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INTRODUCTION 

The Sodium Graphite Reactor (SGR) is signif icant  because it has 
the potent ia l  of producing steam condifdons which are  typical  of modern 
conventional steam plant practice, 
which are  evolving indicate the future  poss ib i l i ty  of SGR nuclear steam 
power plants u t i l i z ing  l.400 psig, 1000° F steam. 
version of the SGB concept is to  be b e f i t  f o r  the Consumers Public Power 
Di s t r i c t  of Nebraska a t  t h e i r  Sheldon Station si te near Lincoln, Nebraska. 
The plant w i l l  produce 75,000 e lec t r i ca l  kilowatts, using 800 psig, 8 2 5 O  F 
steam. 
and sodium as the heat transfer f luid.  The plant w i l l  operate with higher 
reactor coolant temperatures, higher f u e l  element surface temperatures, and 
higher steam pressure and temperature than any other reactor currently 
authorized in the USAEC Demonstration Power Reactor Program. 

Current development work and the designs 

The first full scale 

The reactor will use uranium dioxide as  fuel ,  g r a p h i t e n d e r a t o r ,  

The purpose of the Consumers SGR Project, as s ta ted  i n  the contract 
between the AEC and Consumers, is "to demomtrate the economic and technical 
prac t icabi l i ty  of central  s ta t ion  power, ntiliriin@; a sodium graphite nuclear 
reactor, by operating the plant  for  
maximm amount of e l ec t r i ca l  ener refrom.*.."; I n  so doing, it is in- 
tended t o  u t i l i 2  and extend the dge obtained from the Sodium Reactor 
Experbent (SRE) fi, hich Atomics 1nternai;ional built and is operating f o r  the 
BEC . 

primary purpose of producing a 

The current program of work was i n i t i a t e d  i n  November, 1957, and 
has two prime objectives. 
gineering so as t o  provide a complete riet of criteria f o r  the final design of 
the plant  by September, 1958. The seccmd objective is t o  carry out a proto- 
type component development and test prc)gram t o  p r o d &  data f o r  the final 
design of all Critical.components, The schedule f o r , t h e  project provides for 
completion of construction of the nuclear f a c i l i t y  i n  January, 1962, and f o r  
f u l l  power operation of the nuclear parer p lan t  in June, 1962. To meet the i r  

The first is  to car ry  outlthe preliminarg en- 
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power commitments, Consumers plan t o  place i n  operation a coal f i r e d  plant 
i n  the spring of  1961. 
which i s  i n i t i a l l y  installed with the  coal f i r e d  plant, and subsequently a 
second turbine-generator may be added for  the conventional boiler. Included 
i n  the scope of the  nuclear f a c i l i t y  are  the sodium graphite reactor, the 
sodium heat transfer systems, the sodium steam generators, the overall  power 
plant control system f o r  nuclear operation, the nuclear f u e l  handling system, 
and various plant auxi l ia r ies  described below. 

The nuclear f a c i l i t y  w i l l  supply steam to the turbine 

The economics of the sodium graphite reactor show tha t  these 
reactors are potent ia l ly  a t t r ac t ive  for  power plantg wi th  ratings from 
100,000 electrical. kilowatts and larger,  where the re la t ive ly  large invest- 
ment costs associatedwith a physically large reactor and the  shielding for  
a highly active coolant are compensated by high thermal efficiency and the 
a b i l i t y  t o  use modern and future  steam eqd~iment. 
properties of sodium and graphite explains the main character is t ics  of the 
reactor. 
which permits the exchange of  heat from the reactor to a steam generator a t  
high temperature and very low pressure. 
nates hazards' problems associated with releasable potent ia l  energy from 
pressurization of radioactive fluids and great ly  simplifies the containment 
problems, The low pressure, combbed wi th  good heat transfer properties, 
permits a design with large temperature increase as heat is  removed from the 
core and resulting low pumping power to  the sodium systems. The sodium is 
chemically i n e r t  t o  fuel,  graphite, and s t ruc tura l  materials in the reactor, 
thus avoiding the problems of re lease of chemical energy and of corrosion, 

A brief  review of the 

The boiling point of sodium a t  atmospheric pressure is 1620° F, 

The low pressure essent ia l ly  elimi- 

. 

Graphite i s  a good material t o  use with sodium coolant since it 
retains strength a t  extreme temperatures, i s  chemically compatible with 
sodium, - -  - - is r e l a t ive ly  inexpensive, easy to handle, and meets normal moderator 
requirements. 

--_ - - 

The sodium graphite system provides many interest ing reactor  con- 

The thru-tube reactor  was  one of  the f i rs t  studied as a 
cepts. 
shown i n  Figure 1. 
minimal variation from the Hanford production reactors,  
in ver t ica l  steel process tubes tha t  separate the moderator from the fuel and 
coolant region. Sodium is  brought t o  the process tubes by a pipe header 
system under the reactor and removed by a similar header system above the 
reactor. One version of this reactor provided a neutron sh ie ld  between the 
core and the headers. This reactor provides good neutron econonIy through 
simple core construction. The pr incipal  problems encountered were graphite 
and process tube replacement i n  the event of a tube rupture, repairs  in the 
header regions i f  no neutron shield is incorporated, and the design and 
analysis of the neutron sh ie ld  i f  this i s  used. 

Four of the types thoroughly studied a t  Atomics International are 

Fuel i s  suspended 

The thimble tube reactor i s  another version of the use of process 
tubes i n  unclad graphite. 
i s  suspended above the core on hanger rods from the shielding to supply 
sodium t o  the thimble tubes, 
the tank so that the f u e l  element forms a return path f o r  the coolant. 

I n  this core, a sodium header or manifold tank 

Hollow-cylindrical fue l  elements a re  hung from 
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Sodium discharges in to  a free surface pool in  an insulated t r a y  from which 
the sodium can be pumped to the heat transfer system. 
shield and non-neutron shield versions were considered. The advantages of 
the thimble concept a re  good neutron economy, accessibi l i ty  of the tubes, 
and a very high temperature reactor since the main tank and tubes in the  
reactor see only low temperature sodium. Problems are the protection of the 
graphite from sodium and sodium vapor, the development of the  insulated tray 
and the design of the coolant system fo r  possi.ble failures. 

Again, neutron 

The other two concepts shown are tank-type reactors  where sodium 
is  pumped into a plenum formed by the core tar& and a g r id  p la te  t ha t  supports 
the core. 
pended f u e l  elements t o  discharge into a free surface pool over the core. 
I n  the c d a n d r i a  design, graphite i s  separated from sodium by the calandria 
structure,  Bellows’ units are proposed f o r  eo& tube t o  allow U f e r e n t i a l  
expansion between the tube and the main s t r u c t u e .  
good neutron economy coupled w i t h  a design concept tested i n  the SRE with the  
exception of the calandria structure.  
the replaceKent of the tubes, or a l ternately t,he sealing of the tubes and 
protection of the graphite from the amount of sodium tha t  would impair the 
moderation properties of the graphite. 

The sodium then flows upward through process tubes containing sus- 

This design provides 

The majn problem is  considered t o  be 

The main feature  of the fourth concept, t h a t  used f o r  the Consumers 
Hexagonal SGR, is the use of multiple cans to separate graphite from sodium. 

steel-canned graphite prisms with corner scall.ops form the core region. 
Process tubes, attached to the g r i d  plate, separate high velocity coolant 
f o r  the f u e l  elements from low velocity coolai t  t h a t  removes heat from the 
individual moderator cans. 
elements a t  the center of the  hexagonal prism,, This core design provides 
segregation of graphite so  that  one f a i lu re  i n  the  graphite cladding will 
poison a small f ract ion of the core, provides re la t ively simple replacement 
of the mouerator elements, and uses most of the S a  technology. The main 
disadvantage is the poorer neutron econoqy caused by the moderator cladding 
material and the moderator coolant sodium 

Geneva, 1955 . 

The SRE version of this concept places the f u e l  

A n  ear ly design f o r  the f u l l  
scale SGR was described by Chauncey Star r  5 a t  the International Conference in 

A perspective of the power plant i n s t a l l a t ion  i s  shown in Figure 2. 
The overal l  plant is‘a combination of a coal-fired f a c i l i t y  which contains 
the turbine-generator and a nuclear f a c i l i t y  which w i l l  provide steam f o r  the 
turbine i n  the coal boi ler  f ac i l i t y .  
buildings. 
f ac i l i t y .  

Each of these f a c i l i t i e s  a r e  i n  separate 
The building i n  the right-hand foreground houses the nuclear 

One possible plan of the  nuclear f a c i l i t y  is shown in Figure 3. 
The reactor and radioactive portions of the  systems are contained in shielded 
c e l l s  below grade, while the  non-radioactive systems are above grade. 
building is serviced with a bridge crane, i n  addition to the gantry crane 
used fo r  f u e l  handling. 
tion. 

The 

The building is of conventional indus t r ia l  construc- 
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Heat i s  removed from the reactor by a radioactive primary 
sodium system and is  transferred t o  a non-radioactive secondaqy sodium 
system which serves the steam generators. The non-radioactive steam from 
the three steam generators i s  fed  i n t o  a common steam header which serves 
the single turbine generator in the coal boi ler  f a c i l i t y  building. 
sodium heat transfer system is  operated a t  a pressure j u s t  sufficient t o  
overcome pressure drops. 

The 

A sodium service system i s  used t o  f i l l ,  drain, and flush the 
reactor core tank and sodium heat transfer systems. The sodium service 
system also contains a purification system t o  remove oAdes from the sodium 
i n  order t o  control corrosion rates and to preclude impairment of mechanical 
and thermal performance of equipment. 
an i n e r t  gas within the reactor and nitrogen is  used fo r  the inert gas 
atmospheres in the shielded cel ls .  
and dispose radioactive gases and radioactive l iquidwastes.  
cooling system provides auxiliary cooling t o  the concrete biological 
shielding of the reactor, cer ta in  sodium handling components, and the at- 
mosphere i n  the shielded radioactive ce l l s .  
cooling system and other services i n  the nuclear plant i s  supplied from 
cooling towers provided f o r  the condensers i n  the turbine-generator fac i l i ty .  

A helium system i s  used t o  provide 

There a re  also systems t o  remove, s tore  
An organic 

Cooling water fo r  the organic 

The f u e l  handling system consists of a f u e l  handling cask, fue l  
storage and washing cel ls ,  and all necessary equipment f o r  receiving new 
fuel ,  refueling the  reactor and shipping spent fuel. 

A plant  control system is  provided which allows automatic operation 
over the  range of 15 percent t o  100 percent load, or  manual operation a t  a l l  
loads. I n  addition, a plant  protective system allows rapid detection of any 
off-normal condition i n  the reactor plant  and automatically takes corrective 
action. This action includes alarm, one-circuit shutdown, setback, and 
scram. Table I smxarizes data f o r  the power plant. 

THE REACTOR 

The Consumers SGR has two innovations which differ  from the SRE. 
The fuel i n  the SGR i s  l o w  enrichment uranium dioxide, and the graphite i s  
canned i n  s ta in less  s t e e l  sheet. The use of oxide f u e l  i s  an outgrowth of  
the lack of s t a b i l i t y  of metall ic fue l  a t  temperatures over 700° F. 
t igations to date indicate tha t  burnups i n  excess of 10,000 MWD/ton are 
possible fo r  the oxide, and t h a t  the cost of power w i l l  be less using the 
oxide. 
uncertain of the l i f e  and long-term strength of zirconium o r  zirconium alloys 
in an SGR. The current design, therefore, includes s ta inless  s t e e l  cladding. 
The substi tution of zirconium alloy f o r  s ta inless  would permit a reduction 
of more than one percent in the fue l  enrichment, with appreciably lower f u e l  
costs, and evaluation and tes t ing of zirconium alloys are continuing. 

Inves- 

Although zirconium i s  used t o  clad the graphite i n  the SFB, we are 

The core of the reactor consists principally of ver t ical ly  sup- 
ported, stainless s t e e l  clad, hexagonal graphite prisms with corners 
scalloped f o r  f u e l  and control locations. Process tubes, attached to a 
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lower gr id  plate, are used t o  channel high velocity sodium from a lower 
plenum through fue l  elements a t  the fuel locations. Thimbles, hanging from 
the top shield, separate the control units from sodium a t  control lacations. 
The gr id  p l a t e  i s  plugged at ' these locations t o  avoid excessive cooling of 
the control units and moderator cans, Heat i s  removed from these units by 
a separate coolant stream that feeds in to  a small plenum formed by the g r i d  
p l a t s  and the bottom of each moderator element. 

Fi,gure 5 shows a section through t h e  reactor core. Theassembly 
of moderator elements, control units, and f u e l  elements, is-contalned-in-a- 
steel tank and located below f loor  leve l  of the reactor building. Radially 

-5ihmrd from th75o-fS-Ts-a core tank l i n e r  
-slS5ld, an outer-tank+nsulatlon, the can tqy  l iner ,  and a concrete--founds- 

4io6-th;t serYes --as ~ a- nTutKn7KiZl3-be~e<n the reactor and adjacent heat 
exchange _--- - cells .--Below-the-core- i F  a-grid-pi&-tGat supports the moderator 
ana re f lec tor  elements and forms the coolant in le t  plenum under the core, 
the tank bottom, a thermal shield, cylindrical steel supporting shel ls ,  and 
foundation concrete. Above the core i s  -_ an eight _. foot  *_ deep __ sodium pool, a 
helium blanket, - - ._ _-_ -- reflec&&GGisulation and the top s h e l d .  Sodium is  brought 
=-the lower plenum by three, double-walled pipes which enter  the core cavity 
above the moderator elements, a re  brought down adjacent to the core tank, and 
terminate a t  the tank bottom. 
core through pipes attached about one pipe diameter above the moderator 
elements, and then are  of fse t  upward so tha t  the suction nozzles remain 
immersed i n  sodium if  a leak develops in one of the heat exchange loops. 
outer tank is b u i l t  around the main tank t o  maintain the sodium level  above 
the suction nozzles if  a leak occurs in the core tank. 

_c_cI_-_I 

the core tank, the therm& - -.---?- __^_ 

Sodium i s  removed from the pool above the  

The 

Present operating plans set the irilet sodium a t  607' P and the 
out le t  sodium a t  945' F. 
20 p s i  a t  a sodium velocity of 11.3 f e e t  per  second in the fuel. elements, 
The helium gas blanket will be maintained a t  a s l i gh t  positive pressure of 
about 1/2 psig t o  prevent iuward leakage of air. 
a l l  s t ruc tura l  material to a maximum temperature of about 950' F. 
plant operation may increase these limits t o  about 1000° F. 
data f o r  the reactor are outlined i n  Table 13:. 

The pressure drop across the core i s  approximately 

The current design limits 
Ultimate 

Other design 

Design studies of reactor components require a "base case" reactor 
core. 
oxide f u e l  element. 
enriched to 3.5 percent, contained i n  0,010-inch wall s t e e l  tubes. 
loading contains 243 of these rod cluster  fuel elements and 2 1  dummy f u e l  
elements. The t o t a l  fuel weight i s  56,000 pounds of uranium oxide. 
active core forms a cylinder, 14 feet i n  diameter by 14 f e e t  high, and is 
surrounded by additional reflector c e l l s  about two f e e t  thick. 
beryllium neutron source and approximately 40 shim regulating and safety rods 
also occupy corner positions i n  moderator elements. 
channel, is individually orificed t o  enable shaping the channel ou t le t  t em-  
perature prof i le  f o r  the reactor. 
reactor operating room, w i l l  enable changing or i f ices  as necessary. A f u e l  
cluster i s  suspended from its sh ie ld  plug by a hanger rod. The ou t l e t  sodium 
temperature fo r  each f'uel channel i s  measured. by a thermocouple i n  the hanger 
rod, immediately above the fuel. 

The present reactor design is the optjmum case f o r  a 19-rod uranium 
The fuel rods consist of' 1/2-inch diameter oxide pel le ts ,  

The core 

The 

An antimony- 

Each f u e l  cluster, o r  

Maintenance cel ls ,  accessible from the 



A moderator element i s  sham i n  Figure 6 .  
across the f l a t  of the hexagonal block and 18 f e e t  high. 
cladding is  .016 inch thick, and a l l  jo in ts  a re  fusion welded. 
225 of the hexagonal elements i n  the reactor, including the ref lector  elements. 

The element is a inches 
T h e  stainless steel 

There are 

Control and safety elements operate i n  thimbles extending into the 
Heat generated i n  the poison material of the shim core from the top shield, 

o r  regulating rods i s  conducted across a helium annulus within the thimble, 
through the thimble w a l l ,  and i n t o  the sodium flowing over the outside of the 
thimble. 
the active core during operation. These rods a re  released to fall by gravity 
into the core a f t e r  a scram signal  from the protective system. 
tests are  in progress t o  determine the f eas ib i l i t y  of a combined shim-safety 
unit ,  which would reduce the number of control units t o  approximately 20, 

About half  the rods a re  f o r  safety and are  completely withdrawn from 

Development 

The top shield and loading face of the reactor is a plug of high 
density concrete, weighing about 400 tons, contained in  a 24 foot  diameter, 
6 foot  high she l l  of s ta in less  steel. 
shield can be rotated, when the reactor i s  shut down, to permit access to the 
moderator cans i f  necessary. 
on the SRE which is  16 feet  outside diameter. 
shield fo r  each process channel in the core. Four ports, about two feet wide 
and f o u r  feet long, enable access t o  any moderator can in the core. 

Supported on a ro l le r  bearing, the 

This design i s  an extrapolation from that used 
Ports and plugs penetrate the 

Fuel handling, f o r  loading and unloading the  reactor, and f o r  the 

The cask weighs about UO tons 

transfer of i r rad ia ted  f u e l  between the wash cel ls ,  the storage cells, and 
the shipping o r  disassembly cells,  i s  carried out with a shielded cask which 
i s  supported and moved w i t h  a gantry crane. 
and will traverse an area of the operating roam, including the loading face, 
about 25 f e e t  by 100 feet .  It i s  tentatively planned that the  SGR fue l  w i l l  
be reprocessed a t  Hanford, and we are  working wi th  the AEC t o  establish the 
extent t o  which the spent f u e l  elements w i l l  be disassembled f o r  shipment. 
Based upon the experience wi th  the SRE f u e l  cask and the present preliminary 
design, we estimate the annual plant  down time at t r ibutable  t o  fue l  changing 
t o  be four or  f ive days. If replacement, o r  investigation of moderator cans 
becomes necessary, internal  parts of the fue l  cask can be loweredinto a 
service p i t  and the cask adapted t o  handle moderator units. 

CORE DESIGN CONSIDERATIONS 

A t  the present time (March, 1958) the core design is i n  the pre- 
liminary stages of optimization. 
are established as  described above, but the detailed dimensions can still  be 
adjusted fo r  three t o  four months on permanent core items and until about 
January, 1960, on the  fue l  elements f o r  the f i r s t  core loading. The f u e l  
elements under study are a 19-rod UO;! element, currently considered the base 
case, a double ring U02 element, a 19-rod l o w  alloy uranium metal element, 
and a ?-rod thorium-uranium element. 
f u e l  element configuration from core design and heat removal limitations, 
predict  nuclear performance and se lec t  optimum dimensions from economic 
studies . 

The concept and general operating conditions 

The design approach i s  t o  establish a 
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Thermal. considerations vary, depending on characterist ics of the 
f u e l  element materials. 
reactor s ize  should be a minimum-consistent with the capacity to produce 
the specified thermal power and with the temperature l imitations imposed by 
the physical properties of the central  fue l  element, Since the metall ic rod 
type f u e l  elements are designed so that the temperature drop is low from the 
f u e l  surface t o  the coolant, the t o t a l  heat production per un i t  length of 
f u e l  element i s  set  by temperature difference in the f u e l  and independent of 
rod diameter. Assuming a 12000 F central  temperature 1imLtation f o r  low 
alloy uranium, the only variable fo r  the central  fue l  elements is sodium 
tenperature a t  the ver t ica l  location of the mnaximm fue l  temperature. 
difference is  maximized by ta i lor ing the r ad ia l  flow dis t r ibut ion across the 
reactor result ing i n  low channel exit temperature i n  t h e  center of the reactor 
and high channel. exit temperature i n  the outer region. A maximum design 
temperature is  also placed on the exit channel sodium temperature by the 
design of the n?oderator elements and the reactor structure, The general 
result i s  tha t  the inner f u e l  channels are Limited by the f u e l  temperature 
and the outer by maximum coolant temperature. The maximum heat generation 
rate a t  the center of the reactor i s  approximately 300 kw/ft of fue l  element 
f o r  a 140-U alloy now under s tuw.  
resu l t s  of a heat removal calculation f o r  a fixed power removal cross-plotted 
on nuclear curves discussed i n  the following paragrzph. 

The design assumption is  usually made tha t  the 

This 

The dashed lines on Figure 7 show the 

Nuclear survey calculations are  performed f o r  a se r ies  of rod 
s izes  a t  a f ixed excess reactivity,  plot t ing reactor s ize  v l c l  i n i t i a l  conver- 
sion r a t i o  vs. l a t t i c e  spacing w i t h  enrichment as a parameter. 
of a typical rod size are shown on Figure 7. 
removal curve r e su l t s  i n  a series of reactor cores t h a t  meet the design 
bases f o r  a specified rod size.  An economic analysis of several cases then 
determines the n5nimum power cost  f o r  the given rod size, and when repeated 
for  several  rod sizes, results i n  a set of recommended core dimensions f o r  
the specif ic  fue l  element design. 

The results 
The cross-plot with the heat 

The approach to the optimum core conditions f o r  U02 differs 
s l igh t ly  due t o  the  heat removal characterist ics of oxide f u e l  elements. 
an oxide rod sealed i n  a helium atmosphere is considered, the temperature 
drop from the f u e l  to the cladding is no longer negligible and the t o t a l  heat 
removal i s  par t ia l ly  dependent on rod diameter. Separate heat renioval cal- 
culations are  desirable f o r  each rod diameter considered, as well as separate 
nuclear calculations. A simplifying condition exists, however, i n  the con- 
dit ions fo r  a desirable radial  exit channel temperature. 

If 

I n  t h i s  case, with 
t h e  tenperatwe drive within the fuel i s  appro-tely 3200' F, and a 

small range (SOo F) i n  the r ad iz l  e x i t  temperature prof i le  has 
l i t t l e  influence on the r&ictor s ize  or  tota:L power removal. 
of a constant rad ia l  teulperaAture allows a reduction i n  the maximum sodium 
temperature result ing i n  improved stress conditions, an increase i n  mixed 
mean sodim, teRperature, and a welcome simplification i n  heat removal calcu- 
la t ions,  The r e su l t s  of these studies f o r  the 19-rcd UO fue l  elements 
o p t h i z e  a t  the base .case design of approximately 210 h7ft of f u e l  element 
i n  the center of the reactor. 

The assumption 
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The other oxide concept currently under consideration is  a 
double-ring fue l  element. 
annular r ing a t  a fixed temperature drive varies inversely with ring 
thickness, the number of cases neededto establish an optimum configuration 
is  greatly expanded over rod desi@s,and digital. codes are  being used t o  
reduce calculatioE time. The basic approach of heat removal, nuclear and 
economic studies i s  being followed, and the resul ts  follow similar trends, 
The double ring shows heat removal capabi l i t ies  from 300 t o  500 kw/ft. 

Since the heat removal capability of a th in  

Another current e f f o r t  i s  t o  f ind  a combination of dimensiozp f o r  
permanent parts of the core t o  allow a wide range ir, fue l  element choice 
after the reactor i s  completed. The l9-rod metallic uranium fue l  element 
optimizes a t  a small core with a large l a t t i c e  spacing, the ?-rod thorium a t  
a small core with small l a t t i c e  spacing, the 19-rod oxide a t  a large core 
w i t h  small l a t t i c e  spacing, and the double ring oxide a t  intermediate dimen- 
sions f o r  both core size m d  l a t t i c e  spacing. 

The choice of core arrsngement, a f t e r  design and safety requirements 
are  sat isf ied,  i s  md.e by econonic considerations. 
being used are based on the assumption tha t  the plant  i s  owned and operated 
by a private u t i l i t y  i n  the United Stetes.  
charge of 1s percent and an 80 percent plant factor  is  used. 
basis w i t h  a capi ta l  charge of about 10 percer,t and a plant factor  between 
50 and 60 percent would result i n  approximately the sane fixed 
Maintenarice and operating expenses, other than fue l  costs, are assumed to be 
icdependent of the core arrangement. 
fo r  f issionable material, show the greatest  differences when comparing 
various fuels  and core arrangements . 

The economic ground rules 

A f i rs t -year  basis with a capi ta l  
A lifetime 

charges. 

Fuel costs, including the lease charges 

The economic analysis w i l l  be repeated fo r  each fue l  concept des- 
A fuel. cycle i s  first described and uni t  costs estimated f o r  cribed above. 

each step. For example, the fuel  cycle f o r  rod-type uranium metal f u e l  
elements includes the purchase of uF6, conversion of uF6 to  derbies and 
derbies t o  slugs with appropriate scrap recovery steps, the manufacture of 
fuel  elements, storage a t  the reactor, burnup in the reactor t o  an average 
3000 I"IGJD/ton U, decay storage, chemical processing to ni t ra tes ,  and the con- 
version of n i t r a t e s  t o  plutonium metal and t o  UF6. 
k percent of the cost  of the uranium a t  i t s  i n i t i a l  eririchment i s  used fo r  
t,ctal uranium hold-up in the reactor and i n  the other steps of the fue l  
c:;.cle. The time outsice the reactor i s  estimated a t  1.5 years. 
i n  the reactor i s  one year f o r  metal f u e l  and 3.5 years f o r  oxide fuel.  
cost of burnup fo r  a given case i s  found from the nuclear characteristics, 
the uF6 costs published by the U C  in Novenber, 1956, and an assumed credit  
f o r  p1utor;ium. I n  most, cases, both $12/gm Pu and $30/#~1 Pu are used for the 
plctonium credit. 
reactor fwi1i t .y  tha t  will vary with the f u e l  o r  core arrangement being con- 
sidered. This usually includes the en t i re  reactor structure, the fue l  
handling equipment, and the f u e l  storage f a c i l i t i e s .  

A lease charge of 

Average time 
The 

The capital  cost, estimate inclwles o n l y  the portion of the 

The planned design procedure is  to complete the. phase described 
above and define core dimensions, use these design conditions to  conduct 
exponential e,xperk-ents with two enrichments t h a t  are  expected t o  bracket 
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the final enrichment,and use the resul ts  of the exponential experiments 
plus additional analysis based on the experiments t o  set the enrichment f o r  
the first core loading. 
f inal  enrichment is s e t  t o  a s s i s t  i n  planning startup and adjusting numbers 
of fue l  elements and control units w i t h i n  the rest r ic t ions of the f ixed 
reactor design. 

A c r i t i c z l  experiment may also be run af te r  the 

SODIUM SYSTEXS 
- 

The sociium systems consist of the sodium heat transfer system and 
the sodium service systems. 

The sodium heat transfer system, Figure 8, consists of three inde- 
pendent c i r cu i t s  with separate connections t o  the core tank. Each c i r cu i t  
handles one-third of the design ful l  load sodium flow, transferring 85,000 
thermal kilowatts, and consists of  a radioactive primary loop and a non- 
radioactive secondary sodium loop. The prinar,y sodium c i rcu i t s  t ransfer  
thermal energy from the reactor t o  intermediate heat exchangers, and the 
secondary c i rcu i t s  t ransfer  thermal energy from the interrriediate heat ex- 
changers t o  the steam generators. 
separately shielded cel l ,  which enables isolat ing any single primary loop 
w h i l e  the remaining two are  operating. 

Each intermediate heat exchanger i s  i n  a 

There i s  a. stop valve, flow control valve, and a check valve i n  
each primary loop. 
primary pump fai lure .  There i s  also a control valve i n  each secondary loop 
outside of the shielded cells.  The control va:lves are  used only t o  contzol 
the sodium natural convection flow &ring the period of dissipating reactor 
decay heat . 

The check valve vents sodiimi backflow in case of a 

The expansion tanks i n  the secondary c i rcx i t s  have a regulated gas 
pressure t o  maintain the pressure of the secondary c i rcu i t s  higher than tha t  
of the primary c i rcu i t s  a t  the intermediate hezit exchangers, 
radioactive contamination of the secondary c i rcu i t s  i n  the event a leak 
develops in an intemediate  exchanger. 
with sodium are  fabricated from 18-6 austenit ic s ta inless  s tee l ,  using 
welded joints throughout. 
t o  detect sodium leaks. 
preheat the system before admitting sodium and also t o  keep the sorliu? i n  a 
f l u i d  condition when the reactor i s  not i n  operation. 
equipment are  thermally insulated. 

Th i s  prevents 

A11 piping and components i n  contact 

A l l  inaccessible sotKun piping has instrumentation 
Sodium piping and equfipment have e l ec t r i c  heating to 

A l l  sodium piping and 

The pumps arc  of the centrifugal type and are rated a t  7200 gallons 
per minute against a 150 foot  sodium head. 
speed, A.C. motors, connected through variable speed electromagnetic coup- 
lings. 

The pump drivers are constant 

Each of  the three ste,m generator units consists of a boiler and 
steam drum, a superheater, and a &superheater. 
system i s  included wi$h duplex tubes i n  both th.e boi ler  and the superheater. 
The boiler manufacturers have been asked to propose ei ther  304 staindess on 
the sod ium side and chromium-molybdenum s t e e l  on the w.ater-stesm sid-e, or 
chrome-moly thrcughout. 

A t h i r d  fluid monitoring 

In  the l a t t e r  case, the superheater would be 
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limited to 5 Cr-B Mo, TI,  and 2 i  C r - 1  Mo could be used i n  the boiler. 
Water treatment w i l l .  be the same as  f o r  a conventional boiler. 

The sodium service systems, Figure 9, provide the means t o  f i l l ,  
drain, f lush and pur* the sodium i n  the reactor core tank and the sodium 
heat transfer systems, 
drums o r  in a railroad tank car, The sodium is  melted, f i l t e red ,  and dis- 
tr ibuted t o  the primary o r  secondary f i l l  tanks. 
loops can be drained collectively, o r  separately, by the primary service 
pump to the primary f i l l  tanks. The secondary circui ts  are  drained t o  the 
secondary f i l l  tanks by i n e r t  gas pressure o r  the secondary service pump. 
Sodium flushing i s  used t o  reduce the ac t iv i ty  of a primary loop before the 
heat exchanger ce l l s  can be entered. 
primary f i l l  tank and then f i l l e d  w i t h  f resh sodium from another of the 
primary f i l l  tanks. 

I n  the f'illing operation, sodium is received in  

The reactor and the primary 

The loop t o  be flushed is drained to a 

Cold traps are used t o  m o v e  oxides from the sodium, and plugging 
The cold traps meters are used to measure the oxygen content of the sodium, 

are of the circulating tgpe i n  which the sodium is cooled with t e t r a l i n  t o  
permit the deposit of the oxides in  the traps. The primary system and the 
secondary system each have the i r  own cold traps. 
to purify the sodium i n  the fill tanks, o r  i n  the heat transfer system, 

The cold traps can be used 

AUXILIARY SYSTEMS 

The reactor auxiliary systems include the organic cooling system, 
i n e r t  gas systems, radioactive vent system, and radioactive liquid waste 
system. 

The organic cooling system provides cooling f o r  a l l  components in 
the reactor plant  that  a re  to  be maintained a t  controlled temperatures. 
Because the system serves areas where possible leakage might result in 
inter-action w i t h  sodium, a coolant such as t e t r a l i n  which is  relat ively 
i n e r t  to sodium is used. 
One c i r cu i t  is canposed of items which require uninterrupted coolant. 
pumps in this c i rcu i t  are also on the  emergency power system t o  insure con- 
tinuous operation under all conditions. 
i t ems  which can stand uninterrupted service between the time there might be a 
power f a i lu re  and the startup of diesel-generated power, 

This system is  essent ia l ly  divided in to  two circui ts .  
The 

The second c i r cu i t  is composed of 

The i n e r t  gas systems consist of a helium system and nitrogen 
The helium system is  used to establ ish an i n e r t  gas atmospherk' system, 

within all piping vessels and equipment containing sodium, 
system is used to establish an i n e r t  gas atmosphere i n  the shielded areas 
where radioactive sodim might come in contact w i t h  the atmosphere in the 
event -of equipment rupture. 
relief valves maintain the gas pressures within the desirable limits f o r  
each user. 
act ive are connected to the radioactive vent'qystem. 

The nitrogen 

Individually pressure-controlled s ta t ions and 

The exhaust from re l i e f  a v e s  on systems which may be radio- 

The radioactive vent system collects a l l  gas that  is radioactive 
and delivers it t o  shielded storage tanks. 



The radioactive l i qu id  waste syste:m collects,  stores and disposes 
of the radioactive waste resul t ing from the cleaning of f u e l  elements or  
from decontamination operations i n  the maintenance cel ls .  The fuel cleaning 
operation consists essent ia l ly  of washing the spent f u e l  element with water, 
removing the hydrogen gas evolved in to  a radioactive vent system, and drain- 
i ng  the waste water and sodium hydroxide formed t o  decay tanks where the 
l iquid is held u n t i l  the ac t iv i ty  is reduced f o r  final disposal. 

RIUCTOR 1NSTRU'MEXI"T'rION 

The nuclear instrumentation, Figurelo, is divided i n t o  nine 
channels: two count rate, two log N, and f i v e  power l eve l  channels. These 
instruments provide adequate flux measurements from source l e v e l  t o  approxi- 
mately 150 percent of full  power. 
signals, the nuclear instrumentation provide:s signals t o  the plant  protec- 
t i ve  system. 
thimbles which are located i n  close proldmity to the reactor core. 
count r a t e  and log N channels are used f o r  reactor startup. Two power l eve l  
channels (Nos. 8 and 9) are used f o r  automatic power regulation. 
ing three power leve l  channels (Nos. 5,  6, and 7)  are used in the protective 
system through coincident c i rcui ts .  
are indica%d i n  the control room. 

I n  addition t o  providing reactor control 

The neutron detectors are posi-Lionable in the instrumentation 
The 

The remain- 

The flux signals from a l l  of the channels 

Thermocouples are  used t o  measure f u e l  channel sodium exit tempera- 
These temperature signals are  used f o r  normal reactor control as w e l l  tures. 

a.s f o r  actuating the reactor plant protective s y s t e m .  A l l  fuel  channel 
thermocouples are monitored. 
out the  reactor vessel  and biological shielding; these temperatures are 
monitored by means of a selector and indicator. 

Additional theimocouples a re  located through- 

PLANT CONTROL 

The p lan t  control system, Figure ll!, is intended t o  provide load 
following automatic operation over the range of 15 t o  100 percent load, o r  
manual operation a t  a l l  loads. 
operation as f lex ib le  as tha t  of a conventiora3 steam power plant. 

The temperature program a t  s t e a w  state load conditions is shown 
i n  Figure 12. 
tures  are held fairly constant, thus minimixing t rans ien t  stresses in the 
reactor. Also, the steam temperature and pressure t o  the turbine is held 
constant. 
s l i gh t ly  on p a r t i a l  load -&o compensate fo r  the reduced steam pressure drop, 
so that  the steam pressure a t  the turbine wi l .1  be constant a t  all loads. 
The secondary sodium temperatures, feedwater temperature, and the steam 
temperature a t  the superheater ou t l e t  are allowed t o  vary. 

The control system is designed to provide 

It is noted that the reactor  inlet  and out le t  sodium tempera- 

The saturated water temperature in the steam drum decreases 

The regulating elements and control.led variables are as  follows: 
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Regulating Elements Program Variable Reset Variable 

I 

Control rod posit ion Reactor power Sodium out le t  temp. 
Secondary sodium pump Secondary sodium flow Steam pressure a t  

Primary sodium pump speed Primary sodium flow Reactor i n l e t  temp. 
Feedwater valve Feedwater flow Water l eve l  i n  steam drum 
Attemperator ( desuper- Water t o  attemperator Steam temp. t o  turbine 

Turbine governor Steam flow t o  turbine Plant output 

speed turbine 

heater) valve 

The flow signal from the steam l i n e  is  an anticipating signal which 
w i l l  cause the sodium flow and reactor  power l eve l  to respond rapidly t o  the  
turbine load demand. 

I n  Fi,rmre 11 the steam dump is  shown as  flowing t o  the turbine con- 
denser, 
(or a separate condenser), to the atmosphere, or  a combination of both. The 
steam dump system would be used i n  the following operations: Reactor startup; 
t o  remove decay heat during a long shutdown; as a backup method f o r  steam 
pressure control; as a p a r t i a l  r e l i e f  during a turbine trip; and finally, 
during a load t ransfer  from the coal-fired boi le r  to  the nuclear p lan t  while 
power is being generated. It is  anticipated t h a t  the steam dumping system, 
which does not include the capacity of the safety valves, would be designed 
f o r  approximately 25  percent of the plant ra t ing.  

I n  the f i n a l  design, the steam dump could be t o  the turbine condenser 

FUUCTOR PLANT PROTECTIVE; SYSTEM 

The reactor plant  protective system consists of an instrumentation 
and control system which w i l l  rapidly detect  any off-normal condition i n  the 
reactor plant and, when necessary, automatically reduce reactor power level 
o r  scram the reactor, The reactor plant  protective system is  i n  addition t o  
the plant  control system, which serves to automatically regulate power gener- 
a t ion and reactor temperatures during normal operation. 
protective system provides the following types of action i n  the event of 
off-normal conditions: A l a r m ;  shutdown one sodium heat t ransfer  c i rcui t ;  
reactor setback; reactor scram. 
protective action, r e l i a b i l i t y  i s  insured while maintaining the maximum 
practicable level of  safety. 

The reactor plant 

By a combination of these various types of 

SAFETY CHARACTERISTICS 

The reactor  and the sodium systems operate under low pressure. 
High pressure i s  found only i n  the steam and feedwater systems. The reactor 
and i t s  associated radioactive components a re  located in shielded areas. 
Containment of radioactive f lu ids  i s  provided by welded steel containers and 
piping, s t e e l  l i n e r s  on the concrete shielding, and sealed joFnts on the 
removable shielding. 
primary system piping and components. 
leasable potent ia l  energy from pressurization or chemical reaction. 

An i n e r t  gas atmosphere i s  used i n  a l l  areas containing 
Within the reactor there is  no re- 
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An automatic plant control system provides f o r  safe normal 
operation of the reactor power plant. A plant protective system provides 
additional automatic control of the reactor systems f o r  safety against 
fa i lure  or improper operation of any component, The protective system is 
designed fo r  relia.bil i ty,  w i t h  reactor scrams reduced t o  a minimum, and in 
general supplemented by means which provide merely a power reduction or  a 
shorter shutdown time. 

The regulating and shim rods, which serve t o  control reactor 
power level  during normal operation, have a r a t e  which is  limited t o  
ensure tha t  excessive reac t iv i ty  cannot be inserted by erroneous action, 
Safety rods which f a l l  by gravity into the reactor core provide scramming 
action i n  the event other protective system action cannot adequately assure 
plant safety, The strong negative prompt fue l  temperature coefficient of 
reac t iv i ty  provides reac t iv i ty  control over upsurges i n  f u e l  temperature. 

During a plant  shutdown, one o r  more of the three independent 
sodium heat transfer c i rcu i t s  may be used f o r  cooling the reactor to  
remove stored and afterglow heat, 
t o  transfer the afterglow heat after f u l l  power operation. 

Natural convection is  more than adequate 

COMPONENT DEVELOPMENT PROGEW'I 

Due t o  the very considerable scale-ap i n  power output and 
physical dimensions of the Consumers SGR reactor core and plant  compon- 
ents over the SW, and the desirabi l i ty  of incorporating improved materials 
and designs, the USAEC is supporting a broad conponent development program. 
It is a major objective of t h i s  program t o  confirm the su i t ab i l i t y  of each 
major component f o r  i t s  intended application before construction of the 
reactor plant. This progrm i s  testing both sub-components and f u l l  scale 
prototypes under simulated reactor operating conditions. The component 
development program covers fue l  elements, control and safety rods, control 
instruments, moderator and reflector assemblies, sodium instrumentation, 
pumps, valvss, and other sodium sys tem components. It also includes the 
development by suitable in-pile t e s t s  of improved f u e l  and control poison 
materials, 
f o r  t h e  fue l  elements and core s t ructural  components. 
rnination of temperature gradients and s t resses  w i l l  be made i n  components 
subjected t o  high thermal stresses,  
reactor core components w i l l  be developed with a full scale mockup. 
the information t o  be derived from the above work is scheduled fo r  conple- 
t ion e a r l j  enough i n  the overall  program t o  support the f i n a l  design and 
construction e f for t ,  During t h e  construction period on the plant, proof 
tests i n  sodium a t  design temperatures and pressures will be run on a l l  pro- 
duction units of such components a s  mechanical pumps and control and safety 
rods before they are instal led i n  the plant ,  I n  addition, it i s  planned to  
run l i f e  tests on spare production units of these components. 

Hydraulic studies on models w i l l  be made t o  provide design data 
Zxperirnental deter- 

Handling techniques fo r  removal of all 
A l l  of 
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Given below is a summary of the development work currently 
planned and i n  progress on major components: 

Fuel Elements - Consumers SGR f u e l  elements w i l l  operate a t  higher 
surface temperatures than those f o r  any other large scale c iv i l ian  power 
reactor i n  the present AEC Demonstration Program. 
achieve high burnup and obtain minimum f u e l  cost, a t tent ion is  being concen- 
trated on the  use of high density U02 f u e l  clad in a th in  jacket of stainless 
steel. 
Testing Reactor and the SRE t o  determine dimensional s t a b i l i t y  and f i s s ion  
gas release from a var ie ty  of prototype f u e l  elements, 
sketch showing two types of in-pile test capsules being used in the M!I!R 
reactor. One type of capsule i s  designed primarily f o r  determination of 
f i s s ion  gas re lease after high burn-ups,while the other i s  intended chiefly 
t o  determine central  temperatures of the U02 by incorporation of special  
thermocouple instrumentation i n  the t e s t  assembly. 
elements wi th  f u e l  up to a .356" i n  diameter by 18" long. 
tes ts  of fue l  element assemblies i n  the SRE w i l l  be made using the  standard 
fue l  lengths of six feet. 
MWD/ton w i l l  be achieved i n  t h i s  program. 

Due t o  the desire to 

An in-pile test program is underway u t i l i z ing  both the Materials 

Figure 13 is a 

These capsules w i l l  test 
Larger scale 

Fuel burnups in the range of 10,000 t o  20,000 

Moderator-Iieflector Assemblies - I n  addition t o  the increase i n  
s ize  of the graphite moderator units, serious consideration is being given t o  
the use of ,016 inch thick type 304 stainless steel cladding ra ther  than the 
,035 inch thick sponge-zirconium cladding used i n  the SRE. 
development program involving forming of the required shapes t o  close dimen- 
s ional  tolerances and joining by hel iarc  welding to extremely high quality 
requirements is underway. A number of full scale prototypes are being mde 
f o r  a tes t  program aimed a t  determining the adequacy of design with respect 
t o  pressure and thermal stress. 
thermally cycle a group of seven moderator units in a large sodium tank. 
addition t o  these f u l l  scale tests, tests w i l l  be run t o  prove out some of 
the detai led design features. Figure I& shows a photograph of a p a r t i a l l y  
assembled two foot long test moderator sect ion used f o r  experimental stress 
analysis i n  one of the ear ly  stages of t h i s  program. 

A fabr icat ion 

I n  the f u l l  scale t e s t s  i t  is  planned to 
I n  

Control - Safety Rods - The development program on control and 
safety rods is following two lines of approach; first the  test of scaled-up 
units of the type proven in SRE experience involving separate control and 
safety rods, and second, the development of Units which combine the f'unctions 
of shim control and safety. 
reduce the total number of units in the core but involves heat t ransfer  and 
materials'  problems. 
quised f o r  t h i s  concept, an in-pi le  t e s t  has been run i n  the SIEE: employing a 
special  test assembly as shown in Figure 
several materials and of varioua dimensions and clearances within the thimble 
were i r radiated with temperature and flux instrumentation t o  confirm analyti- 
ca l  calculations of temperature prof i les  within the poison material. 
a l ternate  poison materials being reviewed include boron-nickel alloy, boron 
carbide, hafnium, hafniun oxide, and several rare-earth oxides. 

This lat ter approach is highly desirable t o  

I n  order t o  obtain necessary design information re- 

. Cylindrical poison rings of 

The 

Mechanical Pumps - F u l l  s i ze  prototype centrifugal pumps of two 
types, both of 7 2 0 0 m  capacity a t  150 foot  sodium head, are  being procured 
for exhaustive tests. One type employing a frozen sodium shaft sea l  is  

I _  
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illustrated schematically in Figure 16. Another type involving a free 
sodim surface and incorporating a hydrodynamic radial bearing supplied with 
sodium through a by-pass l i n e  from the pump discharge w i l l  also be tested. 
The prototype pumps w i l l  be installed i n  separate loops of 1 2  inch pipe s ize  
which contain valves, flow meters, and inst.rumentation required t o  determine 
punp character is t ics  and performance. 
several thousand hours before specifying the type t o  be used i n  the SGR 
plant. 
manufacture of the production units. 

It i s  planned t o  test each pump f o r  

L i f e  tests of the selected u n i t w i l : l  then be run concurrent with the 

Valves - I n  the SRE, valves up t o  six inches, employing both 
bellows seals and frozen sodim stem seals,  have been used. 
perience t o  date with valves which were largely of conventional design, with 
some minor modifications, has indicated the desirability of incorporating 
improved features f o r  the larger valves up 'to 4 inches required f o r  the SGR. 
By procurement and tes t  of a number of standard cmmercial and special ly  
designed valves, the best  design features o.f each will be determined and 
incorporated i n  the  specifications f o r  the production valves. The valve 
tes t  program w i l l  involve determination of across-seat leakage, both before 
and after thermal cycling, stem leakage and l i f e  tests of the valve operators. 
Figure 17 shows a test r i g  used i n  determiniig effectiveness of various 
frozen sodium stem seals by cycling pneumatic stem operators. 
mental valve stems i l l u s t r a t e d  are air-cooled and employ an alkali-resistant,  
conventional packing as a backup fo r  the frozen sodium seal. 

Operating ex- 

The experi- 

Steam Generator - To verify the s i i i t ab i l i ty  of the Consumers SGR 
steam generator, a quarter-size model (approximately 20,000 kilowatts o r  
60,000 pounds of steam per hour) w i l l  be tes ted  i n  the SRE plant. Testing 
of this model steam generator w i l l  be done i n  two phases; first, w i t h  the 
steam generator following the reactor power level,  and f inal ly ,  after suc- 
cessful operation i n  the above manner w i t h  the reactor-steam plan t  complex 
operating a s  a load following system. 
w i l l  provide design information and heat transfer data under both steady 
state and t ransient  conditions. It w i l l  provide assurance tha t  the steam 
generator and reactor comprise a compatible system, and i n  addition, w i l l  
serve to  verify the adequacy of the fabricat ion and quality control proced- 
ures used i n  manufacture. 
scheduled for completion by the summer of 1953. This w i l l  provide approxi- 
mately a full year of tes t ing  before fabricat ion of the Consumers' units 
w i l l  be started. 

Operation of the model steam generator 

Fabrication of the model steam generator i s  

Cold Traps - Operation of the SRE has indicated several areas 
where s ignif icant  improvements can be made l n  the cold traps which are  used 
t o ,  reduce the  oxygen content of the sodium coolant t o  an extremely low value. 
I n  the primary sodium system, as 2 r e su l t  of the f r ee  sodium surface in the 
core tank, some contamination with owgen i s  unavoidable during handling 
operations on core components. 
cold t raps  are being designed t o  operate e f f i c i en t ly  and rapidly t o  reduce 
the oyygen content of "dirty" sodium. I n  order t o  determine the operating 
performance of the cold trap, a f u l l  scale prototype w i l l  be tested i n  a 
loop i n  which oxygen w i l l  be continuouskv added t o  the sodium before it 
enters the trap---in t h i s  way simulating the conditions tha t  would prevai l  
during i n i t i a l  cleanup of a large quantity of sodium. 

For t h i s  reason, the Consumers' prototype 



System Pre-heating - It i s  necessary t o  develop a reliable,  in- 
expensive system fo r  i n i t i a l  preheating of the main coolant and service 
system piping pr ior  t o  f i l l i n g  with sodium. 
a rather elaborate system of e l ec t r i c  resistance heaters and controls. 
experimental investigation of two alternate heating methods is being planned 
f o r  the 1 2  inch pump tes t  loops previously described. I n  one of  these loops 
experiments w i l l  be conducted using a direct  transformer heating method i n  
a balanced-bridge c i rcu i t  which is aimed a t  elimination of leakage currents 
t o  connecting l i nes  and grounds. 
frequency induction heating w i l l  be performed using various thicknesses of 
carbon s t e e l  wrapped around the s ta inless  steel piping. 
t h i s  experimental program w i l l  lead t o  the development of a simpler and less 
expensive ins ta l la t ion  f o r  the Consumers SGR. 

I n  the SRE t h i s  was done with 
A n  

In  the second pump loop, experiments on low 

It is  hoped tha t  

Sodium Instrumentation - Specialized instrumentation i s  required t o  
measure level, pressure and flow of the sodium a t  various points i n  the 
reactor plant. 
the larger sizes required and w i l l  attempt to  obtain improved r e l i a b i l i t y  and 
lower temperature sens i t iv i ty  than the instruments now used i n  SRE. 
raging progress has already been made i n  the development of high temperature 
insulation, permitting l eve l  coi ls  t o  operate f o r  extended periods a t  tem- 
peratures of 1000° F. Considerable e f fo r t  Hill be required on flow meters 
f o r  the indicated 14 inch piping s i ze  t o  develop accuracy over the full  flow 
range and to eliminate calibration changes with time due t o  temperature. 
Wcrk is  also underway on an improved air-cooled plugging meter device used 
f o r  determination of the owgen content of the sodium. 

The development program will extend existing instruments t o  

Encou- 
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TABU3 I 

Power Plant Data 

Nomipal .Rating 
Design Net Elec t r ica l  Power 
Design Gross Electr ical  Power 
Reactor Thermal Power 
Steam a t  Turbine Throttle 

Pressure 
Temperature 

Steam Flow t o  Turbine 
Condenser Pressure 
Boiler Feed Water Temperature 
Net P lan t  Heat Rate 
Net Plant Thermal Efficiency 

800 psig 
82s' F 

752,000 lb ,  per hour 
1.5 inches Hg abs. 
304' F 
10,800 BTU/kilowatt h r  . 
31.5% 

75,000 e le  c t r  i c a l  kilowatts 
80,000 kilowatts 
86,000 kilowatts 
254,000 kilowatts 



TABU I1 

Reactor Data 

Fuel 
Material 
Enrichment 
Inventory U02 

U 
U-235 

Burnup 

Average Core Lifetime 
Form of Fuel Element 
Cladding 

Enriched U r a n i u m  Dioxide (density 10.2 gm/cc) 
0035 U-23s 
56,000 lb. (25,500 Kg) 
49,400 lb.  (22,500 Kg) 
1,709 lb. (781 Kg) 
10,000 HdD/ton, Avg. 
16,000 MWD/ton, Max. 
3 Years 

Cluster of 19  rods, 
Stainless  S tee l  Tubing, .010 in. w a l l  thickness 

in. dia., 14 f t .  long 

Core Design 
Power 
Active Core Diameter 

R e f  l ec tor  
Overall Core Dimensions Diameter 

Form 225 hexagonal 

Height 

Height 

Process Channels 
Inside Diameter 
Total Number Available f o r  Fuel, 

Lattice 
Control, Source, Instrumentation 

Fuel t o  Moderator Volume Ratio 
Axial Flux Peak to  Average 
Radial Flux Peak t o  Average 
Initial Conversion Ratio 
Excess Reactivity (Poison, Depletion 

Temperature) 
Sodium Flow R a t e  
Sodium Inlet  Temperature 
Mixed Mean Sodium Outlet Temperature 
Temperature Rise through Reactor 

Central Fuel Element 
Maximum Fuel Temperature 
Power Output 
Maximum Heat Flux 
Maximum Rod Power 
Life, F u l l  Power Days 

254,000 thermal kilowatts 
l.4 f t .  
l4 ft. 
2 f t .  
18 ft. 
18 ft. 

prisms of graphite 
14 in. wide, 18 f t .  high, 
clad in s ta in less  steel  

3.3 in.  

300 (Approx.) 
14 in., hexagonal 

. 051 
1.4 

65 
1.72 

7.5% 
8.46 x lo6 lb . /h .  

4000° F 
2100 kilowatts 
3OO,OOO BTU/hr.ft.  
12 kilowatts/ft.  
547 

. . ... 
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Fig .  14. Moderator Can Tes t  Section fo r  Experimental  S t r e s s  Analysis 
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