining da ta  on the e f f e c t  of reactor  i r r ad ia t ion  on t h e  chemical 

s t a b i l i t y  of f u e l  solut ions (and s l u r r i e s )  and on the corrosion of materials 

of construction. 

Solutions (or s l u r r i e s )  of f u e l  material at controlled temperatures 

up t o  300°C are c i rcu la ted  w i t h  a pump through a high-neutron-flux region 

n/cm*-sec and above) i n  the  reac tor  (Fig.  26). The reac tor  f l u x  

t o  which the loop is  exposed can be varied by a manual r e t r ac t ion  mechanism 

which i s  used t o  pos i t ion  the  loop package within the beam hole (Fig.  27). 

S a q l e s  of the c i rcu la t ing  material are taken a t  in t e rva l s  during loop 

operation and analyzed. 

I n  t h i s  advanced phase of t he  t e s t  program, long experiment runs are 

required ( severa l  months) a t  a high power densi ty  i n  the  f u e l  solut ions.  

The loops have been proven out  i n  previous tests a t  lower fluxes (see 

Page 85. 

Experiment F a c i l i t y .  -- HN-1 (North Engineering-Test F a c i l i t y )  

The north engineering-test  f a c i l i t y  of the  ORE3 i s  closed w i t h  a la rge  

shielding plug having four  smaller penetrat ions.  

(10 in .  i n  diameter and designated €Ill-1) i s  used f o r  the homogeneous-fuel 

One of these penetrat ions 

loops. 

7 x 1013 n/cm2-sec i n  the  loop solution, or slurry, or about 2 x 

lOl3 n/cm2-sec when averaged over the loop c i r cu la t ion  path. 

This penetrat ion gives a maximum thermal-neutron f l u x  of 5 - 

Necessary 

auxi l ia ry  equipment i s  contained i n  two shielded equipment chambers b u i l t  
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a t  the s ide of the  reac tor  and ex terna l  t o  the f a c i l i t y  sh ie ld ing  plug 

(Fig.  28). Control instrument panels a re  located i n  an adjacent area. 

Reactor shutdowns do not adversely a f f e c t  loop operation. 

Analysis of Fission-Fragment Pa i r s  

Experiment Description.-- (F ig ,  29) .  F iss ion  fragments from a U235 

sample a re  correlated and analyzed using double t ime-of-fl ight methods 

and magnetic analysis  of one fragment of each p a i r .  

f l ux  of not  l e s s  than about lo9 n/cm*-sec i s  required a t  the sample. 

A thermal-neutron 

Experiment Fac i l i ty . - -  Beam Hole HB-1 

This beam hole provides approximately lo9 n/cm2-sec a t  the sample. 

A t  th i s  f l u x  long experiment runs are necessary, and thus the  long ORR 

operating cycle i s  favorable.  Normal operating f l u x  var ia t ions  a re  of no 

concern. The s w p l e  chamber is  surrounded by a massive concrete-shield 

assembly. 

(with water), the  beam can be shut of f  if access t o  the chamber i s  

By a combination of a s t e e l  shu t t e r  and beam-hole flooding 

ne ce s s ary . 
Some of' the problems t h a t  have been experienced are:  

1, 

2 .  

3 .  

Space f o r  equipment around the beam hole i s  very l imited.  This 

i s  due mainly t o  the massive shielding needed and p a r t l y  t o  the 

closeness of the adjacent beam holes .  

Space i n  the general  beam-hole area f o r  e l ec t ron ic  measuring 

and recording equipment i s  very l imi ted .  

ORR bui lding i n  t h i s  a rea  i s  too small f o r  the needs of 

experimenters. 

The noise l e v e l  (both acoust ic  and e l e c t r i c a l )  i n  the a rea  i s  a 

very severe problem f o r  de l i ca t e  experiments l i k e  this .  

The f l o o r  space i n  the  
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Radiofrequency interference from e l e c t r i c a l  equipment using relays 

(motors, compressors, e t c . )  i s  very troublesome. 

Mechanical disturbances t o  equipment from t r a f f i c  and maintenance 4. 

or construction operations i s  too frequent.  

Thermal disturbances t o  equipment from nearby t ruck and personnel 5 .  

doors are troublesome. 

Possible Improvements 

1. A higher thermal-neutron f lux would be very advantageous. 

2 .  Lover fast-neutron and gamma f luxes would enable a l e s s  massive 

sh ie ld  t o  be used and would ease the  space problem. 

3. 

4. 

Extending the  w a l l  of the  bui lding would provide more space. 

Completely walling i n  the a rea  around the  beam hole would he lp  

t o  minimize some of t he  disturbances.  I n  e f f ec t ,  t h i s  would 

bui ld  a small laboratory around the  beam hole .  A t  present  there  

i s  not  enough room f o r  t h i s .  

Dislocation Pinning i n  Metals by Radiation Defects 

Experiment Description,-- In t e rna l  f r i c t i o n  measurements are made i n  

metal s ing le  c rys t a l s  i r r ad ia t ed  with neutrons. 20’21 The metal sample i s  

maintained i n  continuous o s c i l l a t i o n  a t  i t s  resonant frequency within a 

ba th  which may be held a t  temperatures from l i q u i d  helium up t o  20OoC0 

8 A fast-neutron f l u x  of a t  least 10 n/cm2-sec, which can be turned on and 

o f f ,  i s  required.  

Experiment F a c i l i t y .  -- Beam Hole HB-2. 

This beam hole provides, a t  the sample, a f l u x  of 1 - 2 x 10 8 n/cm2- 

see of energies g rea t e r  than 0.75 MeV which i s  j u s t  adequate f o r  the  

experiment. The beam can be turned on o r  o f f  within a few seconds by 
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means of a ro ta tab le  24-in.-thick s teel  shu t t e r .  

and the sample assembly me surrounded by a massive sh ie ld .  For t h i s  

experiment the normal reactor  f l u x  var ia t ion  through a f u e l  cycle does 

not cause d i f f i c u l t i e s .  A shor te r  operating cycle would, however, be 

preferable .  Unscheduled shutdowns cause d i f f i c u l t i e s  i n  es t imat ing the 

fast-neutron dose t o  a sample. 

The temperature ba th  

Problems which have been noted are: 

1. Space f o r  instrumentation away from the reactor  face i s  very 

l imi ted .  

Levels o f  acoustic and of e l e c t r i c a l  noise (e.g., from a r c  

welding) are high. 

2. 

3. Thermal disturbances from the nearby t ruck door are severe.  

Possible Improvements 

1. An increase i n  space f o r  e lec tonic  instrumentation i n  the  

general  area i s  grea t ly  needed. 

Compartmentalization of the  beam-hole area in to  separate 

labora tor ies  would minimize disturbances.  

A means of varying the neutron flux, and a somewhat higher flux, 

would be desirable. 

2 .  

3. 

Thermal Neutron Diffract ion 

Experiment Description.-- Monochromatic neutrons are selected from 

a beam of thermal neutrons and are sca t te red  from samples of materials. 

A var ie ty  of invest igat ions may be made using neutron d i f f rac t ion .  

These include, for example, c r y s t a l  s t ruc ture  determinations, s tud ies  i n  

nuclear physics, and invest igat ions of magnetism a t  t h e  atomic l eve l .  

Thermal neutron f luxes of about lo7 n/cm2-sec are adequate, bu t  higher 

fluxes are preferable .  

22 



Experiment Faci l i ty . - -  Beam Holes HB-3 and KB-4. 

These beam holes provide a thermal-neutron f l u x  of approximately 

lo9 n/cm2-sec a t  the  monochromator. The f ac to r  of  about 100 i n  f l u x  over 

the  minimum adequate f l u x  can be used t o  shorten the  length of an experi- 

ment run, o r  it can be used f o r  obtaining b e t t e r  da ta  ( f o r  example, higher 

resolut ion) .  For both of these beam holes the  monochromators are shielded 

with massive concrete blocks a The diffractometers,  i n  which the  mono- 

chromatbc beams are sca t te red  from samples, are located j u s t  outs ide these 

massive sh ie lds  (Fig.  3 0 )  

I n  addition, HB-4 has a v e r t i c a l  90° diffractometer (Fig.  31); therefore,  

i n  t h i s  f a c i l i t y ,  dual use i s  made of the  o r i g i n a l  neutron beam. 

Both BB-3 and a - 4  have 35' diffractometers.  

The long 

operating cycle of the  ORR i s  favorable for these experiments. Minor f l u x  

var ia t ions  are of no consequence. 

Sone of the  problems which have been encountered a re :  

1. Space a t  the  beam-hole area f o r  equipment and instrumentation 

i s  severely l imited 

2. The acoust ic  and e l e c t r i c a l  noise l eve l s  are high.. 

3 .  It i s  d i f f i c u l t  t o  keep d i r t  away from the  diffractometers.  

4 T ra f f i c  and mechanical disturbances are troublesome 

Possible Improvements 

1. 

2. 

Increase i n  space f o r  i n ~ t r ~ m e n t a t i o n  i s  desirable .  

Provision i s  needed f o r  a separate, sound-proofed room f o r  each 

experiment, 

Reduction i n  the  fast-neutron and gamma f luxes from the beam holes 

would lessen  shielding d i f f i c u l t i e s .  I n  a new f a c i l i t y  t h i s  mip&t 

3. 

be done by providing tangent ia l  beam tubes f o r  thermal-neutron 

d i f f r ac t ion  use. 





73 



74 

U N C L A S S I F I E D  
ORN L-L R-DWG 46045 

REACTOR 

Fig. 31. Schematic of Neutron Diffractometer (Vertical Section). 
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Fission Process Studies  

Eqeriment  Description.-- Neutrons of resonance energies are selected 

from a neutron beam by d i f f r ac t ion  from a beryllium c rys t a l .  These neu- 

t rons cause f i s s i o n  i n  a sample of uranium-235 contained i n  a cryostat  

and kept between 0.5 - 4OK. 
crys ta l l ine  e l e c t r i c  f i e l d  gradient i n  U02Rb(N03)3 and the  angular d i s -  

t r i bu t ion  of t he  f i s s i o n  fragments i s  determined. A thermal-neutron f l u x  

of a t  least lo9 n/cm2-sec i s  necessary. 

The uranium nuclei  are or iented by the  

Beam monitoring allows compen- 

sa t ion  f o r  normal neutron f l u x  var ia t ions .  

Experiment Fac i l i ty . - -  Beam Hole HB-5. 

The monochromating c r y s t a l  i s  surrounded by a massive concrete 

sh ie ld  a t  the  beam-hole po r t .  

located outside t h i s  sh ie ld .  

f l u x ,  

f l u x  a t  t h i s  beam hole are detrimental .  

favorable f o r  the  long data-accumulation runs t h a t  are usual i n  t h i s  

experiment. Except f o r  in te r rupt ion  of data  accumulation, shutdowns do 

not a f f e c t  the experiment. 

The cryostat  and detect ion equipment are 

The beam hole barely provides the  necessary 

For t h i s  reason, changes i n  f u e l  loading which may depress the  

The long ORR operating cycle i s  

Problems which have been encountered are: 

1. 

2. Acoustic and e l e c t r i c a l  noise l eve l s  are too high. 

3.  

Floor space f o r  equipment and instrument racks is  too l imited.  

The method of flooding the  beam hole ( i n  order t o  shut o f f  the  

beam) has been found t o  be awkward. 

Possible Improvemnts 

1. Increase i n  floor space and provision of an enclosed room f o r  

the  experiment i s  needed. 



2. A spec ia l  reac tor  f u e l  d i s t r i b u t i o n  would be des i rab le  t o  increase 

the l o c a l  f l u x  a t  beam hole HB-5. 

3. 

4. 

A simpler arrangement f o r  beam hole flooding should be provided. 

Reduction i n  gammas and f a s t  neutrons, possibly by use of a 

tangent ia l  beam tube would allow reduction i n  shielding.  

A redesign should in tegra te  o r  combine the  reac tor  and the mono- 

chromator sh ie lds .  

5. 

6, Provision of a completely separate e l e c t r i c  grounding system f o r  

each experiment should be made. 

Measurement of Neutron Cross Sections 

Experiment Description.-- Using the t ime-of-fl ight technique, the  

cross sect ions of materials f o r  neutrons of resonance energies ( severa l  

ev t o  severa l  kev) a r e  measured.23 I n  t h i s  technique neutrons i n  shor t  

bursts, from a fast mechanical chopper, pass through a sample of  material; 

agd t h e i r  times of a r r i v a l  a t  the  end of a long (up t o  18o-meter) evacuated 

f l i g h t  tube a r e  recorded. The highest  ava i lab le  neutron current  i n  the  

resonance-energy region i s  required.  Variations i n  flux, provided they 

a re  not too rapid, are of no consequence since the sample i s  a l t e rna ted  

i n  and out of the beam. Long experiment runs a r e  made. 

(Fig.  32). Experiment Faci l i ty . - -  Beam Hole HB-6. 

An entrance coll imator i s  housed i n  the beam-hole cubicle within the  

The fast-chopper ro to r  and housing assembly i s  contained reactor  sh ie ld .  

i n  a massive sh ie ld  of boron-loaded concrete. 

passes through the w a l l  of the  reactor  bui lding.  

The evacuated flight tube 

The resonance-neutron 

current i n to  the beam hole a t  the  reac tor  core i s  loL4 n/cm 2 -sec 

(>0.2 ev, dE/E spectrum). 

achieved by flooding the beam tube. 

Beam shutoff,  f o r  chopper maintenance work, i s  
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Possible Improvements.-- Some means of increasing the  resonance- 

neutron f lux,  and a t  the same time reducing the fast-neutron and gamma 

f luxes,  would be advantageous. Fas t  neutrons and gammas add t o  the back- 

ground i n  the de tec tors  and t o  the general  shielding problems. While it 

may be possible  t o  achieve small improvements i n  t h i s  d i r ec t ion  with 

spec ia l  f u e l  and r e f l e c t o r  arrangements, t he  bes t  long-term approach for. 

Ji'ciss sect ions i n  the resonance-energy region i s  t o  replace the reac tor  

and chopper w i t h  a pulsed-electron l i n e a r  acce lera tor ,  For thermal ener- 

gies ,  however, the  reac tor  i s  the  bes t  neutron source ava i lab le .  

S t r e s s  Rupture Experiments 

Experiment Description. -- Tubular specimens of severa l  reac tor  

s t r u c t u r a l  mater ia ls  ( e  .g., Inconel, 304 s t a i n l e s s  s t e e l ,  Zircaloy-2, 

and columbium a l loys )  a re  operated a t  desired temperatures (500 t o  

2000 F range) under stress from i n t e r n a l  gas pressure during reac tor  

i r r a d i a t i o n  .24 The time-to-rupture a t  various s t r e s s  l eve l s  and tempera- 

0 

t u re s  is  measured and compared with similar t e s t s  run outs ide the  r eac to r .  

Pos t i r rad ia t ion  metal lurgical  examination of specimens i s  performed i n  a 

hot  c e l l .  Thermocouples on the specimens permit control  of  the tempera- 

t u re  by using e l e c t r i c a l  hea te rs  around the specimens. I n  the  lower end 

of the temperature range it i s  necessary t o  remove some of the nuclear 

hea t  with a i r  or water-cooled "fingers" inside the  specimens. The s t r e s ses  

i n  the specimens range up t o  50,000 pi, requir ing i n t e r n a l  gas pressures 

up t o  5000 p s i .  

Experiment Fac i l i ty . - -  Poolside I r r a d i a t i o n  F a c i l i t y .  

Up t o  10 specimens a re  mounted i n  a watertight metal box which i s  

posit ioned a t  the  poolside i r r a d i a t i o n  f a c i l i t y  adjacent t o  the reac tor  

a 
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core (Fig.  33, 34). Tubes containing leads f o r  thermocouples, heaters, 

and pressurizing gas are taken out over the  pool w a l l  t o  an instrument 

room. 
2 

The fast-neutron f l u x  i n  the f a c i l i t y  i s  about 4 x 1 G 1 3  n/cm -sec 

(> 0.7 MeV) which i s  adequate f o r  obtaining the  desired integrated doses 

of 10'' - Due t o  

the r e a c t i v i t y  associated w i t h  the specimen box and t o  the closeness of 

n/cm2 within the  &week reactor-operating cycle. 

other  poolside experiments, samples may be changed only during reactor  

shutdoms. A s  shutdowns are spaced too far apart for maximur experiment 

benefi t ,  the convenience of the  poolside f a c i l i t y  f o r  these eqer jments  

i s  only fa i r .  An iinproved experiment design, i n  which specimens w i l l  be 

individual ly  carmed, i s  expected t o  permit removal. af single  specimens 

a t  any time during reactor  operation and t o  increase the u t i l i t y  or' the 

f a c i l i t y  severalfold.  

Effects  of Neutron I r r ad ia t ion  on the Mechanical Propert ies  - of Materials 

Experiment - Description .-- Tfpical of the  experiments performed is a 

series t o  de temine  tkie effect .  of high-temperature reactor  i r r ad ia t ion  on 

some physicai and nitchanical pyoperties of beryllium. 
25 Some specimens 

3 
are given exposures between 1 and 6 x LO2' n/cm".. (>1 Mev) a t  temperatures 

he-tween 50 and ' (8O0C, and propert ies  are measured before and after 
26 

i r rad ia t ion .  Other specimens, i n  tubular  form, ai-e used i n  stress- 
0 rupture experiments a t  600 C under neutron i r r ad ia t ion .  

extensometer has been. used t o  determine the creep of s t ressed  materials 

at; 1100 - 1300°F under reactor  irrad.iat4on. 

a tures  nuclear heating i s  supplemncued with heating from electr ical .  

An in-p i le  

To a t t a i n  the  higher temper- 

resis tance furnaces e 
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Experiment F a c i l i t y .  -- Lat t ice  Posi t ion B-8. 

The neutron f l u x  i n  the pos i t ion  i s  approximately 9 x 1013 n/cm2-sec 

(>1 MeV) which i s  adequate t o  provide the  desired exposures within reason- 

able  times * 

d i r e c t  cooling of the specimens by the  reac tor  cooling water. 

temperature i r r ad ia t ions  are conducted with the specimens mounted i n  an 

aluminum can having the same outside dimensions as a f u e l  element. An 

aluminum tube containing leads f o r  hea te rs ,  thermocouples, and pressur- 

i z ing  gas passes through one of the access f langes i n  the  reac tor  tank 

top  t o  a junction box above the pool surface (Fig.  35). 

ments a r e  located i n  a laboratory on the  second f l o o r  of the bui lding.  

Sample removal i s  g rea t ly  f a c i l i t a t e d  by the provisions f o r  taking 

irradiated items from the reac tor  t o  the hot c e l l  under water shielding.  

Minor problems a r i s e  from slow f l u x  var ia t ions  with t i m e  r e su l t i ng  from 

motion of the shim rods during a f u e l  cycle. 

f a c i l i t y  i s  qui te  adequate f o r  the experiments. 

Studies  of Short-Lived Fiss ion  Products 

The lower-temperature ( 6ooc) i r r ad ia t ions  a r e  performed with 

The elevated- 

Control i n s t ru -  

Otherwise, the reac tor  

Experiment Description.-- Small samples of f i ss ionable  mater ia ls  are 

b r i e f l y  i r r ad ia t ed  and then t ransfer red  rap id ly  t o  a radiochemistry 

laboratory where the y ie lds  and ha l f - l i ves  of the  short- l ived f i s s i o n  

products are determined. 

f o r  determining independent y i e lds  and ha l f  - l ives  .27 

Rapid chemical separat ions a r e  o f t en  necessary 

I n  such instances 

solut ion samples i n  p l a s t i c  containers a re  used. (Fig.  7) .  

Experiment Faci l i ty . - -  ORR Pneumatic Tube. 

This f a c i l i t y  i s  described on page 10. The high neutron f l u x  i n  the  

f a c i l i t y  (6.5 x 1013 n/cm2-sec) permits the  use of very small quan t i t i e s  
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of sample material when l a r g e r  amounts would i n t e r f e r e  with a separat ion 

procedure. After i r r a d i a t i o n  the p l a s t i c  containers are discharged from 

the  tube within a hood. The contents are removed using a spec ia l ly  

designed hypodermic-needle assembly which p ie rces  the  p l a s t i c  container 

and withdraws so lu t ion  for processing within a matter of seconds. 

Activation Analvs i s  

Experiment Description,-- Samples of materials are i r r a d i a t e d  with 

neutrons and the r ad ioac t iv i t i e s  produced measured with nuclear rad ia t ion  

de tec tors  i n  order  t o  determine t r a c e  cons t i tuents  .28 j29 j  30 Samples are 

usual ly  small and i r r a d i a t i o n  times seldom exceed 10 minutes. 

the neutron f l u x  the  g rea t e r  the s e n s i t i v i t y  of t h i s  a n a l y t i c a l  method. 

The higher 

Experiment Fac i l i ty . - -  1. ORR Pneumatic Tube; 

1. This f a c i l i t y  i s  described opPage  10. 

i n  the f a c i l i t y  r e s u l t s  i n  high s e n s i t i v i t y  for t h i s  method of 

ana lys i s .  

2. ORR Hydraulic Tubes 

The high neutron f l u x  

The s i z e  of the  r abb i t  i s  adequate for most samples. 

While b io log ica l  Specimens have been i r r a d i a t e d  i n  t h i s  pneumatic 

tube, heat-sensi t ive materials may be damaged. A means of cooling 

specimens more e f f ec t ive ly  i s  des i rab le .  

2. For samples where the Clesired i r r a d i a t i o n  t i m e  i s  i n  excess of 

one or more hours, the hydraulic-tube f a c i l i t y  i s  used. This 

f a c i l i t y  i s  a l s o  described on page 10. The neutron f l u x  i n  the  

hydraulic tubes i s  1 - 2 x 1014 n/cm 2 -sec, r e su l t i ng  i n  somewhat 

g rea t e r  ana ly t i ca l  s e n s i t i v i t y  than for the  pneumatic tube.  
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Experiments i n  the  LITR 

Homogeneous Fuel Loops 

Experiment Description.-- These loops a re  used i n  an in-p i le  t es t  

program f o r  obtaining da ta  on the e f f e c t s  of reac tor  i r r a d i a t i o n  on the  

chemical s t a b i l i t y  of f u e l  solutions31 and s lur r ies32  and on the  corrosion 

of materials of construction. They a re  used a l s o  f o r  t e s t i n g  loop compc- 

nents t o  be used i n  fu ture  t e s t  programs involving higher f luxes and 

longer i r r a d i a t i o n  times. Solutions ( o r  s l u r r i e s )  of f u e l  materials a t  

control led temperatures up t o  300°C are c i rcu la ted  by pumps through a 

region of high thermal-neutron f l u x  (about 1013 n/cm2-sec). Samples of 

the c i r cu la t ing  f u e l  are taken, as required, and analyzed. 

Experiment Fac i l i ty . - -  Beam Holes HB-2 and HB-4. 

Loops have been operated a t  beam holes HB-2 and HB-4 a t  the  LITR, 

bu t  are now operated Dnly i n  the  ORR (Page 65).  The in-p i le  sec t ion  of 

each loop contains a core sect ioc,  a c i r cu la t ing  pump, a pressurizer ,  a 

heater,  and, i n  the  case of a s l u r r y  loop, a f i l t e r  (F ig .  3 6 ) .  The out-  

of -p i le  components and sampling s t a t ions  were enclosed i n  shielded 

chambers, vented t o  off-gas, and b u i l t  over the  beam-hole ports  (F ig .  37, 

38) a Control-instrument panels were located i n  the  experiment area 

adjacent t o  The beam-hole po r t s .  

beam holes w a s  1 x 1013 n/cm*-sec maximum; the  f l u x  t o  the  f u e l  solut ion 

w a s  about 5 x 10l2 n/cm2-sec, averaged over the  e n t i r e  loop-circulation 

The thermal-neutron f l u x  within the  

path.  

The f l e x i b i l i t y  of t he  LITR operating schedule f o r  the  i n i t i a l  exper- 

iments i n  t h i s  a r ea  of new technology i s  a usefu l  asset; the higher neutron 

f l u x  of the ORR i s  needed, however, t o  obtain information under conditicns 

more closely approaching a c t u a l  reac tor  operating conditions.  
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Radiation S t a b i l i t y  of Fuel Materials 

Experiment Description.-- Samples of f u e l  materials are i r r ad ia t ed  

i n  high-pressure autoclaves a t  elevated temperatures t o  obtain data  on 

rad ia t ion  damage t o  the  materials.33 

solution, s l u r r i e s ,  o r  wetted p e l l e t s .  Sample temperature, which may be 

as high as 300'5, i s  control led by a i r  cooling. Neutron fluxes of about 

1013 n/cm2-sec and in tegra ted  neutrcn doses of the  order o f  lo2' ,/em2 

Samples may be i n  the  form of 

a re  required i n  the  current phase of t h i s  experiment. 

time of about a year i s  needed t o  give a rad ia t ion  exposure equivalent t o  

a thoria-blanket cycle.  

An i r r ad ia t ion  

Experinent F a c i l i t y .  -- Lat t ice  Pos i t ion  C-43. 

An access channel consis t ing of  two concentric tubes extends from a 

connection box near t he  top  of t he  reac tor  through a reac tor  tank s ide  

penetrat ion and down in to  the  l a t t i c e  pos i t ion .  

containing an experiment i s  lowered i n t o  pos i t ion  through the  inner  con- 

cen t r i c  tube which a l s o  serves t o  carry i n l e t  cooling a i r  and instrument 

leads.  

t e n t s  t o  be s t i r r e d  (F ig .  393). Control instrument panels are located i n  

the w e s t  experiment room of the  reac tor  bui lding.  This f a c i l i t y  provides 

a thermal neutron f l u x  of 2.5 x 10'3 n/crn2-sec. 

heat ing i n  the s t e e l  autoclave i s  more than adequate t o  provide the  desired 

temperatures and, i n  f ac t ,  requires  t n a t  the  amount o f  s teel  be minimized. 

A higher neutron f lux,  and the  associated l a rge r  gamma heating, would 

r e s u l t  i n  cooling problems. 

The autoclave (Fig.  39a) 

There a r e  two types of autoclave, cne of which permits the  con- 

The amount of gamma 

Some problems which have been encountered are: 

1. The bend i n  the  f a c i l i t y  tube required f o r  s ide en t ry  of the  

reac tor  tank limits the  s i z e  of the  autoclave.  
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2.  Because of the  small core size,  the  f l u x  gradients  across it are 

s teep.  The placement of experiments and of f l u x  monitors i s  

therefore  c r i t i c a l .  

3. While the  f l u x  va r i a t ion  during an operating cycle i s  small, 

changes i n  f u e l  d i s t r ibu t ion  upon re fue l ing  can cause a s ign i f -  

i can t  va r i a t ion  from one cycle t o  another.  

Radiation S t a b i l i t y  of D r y  Fuel Materials 

Experiment Description.-- Nonvolatile f u e l  mater ia ls  are i r r ad ia t ed  

a t  normal temperatures i n  sealed containers t o  determine rad ia t ion  

A thermal f l u x  of the order of loL3 n/cm2-sec i s  needed. 

Experiment Fac i l i ty . - -  La t t ice  Posi t ion C-41 ( P a r t i a l  Fuel Element). 

I n  the cavi ty  of t h i s  p a r t i a l t f u e l  element (see Page 60) i s  placed 

an aluminum piece containing two holes  3/4 in .  i n  diameter by 20 i n .  long. 

In%o these holes are placed perforated holders containing the sealed sample 

containers (Fig.  39c).  

t i ons  and cools the sample containers.  The thermal-neutron f l u x  a t  the 

containers i s  approximately 3 x 1 0 ~ 3  n/cm -sec. 

Reactor cooling water flows through the  perfora-  

2 

Reactor Materials Development 

Experiment Description. -- Samples of reac tor  materials--fuel,  clad- 

ding, moderator, shielding--are i r r ad ia t ed  t o  determine e f f e c t s  on t h e i r  
1 4  physical  and mechanical propert ies .  

t i v e l y  shor t  durat ion (100-300 h r s )  are made i n  thermal-neutron f luxes of 

about 1013 n/cm2-sec i n  order t o  evaluate new materials o r  fabr ica t ion  

I n i t i a l  screening tests of rela- 

processes. 

Engineering proof tests of long durat ion (about 1000 h r s )  are then 

made of  selected mater ia ls  a t  higher fluxes,  1014 t o  d5 n/c?n2-sec i n  

. 
c 
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other  reactors .  

by a i r  cooling. 

Samples are maintained a t  desired operat ing temperatures 

Experiment Fac i l i ty . - -  La t t ice  Pos i t ion  C-48. 

An experiment f a c i l i t y  tube (Fig.  40) en te r s  the  s ide  of the reac tor  

tank near the top  and extends down in to  the  C-48 l a t t i c e  pos i t ion .  

are placed i n  a capsule assembly provided with f l ex ib l e  metal-bellows 

Samples 

tubing and instrument leads,  and the  capsule i s  lowered i n t o  the  f a c i l i t y  

tube. Cooling a i r  flows through the  f l e x i b l e  tubing. Cooling a i r  

returning from the  sample flows through an a i r  cleanup and sampling sta- 

t ion,  located i n  a lead-shielded cubicle on the reac tor  midriff ,  before 

being exhausted i n t o  the reac tor  off-gas system. Instrument and control  

panels a r e  located i n  the  east experiment room of the  reac tor  bui lding.  

A typical i n s t a l l a t i o n  i s  diagrammed! i n  Fig.  41. 

This f a c i l i t y  i s  w e l l  su i t ed  fo r  the screening tes ts .  The thermal- 

neutron f l u x  i n  C-48 i s  loL3 n/cm*-sec and va r i e s  l i t t l e  over the opera- 

t i n g  cycle. 

f o r  these types of t es t s .  

i n s t a l l a t i o n  for the LITR a re  a l s o  less than f o r  the ORR. 

Effec ts  of Radiation on Mechanical Propert ies  of Metals 

The operating schedule of the LITR has the  needed f l e x i b i l i t y  

Costs o f  experiment f a c i l i t y  construction and 

Experiment Description.-- The object ive of t h i s  series of experiments 

i s  t o  determ-ine the e f f e c t  of nuclear rad ia t ion  on the  mechanical proper- 

t i es  of reac tor  s t r u c t u r a l  metals with spec ia l  emphasis on the  neutron 

embrittlement of  s t e e l s .  35,36 Metal specimens, enclosed i n  a s t a i n l e s s  

s t e e l  can, are i r r ad ia t ed  a t  various temperatures with neutrons. Tempera- 

t u re s  i n  the  range 200-600°~ are used, and integrated neutron dosages of' 

the  order of 5 x 10l8 n/cm 2 (>1 MeV) are required.  

c 
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Experiment Faci l i ty . - -  La t t ice  Posi t ions c-18, C-49, and C-55. 

The fast-neutron f l u x  i n  each of  these posi t ions i s  from 3 - 
6 x 10l2 n/cm2-sec 01 Kev) which gives the  required t o t a l  dosage within 

the  normal one-month operating cycle of  the LITR. The magnitude of  the  

gamma heating i n  these posi t ions (about 0.5 w a t t / g m )  is  such t h a t  good 

temperature control  of  the specimens can be achieved through the  simple 

means of applying a var iable  a i r  pressure t o  the  i n t e r i o r  of the  sample 

can. 

between the  can and the  specimens can be varied.  

I n  t h i s  way the contact area, and therefore the heat  t ransfer ,  

The ex te r io r  of the  can 

i s  cooled by the flow of  reac tor  water through the  core. 

Fas t  Neutron Damage i n  Sol ids  

Experiment Description.-- This t i t l e  covers invest igat ions of neut rm-  

induced damage i n  s ing le  c rys t a l s  of various s o l i d  materials a t  normal 

temperatures .15,16,1'-( A s  t he  pr inc ipa l  i n t e r e s t  l i e s  i n  dimensional and 

ordering changes i n  the  c r y s t a l  l a t t i c e ,  integrated fast-neutron f luxes 
2 of lo2' - n/cm (>1 MeV) are required. 

Experiment F a c i l i t y .  -- Latt ice  Posi t ion c-28 ( P a r t i a l  Fuel  Element). 

This type of f a c i l i t y  has been described on Page 60. I n  the  c-28 

l a t t i c e  posi t ion of the LITR the fast-neutron f l u x  i n  the cent ra l  port ion 

of a p a r t i a l  f u e l  element i s  5 x 1013 n/cm -sec (>1 M e V ) .  

d i a t ion  times up t o  one year, neutron doses up t o  about 1021 n/cm2 are 

obtained. 

2 With irra- 

For t he  higher doses ( n/cm2) the  ORR i s  used (Page 60). 

Damage-rate e f f e c t s  can be determined by using both reactors .  

Gas-Cooled Reactor Fuel  Studies  

Experiment Description.-- Miniature f u e l  samples of types which are 

37 of i n t e r e s t  i n  t he  gas-cooled reactor  program are being i r r ad ia t ed .  

. 

. 
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The samples are sealed in to  an Inconel capsule containing two separate  

compartments i n  tandem (Fig.  42).  

ve r t i ca l ,  re-entrant,  f a c i l i t y  tube in to  the reac tor .  During i r r ad ia t ion ,  

the w a l l  of the capsule i s  maintained a t  a temperature of 1300°F by forced 

a i r  cooling from the p lan t  a i r  supply. The air  flow i s  control led auto- 

mat ical ly  by a temperature control ler-recorder  t h a t  operates a pneumatic 

control  valve. The a i r  passes down through the  cen t r a l  tube of the f a c i l -  

i t y  tube, over the capsule, and re turns  up through an outer  annulus t o  the  

off-gas system (Fig.  43).  

tral f u e l  temperature and capsule-wall temperature during i r r a d i a t i o n .  

This capsule i s  inser ted  through a 

Thermocouples give continuous readings of cen- 

Following i r r ad ia t ion ,  t he  capsule i s  examined i n  a hot  c e l l  t o  de te r -  

mine f iss ion-gas release as w e l l  as zhanges i n  dimensions, density,  

microstructure,  or other  cha rac t e r i s t i c s  of the  fue l .  

Experiment Fac i l i ty . - -  La t t ice  Posi t ions C-42, 44, 45, 46, 47, and 57. 

Access t o  these l a t t i c e  posi t ions i s  through the  top  cover of the  

reac tor  tank. Cooling-air and thermocouple junct ion boxes are located on 

the  reac tor  t op  l e v e l  with control-instrument panels i n  the west experiment 

room (Fig.  9) .  

i s  located outs ide the  reac tor  building. 

i n  the l a t t i c e  posi t ions range from 2 ., 4 x 1013 n/crn2-sec and a r e  adequate 

for the  screening-type tes ts  performed i n  t h i s  program. 

are of no concern, f o r  the  t e s t  specimens are small. For most of the 

experiments gamma heat ing i s  low enough (1 - 1.5  wattlgn) t o  be unimportant. 

The experiments have not been g rea t ly  a f fec ted  by o ther  experiments i n  the 

l a t t i c e .  

Cooling-air cleanup equipment ( f i l t e r s  and charcoal t r a p s )  

The peak thermal-neutron f luxes 

Flux gradients  

The reac tor  operating cycle has been found t o  be sa t i s f ac to ry .  
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Some problems which have been experienced are:  

1. Accurate predict ions of sample heat-generation r a t e s  and burnups 

a re  made r a the r  d i f f i c u l t  by s h i f t s  which have occurred i n  the 

thermal-neutron fluxes i n  the sample posi t ions (about & 25%) over 

a three-year period. 

Unscheduled shutdowns have produced more thermal cycling of  sam- 

p les  than i s  des i rab le .  Such cycling i s  l i a b l e  t o  came chermo- 

couple and, perhaps, capsule f a i l u r e .  

2. 

3. The top-cover access for these experiments i s  highly undesirable. 

Each time the reac tor  t op  i s  removed for refuel ing o r  maintenance 

every one of the experiment f a c i l i t y  tubes must be dismantled 

and disconnected Prom i t s  air  and instrument l i n e s .  Af te r  re -  

moval of  the top, the  tubes (with t h e i r  experiments) must be 

l i f t e d  out of the l a t t i c e  and s tored a t  the s ide of the tank. 

Due t o  the  de l i ca t e  nature of the capsules, these operations with 

the experiment assemblies a re  performed only by an experiment 

technician.  Aside from the inconvenience of having t o  provide a 

technician each time the to? i s  removed, there  i s  the r i s k  of 

damage t o  experiments from handling and the danger o f  miscon- 

necting cooling-alr  Lines and thermocouples. 

Although experiments can be i n s t a l l e d  or withdrawn from the f l u x  

during any shutdown, they can be removed from the reac tor  only 

during the  monthly major shutdown when the  reac tor  top i s  removed. 

4. 

Possible Improvement.-- Side access through the  reac tor  tank w a l l  

would be a great  improvement fo r  these experiments. 

need t o  disconnect experiments each time the top  i s  removed and would permit 

experiment removal during the weekly shutdowns . 

This would end the 
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Experiments i n  the  OGR 

Thermal-Neutroc-Induced Recoil  and Transmutation Effec ts  i n  Semiconductors 

Eqeriment  Description.-- Small specimens ( typ ica l ly ,  0.1 gm) are 

i r r ad ia t ed  with thermal neutrons a t  reac tor  ambient or a t  l iquid-ni t rogen 

temperatures and t h e i r  e l e c t r i c a l  p roper t ies  subsequently measured. 38 

To minimize fast-neutron e f f e c t s  a very high cadmium r a t i o  i s  required.  

The thermal-neutron f l u x  can be r e l a t i v e l y  low f o r  these radiat ion-  

s ens i t i ve  materials, but  it should be constant f o r  long periods.  To 

reduce heating e f f ec t s  t he  gamma f l u x  should be low. 

Experiment Fac i l i ty . - -  Incl ined Biological  Tunnel (Fig.  44). 

This f a c i l i t y  consis ts  of an incl ined hole leading t o  a bismuth- 

shielded cavi ty  within the  v e r t i c a l  thermal column of the  OGR. 

neutron f l u x  i n  the  cavi ty  i s  1 .5  x lo9 n/cm2-sec and i s  constant (within 

The thermal 

5% over a week), t he  cadmium r a t i o  I s  grea te r  than 10 5 , and the  gamma . 
exposure rate i s  only 80 r /hr .  The f a c i l i t y  can hold a 2 - l i t e r  dewar of 

l i qu id  nitrogen which provides s u f f i c i e n t  sample cooling for about 20 h r s .  

Samples can be changed w h i l e  the r eac to r  i s  a t  power. The gamma rad ia t ion  

i s  s u f f i c i e n t l y  low t h a t  ozone formetion from oxygen i n  the  dewar i s  of no 

consequence. 

Possible Improvements t o  the  FEci l i ty , - -  To p e r m i t  prolonged l o w -  

temperature exposures, the f a c i l i t y  could be r e f r ige ra t ed .  To f a c i l i t a t e  

access, the  present  massive shielding plug (1 - f t  sq x 8 f t  long) could 

be provided with a small l - i n e  I D serpentine sample-access hole .  

Sas ic  Studies  on Radiation Damage i n  Metals 

Experiment Description.-- Metal specimens a r e  i r r ad ia t ed  a t  very 

low temperatures (down t o  3OK), and the  k ine t i c s  o f  t h e i r  annealing 
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d-etemined i n  situ.3914o A thermal-neutron f l u x  between loL1 and 
2 lox2 n/cm -sec i s  sa t i s f ac to ry  for most s tud ies .  Gamma heat ing must be 

low. For (n, 1 )-recoil-damage s tudies  a t  very low temperatures, a high 

thermal-neutron-flux t o  fast-neutron-flux r a t i o  i s  necessary. 

Experiment F a c i l i t y .  -- Hole 12. 

This v e r t i c a l  hole contains a helium cryostat  which i s  capable of 

The maintaining sample temperatures, during i r r ad ia t ion ,  down t o  3 O K .  

thermal-neutron f l u x  i s  6 x 10l1 n/cm2-sec and the  gamma heat ing i s  

3.2 x w a t t / g m .  Some adjustment of the r a t i o  of thermal-neutrcn flux 

t o  fast-neutron f l u x  i s  possible through changes i n  reac tor  f u e l  loading 

i n  the v i c i n i t y  of the hole.  The f a c i l i t y  w i l l  hold specimens up t o  

1/2 in .  i n  diameter x 5 i n .  long. Smples  can be changed only during 

reac-hor shutdown. 

Possible Improvements t o  Fac i l i ty . - -  Means f o r  grea te r  adjustment 

o f  the neutron spectrum would be desirable  ( f o r  example, a uranium con- 

trert,er f o r  decreasing the  r a t i o  of thermal f l u x  t o  fast  f l u x  and a moder- 

e t i n g  arrangement f o r  increasing th i s  r a t i o  when des i red) .  There have 

been occasions when a l a rge r  specimen space would have been useful .  

Ef fec t  of  I r r ad ia t ion  on Sof t  Magnetic Materials 

Experiment Description.-- Sample toro ids  of various nickel- i ron 

magnetic a l loys  (mmetal, permalloy, e t c  . ) are i r r ad ia t ed  a t  temperatures 

near gO0K. Hysteresis loops on the  samples are obtained before, during, 

and after i r r a d i a t i o n  and a l so  during subsequent high-temperature 

annealing.41 Fast-neutron (>l MeV) f luxes of a t  least  loL1 n/cm2-sec 

are des i rab le .  A t yp ica l  integrated dose i s  5 x 10 '7 n/cm2. G- 

heat ing should be s m a l l  enough f o r  t he  desired low temperature t o  be 

a t ta ined .  



Experiment Faci l i ty . - -  Hole 5Q-N. 

The in-core end of t h i s  horizontal  hole i s  cooled w i t h  helium gas 

that has been passed through a bath of l i qu id  nitrogen kept outside the  

reactor  sh ie ld .  

the f a c i l i t y .  

neutron (>1 MeV) f l u x  i s  1.3 x 10l1 n/cm -see. 

Sample tubes up t o  1 in .  i n  diameter can be placed i n  

The thermal-neutron f l u x  i s  3.5 x loll, and the fast- 
2 Sample temperatures down 

0 t o  about 90 K are obtained. Samples may be inser ted  o r  removed while the  

reactor  i s  operating. 

Possible Improvement t o  Fac i l i ty . - -  Bet ter  control  of t he  f a c i l i t y  

temperature would be advantageous. 

In-Pile Studies of Radiation-Induced Reactions i n  Cu-A1 Alloys 

Experiment Description.-- When samples of a metastable Cu-A1 a l loy  

are bombarded with reactor  neutrons, t he  radiation-produced vacancies 

enable the a l loy  t o  proceed t o  equilibrium. This react ion i s  accompanied 

by a decrease i n  e l e c t r i c a l  r e s i s t i v i t y .  By means of in -p i le  e l e c t r i c a l  

r e s i s t i v i t y  measurements, the r a t e  of the react ion i.s being studied as a 

Thus, the experiment function of instantaneous neutron-flux l eve l .  42,43 

requires a var iable  f l u x  l e v e l  and, a t  a given leve l ,  constancy of the 

f l u x  and knowledge of the neutron spectrum. Furthermore, since the rate 

of the  react ion a l so  depends on temperature, the temperature must be con- 

t r o l l e d  t o  within .f: 1°C.  It normally takes about one week t o  make a run. 

Experiment F a c i l i t y .  -- Hole C . 
This 1 1/4-in. diameter horizontal  hole provides fast-neutron f luxes 

8 from about 3 x 10 

far the sample i s  inser ted  i n t o  the hole.  

t o  250°C are a t t a inab le  using an e l e c t r i c a l  healer i n t e g r a l  w i t h  the 

t o  7 x lolo n/cm2-sec (5 1.6 MeV), depending upon how 

Sample temperatures from 45 
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sample i r r a d i a t i o n  capsule. The one-week shutdown schedule of the  reactor  

4 

* 

i s  idea l  f o r  t h i s  experiment. 

, Possible Improvements t o  Faci l i ty . - -  A l a r g e r  diameter hole would 

enable severa l  samples t o  be studied simultaneously. 

The high volume of cooling a i r  passing through the  hole makes temper- 

a ture  control  somewhat d i f f i c u l t .  

Ef fec t  of Radiation on P la s t i c s  and Rubbers 

Experiment Description.-- Samples of p l a s t i c s  and rubbers a re  irra- 

d ia ted  with neutrons, and changes i n  physical  and chemical propert ies  and 

i n  molecular s t ruc ture  are subsequently determined. 
44 

A high r a t i o  of 

Past-neutron f l u x  t o  gamma f l u x  i s  required, f o r  it is desired t o  de te r -  

mine the  e f f e c t s  of neutron dose alone. 

Experiment Fac i l i ty . - -  Hole 19 

This horizontal  hole i s  water-cooled t o  temperatures between 18 and 

2 2 O C .  

spectrum i n  the  hole i s  6 x 10l1 (thermal),  1.4 x LO 

1.0 x lo1' (>2.3 MeV) n/crn2-sec. 

The sample space i s  1 1/4 i n .  i n  diameter. The neutron-flux energy 

(>0.75 Mev), and 
10 

The gamma heating ( i n  carbon) i s  about 

w a t t / g m .  

Possible Improvements t o  Faci l i ty . - -  A l a rge r  diameter hole 

(e.g., 4 i n . )  would permit physical  measurements t o  be made i n  s i t u .  

Direct  Polar izat ion of In115 Nuclei 

Samples can be removed while the  reac tor  i s  operating. 

Experiment Description.-- A monochromatic beam of polarized neutrons 

(Fig.  45) w a s  used f o r  t he  purpose cf  de tec t ing  nuclear po lar iza t ion  of 

Polar izat ion of the  neutrons was ef fec ted  i n  severa l  1 8 5  nuclei .  45,46 

ways one of which was d i f f r ac t ion  from a Fe 0 

neutrons of .075 ev  energy. 

c rys t a l ;  t h i s  a l s o  se lec ted  3 4  
Subsequent d i f f r ac t ion  from a copper c r y s t a l  
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reduced higher order contamination. The indium sample w a s  cooled t o  

0.04'K using ad iaba t ic  demagnetization. 

beam f lux  (about 10 4 n/cm2-sec) i s  s u f f i c i e n t  f o r  t h i s  experiment. 

A r e l a t i v e l y  low thermal-neutron 

It i s  

des i rab le  t o  minimize fast neutron and gamma rad ia t ions  f o r  sh ie ld ing  

reasons. 

Experiment F a c i l i t y .  -- Hole 5 2 3 .  

This hor izonta l  beam hole provided an adequate flux, about 
6 2 5 x 10 n/cm -sec, a t  i t s  e x i t .  

Possible Improvements t o  Fac i l i ty . - -  For t h i s  experiment a spec ia l  

f u e l  loading a t  the  inner  end of the  beam hole would have reduced the  fast 

neutron f lux  and reduced the shielding problems. If the  sh ie lds  between 

t h i s  f a c i l i t y  and i t s  neighbor had been recessed, problems a r i s i n g  from 

leakage of rad ia t ion  from the l a t te r  would have been reduced. Much 

g rea t e r  head room i n  the  experiment cubicle i s  des i rab le  f o r  accommodating 

cryogenic apparatus.  

Fast-Neutron Effec ts  i n  Semiconductors and i n  Alka l i  Halides 

Experiment Description.-- This t i t l e  covers a grea t  va r i e ty  of basic 

so l id - s t a t e  inves t iga t ions  of  semiccnducting materials (e.g., germanium) 

and of  a l k a l i  ha l ides  (e.g., K C 1 )  i n  which fast-neutron i r r a d i a t i o n  i s  

used as a means of introducing defects ,  removing c a r r i e r  e lec t rons ,  and 

SO on. I n  general, it i s  desired t h a t  defec ts  be introduced a t  a con- 

s t an t ,  r e l a t i v e l y  low rate i n t o  a sample held a t  a f ixed temperature. 

Gama heat ing should be low so as t o  avoid annealing e f f e c t s  i n  t h e  

samples. 

Experiment Fac i l i ty . - -  Hole 51-N. 

The in -p i l e  end of t h i s  hor izonta l  hole i s  equipped with a cy l ind r i ca l  
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uranium (93% U235) converter f o r  fast-neutron production. A sample c a r r i e r  

i s  provided and samples may be changed during reac tor  operation. The sam- 

ple  space i s  2 7 / 8  i n .  i n  diameter x 12 in .  long. The f a c i l i t y  i s  water- 

cooled t o  about 25OC. 

mately 10l2 n/cm2-sec and has a f i s s i o n  energy spectrum. 

The neutron f l u x  within the  converter i s  approxi- 

The f l u x  i s  

closely uniform throughout the sample space. 

This f a c i l i t y  has been used t o  i r r a d i a t e  samples of  semiconductors 

47 and of a l k a l i  hal ides  with fast neutrons. 

Decay of N17 
17 Experiment Description.-- The short- l ived radioactive isotope N 

i s  produced by neutron i r r ad ia t ion  of L i  N enriched i n  L i 6  and N15* 

decay products of N17 a re  measured. 

The 3 
A r e l a t i v e l y  low neutron f l u x  

(-10” n/cm2-sec) i s  adequate, but  it i s  e s s e n t i a l  t h a t  samples be t rans-  

fe r red  rapidly from the  reac tor  t o  the  laboratory and t h a t  ac t iva t ion  of 

the  sample holder be small. 

Experiment F a c i l i t y .  -- Hole 5 6 4  

This horizontal  hole i s  provided with a fast pneumatic tube t h a t  

y ie lds  a very shor t  ( Z O . 1  see)  sample t r a n s i t  time from reactor  t o  labor- 

a tory.  The thermal neutron f l u x  i s  2.4 x 10l1 n/cm2-sec. The low gamma 

heating i n  t h i s  hole permits the  use of  p l a s t i c  sample containers which 

do not ac t iva te  s u f f i c i e n t l y  t o  perturb the decay measurements. The 

pneumatic tube has a rectangular cross-section, and the  sample containers 

are d iscs  of high-density polyethylene . . l3/l6 i n .  i n  diameter x 5/16 i n .  

th ick  

Radiochemical Studies of Fiss ion Products 

Experiment Description.-- Small (10-2Omg) samples of U235 are 
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i r r a d i a t e d  i n  solut ion.  The y ie lds  and decay cha rac t e r i s t i c s  of shor t -  

l i ved  f i s s i o n  products are determined i n  the  laboratory using rapid chem- 

i c a l  separations and nuclear rad ia t ion  measurements. 48,49,50 A neutron 

f lux  of about 10l2 n/cm2-sec i s  adequate. It i s  e s s e n t i a l  t h a t  samples 

be t ransfer red  rap id ly  from the  reac tor  t o  the  chemistry laboratory 

preferably i n  less than one second. To f a c i l i t a t e  rapid handling of sam- 

p le s  within the  laboratory,  ac t iva t ion  of sample containers should be low. 

Experiment Fac i l i t y . - -  Hole 22. 

This hor izonta l  hole i s  provided with a pneumatic tube having a termi- 

n a l  i n  a chemistry laboratory.  

(Fig.  46) used i n  t h i s  tube i s  4-5 seconds from reac tor  t o  laboratory.  

Trans i t  t i m e  of the  l inen-micarta "rabbi ts"  

2 The thermal-neutron f l u x  i n  the hole i s  6.6 x 10l1 n/cm -sec. This rela- 

t i v e l y  low f lux,  coupled with the shor t  i r r a d i a t i o n  times used, enables 

rubber-sealed s t a i n l e s s - s t e e l  containers (Fig.  47) t o  be used f o r  holding 

the so lu t ions .  Activation of ,  and rad ia t ion  damage t o ,  the  containers i s  

small. A t  the  laboratory terminal, a hypodermic-needle arrangement 

(Fig. 48) allows solution t r ans fe r s  to be made rapidly. 

Possible Improvement.-- A s t i l l  shor te r  r abb i t - t r ans i t  time (about 

1 second) i s  des i rab le  f o r  some f i s s i o n  products having very sho r t  l i v e s .  

Studies  of Vola t i le  and Gaseous F iss ion  Products 

Experiment Description.-- A U235 sample i s  t o  be contained i n  a 

cadmim box with a shu t t e r  f o r  cont ro l l in6  The tnermal-neutron i r r a d i a t i o n .  

Halagen and rare-gas f i s s i o n  products a r e  t o  be swept ragidly out  of the  

box for study i n  the  laboratory.  

c i en t  (-107 n/cm*-sec) and a l s o  i s  des i rab le  i n  order t o  minimize ac t iva-  

A r e l a t i v e l y  low neutron f l u x  i s  s u f f i -  

t i o n  of the experiment components. For the  same reason it should be 
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apparatus from the reac tor  f l u x  after each exper- 

Experiment F a c i l i t y .  -- Hole 57-S . 

The 4-in.-square hole c m  provide a thermal-neutron f l u x  of about 

2 lo7 n/cm -sec a t  the edge of the reac tor  core and can r ead i ly  accommodate 

the experiment. 

iment; and t h i s ,  i n  turn,  reduces the  amount and kinds of ma te r i a l  t h a t  

could become ac t iva ted .  

required f o r  experiment convenience w i l l  enable the  experiment t o  be with- 

drawn between runs. 

Shielding Research and Engineering 

The low gamma heat ing s impl i f ies  the design of t h e  exper- 

The capabi l i ty  of shut t ing  down the  OGR as 

Experiment Description.-- The a t tenuat ion  propert ies  of various 

shielding materials f o r  neutrons and gammas are measured. 

calculated sh ie ld  designs are t e s t e d  experimentally. A plane source of 

f i s s i o n  neutrons approximately uniform i n  s t rength  over a la rge  area i s  

obtained by allowing thermal neutrons t o  i r r a d i a t e  a 28-in.-diameter 

U235 f i s s i o n  plate.51 

(about 11- x 7- x 7 1/2-ft  high) i n  which the  experiments are performed. 

The thermal-neutron flux incident  on the  p l a t e  should be a t  least 

10 

t i o n  background should be low. 

Mock-ups of 

T h i s  p l a t e  i s  a t  the w a l l  of a la rge  tank of water 

8 2 n/cm -see and should be uniform across the  p l a t e .  The general  radia-  

Experiment F a c i l i t y .  -- Core Hole. 

This hole, which i s  about 30 in .  square, provides (a t  the  f i s s i o n  

p l a t e )  a thermal f l u x  of about lo8 n/cm2-sec t h a t  i s  uniform within about 

15% over the  p l a t e  diameter. 

ment tank i s  ca l led  the  Lid Tank Shielding F a c i l i t y  (Fig.  49). 

The e n t i r e  arrangement of source and experi- 
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Possible Improvement.-- It would be a decided advantage t o  have a 

higher thermal-neutron f lux  incident on the  f i s s i m  p la t e .  For example, 

an improvement of at  least 100 would r e s u l t  from using one of t h e  ORR 

large engineering tes t  f a c i l i t i e s  as the neutron f l u x  source f o r  irra- 

d i a t ing  the f i s s i o n  p l a t e .  

Neutron Dif f rac t ion  

Experiment Description.-- This t i t l e  includes a grea t  va r i e ty  of 

eqe r imen t s  i n  which monochromatic neutrons are selected from a beam of 

thermal neutrons by d i f f r ac t ion  from a c r y s t a l  and are  then allowed t o  

i n t e r a c t  with matter. These in te rac t ions  provide information f o r  s tudies  

i n  nuclear physics, f o r  c rys t a l  s t ruc tu re  determinations, and for inves t i -  

gations of magnetism a t  the  atomic level.20 While r e l a t i v e l y  low thermal 

fluxes (e.g., 10 6 2 n/cm -sec) are usal5le, increased f l u x  i n t e n s i t i e s  can 

be used t o  decrease the  time required f o r  an experiment or t o  increase 

the qua l i t y  of  the da ta  (e.g., the  reso lu t ion) .  

lems, both the fast-neutron and the  gamma f luxes should be as low as 

To reduce shielding prob- 

possible.  

Experiment F a c i l i t i e s .  -- Holes 58-s, 51-S, and 50-S . 

Holes 58-~, 514, and 50-S provide beams of thermal neutrons with a 

f l u x  of about lo7 n/cm2-sec at  the monochromator. The s t a b i l i t y  of the 

OGR i s  a decided advantage f o r  the long runs t h a t  are usual ly  required 

w i t h  t h i s  low thermal f lux.  Space f o r  t he  diffractometer  i s  adequate, 

and unusually massive shielding i s  not required.  

gamma fluxes are very low. 

The fast neutron and 

With the  thermal f l u x  avai lable  from these 

holes, s ing le-crys ta l  d i f f r ac t ion  experiments may be performed readi ly .  

Experiments w i t h  powdered o r  highly absorbing samples are b e t t e r  per- 

formed with a higher f lux .  
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