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INTRODUCTION 

I 

This paper has  been l is ted a s  "The Status of the High-temperature 

Gas-cooled Reactor.  I t  

of the his tory,  and a look at  the possibilities for  the future. 

the gas-cooled reac tor  must  be kept in perspective with other types of 

r eac to r s  which have been and a r e  being developed throughout the world. 

Every  country has  different fuel r e se rves  and different mater ia l s  available 

with which to build reac tors .  

wide basis ,  reac tors  have not developed along the same pat terns  a s  in the 

United States. 

To m e  this includes not only the present  but some 

The s ta tus  of 

It therefore  i s  not surpr is ing that on a world- 

In this country, the majori ty  of attention has  been given t o  water-cooled 

reac tors  and par t icular ly  to light-water-cooled reac tors ,  which require  

operation with enriched uranium fuel. On the other hand, in the United 

Kingdom, where the la rges t  kilowatt capacity of power reac tors  has  been 

constructed, the situation i s  quite different. That country does not have 

an abundant supply of enriched nuclear fuel and, for economic a s  well a s  

political reasons,  began the development of the gas-cooled type of reactor .  

Also, in the ea r ly  1950's,  Great  Britain and other  European countries were  

faced with a ser ious shortage of fossil  fuels and paid a ve ry  high pr ice  fo r  

such fuels. 

power based on the principles which were  available to them a t  the t ime. 

They were  therefore  driven to rapid development of nuclear 

With the foregoing background, Great  Britain and l a t e r  France  

sought the type of reac tor  which could be s ta r ted  the ear l ies t  and with the 

assurance  that it could be made to operate  on a continuous basis .  

was the graphite-moderated natural-uranium-fueled reactor  of the Calder 

Hall type. 

of this type reac tor  has  progressed.  

capacity of various types of reac tors  which a r e  e i ther  under construction 

This 

f l ,  P Many of us  do not real ize  the extent to which the development 

Figure 1 shows the total  megawatt 

1 



-* 

2 M
 

c (d 
k
 

.+ 
c
,
 

a, 
r: a, 
M

 

m
 

k
 

0
 

0
 

(d 
a, 
k
 

k
 

- +
-, 

$ 2 5 a 0
 
a
 

0
 

w
 

+
-’ 

k
 

Id I I 
4

 

M
 

i;l 



o r  in operation throughout the world. 

graphite type, including low- tempera ture  and high-temperature ,  substantially 

This indicates v e r y  c lear ly  that the - * -13 
exceeds the capacity of all other  types. 

The or iginal  Calder Hall r eac to r s  were  designed for  relatively low 

gas  tempera tures .  

low s t e a m  p r e s s u r e s  and t empera tu res  and, consequently, have low operating 

efficiency. 

coal in Grea t  Britain then cost  $20 p e r  ton. 

in the p r i c e  of coal and other  fossi l  fuels in Europe has  slowed down the 

Bri t ish p r o g r a m  but by no means  has  stopped it. It did, however,  bring 

about considerable  incentive to improve nuclear  plant efficiency. 

to improved efficiency i s  be t te r  s t eam conditions, which a r e  obtained f r o m  

higher  g a s  outlet t empera tures .  

outlet t empera tu res  increased  f r o m  one project  to  the next during the l a s t  

eight to ten yea r s .  

The turbine genera tors  necessar i ly  w e r e  designed f o r  

This per formance  was considered sat isfactory a t  the t ime a s  

More recently,  the sha rp  drop 

The route 

Figure 2 shows the rapid r a t e  a t  which gas  

Most of the original r eac to r  work was based  on fuel made of natural  

metal l ic  uran ium and clad with metal  to contain the fission products  and 

reduce corrosion.  Metal-clad fuel h a s  appeared to reach the maximum 

g a s  outlet t empera tu re  which can be tolerated economically. It was this 

limiting c i rcumstance  which led not only the Bri t ish but the General  Atomic 

organization in  this country to consider  the use  of different cladding fo r  the 

fuel element.  

Both the Dragon P ro jec t  in  England and the HTGR Pro jec t  in the 

United States recognized the desirabi l i ty  of attaining t empera tu res  in the 

co re  higher  than any meta ls  can tolerate .  

concept of a fuel element clad in graphite.  

neutrons o r  to lo se  the i r  s t rength a t  high operating tempera tures .  

Dragon Pro jec t ,  which i s  sponsored by the Office of European Economic 

Cooperation, was s t a r t ed  f i rs t .  This pro jec t ' s  sma l l  experimental  model 

of 20 Mw of hea t  output but without an e lec t r ic  generating unit will u se  

graphi te  fo r  the modera tor ,  hel ium gas for the coolant, and uranium-thorium- 

These P ro jec t s  have adopted the 

There  a r e  no meta ls  to absorb  

The 
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A 

carbide for the fuel. The American project--the HTGR--is building a 

complete gas-cooled prototype power plant that will produce 40 Mw of 

e lectr ical  output. 

will a lso prove that this type of power plant can operate  as a generating 

unit on the sys tem of an electr ic  utility. A technical description of this 

project follows. 

The prototype will se rve  a s  an initial experimenQ i t  

DESCRIPTION OF THE PEACH BOTTOM POWER PLANT 

The 40-Mw prototype HTGR plant is being designed to demonstrate 

those features  that in l a rge  sys tems a r e  believed necessa ry  for  the attain- 

ment of economic power through effective use  of modern s t eam conditions. 

Table 1 gives a s u m m a r y  of the estimated performance charac te r i s t ics  of 

this plant. 

1450 ps i  and 1000°F. 

warranted by the s ize  of the plant; however, they a r e  used for  the prototype 

plant to demonstrate  the operating features intended for l a r g e r  plants, 

Figure 3 shows a simplified flow diagram for  the HTGR system. 

reac tor  coolant, which i s  helium at approximately 350 psi ,  flows through 

the reac tor  core ,  where i t  i s  heated to 1380 F. F r o m  the reac tor  it i s  

directed to the s team genera tors  to generate  366, 000 l b / h r  of steam. 

coolant i s  re turned at  660 F f rom the s team genera tors  to the reac tor  by 

hel ium circulators .  Two identical loops, each including a single s t eam 

generator  and circulator ,  a r e  used, each loop contributes half the total  

plant output. 

for  the prototype plant. 

helium at 350 p s i  and because of the high tempera tures  available, heat-  

t r ans fe r  ra tes  in the s t eam generators  a r e  high. 

a r e a  requirement and s i ze  of the s team generators  a r e  kept to a minimum. 

Each of the s team generators  i s  approximately 8 ft in diameter  by 3 0  ft in 

height. 

You will notice that it i s  being designed to produce s t eam a t  

These s team conditions a r e  somewhat higher than a r e  

The 

0 

The 
0 

Forced circulation-type s team genera tors  have been selected 

Because of the good hea t - t ransfer  propert ies  of 

Consequently, the surface-  
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Table 1 

TECHNICAL DATA FOR HTGR 

Operating Conditions 

Coolant . . . . . . . . . . . . . . . . . . . . . . . .  Helium 

P r e s s u r e ,  p s i  . . . . . . . . . . . . . . . . . .  350 

Inlet t empera ture ,  F . . . . . . . . . . . . .  660 

Outlet t empera ture ,  F . . . . . . . . . . . .  1380 

0 

0 

Maximum fuel- sur face  tempera ture  
(approximate) ,  O F  2300 

0 Steam tempera ture ,  F . . . . . . . . . . . . . .  1000 

S t e a m p r e s s u r e ,  ps ia  . . . . . . . . . . . . . . .  1450 

Net t he rma l  efficiency, 70 . . . . . . . . . . . .  34 

Reac tor  t he rma l  output, Mw . . . . . . . . . .  115 

Net e lec t r ica l  power,  Mw. . . . . . . . . . . . .  40 

Reactor  P a r a m e t e r s  

235 F i s s i l e  investment ( U  ), kg . . . . . . . .  172. 2 

Thorium investment,  kg . . . . . . . . . . . . .  1987 

. . . . . . . . . . . . . . . . . .  Core d iameter ,  ft 9. 0 

Core  length, f t  . . . . . . . . . . . . . . . . . . . .  7. 5 

Core  coolant voidage, 70 . . . . . . . . . . . . .  12.8 

Fuel-element  d iameter ,  in. . . . . . . . . . .  3 .5  

Number of fuel e lements  (approximate)  . . .  810 

Reflector thickness,  ft . . . . . . . . . . . . . .  2 

P r e s s u r e - v e s s e l  d iameter  ( inside) ,  ft . . . .  14 

P r e s s u r e - v e s s e l  height, ft . . . . . . . . . . .  34 

Burnup (approximate) ,  Mw-days (heat)  pe r  
m e t r i c  ton of U235 t Th232 . . . . . . . .  60, 000 

Core  life ( a t  8070 load factor) ,  y r  . . . . . . .  3 
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The helium circulators  a r e  of a single-stage centrifugal design with 
u 

overhung impel lers  and a shaft sea l  to minimize helium leakage. 

power required for  each circulator  i s  about 2500 hp--utilizing about 970 of 

the electr ical  output of the plant. The pumping power required for the gas  

coolant i s  m o r e  than offset by the high thermal  efficiency available with 

the high gas tempera tures ,  so  that the over -a l l  net plant efficiencyis about 3470- 

The drive 

The construction of the reactor  itself i s  shown in Fig. 4. Helium 

enters  the reactor  vesse l  through the annulus of the concentric pipe and 

cools the vesse l  p r io r  to flowing upward through the reactor  core.  The 

660 F inlet gas  permi ts  the use of carbon s tee l  a s  a construction mater ia l  0 

for  the vessel .  

radiation damage to the graphite reflector and to great ly  reduce Wigner 

s tored-energy problems. It is also high enough s o  that the s t eam cycle 

can be selected without special  consideration being given to pinch-point 

tempera ture  difference in the s team generator .  

This inlet gas  temperature  i s  high enough to minimize 

The reac tor  core  proper  is  9 ft in diameter  and 7-1 /2  ft high. It i s  

surrounded on all s ides  by approximately 2 ft of graphite, which se rves  a s  

the neutron reflector;  top and bottom ref lectors  a r e  integral  pa r t s  of the 

fuel element. 

elements a r ranged  in a closely pitched, equilateral  tr iangular a r r ay .  The 

helium coolant flows through the core  in the t r icusp-  shaped passages 

between the fuel elements.  

a s tee l  support plate and a r e  maintained in alignment a t  the top by the s ide 

ref lector ,  which is designed to provide an elast ic  res t ra in t  for  the core.  

This type of construction eliminates the need for  a s tee l  support s t ruc ture  

at  the hot-coolant outlet face of the co re  and thus permi ts  the attainment of 

high gas temperatures .  

The core  i s  made  up of apprDximately 800  graphite fuel 
r 

The elements a r e  supported a t  their  bases  by 

Owing to the long fuel l ifetimes available with HTGR-type fuels, only 

ve ry  infrequent refueling of the reactor  i s  necessary ,  e. g . ,  approximately 

once every three  years  in the case  of the prototype plant. 

the reac tor  can be shut down for  refueling and the coolant p r e s s u r e  lowered 

so  that relatively simple fuel-handling equipment can be employed. 

Consequently, 
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Fig .  4- -Perspect ive of HTGR 
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The detailed arrangement  of the fuel element i s  shown in Fig .  5. 

fuel, consisting of uranium and thorium dicarbide par t ic les  about 100 to 

200 microns in s ize ,  is contained in annular graphite fuel compacts 

(2-1/2 in. OD). 

compacts contained within a graphite sleeve, the sleeve outer diameter  

being 3-1/2 in. 

The over-al l  length of the fuel element, including a graphite reflector at  

each end, is approximately 12  ft. By distributing the fuel par t ic les  in a 

graphite matr ix ,  f ission damage is  res t r ic ted  to the immediate vicinity of 

the fuel par t ic les ,  leaving most  of the ma t r ix  undamaged. Thus, very  high 

fuel burnups a r e  achievable without g ross  deterioration of the fuel s t ructure .  

F o r  the prototype reac tor ,  the average fuel-element burnup i s  expected to 

be approximately 60, 000 Mw-day/ton of uranium plus thorium. Looked a t  

in another way, each fuel element in the core  wi l l  produce about one million 

kw-hr of power. 

The 
a 

The fuel element is made  up of a s e r i e s  of these fuel 

The fuel compacts occupy 7 - 1 / 2  ft within the graphite sleeve, 

Since at  the high tempera tures  of the HTGR, some fission products 

have relatively high vapor p re s su res ,  it i s  necessary  that the fuel-element 

design incorporate  a sys tem for controlling the re lease  of fission products 

into the helium coolant. 

s leeves made f rom highly impermeable  graphite. 

of helium is caused to flow between the s leeve and the fuel compact so  that 

f ission products diffusing f rom the fuel a r e  ca r r i ed  by the purge s t r e a m  to 

internal and external trapping sys tems,  thereby minimizing the fission- 

product contamination of the main helium coolant. The sys tem i s  being s o  

designed that contamination of the coolant will be limited, making possible 

essentially d i rec t  maintenance of the reac tor  plant equipment af ter  shutdown. 

This has  been accomplished by the use  of graphite 

A small  purge s t r e a m  

In addition to the sys tems descr ibed above, severa l  auxiliary systems 

a r e  necessary  to the operation of the HTGR nuclear s team supply. 

among these a r e  (1) a helium-purification sys tem for  maintaining impurit ies 

in the helium a t  a low level S O  a s  to prevent mass - t r ans fe r  of f ission 

products,  and ( 2 )  a helium-handling sys tem for charging the reac tor  sys tem 

Principal  
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with helium and maintaining the helium coolant at  a p r e s s u r e  of 350 psi. 

The helium-purification sys tem i s  a bypass type designed to purify the 

ent i re  helium inventory about once every four hours.  

The turbogenerator sys tem is of conventional design. The turbine 

i s  a 3600-rpmJ tandem, compound double-flow, condensing unit of 40, 000 kw 

net e lectr ical  capacity, with 1450-psi 1000 F s team at the throttle. In 

addition to serving i ts  usual functions, the s team condenser a lso acts  a s  

the heat sink for  the main s team flow during s tar tup o r  emergency shutdown 

conditions. 

0 

There  a r e  four feedwater hea te r s ,  

The over-al l  plant control sys tem is  being designed so  that the plant 

This sys tem i s  a fa i r ly  straightforward adaptation 

An increase  in load causes  

will be load-following. 

of a conventional power-plant control system. 

an increase  in the helium circulation rate ,  which i s  followed by an increase  

in reac tor  power level a s  a consequence of a prompt negative temperature  

coefficient of the reactor .  Steam tempera ture  i s  maintained over the load 

range by automatic regulation of the reac tor  control rods,  which determine 

the reactor  outlet gas tempera ture  and consequently the s team temperature .  

The arrangement  of the station is shown in Fig .  6. .The ent i re  nuclear-  

steam-supply sys tem is housed within a s teel  containment shell  that i s  

approximately 100 ft in diameter  and 130 ft high. 

energy in the helium coolant and the absence of any chemical reaction 

between the helium coolant and the reac tor  components, the energy released 

during maximum-accident conditions i s  low. Consequently, for HTGR-type 

reac tors ,  the containment s t ruc ture  can be designed for  v e r y  low p r e s s u r e  

r i s e s .  F o r  example, in the case  of the prototype reactor ,  the maximum 

p r e s s u r e  r i s e  is only a fraction of an atmosphere.  

Because of the low s tored  

The turbogenerator-system construction i s  of the outdoor type. The 

turbogenerator auxiliary sys tems,  the reac tor  control room, and the serv ice  

sys tems,  a s  well a s  offices and shops, a r e  contained within the building 

adjacent to the containment s t ructure .  

The basic  design pa rame te r s  for the Peach Bottom project  have been 



. 

Fig .  6--Arrangement of HTGR Peach Bottom station 
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established. 

ment  work necessa ry  before beginning construction has  been completed. 

The remaining r e s e a r c h  and development is p r imar i ly  to prove out compo- 

nents and operating charac te r i s t ics  with a g r e a t e r  degree  of detail. 

ago the U. S. Atomic Energy Commission approved the s i te  fo r  the plant. 

The application for  an AEC construction pe rmi t  has  been amended by 

extensive information on the details  of the design and an analysis  of possible 

Also, a v e r y  l a rge  portion of the total r e sea rch  and develop- 

A year  

emergency  conditions. 

body and a pe rmi t  i s  issued on schedule, the construction should be completed 

in the spring of 1964. 

Assuming this information sat isf ies  the regulatory 

In the meant ime,  the High Tempera tu re  Reactor  Development 

Associates,Inc.  ,( which is comprised of fif ty-three uti l i t ies companies) ,  the 

Philadelphia Elec t r ic  Company, Bechtel Corporation, and General  Dynamics 

have increasing confidence that this type of reac tor  can be  made to be the 

m o s t  efficient--producing s t e a m  a t  the modern  p r e s s u r e  and t empera tu re  

conditions necessa ry  for  high efficiency and relatively low power cost .  

Based on this enthusiasm f r o m  the r e s e a r c h  and development p rogram,  

the re  i s  increasing in t e re s t  in l a r g e r  projects  to follow and in  improvements  

on the Peach  Bottom prototype. 

ESADA 

Recently a project  was s t a r t ed  a t  General  Atomic to undertake the 

p re l imina ry  design and development of a l a r g e r - s i z e d  plant in the range of 

300 to  500 Mw of e lec t r ica l  output which would have an  over-al l  efficiency 

of a t  l ea s t  40%. 

Atomic Development Associates ,  a group consisting of the seven privately 

owned New York State uti l i t ies,  and General  Atomic. This  p r o g r a m  i s  

planned to extend over  a th ree -yea r  per iod and is expected to show the 

economic feasibil i ty of producing power in New York State with a l a r g e  

HTGR plant. 

General  Atomic and the f i r s t  tentative layouts completed. 

This p r o g r a m  is jointly sponsored by the Empi re  State 

The r e s e a r c h  and development staff has  been assembled  a t  
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RECENT DEVELOPMENTS 

Of the many problems associated with the development of a new reac tor  

concept, the m o s t  challenging, historically,  a r e  concerned with co re  

ma te r i a l s .  Also, in the development of a reac tor  concept, s eve ra l  mi le -  

s tones m a r k  the p rogres s  of the technological advances. The HTGR follows 

this genera l  pat tern,  and it i s  believed that s eve ra l  milestones have recent ly  

been attained. 

In this type of r eac to r  the fuel, which i s  d i spersed  in graphite,  i s  

p repa red  in  the f o r m  of uranium-thorium dicarbide par t ic les ,  ( U ,  Th)CZo 

To aid in retaining fission products within the fuel compacts for  long per iods 

during r eac to r  operations and to  protect  the carbide par t ic les  f r o m  mois tu re  

and thereby provide a i r - s t ab le  fuel compacts,  a successful  method of coating 

these par t ic les  h a s  been developed, 

carbon. 

The coating substance i s  pyrolytic 

( A  photomicrograph of such a coated par t ic le  i s  shown in F i g .  7) .  

Another recent  giant s tep in graphite co re  technology i s  in the develop- 

ment  of fabrication procedures  for highly impermeable  graphite.  

possible  to  produce a 10-ft-long graphite tube that sat isf ies  our  present  

rigid permeabi l i ty  requirements .  Fu r the rmore ,  although the methods used 

to produce impermeable  graphi te  have been for  sma l l  quantities, they a re  

s imple enough to be  adapted to large-volume production, 

It i s  now 

A thi rd achievement in graphi te  co re  technology is the promising 

resu l t s  obtained f r o m  the i r radiat ion of fuel. 

with pyrolytic carbon and d ispersed  in a graphite m a t r i x  w e r e  i r rad ia ted  

in a t e s t  reac tor .  

fuel. 

good dimensional stabil i ty and strength.  

The ( U ,  Th)C par t ic les  coated 2 

Such fuel compacts c losely s imulate  the required r eac to r  

The t e s t  resu l t s  a r e  given in Table 2. The fuel compacts exhibited 

In o r d e r  to provide a complete check of small fuel- i r radiat ion t e s t  

samples ,  i t  was found des i rab le  to establish an in-pile tes t  facility. 

t e s t  loop i s  s ized to contain a ful l -diameter  fuel element and i s  designed to 

opera te  a t  full t empera tu re  using hel ium a s  the coolant. The t e s t  loop a l so  

I 

This 





Table 2 

c d i  

DIMENSIONAL AND PHYSICAL STABILITY O F  LOW-PERMEABILITY GRAPHITE 
IN CAPSULE GA-308-2 AFTER IRRADIATION 

Container 
Number 

2 

Control 

3 

Control 

4 

Control 

5 

Control 

6 

Control 

Type of 
Graphite 

RXLP-2 
CEY 

RXLP-2 
CEY 

CEY 
HS- 142 

CEY 
HS-142 

HS-4 
C E Y  

Hs -4 

C E Y  
RXLP-2 

C E Y  
R X Y - 2  

CEY 
HS-142 

HS- 142 

Xr rad. 
Temp. 
(OF) 

* 

1,275 
1,275 

1,400 
1 , 400 

1,500 
1,500 

1,550 
1,550 

1,475 
1,475 

Pre i r rad ia t ion  Size 
(in. 1 

Diam. 

0.2260 
0. 1243 

0. 1265 
0.2263 

0.2252 
0.1260 

0.1260 
0.2259 

0.1260 
0.2249 

Length 

0.2254 
0. 1259 

0.1238 
0.2271 

0.2256 
0.1252 

0. I252 
0.2264 

0. I254 
0.2257 

Po st i r radiat ion 
Contraction 

( 70) 
Diam. 

0. 05 
0. 03 

0.12 
0.06 

0.02 
0.11 

--- 
0 .06  

0.10 
0.02 

Length 

0.03 
0. 18 

0. 09 
0. 03 

0. 03 
0.03 

--- 
0.02 

0. 07 
0.03 

* L U  Approximate thermal-neutron exposure w a s  3 x 10 nvt. 
'Tests were  conducted at room temperature .  

strength to F r a c t u r e '  t 
(psi)  

Pre i r rad .  

16,200 
17,070 

17,600 
15,790 

15,590 

17,480 
15,500 

Pos t i r rad.  

43,040 ----- 

16,  520 
2 0 , 1 2 0  

23,410 ----- 

16, 120 
15,190 

16,530 
24,680 

17,800 
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checks the r e l e a s e  r a t e  of f ission products, ' A  schematic flow cha r t  of the 

test loop i s  shown in Fig. 8. 

located next to  the reac tor  co re  near  the bottom of the reac tor  pool. 

c 
The fuel compact is encased in a thimble 

The HTGR Cri t ical  Facil i ty,  shown in Fig. 9,  has  been in  u s e  s ince  

July, 1960. It consists of two identical  graphite-fuel assembl ies ,  each of 

which contains a subcri t ical  mass. When brought together,  the assembl ies  

f o r m  a cube approximately 6 ft on a s ide and consti tute a c r i t i ca l  mass. 

The c r i t i ca l  facil i ty has  been designed s o  that  a region of about 16-in, 

diameter ,  extending through the center  of the cube and perpendicular to the 

plane of separation, is a replica of the HTGR core  latt ice,  

surrounded by a flux-matching d r ive r  region. 

This region is 

With this  assembly,  experiments have been conducted to  check the 

We have been analytical  work performed in setting nuclear pa rame te r s ,  

hear tened to obtain analytical  work which ag rees  ve ry  closely with the 

experimental  resul ts .  An example of the correlat ion is shown in  Fig. 

The Doppler contribution to the tempera ture  coefficient of the reac tor  as 

calculated has  been compared with the experimental  data and agreement  is 

within 570. 

10. 

SUMMARY AND CONCLUSIONS 

The development of the gas-cooled reac tor  has  followed an order ly  

procedure  on its course  toward economic power. 

using natural  uranium had successful c a r e e r s  but under conditions where  

enriched uranium is cost ly  and where  coal likewise is a high-priced com- 

pet i tor ,  

clad fuel a r e  approaching the i r  p rac t ica l  l imit  in  tempera tures  and efficiency, 

Effort is  now concentrated on graphite-clad fuel elements to obtain 

The first  European r e a c t o r s  

It would appear  that  f o r  these  r e a c t o r s  the designs using metal-  

the high tempera tures  needed fo r  most  modern  power-plant s t eam conditions, 

The Dragon Pro jec t  in England and the Peach Bottom Projec t  in Pennsylvania 

a r e  the f i r s t  r e a c t o r s  of this  type. The Peach Bottom reac tor  is  the f i rs t  
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Fig. 9-  -HTGR cr i t ica l  assembly 
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such reactor  to have power generation included in the project.  

plant, because of i ts  smal l  s ize  andbecause of its pioneering, has  a high capital 

This 40 Mw 
c 

cost. 

Work now proceeding under the ESADA program i s  on a development 

and design study directed toward a full-scale plant in the range of 300 to 

500 Mw electr ical  capacity. 

which can produce electr ic  power at  a cost  competitive with fossil  fuels. 

The expected goal of this program i s  a plant 

Among the new developments having a potential for  improvement i s  

the use  of coated fuel particles.  

o r  other mater ia l  can retain fission products until an appreciable fraction 

of them have decayed. 

m o r e  economical fission-product trapping system. 

Fuel  par t ic les  coated with pyrolytic carbon 

This makes possible the design of a s impler  and 

Many mechanical developments a r e  being carefully studied. It should 

be possible to shorten the flow path for the helium coolant and to develop 

methods of circulating helium which a r e  substantially m o r e  economical. 

should also be possible to go to higher helium p res su res  a f te r  the helium 

circulators  have been run at  the present  conservative levels.  

It 

Fur ther  study should be undertaken to determine whether the plant 

can ult imately operate  on a complete thorium cycle--by using thorium 
2 3 3  

enriched with U , the life of the fuel elements wi l l  be still fur ther  extended. 

The availability of ve ry  high tempera ture  gas a s  a reac tor  coolant 

makes i t  practicable to have an optimum design of power plant using boiling, 

superheating, and reheating with only one reac tor  heat source.  P re l imina ry  

studies show that in spite of the inherent extremely low fuel cost  for  the 

HTGR, reheat will probably be justified by i ts  ability to produce plant 

efficiencies of about 40% and a consequent reduction in reactor  s ize  for  a 

given power output. 

In summary,  the general  category of gas-cooled reac tors  has  had the - benefit of m o r e  operating experience than any other types of reac tors ,  

ever ,  the high-temperature  gas-cooled reac tor  i s  the newest improvement, 

How- 
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i .e with which the re  h a s  been no operating experience.  It i s  believed that 

developments based on the operation of the f i r s t  prototype will resul t  

in power plants of a v e r y  low over-al l  power cost .  

\, 


