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Abstract 

Since the first International Conference on the Peaceful Uses 
o f  Atomic Energy, a number of aqueous homogeneous type research 
reactors have been constructed, The development, design, manufacture 
and testing associated with all of these reactors have been the 
responsibility of' Atomics International. Units of  basically different 
designs for operation at aoproximately five, five hundred, and fifty 
thousand watts', as well as for the use o f  uranium fuel enrichments 
of 20,% and approximately 90% $35 at all three power levels, were 
built and their performance determinedo 

The 'fL-8f' reactor design was developed for operation at 50,000 
watts and use of 90% enrichment fuelo This reactor employs a new, 
closed cycle, wet type, forced circulation system for the recombination 
of,radiolytically decomposed water. In this system an excess of oxygen 
at nearly atmospheric pressure is forced over the reactor core and 
then to a catalyst where the decomposition products are recombined, 
The water formed is carried on to the core vessel. EFperiments on 
this recombining system wert carried out under a variety of conditions 
up to a simulated power level of 120,000 watts. 
incorporating a number of other new design features, was constructed 
and'tested at the Armour Research Foundation, 

The tfL-54" reactor, 20% enrichment at 50,000 watts, was designed 

An L-8 reactor, 

to use the same gas recombining system as the L-8. 
)however, showed the necessity of a large increase in core volume to 
avoid precipitation of uranium peroxide when using the 20% enriched 
fuel. 
Research Institute. 
watts. Another L-54 installation has been put into opef.ation at the 
University of Frankfurt, and two more are under construction for the 
Institute f o r  Nuclear Studies of Berlin and the Polytechnic of Milan. 

Experiments, 

An L-54 reactor was constructed for the Japanese Atomic Energy 
This unit was satisfactorily tested at 60,000 

* Now at Armour iiesearch Foundation 
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An entirely different design, the rrL-6", was developed for use 
with 907; enrichment and 500 watts of power. 
a closed gas handling system depending upon the transport of the 
radiolytic gases to the catalyst by pressure differences automatically 
established by the recombination process. The system operates at 
very low pressure and uses no pump or other moving parts. 
recombined water is condensed and returned to the core solution by 
gravity flow, 
at Santa Susana, California. It has been operated very successfully 
at powers up to 2,000 watts, 

This reactor employs 

The 

An L-6 reactor was constructed f o r  use in AEC programs 

Another reactor, the "L-55", was designed for use with 2076 
enrichment and 500 watts of power. It uses the vapor pressure gas 
recombiner but differs from the L-6 in the arrangement for shielding, 
control rods, and experimental facilities. An L-55 reactor was 
constructed and satisfactorily tested for the Danish Atomic Energy 
Commission. 

For  very low powers, the 11L-47" reactor, 907; enrichment and 
5 watts, was designed and constructed for Atomics International's 
use in Canoga Park, California. This unit is especially interesting 
in that it uses only l e a d  and borated water shielding, and is primarily 
lead reflected. 

Another reactor, the 1'L-7711, for 20% enrichment and nominally 
10 watts, is being completed in Canoga Park. This unit uses a novel 
arrangement of several shielding materials. The core size was 
increased over that or" the L-47 to permit the use of 20;; enrichment 
fuel with a predominantly lead reflector. Both reactors use the 
vapor pressure recombiner, but with this system located inside of 
the core vesselD i 

In these various reactors a number of different experimental 
facilities have been provided, includin,; exposure tubes, horizontal. 
and vertical thermal columns, ana gainma-ray exposure facilities 
near the gas recombiner. Neutron and samma-ray flux distributions 
have been obtained in these reactors 2nd their experimental facilitie's, 
and compared with theoretical predictions. Jifferent shielding 
materials have been used and their effectiveness determined, Neasure- 
rnents have been made and compared with theory on critical mass and 
control rod worth, as well as illass, volume, tkmperature and power 
coefficients of reactivity. dxtensive laboratory and operational 
data on the corrosion of austenitic stainless steels have been 
developed. Experiments have been carried out on the precipitation 
of uranium peroxide and the use oi' additives to retard this process, 
Many other tests were conducted on individual components for the 
differerzt reactor installations, including especially their gas 
recombiner systems, 

This development work, designs of the various reactors, and the 
measured performance characteristics of each installation will be 
described, 
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A t  the  time of the f i rs t  Internat ional  Conference on the Peaceful Uses 

These were the SUP0 reactor  a t  Los Alamos, the NCSC 
of Atomic Energy, there were four aqueous homogeneous- research 
reactors  i n  operation. 
reac tor  a t  North Carolina S t a t e  College, and the  WBNS and L-3 reactors ,  
both located i n  California. 
ings of the f irst  Internat ional  Conferencee 
a number of aqueous homogeneous research reactors of improved design con- 
s t ruc ted  and placed i n  operation. 
experimental development work were car r ied  out by Atomics International.  

These reac tors  were described i n  the proceed- 
Since t h a t  time there  have been 

These designs and the  associated 

The aqueous homogeneous, o r  solut ion type, research reactor  is of 
special  i n t e r e s t  because of i t s  inherent s a fe ty  character is t ics .  The la rge  
negative temperature and power coeff ic ients  of r eac t iv i ty  provide an 
effective shutdown mechanism f o r  an otherwise uncontrolled power excursion. 
The f u e l  costs  are minimized and fuel additions i n  any predetermined amounts 
can be e a s i l y  and safely made. 

' Inexpensively provided, including high level gama ray  exposure f a c i l i t i e s  
which are e s sen t i a l ly  free of neutrons. 
t i v e l y  low cost  and only a s m a l l  operating staff is required t o  sa fe ly  and 
adequately maintain the  reactor. 

Versat i le  experimental f a c i l i t i e s  can be 

T h i s  type of reac tor  has a re la -  

The solut ion type research reac tors  placed i n  operation during the 
The  l a r g e s t  

type is the L-54. It is designed t o  operate a t  50 kw and has the advantages 
of a large graphite re f lec tor ,  both horizontal  and ve r t i ca l  thermal columns, 
and gamma ray exposure f a c i l i t i e s  i n  i t s  sub-pile area. 
designated the Loss, has been designed t o  operate a t  power leve ls  up t o  
1,s kw. Its most unique feature  is a l a r g e  5-1/2 feet square ver t ica l  ther- 
mal column which is espec ia l ly  usefu l  f o r  exponential type experimental work. 

\ .past  several  years f a l l  i n t o  three power range categories. 

A second reactor,  

1 

++ Now a t  Armour Research Foundation, Chicago, I l l i n o i s  

Atomics International,  a Division of North American Aviation, Inc. 
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The lowest power unit ,  designated the L-77, is designed t o  operate a t  10 
watts and is  intended primarily as a t ra in ing  and minimum research f a c i l i t y ,  
These reactors,  and t h e i r  operating charac te r i s t ics  w i l l  be fu r the r  described 
i n  the sect ions which follow. 

Despite the  large var ia t ion i n  operating power, these reactors  have 
severa l  fea tures  i n  common. 
designed t o  operate with uranyl s u l f a t e  fue l ,  the s u l f a t e  being; preferred 
t o  the n i t r a t e  because of the grea te r  rad ia t ion  s t ab i l i t y ,  smaller paras i t i c  
neutron absorption, and high uragum concentrations possible, 
s ion  t o  the uranyl su l f a t e  f u e l  solut ion from the uranium hexafluoride is  
very carefu l ly  controlled t o  mininrLze impurities. 
impurit ies based on the t o t a l  uranium metal content, are as indicated i n  
Table I, 

All of %he three reac tors  described above a r e  

The conver- 

Specified allowable 

TABLE I 

The primary system of a l l  the so lu t ion  type reacttors is  fabricated from 
type 18-8 columbium or  titanium s tab i l i zed  or  ex t r a  low carbon s t a in l e s s  
s t ee l s .  
method and controlled and inspected t o  precise procedures developed over the 
pas t  ten years. 
and pressure! checking t o  300 p s i  a r e  also performed i n  accordance with r i g i d  
procedure, 
oxygen explosion without damage, 
being assembled from two hemispheres, each hemisphere having been spun from 
a 0,093-inch s t a in l e s s  s teel  sheet. 
vessel wall thickness t o  a minimum of 0.068 inch, 
hemispheres together by the  shielded arc  tungsten electrode process, they a re  
annealed and cold sized. 
the following descriptions of each reactor .  

A l l  welding is  accomplished by the shielded a rc  tungsten electrode 

Chemical cleaning, mass spectrometer helium leak checking 

The completed system is  capable of withstanding a hydrogen and 
In a l l  cases the core vessels  are spherical ,  

The spinning process reduced the core 
Before welding the two 

Other similaeties i n  design will be apparent from 

L-sb (AND t 8 )  50 KW REACTOR 

The L-8 reactor  was designed and b u i l t  f o r  the Armour Research Founda- 
t ion,  Chicago, I l l i n o i s .  
present ly  operating a t  10 kw. 
begin this year. 

It was  i n s t a l l ed  and s t a r t e d  up i n  195'6 and is 
It is  expected t h a t  50 kw operation w i l l  
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A t  about the time the Armour reactor  was completed, a second r eac to r  of 
i t s  type was being designed f o r  the Japanese Atomic Energy Research Ins t i t u t e .  
It was apparent t h a t  modifications would be necessary due t o  t,he l imi t a t ion  
of using 20 per cent  enriched uranium fuel.  
a s  the  L-54 reactor.  'The Japanese L-54, o r  JRR1, was i n s t a l l e d  and f i r s t  
operated in t he  summer of 195'7, 
of 62 kw. 
Germany, and one is nearing completion i n  Ber l in ,  Germany. 
Frankfurt reactor  i n s t a l l a t i o n  i s  shown as Figure 1. Another un i t  of t h i s  
type is  being fabr ica ted  and will be located i n  mlan,  Italy. 
area f o r  the  Milan reac tor  has been redesigned t o  i s o l a t e  t he  various com- 
ponents from each other  so t ha t  replacement or  repair ,  i f  necessary, w i l l  be 
more e a s i l y  accomplished. 
described i n  fu r the r  d e t a i l  have been made t o  improve the usefulness and 
operabi l i ty  of the reactor. 

This revised design became known 

It, has been operated a t  a maximum power l eve l  
A s imi la r  reac tor  i n s t a l l a t i o n  was recent ly  completed i n  Frankfurt, 

A pic ture  of the 

The sub-pile 

This and other design changes which w i l l  be 

DESIGN 

A deta i led  study o f  the  Armour react,or 90 per  cent enriched uranium f u e l  
and core s i z e  indicated t h a t  i f  the uranium were enriched t o  o n l y  19 or  20  
per cent i n  the  $35 isotope, the core volume would have t o  be increased. 
The Armour core consis ts  o f  a 12-inch d i a m t e r  sphere, containing approxi- 
mately 12  l i t e r s ' o f  f u e l  solut ion w i t h  s l i g h t l y  more than 100 grams of t o t a l  
uranium per l i t e r .  The 20 per  cent enriched f u e l  design has a f u e l  so lu t ion  
volume of approximately 26-14? l i ters  containing approximately 250 grams 
t o t a l  uranium per liter, 
was believed t o  be w e l l  below the concentration (400-700 @&iter )  which 
might permit the formation of insoluble uranyl peroxide during reac tor  oper- 
a t i o n  and r e s u l t s  i n  a near optimum hydrogen t o  uranium ra t io .  
e s s e n t i a l  respects,  the cores f o r  use w i t h  90 per  cent, and 2 0  per cent  
enriched f u e l  are the  same. Heat i s  removed during operation by c i r cu la t ing  
d i s t i l l e d  water through l/b-inch diameter cooling c o i l s  spaced equally 
throughout the core volume. The four  v e r t i c a l  re-entrant cont ro l  rod 
thimbles a re  loca ted  equidis tant  from each other on a &inch diameter c i r c l e .  
Immediately above each core vessel  is  an overflow chamber designed t o  
temporarily r e t a i n  any f u e l  solut ion which might be expelled from the core 
during a severe react,or t ransient .  
ing  the i n t e r n a l  cooling coils, control rod sleeves, and overflow chamber, is 
shown i n  Figure 2. 

This so lu t ion  concentration was se lec ted  since it 

In  other  

A cutaway view of the reac tor  core show- 

One of the primary considerations i n  designing the f u e l  and gas contain- 
ing system f o r  a r eac to r  of this type and power l e v e l  is t o  devise a r e l i a b l e  
method f o r  recombining the gases which are released due t o  the r ad io ly t i c  
decomposition of water i n  the f u e l  solution. 
hydrogen'and oxygen gases a re  re leased when the reac tor  is operating a t  50 kw. 

Over 10 liters per  minute of 

A system which has become known as the wet type gas handling system w a s  
developed and is shown schematically i n  Figure 3. 
primarily of a canned ro to r  pump which forces water through an exhauster 
causing an oxygen sweep gas t o  flow through a c a t a l y s t  chamber of p la t in ized  
alumina pe l le t s ,  up t o  the region immediately above the  f u e l  solut ion where 

T h i s  system cons is t s  
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it thoroughly mixes with the evolving hydrogen and oxygen, and then back t o  
the  ca ta lys t  bed where t h e  hydrogen and oxygen are recombined. 
water thereby formed i n  the  recombiner passes over a level regulating device 
and i s  carr ied back t o  the core by the sweep gas. 

The excess 

The gas recombiner, cooling system, f u e l  drain tank, piping, and valves 

During the early design phase of the  L-8 and L-54 type reactors, it 
are a l l  located i n  a steel  l ined  room below the reactor  called the  sub-pile 
room, 
was believed that the primary system could be decontaminated if necessary f o r  
the repa i r  o r  replacement of any of these components, 
been found very d i f f i c u l t  t o  obtain adequate decontamination, par t icu lar ly  of 
the  platinized aluminum oxide catalyst ;  and repair  o r  replacement of components 
i s  qu i t e  time consuming. Therefore, the sub-pile area was completely re- 
designed f o r  the L-54 Milan reactor. The gas recombiner and gamma ray exposure 
f a c i l i t i e s  were located i n  a separate compartment, 
f u e l  drain tank, valves, pressure transducers, gas flowmeter, ca ta lys t  heater, 
and thermocouples are  a l l  located i n  the  adjacent area or extend i n t o  and are 
r ead i ly  accessible fo r  replacement from t h e  adjacent area. 
pump, which also becomes qui te  radioactive due t o  f i s s i o n  products col lect ing 
on i ts  inside surfaces, was isolated from the other equipment by lead shield- 
ing blocks. 
components without any decontamination of the p r h a r y  system and the others 
with re la t ive ly  l i t t l e  decontamination being required. The new arrangement 
of t he  sub-pile area is shown i n  plan v i e w  i n  Figure 4. Section and plan 
views of the reactor are shown in Figures 5 and 6. 
aspects, the Milan reactor  is ident ica l  t o  the previous L-5hts ins ta l led  i n  
Japan and Germany. 

However, it has since 

The canned ro to r  pump, 

The canned ro to r  

If necessary, it w i l l  be possible t o  remove most of these 

I n  all other important 

The s t e e l  l ined  sub-pile room and an aluminum enclosure surrounding 
some of the re f lec tor  graphite and the s t a in l e s s  steel core provide the 
secondary enclosure f o r  the system. T h i s  enclosure is  entered through a 
gas t i g h t  door which i s  normally closed and interlocked with the  reactor  
system such that it cannot be opened when the reactor  is  operating. 

The reactor room shell becomes the t e r t i a r y  enclosure and is usually 
designed t o  be gas t i g h t  t o  the extent of permitting 1 t o  5 per cent volume 
leakage per day when the reactor  is  located i n  a densely populated area. 
Arrangements a re  made such tha t  a l l  doors and vent i la t ion  ducts could be 
sealed off if an accident occurred which released gaseous radioactive materials 
i n t o  the reactor room. 

The experimental f a c i l i t i e s  located above the  reactor  room f l o o r  leve l  
include the following : 

One horizontal beam tube, 10.1-cm diameter (15.2-cm hole i n  shield)  
Two horizontal beam tubes, 10.1-c~ diameter 
Four ver t i ca l  beam tubes, 10.1-cm diameter 
Two horizontal beam tubes, 7.16-cm diameter 
One s t r a i g h t  pneumatic tube, 5.1-cm diameter 
One curved pneumatic tube, 3.8-cm diameter 
One cent ra l  exposure tube, 3,8-cm diameter 
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One horizontal thermal column, 1.52 m square by 1.60 m long 
Two thermal-column access ports, 15.2-cm diameter 
TWO thermal-column access ports, 1sb2-m square 
One vertical thermal column, 1.37 m i n  diameter a t  i t s  upper surface 

Space f o r  the  second horizontal thermal column is i n i t i a l l y  f i l l e d  with 
removable dense-concrete shielding blocks. 

In the sub-pile area, exposure faci l i t ies  are designed t o  u t i l i z e  the 
gamma rays emitted from the gas recombiner. 
f rm the decay of gaseous f i s s ion  products and is almost neutron free. 
10.l-cm diameter ports and one 15.2-cm x bS.7-cm rectangular gamma port  extend 
i n t o  the region near the gas  recombiner. 
3.7-cm diameter sleeve extends through t h  
be i n  a gamma flux region of about 5 x 18 r/hr when the reactor  is operating 
a t  a power l e v e l  of SO kw. 

T h i s  gamma source originates 
Four 

For the Milan reactor, a special  
gas recombiner and i s  expected t o  

There are  no par t icu lar ly  unique features i n  the electronic  control and 
safety systems of this type reactor. 
ing and control systems, radiat ion monitoring units,  and reactor safety, 
control  and automatic power regulating equipment are mounted i n  the  control 
console which i s  located i n  the  control room adjacent t o  the reactor. 
reac tor  safety and control channels receive signals from two f i s s i o n  chambers, 
two compensated ion chambers and one uncompensated ion  chamber. 
control  console i s  i l l u s t r a t e d  i n  Figure 7. 

Temperature, pressure and flow indicat-  

The 

A typical  

Four control-safety rods, each controll ing approximately 1.9 per cent  
react ivi ty ,  f a l l  i n t o  the reactor a t  essent ia l ly  the speed of gravity when 
the  e l ec t ro  magnets holding t h e m  are de-energized by any of a number of scram 
signals. 
compacted and housed above the reac tor  shield. 

The rod drive un i t s  a re  of the rack and pinion type and a re  neat ly  

0 PERAT I O N  

The Armour reac tor  has been i n  operation since the  f i rs t  par t  of 1957 
and, as of April  1958, the machine had accumulated approximately 10,000 kw 
hr. Their m a x i m u m  l icensed power l e v e l  i s  10 ku but will be increased short ly  
t o  50 G. 
reported more fu l ly  i n  a separate paper included i n  the proceedings of the 
second International Conference. 

Details of the  operational experience with the  Armour reac tor  are 

Performance of the Japanese L-54 has been very sa t i s fac tory  since i t  was 
first placed i n t o  operation. 
obtained with a l l  components functioning as designed. 
runs, there was noticed an in i t ia l ly  unexplained decrease i n  oxygen pressure. 
Subsequent review of the  data indicates  the oxygen loss may be due t o  incom- 
p le te  oxidation of th uranium from the  plus 4 valance state t o  the plus 6 
state during preparation. 

Haximum power levels up t o  62 kw have been 
During i n i t i a l  power 

The uranium i n  the core could then have been 
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completely oxidized t o  the plus 6 state by the radiol.ytic oxygen generated 
during power operation, thus causing the measurable h s s  i n  pressure. 

The physics of the L-8 and L-54 system are not directly comparable 
because of the change i n  core size and the superior gross re f lec tor  proper- 
t i e s  obtained i n  the  I,-54 design, The correlat ion of the experimental data . 
by group diffusion and perturbation theory has not been satisfactory.  
f e l t  t h i s  is  due primarily t o  the complex re f lec tor  geometry of this type 
reactor. 
data on the'more simple geometries is  much more sat isfactory,  
comparative tabulation of the physics of the b 8  and L-54 systems. 

It is 

A s  'is mentioned later, theore t ica l  correlation of experimental 
Table I1 i s  a 

TABU I1 

L-8 L-54 

Core diameter, inches 1 2  .o 15.75 

Solution volume a t  c ical, liters 11.92 24.36 

1.21 1.33 Solution density, gms/cm3 
Temperature coefficient, % OC -0,024 -0,04" 

0,015 0.0195" 
0.0013 N O  Water coefficient,  %/gm 

H/U235 r a t i o  rw 235 N 490 

Fuel enrichment 88.14 19.91 

1,218 1,172 Cr i t i ca l  mass, gms U Bf 
Mass coefficient,  $/gm U23 4 
Control rod worth, each, % -1.7 - / l o 9  

++ based on l i s t e d  rod worth 

I n i t i a l  measurements of the thermal neutron f l u x  i n  the L-54 type 
reac tor  indicate  that the  level remains high throughout the graphite ref lector .  
Measurements of the  flux through the cent ra l  exposure tube, 2-inch s t r a i g h t  
pneumatic tube, and the horizontal thermal column are presented i n  Figures 8 
and 9 .  
Preliminary absolute flux measurements indicate the center  core thermal flux 
i s  1.3 x 

A l l  flux data have been normalized t o  one (1) a t  the core center. 

a t  50 kw reactor power. 

The control rods of the L-54 reactor  were determined t o  have an indi-  
vidual r eac t iv i ty  worth of approximately 1.9 per cent, 
cent higher than tha t  predicted by simple perturbation theory. 
predicts large positive shadowing effects  among the various rods, although 
no such effect could be detected experimentally. 

T h i s  is  about 30 per 
Theory a l so  

L-5s (AND L-6) - 1500 WATT REACTOR 

The s'econd type aqueous homogeneous reactor,  d i f fe r ing  markedly from 
the previously described 50 kw unit ,  i s  the L-5s. 
fo r  operation t o  power levels  of 1500 watts. 
differing only i n  the geometric arrangement of the concrete shielding, have 

This reactor is  rated 
TWO reactors  of this type, 
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been constructed and are i n  operation. 
Susana, California f i e l d  laboratory operated by Atomics International;  the 
other unit, DR1, has been ins ta l led  i n  the Danish Atomic Energy Commission 
laboratory a t  Risd, Denmark. 

One uni t  i s  located a t  the Santa 

The reactor is basical ly  a 12-1/2-inch diameter, type 347 stainless 
s t ee l ,  spherical  core vessel embedded i n  a r igh t  c i r cu la r  cylinder of reactor 
grade graphite, 5 feet  i n  diameter by 54 inches high. 
level, the core i s  adequate f o r  fue l  of 20 per cent as well as 90 per cent 
enrichment i n  U235. The gas recombiner, further described i n  the following 
paragraph, i s  located outside and adjacent t o  the 5-foot diameter re f lec tor  
tank which encloses the graphite. 
a 2-inch line. 
primary system which is a l l  welded except f o r  one s t a i n l e s s  steel r ing j o i n t  
flange which allows convenient disassembly f o r  shipping. During operation a t  
power, the core temperature i s  maintained constant by a cooling s y s t e m  circu- 
l a t i n g  d i s t i l l e d  water. 
t o  a secondary re f r igerant  type cooler f o r  eventual diss ipat ion t o  e i ther  
the atmosphere o r  other cooling water system. 
and recombiner assembly is completely enclosed by a 46-inch thick octagonal 
heavy concrete shield. 
various reactor components as instal led.  
t he  reactor core assembly. 

A t  the  ra ted  power 

The recombiner connects t o  the  core through 
The core, recombiner, and associated piping const i tute  the 

The water discharges the heat picked up i n  the core 

The e n t i r e  core, ref lector ,  

Figure 10 indicates  the general or ientat ion of the 
Figure 11 illustrates de ta i l s  of 

The L-5s reactor  u t i l i z e s  a vapor pressure type recombiner. T h i s  type 
recombiner, which completely contains a l l  the f i ss ion  gases, is extremely 
simple and requires no moving pa r t s  f o r  its operation. 
a low t o t a l  system pressure of the order of 2-1/2 cm mercury absolute f o r  
most efficient,  operation but w i l l  operate reliably up t o  15 c m  of mercury 
absolute. Radiolytic gases from the core, a t  a rate of approximately 0.2 
liters/min/kw, are conducted through the 2-inch l i n e  connecting the top of 
the core vessel  t o  the recombiner tank where the  gases impinge upon a 
platinized a lh inum oxide ca t a lys t  and are recombined. 
within the recombiner condense the water vapor, the condensate returning t o  
the  core by gravity drain. 
lishes a pressure differential between the core and t,he recombiner, ensuring 
the transportation of gases t o  the catalyst  bed. La5oratory and operational 
experience- conclusively demonstrate no danger exists from hydrogen-oxygen 
explosions as long as the  low system pressures are maintained. 

tangent ia l ly  t o  and outside of the core vessel, one on e i the r  s ide and the 
other two immediately underneath, 
motors. Two of the rods are designated as safety rods and are designed t o  
decouple from the dr ive  assembly by means of an electromagnet. 
safety rods are driven t o  the 
i n  w e l l s  under the  drive assembly, 
the  neutron absorbing sect ion consisting of a f l a t  s t a in l e s s  steel  tube 
50 inches long with a cross section of 3-3/4 by 1/2 inch. 
with one kilogram of compacted boron carbide powder. 
provided only with "in" and "outn l i g h t  indicators. 

The unit relies upon 

Cooling c o i l s  located 

The recombination process automatically estab- 

, 
> 

Reactivity is controlled by four horizontal control  mds  which move 

The rods are driven by reversible e l e c t r i c  

The two 
posi t ion by gravi ty  weights located 
The four rods are similar i n  construction, 

Each tube i s  f i l l e d  
The two safety rods are 
The other two units, 



designated as the shim a d  regulating rods, are provided with selsyn 
transmitters which furnish remote rod posit ion indicat ion a t  the reactor 
cm-krol console . 

The reactor core is accessible f o r  experimental purposes through a 
I-inch diameter exposure tube which penetrates t h e  cent ra l  region of the 
core. Additionally, 4-inch square graphite s t r ingers  adjacent t o  the core 
can be removed from the re f lec tor  tank. The s t r ingers  are i n  the fourth, 
sixth, e ighth and tenth graphite layers. In the  s i x t h  and eighth layers, 
the  s t r ingers  can be removed from both sides of the r e f l e c t o r  tank, making 
four through holes available,  
can be removed and the  resu l tan t  void space stacked with graphite, making 
available a S-1/2-foot square v e r t i c a l  thermal column. With the vertical 
thermal column, the reactor  has adequate capacity t o  drive a normal 
exponential experiment. 

Above the core, the top sh ie ld  concrete plugs 

The instrumentation and control system is conventional i n  every respect 
and composed of proven components. The neutron flux is monitored by four 
channels: one channel consisting of a f i ss ion  chamber monitoring t o  three 
decades above source level and reading out on a l o g  count rate meter; two 
channels, monitoring from j u s t  above source level  t o  full power using com- 
pensated ionization chambers dr iving l i n e a r  and log  micro-microamters; 
and a fourth channel using an uncompensated ionizat ion chamber reading out 
on a microamp movement meter relay unit. Additional instrumentation monitors 
the temperature and pressure a t  various points and provides information on 
fue l  solut ion level.  A l l  the instruments are mounted a t  t he  control  console. 

OPERATION 

The machine operated by Atomics International,  the  L-6, was placed intoaprcltion 
as a 1500-watt reac tor  early i n  195’7. 
enr ched f u e l  was  determined by mult ipl icat ion measurements t o  be 756 grams 

reac tor  located i n  Demnark, commenced i n  August 1957. The c r i t i c a l  mass of 
t h i s  unit, fueled with 19.90 per cent  enriched uranium, was found t o  be 98b 
grams $ 3 4  with 13.05 l i ters of core solution. During c r i t i ca l  assembly, 
loading of %he reactor  core with highly enriched material involves o n l y  small 
changes i n  core volume, whereas loading with 20 per cent  enriched material 
involves large changes. 
VS. mass curve is shown i n  Figure 12. 
f o r  the lower enrichment can be explained by the  l a rge r  geometric buckling 
change as the  c r i t i c a l  experiment progressed. 
composition a t  c r i t i c a l  f o r  each reactor is  given i n  Table 111, 

The c r i t i c a l  mass with 93 per cent  

$3 3 with a t o t a l  of l2,& l i ters  of Core solution. Operation of the L-55 

The influence of this on the inverse multiplication 
The d i s t i n c t  departure from l i n e a r i t y  

A summary of the core solut ion 
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TABLE I11 

t 

CORE SOLUTION COMPOSITION AT CRITICAL 

Reactor using Reactor using 
935% enriched f u e l  19.9@ enriched f u e l  

984 
3,962 

bo4 
7,6lb 
12,712 

For a l l  enrichments, the experimental c r i t i c a l  mass agreed within 
approximately 5 per  cent  with t h a t  calculated using two-group diffusion 
theory and f i t t e d  group constants. 
core and r e f l ec to r  is shown i n  Figure 13. 
f lux  i n  the  reactor  fueled with t he  93 r cent  enriched material y i e l d s  a 

sindlar reactors  of d i f f e ren t  enrichments is inversely proportional t o  the 
mass of U235 pre ent. The gamma in t ens i ty  i n  the core during operation is 
approximately 105 r/b* 

A typ ica l  flux d i s t r ibu t ion  through the 
Measurement of the maximum thermal 

value of approximately 7 x 1010 neuts/c 2 -sec a t  1500 watts. The  flux i n  

A summary of the various physics paramters  associated with the reac tor  
is l i s t e d  i n  Table F, both f o r  t he  case of 93 and 19,gO per cent enriched 
fue l .  

TABLE N 

PHYSICS CONSTANTS 

C-6 Reactor using 
93% enriched f u e l  - L-55 Reactor using 

I9.90% enriched f u e l  

2 35 C r i t i c a l  mass, gms U 
Solution volume, cubic c n t i m t e r s  

Temperature coeff ic ient ,  %/"C 

Water coeff ic ient ,  %/gm H20 
H/U235 atom r a t i o  
Reflector 

Resonance escape prgbability 
Thermal u t i l i z a t i o n  

Solution density, gm/c 3 
Mass coeff ic ient ,  $/gm U 235 

Fast  f i s s i o n  factor"  * 

* calculat,ed 

5 6  
12,447 

1.085 
10,027 
0.044 
0.0015; 

395 
graphite 

N1.0 
. -1.0 

0.76 

13,050 
1.505 
-0.033 
0,016 
0.00168 

318 
graphite 

-1.0 
0.946 
0.83 
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Differences i n  the values can be adequately correlated with the difference 
i n  f u e l  enrichment. 

The r eac t iv i ty  worths of the  control rods have been measured t o  be 
approxlmately 1.5 per cent, on t h e  reactor  fueled with 19.9 per cent enriched 
material. 
i l y  check the experimental numbers f o r  the case of the higher enrichment b u t  
consis tent ly  underestimate the worth of the rods f o r  the 19.90 per cent 
enriched case. Underestimation of rod worth through perturbation theory is 
unusual; normally this theore t ica l  procedure overestimates the r eac t iv i ty  
controlled by a poison rod, 

Values of rod worth calculated by perturbation theory sa t i s f ac to r -  

In  use, the L-55 reac tor  system has proven t o  be dependable and simple 

The reactor can be readily s t a r t ed  up or 
to operate, requiring a m i n i m u m  permanent staff of only one operator and a 
part-time electronics  technician, 
shut down without regard t o  the past operating history. Power levels from 
a f r ac t ion  of a watt t o  1500 watts can be adequately controlled t o  a precis ion 
approachhg one per cent by means of the automatic control system, The fluxes 
are s u f f i c i e n t l y  high t o  permit a wide var ie ty  of experimentalwork, yet a re  
not so high as t o  require elaborate and extensive handling systems. 

L-74 (AND L-47) 10 WATT REACTOR 

The 10-watt reactor  was developed t o  fu l f i l l  the need f o r  a l o w  power, 
extremely safe  reactor  intended primarily f o r  t ra in ing  i n  the f i e l d  of 
nuclear engineering. It is equally desirable that  t h e  reac tor  possess 
suff ic ient  f lexibi l i ty  t o  be useful as a low f l u x  research tool ,  
r e s t r i c t ions  d ic ta te  a reactor  of minimum size, one that can be transported 
and easily i n s t a l l e d  i n  ex is t ing  buildings; would require a minimum of main- 
tenance; could be operated by a small staff of l imi ted  experience, and, above 
all,  a reactor  of demonstrated safety. 

These 

I n i t i a l  work was started i n  l a t e  1956. The inherent safety character- 
i s t i c s  of the solution type reactor, as demonstrated i n  the  KEWB experiments, 
l e d  t o  the select ion of t h i s  type unit f o r  a t r a in ing  reactor. Also, it was 
early decided t o  u t i l i z e  the vapor pressure recombiner, previously described, 
because of i t s  extreme simplicity,  
vapor p s s u r e  type recombiner is t ha t  the required operating point of t he  
recombiner, namely, a low t o t a l  system pressure, is exact ly  the  condition which 
y ie lds  grea tes t  sa fe ty  from the standpoint of a nuclear excursion, 

A second major reason f o r  select ing the  

On the bas i s  of ea r ly  c r i t i c a l  experiments a t  Oak Ridge Nationd; Labor- 
atory, it appeared t h a t  lead would be equally sa t i s f ac to ry  as water as a 
neutron r e f l ec to r  f o r  the core. 
a compact gamma ray shield.  

Lead a l s o  has the obvious advantage of being 

The i n i t i a l  conceptual design reduced, therefore, t o  an in t eg ra l  water 
b o i l e r  type core-vapor pressure recombiner completely surrounded by a l ead  
reflector-shield,  Because of the uniqueness of t h i s  concept, it was decided 
t o  construct a prototype uni t ,  designated the L-4-7, wi th  the power level set 
a t  5 w a t t s .  

- 10 - 



The design of the prototype is  shown i n  Figure l-4. The core cons is t s  
of a 12=1/2=inch diameter sphere on which is  located a canopy assembly con- 
ta ining the recombiner. The e n t i r e  u n i t  is surrounded by a 6-inch thick,  
3500-pound lead shield. To obtain adequate neutron shielding during oper- 
ation, the e n t i r e  core r e f l ec to r  assembly is supported in t he  middle of an 
8-foot diameter by 8-foot high sh ie ld  tank which is  f i l l e d  with water. 
Reactivity control i s  obtained through two 0.980-inch diameter v e r t i c a l  con- 
t r o l  rods operating i n  r e in t r an t  thimbles spaced diametr ical ly  opposite each 
other 3 inches on e i t h e r  side of the  core center. 
lo-inch long sleeve of .032 inch thick cadmium. 
approximately 1.2 per cent  each i n  react ivt ty .  
t ies provided a re  a series of f i v e  through tubes i n  the  core plus two 
addi t ional  beam tubes terminating a t  the lead surface. The reactor  i n s t ru -  
mentation, kept as  simple as possible consistent w i t h  the safety of the 
reactor  and the needs of the experimental program, i s  conventional i n  every 
respect  . 
loading of the fue l .uas  of 8 

i s  somewhat lower than that, predicted by two-group three-region diffusion 
theory. The i n i t i a l  operation of the reactor  was sa t i s fac tory  except f o r  
the  expected high radiat ion l e v e l s  outside the  sh i e ld  tank a t  5 watts parer. 
Analysis indicated the predominant components of the rad ia t ion  consisted of 
capture gamnas or iginat ing from the s t e e l  and the water outside the  primary 
lead re f lec tor .  To suppress water capture gammas, the sh ie ld  tank w a t e r  was 
poisoned with a boron compound, sodium octaborate, with boron concentrations 
up t o  10 grams per l i ter .  Each increase i n  the boron concentration required 
the addition of fu r the r  U235 t o  the reac tor  core t o  maintain c r i t i c a l i t y ,  
indicat ing t h a t  the s i x  inches of lead d i d  not function as an i n f i n i t e  
re f lec tor .  The effect, of the boron loadings on r e a c t i v i t y  is shown i n  
Figure 15. Throughout the boronation experiments, a s e r i e s  of neutron flux 
t raverses  were made. 
and gold f o i l s  and miniature BF3 counters. 
obtained w i t h  NTA-type f i l m .  
mmmary of the  per t inent  reactor  parameters is given i n  Table V. 

The poison material  is a 
The rods were found t o  control  
T b  only experimental f a c i l i -  

The reactor  was f i rs t  placed i n  operation i n  August 957. The i n i t i a l  
e r  cent enrichment i n  U23( C r i t i c a l i t y  was 

reached when 1196 grams of U G? 3 had been loaded i n t o  the  core. This number 

Thermal neutron flux was determined by means of indium 

These data are presented i n  Figure 16. 
Fast  neutron f l u x  da ta  were 

A 

TABLE V , ' 

E 4 7  REACTOR CHARACTERISTICS 

Reflector 6" lead followed by water 
1196 - 

1.U6 
235 0 014 

Solution density, gnf/cm3 
Mass coeff ic ient ,  %/gm U 

TemByture coeff ic ient ,  %/OC -O.OZ* 

C r i t i c a l  mass, gm ~ 2 3 5  
Solution volume, cm3 12,110 

Water coeff ic ient ,  $/gm IQO 00 002 3 

H/U . atom r a t i o  243 

* approximate due t o  uncertainty i n  the temperature measurements 
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The operation of the  prototype reactor  proved the f e a s i b i l i t y  and safety 
of operating the water boi le r  type core and vapor pressure recombiner i n  
close proximity t o  each other i n  the same vessel, the des i r ab i l i t y  of using 
lead within the  r e f l ec to r  region, and the adaptabi l i ty  of the water boi le r  
core t o  this application. 

Util izing the data obtained on the prototype reactor, design was s t a r t ed  
i n  l a te  1957 on a production type reac tor  possessing the requirements of a 
versa t i le  t ra ining and educational tool ,  
imposed on the prototype unit, the production model reactor was t o  be made 
sui table  f o r  use with f u e l  of 20 per cent o r  greater  enrichment, 
level was increased t o  10 w a t t s .  
Laboratory Reactor. 

In  addition t o  the requirements 

The power 
This reactor has been designated the L-77 

To be t te r  accommodate the  use of 2 0  per cent enriched fuel ,  the  core 
of the L-77 was  increased t o  15-3/b-inch diameter, the same s i z e  success- 
f u l l y  used on the  L-54 type reactor, 
necessary on this reactor but not on the 1500-watt L-55 because of the poorer 
neutron properties of the L-77 ref lector ,  The locat ion of the recombiner 
assembly i n  the canopy above the f u e l  solut ion was retained, as were the 
five experimental through tubes i n  the core, these having proved extremely 
useful during the  L-b7 experimental program, A cutaway of the core is shown 
i n  Figure 17. 

T h i s  core s ize  increase was  considered 

The shie ld  design was optimized t o  permit t he  operation of the reactor  
a t  power levels of 10 watts with low accompanying radiat ion levels external 
t o  the reactor  tank, 
shield assembly. 
composed of a mixture of pelletized lead and a r e l a t ive ly  radiat ion s t ab le  
organic compound, 
serves a dual function as the primary core ref lector .  
ing the inner  sh ie ld  is  an intermediate region, a minimum of two inches thick, 
composed of normal paraff in  mixed with a soluble organic boron compound. 
t h i rd  so l id  shield, composed of borated paraff in  and pe l le t ized  lead, encloses 
the inner and intermediate so l id  shields  on the  sides and top, 
posite shield assembly i s  canned i n  a s ta in less  steel vessel  43 inches i n  
diameter and 56 inches high, 

The core is  surrounded by a three-region composite 
Referring t o  Figure 18, it is seen the inner shield is 

This inner region is a minimum of s ix  inches thick and 
Completely surround- 

A 

The core com- 

The en t i r e  core-shield assembly i s  contained i n  an 8-foot diameter by 
7-foot high outer shield tank which is  f i l l e d  with normal water during 
reactor  operation. 
the reactor tank after unlocking and removing the sh ie ld  plugs provided. 
The experimental f a c i l i t i e s  are more f u l l y  described as follows : 

Access t o  the experimental faci l i t ies  i s  from outside 

One main exposure tube 1.37 in ,  (3.48 cm) inside diameter 
Four auxiliary exposure tubes 0.75 in. (1.90 cm) inside diameter 
Two beam tubes 1.875in. (4.75 cm) inside diameter 
Two spare instrumentation thimbles 2.75 in.  (7.00 cm inside diameter 
One radioactive gas tube 0.15 in. (0.38 cm 1 inside diameter 

Reactor power is  monitored from source leve l  t o  full power, a range of 
Both channels u t i l i z e  approximately five decades, by two neutron channels. 



uncompensated ionizat ion chambers, located i n  the  pe l l e t i zed  Zead-organic 
shield under the reac tor  core, t o  drive micro-micrometers located on the 
control  console. 
reactor  power; the other, the  log of power and its derivative,  o r  period, 
Additional. instrumentation indicates  rod position, temperature, and pressure. 
An annunciator furnishes information on the cause of a l l  reac tor  shutdowns, 
The operating controls  are grouped conveniently on the turret immediately i n  
f r o n t  of the  operator. 

One micro-microammeter furnishes a l i n e a r  readout of 

It is  planned t o  add the  experimental data from the L-77 operation as 
a supplement t o  t h i s  paper. 

DEVELOPMENT PROGRAM 

The development of components and information per ta ining t o  aqueous 
solut ion type research reactors  has been a continuing program a t  Atomics 
Internat ional  s ince early 19520 Major work has been concentrated i n  those 
areas which p r io r  work wi th  aqueous homogeneous reac tors  had indicated major 
def ic iencies  existed3 namely, the gas handling s y s t e m ,  f u e l  s t a b i l i t y ,  and 
corrosion, 

GAS HANDLING SYS”E%S: Work a t  Atomics Internat ional  was early d i rec ted  
toward the development of a gas handling system capable of operation a t  
reac tor  powers of 50 kw o r  above. Ear l i e r  type gas handling systems had a l l  
operated on the  “dry cycle”, some of which required the undesirable periodic 
release of gaseous activity f’rom the system. 
necessary i n  the dry system and d i f f i c u l t i e s  had been encountered i n  maintain- 
ing  good seals o r  i n  developing a hermetically sealed blower with a long 
expected l i fe ,  
located i n  a populated area, 

nates the necessi ty  of discharging radioactive gases from the system, 
automatically maintains the system water balance ’between the  recombiner and 
core, and cools the c i rcu la t ing  pump and ca t a lys t  bed. 
bas i ca l ly  of a tank containing approximately 12 l i t e r s  of d i s t i l l e d  water 
i n  which is located a submerged ca t a lys t  bed, Water is  circulated from the 
recombiner tank sump in a closed cycle through a heat exchanger, t he  pump, 
a gas e jec tor  by which the pressure d i f f e r e n t i a l  f o r  c i rcu la t ing  the gases 
i s  established, and back t o  the recombiner sump. Cooling water c i rcu la ted  
through the secondary side of the heat exchanger removes the heat generated 
by the  pump and the recombination of the  rad io ly t ic  gases. The rad io ly t i c  
gases, f n  a c a r r i e r  stream of oxygen, are pulled from the core by the w a t e r  
e jector ,  the gases being discharged t o  the space above the water l e v e l  i n  
the recombiner tank, From here, the gases are drawn through an entrainment 
eliminator, the c a t a l y s t  bed, and thence back t o  the core. &cess water i n  
the recombiner sump, due t o  recombination of the hydrogen and oxygen, over- 
flows i n to  a wier from which it is -p icked  up by the gases returning t o  the 
core, 
is  shown i n  Figure 19,  

In addition, a gas blower was 

Such a system was not  considered su i tab le  f o r  a reactor  

The Wet me G a s  Handling System (WTGHS), which was developed, elimi- 

The WTGE consis ts  

A sketch of a typical  mechanical arrangemnt of the recombiner system 



The upper l i m i t  of operation of the  WTGHS is set by the hydrogen con- 
centrat ion as determined by the diluent gas volume flow rate and the amount 
of water vapor contained therein. 
resu l t ing  i n  inflammation i n  a hydrogen-oxygen system, are approximately 
4.5 per cent; f o r  detonation, approximately 15 per cent. Measurement of the 
hydrogen concentration i n  the  operating WTGHS shows a m a x i m u m  level of 
approximately 6 per cent entering the ca ta lys t  bed and 1.5 per cent leaving. 
The above f igures  are based on a gas generation rate a t  50 kw f o r  a reactor 
operating on f u l l y  enriched fuel. 
uranium, the gas generation rates are approximately 30 per cent less, thereby 
permitting the  recombination system t o  operate a t  higher equivalent reactor 
powers. A series of test runs have been performed on a developmental WTGHS 
recombiner un i t  i n  which stoichiometric mixtures of hydrogen and oxygen were 
charged t o  the system. Only mild explosions or  flashbacks were audible with 
a corresponding maximum recorded pressure of 22 psi. Most of the explosions 
originated from the  catalyst bed, i n  which case the entrainment eliminator 
and large recombiner tank volume ef fec t ive ly  prevent flashbacks i n t o  the 
region above the core. During operation, the recombiner system automatically 
t ransfers  back t o  the core any so l ids  or  f u e l  which might have been carried 
over due t o  entrainment. A t  SO kw steady s t a t e  operation, the equilibrium 
concentration of uranium i n  the recombiner sump water is  well under 0.1 grams. 

The lower limits of hydrogen concentration, 

For reactors u t i l i z i n g  20  per  cent enriched 

Development tests of the WTGHS were carr ied out t o  equivalent reactor  
powers of 120 kw (155 kw f o r  reactors u t i l i z ing  20 per cent enriched f u e l )  
and the  system functioned normally i n  every respect. 
reactors employing the WTGHS were operating sa t i s fac tor i ly ,  with two 
additional un i t s  scheduled t o  go i n t o  operation soon. 
conditions with the  system operating a t  50 kw are shown i n  Table V I .  

A t  present, four 

Typical operating 

TABLE VI 

WTGHS OPERATING CONDITIONS AT SO KW 
~ _ _  

Sweep Gas Flow, CFM 7.6 
Recombiner Pressure, ps ia  1 2  
Recombiner in le t  gas temperature, OC SO 
Recombiner ou t l e t  gas temperature,°C 36 
Catalyst bed upper temperature, OC 240 
Catalyst bed center temperature, OC 2 70 
Catalyst bed gas out le t  temperature, OC 170 
Recombiner tank gas temperature, OC 33 
Recombiner tank water temperature, OC 27 

A second type recombiner developed a t  Atomics International, using the 
same platinized aluminum oxide catalyst but operating on a d i f fe ren t  principle, 
is  sa t i s fac tory  f o r  use on solut ion type reactors  operating a t  samewhat lower 
power leve ls  than the L-%. This unit, cal led the vapor pressure recombiner, 
has been previously described. Laboratory tests conducted on the behavior 
of t h i s  recombiner system demonstrate that no explosion danger exists from 
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the s t o i c h i o m t r i c  hydrogen-oxygen mixtme, par t i cu la r ly  so when the total 
system pressure is  maintained a t  one or two psia. 

In a series of tests, a number of capsules were prepared by evacuation 
and f i l l i n g  with stoichiometric mixtures of hydrogen and oxygen. 
i s ing  the results of these tests, the following points should be noted: 

I n  sunmar- 

a) T h a t  i n  the absence of a rad ia t ion  f i e l d ,  it appears t h a t  only an 
ac t ive  dry ca t a lys t  such as platinum can cause ign i t ion  of a 
stoichiometric hydrogen and oxygen mlxture. 

That even a dry platinum ca ta lys t  ( a t  up t o  100°C initial temper- 
a ture)  can not  cause i g n i t i o n  i f  the  system pressure is  below 10 
inches Hg absolute. 

That a high gamma f i e l d  (about 105 r/hr) not  only did not  ignite 
the gas mixture, but did not produce an increase i n  the rate of 
recombination. 

b) 

c)  

Apparently a threshold pressure exists f o r  the combination of hydrogen- 
oxygen mixtures. 
d i f f e r e n t  in i t ia l  quant i t ies  of hydrogen and oxygen. It was found that 
below approximately two t o  three inches Hg absolute, there  was no detectable  
ign i t i on  o r  explosion. 

A capsule containing a glowing fi lament was f i l l e d  ui'th 

Laboratory experiments demonstrate the  capaci ty  of the  vapor pressure 
recombiner system is l imited only by the size of the catalyst bed and the 
heat removal capacity, The u n i t  i n s t a l l e d  on the L-55 type reac tor  has a 
lb00 gm ca ta lys t  bed and has been operated i n  the laboratory t o  equivalent 
reactor  powers exceeding 10 kw. Limitation on power l e v e l  vas due t o  the 
heat removal capacity r e su l t i ng  i n  high temperatures and, therefore,  high 
t o t a l  system pressures. 

The vapor pressure recombiner i n s t a l l e d  i n  the  L-77 reactor,  contain- 
ing  80 gms of catalyst pe l le t s ,  has similarly been laboratory t e s t e d  t o  LOO 
watts equivalent reactor  power. 
powers, there  is no cooling system on t h i s  un i t  other than na tura l  radiation, 
conduction, and convection t o  the surrounding st ructure .  

Because of these low ant ic ipated reactor  

FmL STABILITYI The operation of a low temperature aqueous so lu t ion  
type reac tor  core results i n  rad io lys i s  of the water t o  give hydrogen and 
oxygen gases. One of the intermediate s t eps  i n  the process involves the 
formation of hydrogen peroxide which can react with the soluble uranyl ion 
t o  give the  insoluble uranyl peroxide. Atomics Internat ional  has imes- 
t iga t ed  several  aspects of the problem toward reducing the equilibrium 
concentration of hydrogen peroxide i n  the f u e l  solution. Primary empheSi8 
has been on the i n t e r r e l a t ion  between hydrogen peroxide concentration and 
reactor  spec i f ic  power, solution temperature, uranium concentration, and 
ca t a ly t i c  effects .  

Results of t h i s  invest igat ion ind ica te  the hydrogen peroxide concentra- 
t i o n  t o  be proportional t o  spec i f ic  power, inversely proportional t o  



temperature and a complex function of uranium concentration and ot,her 
ca t a ly t i c  effects.  

temperature, 
complex. For instance, i ron  is known t o  have a c a t a l y t i c  e f f ec t  on the 
decomposition of hydrogen peroxide, the magnitude of which depends upon 
the uranium concentration. A measurement of the decomposition specific 
reaction r a t e  constant a t  various uranium and i ron  ca t a lys t  concentrations 
is shown i n  Figure 20. It can be seen the r a t e  constant i s  a maximum a t  a 
uranium concentration of approximately 300 grams/liter. Over the range of 
i ron  concentrations investigated (0-300 ppm), the  c a t a l y t i c  e f f ec t  had not 
saturated. 
e f f ec t s  a re  not so pronounced as t h a t  of iron. 
ac id  a l s o  influences the r a t e  constant considerably, increasing with increas- 
ing acid concentrations up t o  0.5 M acid and then decreasing. 

Temperature is found t o  decrease the h drogen peroxide 

The e f f e c t  of ca t a lys t  i n  the  f u e l  solut ion i s  somewhat more 
concentration by a f a c t o r  of approximately 10 f o r  every 2 0  i5 C rise i n  

Copper. ion also has been Used as  a solution ca ta lys t ,  but i t s  
The presence of s u l f u r i c  

The e f f e c t  of high radiat ion i n t e n s i t i e s  on catalyzing the decomposition 
of hydrogen peroxide is unknown. 
mined hydrogen peroxide rate constants with reac tor  power l e v e l  and known 
s o l u b i l i t y  data has not  been too sat isfactory,  t he  results always being con- 
servative by a fac tor  of 10 or be t t e r ,  
radiat ion may play some p a r t  i n  es tabl ishing the hydrogen peroxide equilibrium 
valueso There has been no operating problem with uranyl peroxide prec ip i ta -  
t i o n  i n  any of the reactors discussed hereo 

The correlat ion of the experimentally deter- 

For t h i s  reason, it is f e l t  that 

CORROSION; Extensive long t e r m  corrosion tests have been conducted a t  

These tests, coupled with information developed 
Atomics Internat ional  on various s t a i n l e s s  steels of i n t e r e s t  i n  the  solu- 
t i o n  type reactor  programo 
a t  Oak Ridge National Laboratory and other  i n s t a l l a t ions ,  conclusively demon- 
strate that corrosion of s t a i n l e s s  s t e e l s  by uranyl s u l f a t e  solut ions a t  
temperatures under 1 0 0 ° C  is not a problem. 

Coupons of commercial s t a i n l e s s  steels of the following typest 304 
(19% Cr,  10% Ni), 309s (23% Cr, 14% Ni), 310 (25% C r ,  21% Ni), 316 (18% C r ,  
12% Ni), 321 (195% Cr,  10% Ni, Ti) ,  and 347 (19% Cr ,  11% N i ,  Cb), have been 
tested i n  baths of uranyl su l fa te  solut ions up t o  2.5 molar withJ .0  molar 
added s u l f u r i c  acid. The averaged results are  summarized i n  Table VII. 
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CORROSION TEST OF STAINLESS S’EEL COUPONS 

Stainless  S tee l  

30b 
309s 
310 
316 
321 
3L7 
304 
310 
316 
316 
321 
347 

Tspe 
Uranium Concentration 

gms/liter 
Molarity 
3%. 
0.5 
0.5 
0.5 
0.3 
0.5 
0.3 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 

Corrosion Rate 
mils/gr 

Before placing i n  the test baths, a l l  coupons were pickled i n  a 1:l 
HNO3 solution containing 1.5 per cent  hydrofluoric acid, followed by passi- 
vation i n  I t 1  HNO3 and a d i s t i l l e d  water rinse.  As can be seen by inspection 
of the above table, all corrosion rates are extremely low, n e w r  exceeding 
0.2 m i l s / y r .  Metallographic examination of the test coupons indicates  no 
intergranular o r  p i t t i n g  type of corrosion attack. 

Coupon surfaces were found t o  be f r e e  of discolorations or other 
unaccounted f o r  blemishes. Because the fuel used i n  these reactors  or ig i -  
nates  as uranium hexafluoride, there has been some concern about excessive 
amounts of f luor ides  carrying through the chemical processlng i n t o  the 
f inished sulfate. Corrosion checking of coupons exposed i n  solutions with 
up t o  50 ppm f luor ine  has indicated no accelerated corrosive action. 
containing sample welds have similarly been checked, and weight losses  are 
consistent with the results reported for unwelded samples. 

Coupons 

After operation for three years, the  p- system of the solut ion type 
reactor  a t  the Radiation Laboratory of the University of California w a s  opened 
up f o r  inspection of the ins ide  surfaces. 
analysis were a l so  u t i l i zed  t o  analyze the f u e l  so lu t ion  f o r  corrosion pro- 
ducts, iron, chromium, and nickel. 
correspond roughly t o  the composition of the 18-8 stainless steel (type 316L). 
It was determined tha t  not more than 2 grams of s t a i n l e s s  steel t o t a l  had 
been removed from the core vessel. 
rate of approximately 0.02 mils/yr, a f a c t o r  of two less than the lowest 
laboratory results. Metallograph5-c examination of the  core vessel  again 
showed no s ign  of intergranular  or p i t t i n g  type of attack. 

Micro-techniques of chemical 

The r a t i o  of these metals was found t o  

This corresponds t o  an average corrosion 



It is known, frcm experience at  0ak.Ridge Natiqmal Laboratory &Id with 
the  Horth Carolina S ta t e  homogeneous reactor, that the presence of chlorides 
i n  the f u e l  solut ion may under cer ta in  conditions accelerate sharply a 
local ized o r  p i t t i n g  type attack. For this reason, it is recommended that 
the chloride concentration i n  the f u e l  solutions be maintained under 5 ppm, 
Under these conditions it is believed t h a t - f o r  all prac t i ca l  purposes the 
primary systems of these so lu t ion  reactors  ham an ualimited lifetime. 

CONCLUSIOM 

Solution type research reactors have a longer history of operation than 
any other type research reactor  u t i l i z i n g  enriched fuel.  They have proven 
capable of operation at pouer l eve ls  of a t  least 50 kw. A wide varlets of 
experimental f a c i l i t i e s  can be incorporated in to  the reactor  design, includ- 
ing unique neutron free sources of gama radiation, !l!he reactors are 
relatively inexpensive t o  install and can be maintained by a minimal operat- 
ing staff. There are no problems associated with f u e l  replenishment because 
of the very low burnup, the i n i t i a l  f u e l  charge l a s t i n g  the l i f e  of the 
reactor. 

The homogeneous solution type research reactor  has been experimentally 
demonstrated t o  be among the s a f e s t  of a l l  the various types of research 
reactors  now i n  use, 
minimum of expense a t  locations i n  densely populated areas. 
power versions, they are idea l ly  suited f o r  t ra ining purposes because of the 
very effective safstymechanism inherent i n  this type reactor.  

This permits the i n s t a l l a t i o n  of these uni ts  with a 
In the lower 
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C O R E  V E N T  L I N E  

D E F L E C T O R  

1 

O V E R F L O W  C H A M B E R  ------. C O O L I N G  C O I L S  

\ 

S W E E P  G A S  L I N E  ( I N )  

< 

I 

C O R E  C O O L I N G  C O I L S  

R E A C T O H  C O R E  S H E L L  

I 

C O O L A N T  L I N E S  A 4 

I --r- 

\ 

E N T R A I N M E N T  E L I M I N A T O R  

SWEEP G A S  L I N E  ( O U T )  / 

O V E R F L O W  C H A M B E R  
/ 

- rUEL RETURN 

C O N T R O L  ROD T H I M B L E S  

C E N T R A L  E X P O S U R E  TUBE 

'\ C O O L A N T  L I N E S  

Figure 2 L-!& Reactor Core and Overflow Chamber 



E 

I 

1 

I - .  

a - ~ D P I ~ L O P S ~  1 -7Q ROOM b T M 0 8  
MONITOR PUMP 

I CFM 

I 
ENTRblNMENT r ELIMINITOR 

Figure 3. Wet Type Gas Randling System Flow Diagram 



-I P 

SERVICE 

PRIMARY SYSTEM PUMP 

I 1  

(1 1 I ,  
I I  

GAS RECOMBINER I 

- GAS TIGHT STEEL 
LINER 

BEAM CATCHER 

FUEL DRAIN TANK 

PRIMARY COOLING SYSTEM 

1 I------ 
'1 

Figure 4. Revised Subpile Room f o r  the L-Sb Milan Reactor Inst,allation. 



w
 

z (L
 
0
 

n
 

0
 

a
 

F
 

I- 
w

 
LL 

v, 
a 1
 

0
 

a
 

I- 2
 

8 

1
 

a
 

u I- 
a
 

w
 

>
 

5 .d P
 



3
 

c
 
I
 
:/ W m _I a a
 

0
 

c
 

LL 
W

 
>

 

-
 

5
 E
 

0
 

0
 

0
 

I 
-
 

I - 
a
 

a
 
E
 

0
 

W
 



L 





n 
9 

3 

a 
a 

- 
II 

X 

LL 
J 

I 
W 
I 
t- 

W 
t- z 
W u 
W 

a 

a 
8 
U 

X 
3 
1 
LL 
L3 
W 
N 
-I 

U 
0 z 

- 
4 

I .o 

0. I 

0.0 

I I 
25 s;o 

I I 
IO0  I25 75 

I 

DISTANCE FROM CORE CENTERLINE-(cm) 
i 

00 

IO 

150 

I Figure 9 
Thermal Neutron Flux Distribution Through I& Horizor ta l  Therm1 Colmn 



i i i I ! 1 I 
u cd 
a, 

p
: 



p W f 1
 

0
 

U
 

W
 

LL 
V

I 
4
 
0
 

0
 

t- 
V

I 
W

 
J
 

V
I 

J
 

0
 

U
 

- 

- I 3 - 5
 

J
 

4
 

W
 

3
 

+ w 
LL 
3
 

V
I 
0
 

X
 

W
 

_
I 

Q
 

LL 
I- 
z W

 
U

 

- m
 

n 

- J
 

W
 

W
 

I- V
I 

V
I 

W
 

J
 

Z
 

4
 

t- 
V

I 

W
 
1
 

W
 

W
 

J
 

Ln 
W

 
IL 
3
 

U
l 

0
 

a X
 

W
 

J
 

4
 

11: 
I- 
Z

 
W

 
U

 

- 

-_ 



NORMALIZED CRITICAL MASS 

Figure 12. PjpiCal Inverse Yultiplication Versus Mass Curves. 
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