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Attention is clirected inthis report to the possibility of building « 
pile of pebbles of uranium cerbide aiKl grephitej or equii-alent isateriels, which 
will operate et 1300 to 2000° C. The pile is cooled either by circulating helixua 
or boiling bisEsith. The cooling gas passes uniformly through the whole cross-
section of the pilCj 'vhich is kept at a steady tdirgjeraturo by convection and 
redietionp Operation at a hi^h temperature simplifies the cooling opê atioiic 
opens up the possibility of separating Pu and fission products by Yaporizationo 
end leads to greater thermodynamic efficiency in the operation of engines. Ex­
perience goicad during the recent operation of a ^as^heated pebble-̂ bed furnace 
blowing 2000 cu;, ft« of eir per minlite for niirogen-fixations, warrants the 
ezyjctation that there are no seriaas practical difficulties in the operation of 
such a pile at 2000° C, 

Tentative Description of pebble Pile 

100 tcna of Uj occupying Z|.«9 x 10° cc is disposed throughout the pile 
at regular intervals as 2''inch spheres of U carbidso 

Qcephite spheres or pebbles, 2 inches in diameter, make up the rest of 
the pileo The volume o? graphite spheres is 4»9 x 108 cCs which is 100 times the 
volume of the Uc 

Th© total voIuiiiG of the spheres is 4o-93 ^ iO cco 

The total volume of the pilo is 9o9 x 10* cc, or nearly 36«000 cu. ft., 
assuming 30% voids0 and not allowing for close packings 

Th-? pebble pilts may be considered as a cylinder of the following dimensiona: 

Height 
Diameter 
Cross-section 
Volume 
V/eight of U 

— 36 feet 
— 36 feet 
"̂  1018 sq. fto 
— 36e000 cuo ft , 
— 100 tons 

Weight of graphite — S60 tona 

These ere tentative dimensions0 ass'OJied in order to permit calculations on 
cooling. The exact dimensions can be determiaed only after careful calculationo 
involving the influenca on k of the voids and the high temperature. It is likely 
that the pile may have to be much larger; perhaps so large as to render the high-
temperature pebble-pile impractical unless it is made with enriched Uo 
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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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page Two 

Cooling with Helivun at 2000° C 

Helium gas i s blown through the p i l e , which consis ts of e l a t t i c e 
of U cerbide spheres and graphite spheres, every fourth or f i f th sphere in 
each direct ion being U cerbide» The heat frcm the U carbide spheres i s spread 
throughout the whole p i l e by rad ia t ion , convection and conduction and i s r e ­
moved by the stream of helium which enters the p i l e a t 100° and leaves a t 
2000° OS shown in Figo 1» The cross-sect ion for cooling v/ith helium i s the 
cxoss-section of the whole p i le t whereas in other p i l e s containing so l id rode 
of U in sol id graphite blocJcs^ the cooling gas must be passed only along narrow 
paths adjacent to the surface of the U rods . At higli temperatures (2000° C) 
":•- *^ensfer of beat by radiat ion i s iiijicrtdLt czd i t tendc to keep the whole 
: le at a uniform temperature, thua -/iiiiMiv.ing the: overheating of the center 
; J the pileo There w i l l , howvcv, "„•:; a ver t ica l tengiereture gradient dv.^. 
to the flo-.; o l colder hcliusio The erect quant i t ies and arrenf^eiiient of J and 
t3_'c-;-it; ^.;_^c:;^-a uere ere t en ta t ive . They c^n be r.odifiod extenbively v.hen 
eeleolations of *k» are madeo 

The p i le i s cooled by c i rcu la t ing heliurj a t the r a t e of 30C0OOO cu*. 
fto- per minuteo The helium leaves the bottom of the p i l e a t 2000° C« ia passed 
through a i.ater-cooled boi ler a t 100° C, and returns ttu-ough blowers to the top 
of the furnace. The heat capacity of helium i s 6.3 ca l /cu ft/°C« Thus, the 
heat removed by the c i rcu la t ing helium i s : 

3.0 X ia5 X 6,3 X (2000° - 100°) = 3 = 6 x lO^ cal/min - 250,000 KW, 

The ra t e of flow through the IOI8 aq. fto of p i l e i s : 

3cC X lC^/1018 s approximately 300 cu ft/min/sq f t of p i l e . 

The estimated pressure drop for helium blown through a 36 fto bed 
of 2* spheres at 2000° C at a r a t e of 3OO cu. f t . per minute per sq. f t . is 
about 3 l b s , per sq, in^ In these calculations the pressure drop m&y be con­
sidered to be approximately the same as that of a i r a t room temperetureo 
because the absolute tengjerature i s nearly eight times as muche but the gas 
density of helium i s only one-seventh that of a i r . ( I f i t i s found desirable 
for the proper functioning;, of the p i l e to use 1* sphereSd the pressure drop 
through the p i l e vdll be more than doubled)o 

The power required for blowing gas against a 3-'ll3<' pressiure drop i s 
approximately 13 KW per 1000 ou. f t . per minute, and the power necessary to cool 
the p i l e i s then 

3 X 10^/1000 X 13 s 4,300 KW. . 

Ths i n i t i a l cost of blowers capable of operating against a 3'"lb<.> 
pressuj'e drop is about $0o6 per cu, f t . per minute. Single blowers up to 
ICC,COO cu. f t . per minute are available as standard equipment. The delivery 
time on blowers i s much quicker than i t was a ysar or two ago. The i n i t i a l 
cost of blowers for cooling the p i l e would be about 300^000 x $0,6 or $180,000.. 



It would be difficult to obtain U carbide in perfect spheres, but 
luiiQ)S or irregular chunks can be used equally well in a pebble bed for effi­
cient cooling at high teioperatures. If the neutron requirements are too un­
favorable for U carbide, it would be possible to use molten U in crucibles of 
graphite or Be oxide packed into the pebble pile./ If necessary to use solid 
U spheres, the pile could be operated at %0° C instead of 2000^, but the cost 
of cooling would be greater and the several advantages of high temperature 
would be losto 

Cooling with Vaporizing Bjanuth at 1450° C 

The heat of vaporization of a liquid provides an excellent means for 
cooling. Metals will withstand the high tenzperatures and the radioactivity 
without decomposition, and bismuth appears to be the beet on account of its low 
absorption of neutrons. Dr. Leo Szilard has given carefUl attention to piles 
cooled with liquid bismuths It is proposed to set up reflux condensers above 
the pebbld pile, and drip the condensed liquid bissuth down into the pile where 
it will vaporize and keep the pile et the boiling point of bismuth, which is 1450°. 
A diagram is given in Figo 2. 

The liquid does not have to bathe the whole surface of all the U 
spheres, since the whole interior of the pile will be maintained at a fairly 
constant tenperatuire by radiation and by turbulent bismuth vapor. It may be 
necessary to set small vertical graphite tubes in the pile below the condensers 
and extend them to different depths so that the liquid bismuth will be discharged 
more unifozTnly throughout the pile. 

The heat of vaporization of bissuth is 47*800 cal/mol. The atomic 
weight is 209. To remove heat equivalent to 250,000 IflV or 3.6 x lo" cal/min 
requires the evaporation of 

209 X 3.6 X 109/4.78 X 10^ = 1.57 X 10^ g Bi/min e 17.3 tons Bi/mino 

The bismuth ve^or contained in 16,000 cu. ft. of void spaces at 
1450̂ * C weighs 0.8 ton. In addition there will be a considerable amount of 
liquid bismuth dripping down over the spheres or in the chaxmelSo 

There are 2l6 spheres per cu. ft., each with en area of 0.09 s<lc ft. 
and in the total pile there are 7».770BOOO spheres, with a total surface of 
699,000 sq. ft. The necessary "hold up» of liquid bismuth in the pebble bed 
pile is very uncertaino Assuming a con;)lete turn-over of the evE^orated metal 
every 10 seconds, there will be 3 tons of Bi in the pile at all tiroes. The cost 
of 3 tons of bismuth is about $8000. JNo blowers would be required, except for 
a small puipp to circulete tothe top of the pile any liquid bismuth iR̂ ich falls 
below the bottom of the pile. 

Because the beat transfer from condensing bismuth to the condenser 
is very efficient, the pile could probably b e operated at nuch higher heat 
levelse 500,000 or 1 million KW, - limited only by the quantity of bismuth 
which can be allowed in the pile and the effectiveness of the condenserSo 

^E 
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If the p i l e i s operated without a tteii5)ting to recover the j.ower, 
a i r condensers could be subst i tu ted for water condansere. The top of the 
p i l e '.lould then be occupied by many t a l l chimney-condensers of iron pipe 
l ined with graphite tubes, around which a strong current of a i r i s blown,, 

Control Rods 

Water-cooled i ron pipes containing cadmium rods as cores can be 
lowered into graphite cylinders (not shown in Figs. 1 and 2) which are packed 
v e r t i c a l l y in the p i l e s . In the helium-cooled p i l e the graphite tubes are 
closed a t the bottom to prevent sho r t - c i r cu i t i ng of the gas; in the bismuth-
cooled p i l e s the graphite tubes ere open a t the hot tan to permit drainage of 
the l iquid bismuth.. Water-cooled iron pipes have been used in the magnesia 
pebble bed fUrnaoe which has been operated for many months a t the Universi ty 
of Wisconsih. There was no d i f f i cu l t y in having a water-cooled iron pipe 
surrounded by a mass of pebbles a t 2100° C. 

For s inpler control rods i t may be possible to use ve r t i ca l i ron 
tubes of large diameter f i l l e d with boil ing water end provided with water-
cooled reflux condensers a t the top of the furnace. 

naetals, such as sodium, could be dropped in to the p i l e to reduce 
k in case of an emergency. In an extreme emergency, ordinary water could be 
sprayed ihto the furnace from safety eprinkleirs a t the top. The neutron con­
centra t ion and the teinperature would be reduced immediately. The hot uranium 
might suffer damage, but experiments on the magnesia pebble beds a t 2100° 
showed that there i s no serious e3q)losion hazard tram the steam. 

power 

The high teinperature of the circulating helium or the condensing 
bismuth permit excellent heat transfer and efficient operation of a boiler 
for power purposes. The negligible distance between pile and boiler minimizes 
beat loss and construction cost. The fact that the boiler is entirely outside 
the pile makes possible the use of ordinary water, iron, and other standard 
materials. 

The heat of the pile can be liberated just as well at 2000° as at 
200° and the possible thermodynamic efficiency is then very much greater. In 
order to utilize this high efficiency (1900/2273) If the lowest temperature 
is 100°) it would be necessary to use gas engines or turbines. The develop^ 
ment of high-teD$)ereture turbines has been hmpered by the fact that all high-
teiqperoture gases obtained by the coabustion of fuel contain oxygen which 
reacts chemically with the materials of construction which are capable of 
withstanding h i ^ temperaturesc However, helium or bismuth permit the use of 
a turbine made of tantalum, tungsten or other material which retaizis its 
fflechacical strength at high teinperatures in the absence of nitrogen and oxygen^ 
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Removal of Fission Products 

At tenperatures above two-thirds of the melting point , the dif­
fusion of meleriel in a crystal l a t t i c e i s reasoi;ably rapid. I t seems l ike ly 
t ha t f iss ion product elements produced in U carbide a t 2000° would diffuse to 
the surface of the spheres in a few hours. Some of these f iss ion product e le­
ments such as I , Br, Xe, Kr, Te, would vo la t i l i ze out and be condensed in 
the boi ler tubes where they could be dissolved da i ly . In th i s way at l e a s t 
p a r t of the chain poisoning by f i s s ion product elements would be eliminated, 
thus preventing the decrease of k. Koreover, the in tense rad ioac t iv i ty would 
not be accumulated at the end of the 3-month period which i s planned for the 
W p i l e , because the rad ioac t iv i ty would be removed to a safe distance a t f re ­
quent in t e rva l s , thereby simplifying shielding problems during recovery. With 
the enormous volume of helium sweeping through the p i l e , a considerable amount 
of material would be evaporated, even i f the vapor pressure i s very low. For 
exaiqple, i f the vapor pressure of a substance in the p i l e s i s only one-millionth 
of a millimeter a t 2000° C, the volume of gas swept by i s so great tha t a'gram 
mole wi l l be vaporized every day.> 

To a s s i s t in the removal of f i ss ion products. Dr. James Franck has 
sug^s ted the use of e l e c t r o s t a t i c p rec ip i t a t i on . There i s intense ionization 
in the gas but helium with i t s high ionizat ion potent ia l wi l l contribute but 
few ions and the f iss ion product elements and other impurit ies in the helium 
wi l l carry the current and be deposited on the charged water-cooled p la tes from 
which they can be dissolved a t in tervals and col lected. 

Removal of Product 

After operation of the p i l e for a suff ic ient length of time, the 
furnace i s cooled down by inse r t ing the control rods and the p i l e i s dumped 
t h r o u ^ water-cooled doors into a dissolving p i t at a lower l e v e l . By making 
the U carbide luicpa s l i g h t l y smaller than the graphite spheres', they can be 
s i f ted out frcin the graphite as the mater ia l passes along an inclined troughe 
The U carbide i s dissolved in acid and the pu i s separated by the standard 
chemical methods now in use . The graphite spheres can be carr ied to the top of 
the furnace by a conveyer operated by remote control and dumped into a new 
p i l e , the fresh lumps of U carbide being dropped in by remote control at tiio 
proper pos i t ions and a t sui table depths while the p i l e i s being fi l led« 

I t may be possible to d i s t i l the product out of the p i l e during 
the qporation of the p i l e . This procedure would make i t unnecessary to d i s ­
mantle the p i l e every three months, p a r t i c u l a r l y i f some of the f iss ion 
products could be removed a lso by d i a t i l l e t i o n fromthe p i l e . Experiinent* 
here indicate that U carbide does not d i s t i l appreciably out of a graphite 
crucible a t high temperatures. Reports from Si te Y suggest that pure pu 
metal can be vaporized from pu carbide a t high temperatures. Above cer ta in 
teng-ereturos then, pu, which i s formed in the crystal l a t t i c e of U carbide, 
might diffuse to the surface , be evaporated in the stream of helium and con­
densed out on the water-cooled surfaces or in an e l e c t r o s t a t i c prec ip i ta toro 
I t could be dissolved from these surfaces when necessary by inject ing a su i t eb le 
solvent through water-cooled pipes without shutt ing down the p i l e . I f the d i s ­
socia t ion of the carbides and the v o l a t i l i t y are not su f f i c i en t l y di f ferent in 
the case of U and pu to effect a corrgjlete separat ion, they may be suff icient^ 
nevertheless , to give a more concentrated mixture of Pu in U rtolch can be used 
for •enriched p i les* ;or they can be separated chemically by the Stendard method, 
using pounds of material instead of tons . ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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It may be possible to separate the volatile radioactive fission 
products froorx the pu by distilling out the former at a lower temperature 
and then raising the terperature to distil out the Pu, or Pu mixed with TJ. 

One of the present difficulties with the ultimate use of the product 
lies in the presence of about three percent of 40-10 produced by subsequent 
absorption of neutrons by Pu. If it is possible to distil Pu out of the pile 
within an hour or so of the time of its formatioh, pure 49 could then be ob­
tained, free from 40-IO0 If necessary to accelerate the removal of pu frcan 
the pile, the U carbide may be used in the form of thin discs instead of 
spheres, so that the diffusion distance to the surface is reduced. The pro­
duction of pure 49 in this way seems quite possibleo 

Alternative Piles 

Beryllium oxide is a suitable moderator and it is a solid up to 
2400° C. If a pile is made with pebbles of U oxide mixed with pebbles of 
beryllium oxide it is then possible to cool vdth air. Recirculation and cool­
ing will not be necessary then if the radioactive fission products are removed* 

It should be emphasized that in a pebble pile it is not necessary 
to have perfect spheres; lui>g)8 or irregular chunks are entirely satisfactory. 
No machine work is necessary. Lumps of U oxide and beryllium oxide can be used 
directly without reduction to the metal. 

AS a cooling gas hydrogen would be much better than helium, but its 
probable reaction with graphite renders it impractical. Carbon nwnoxide might 
be used, but its higher molecular weight would increase pumping costs. 

Possible Difficulties 

The high temperature of 1450 to 2000° C may seriously affect k̂  
However, there may be advantages as well as disadvantages in these high tem­
peratures o 

The void spaces may require a larger increase in size than has been 
allowed for in the calculations given here in order to give a large value of 
k, and the void structux^ may require an excessive width of reflecting materialo 
It should be eiqphasized that there are no structural materials within the pile, 
no iron, aluminum tubes nomter. The elimination of these features will partly 
offset a possible decrease in k due to high temperature and voids. 

The heavier U carbide spheres may settle among the lighter graphite 
spheres, thus spoiling the lattice arrangement. Experience with magnesia 
pebbles of different sizes at 2100° C suggests that this is unlikely. If 
necessary, graphite rods can be used to preserve the lattice; or the U carbide 
can be in the foim of large disks with protjruding rods of U carbide or graphite 
to act as anchors9 

The blowers may becmne too radioactive for repair and upkeep. Stand-
are blowers are available which run for years without repair. I,)ost of the 
volatilized radioactive material v/ill be deposited on the water-cooled surfaces, 
but if necessary a large chamber packed with pebbles to give a large surface 
could be interposed between the boiler and the blower. The electrostatic pre­
cipitator may prevent the circulation of radioactive fission products. 

n 
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The water boiler may not be adequate to lower the temperature of 
the circulating helivun to a point where it can be safely fed into the blowers. 
Supplementary water coolers can be introduced beyond the boiler. If necessary, 
the werm gas can be cooled in pebble beds which have a high heat capacity and 
very effeciive beat exchange with a gas flowing through them. A pair of pebble 
beds is used;; one is cooled by blowing through aî r while the other is in use 
in the stz^am of warm gaSe 

The U carbide in 2" spheres may attain a temperature idiich is too 
far above that of the surrounding graphite spheres. This situhtion is unlikely 
at tliese h i ^ teiqperatures where the transfer of heat by radiation is lo^ge; 
but if necessary the U carbide lumps may be made smaller or the shape may be 
changed to give a flatter thinner lump with quicker heat conduction from the 
center. 

I/sakage of air might lead to oxidation or nitridation of the U car­
bide, but the welded iron enclosure will be tight. The helium will be kept at 
a pressure slightly above atoospheric, The lerge excess of graphite will react 
with any oxygen which might get in* 

In the boiling bismuth pile the whole pile is enclosed in iron and 
the air originally present is swept out with helium or carbon dioxide. 

The hold-up of liquid bismuth on the surface of the spheres may be 
so great as to cause a large absolution of neutrons. This question can be 
answered by simple laboratory experiments. 

production of 23 

Surrounding the pile is en enclosure of graphite bricks and then 
about two feet of insulating material such as powdered graphite, granulated 
coke or magnesium oxide of size 8 mesh to dust. By using thorium oxide for 
the insulating material surrounding the pile, it would be possible to obtain 
production of 23 in quantity. The 23 can be extracted from the thorium oxide 
when the pile is shut down, or the thorium oxide ctn be drawn off at the bottom 
at frequent intervals dixring operation of the pile and replaced by fresh 
thoriiuQ oxide added at the top. 

Thorium or thorium carbide could be placed within the pile itself at 
frequent intervals if the k is sufficiently large. These pieces of thorium can 
be recovered î en the furnace is dumped, if they are made somewhat smaller than 
the U carbide spheres and scruened out in the chute. 

The present piles at X and W, already constructed, can not now be 
used for the production of 23 trcm thoria. It v-̂ould be easy, however, to pro­
duce 23 aroufad a new pebble pile such as the one described here. There are no 
complications in the form of pipes protruding ftrom the sides, so that it will 
be a simple matter to pack thoria and graphite around the pile. There are 
seve.al reasons why it would be advantageous to build a pile which can be used 
for the production of 23o 



MJC-FD-8 
Page Eight 

The following research problems are suggested: 

I.. Calculations of k. 
I I . Experiments at high temperatures using an induction furnace, 

1 . Relative v o l a t i l i t y of Pu and U from a synthetic sainple 
9f U carbide containing small amounts of Pu, 

2. Volat i l i ty of pu frcan U carbide exposed tn a pi le 
3o Volat i l i ty of f ission product elements from U carbide 

exposed in a pileo 
4 . Electrostatic precipitetion of pu and f i ss ion product 

elerasnta evaporated in a stream of helium f1:x>m U 
carbide ezposed in a p i l e . 

5 . Distribution of tenQ)eretwre (by radiation) in a 
l a t t i c e of spheres in ^ i c h some are heated hotter than 
others by induction. 

6. possible interaction between U carbide and graphite, 

IIIo Eacperiments with a p i lo t plant furnace (1 f t . by 6 f t . high) 
in wUch U carbide and graphite spheres are heated to 2000° C 
with circulating helium passii^g through an e lectr ic arc between 
graphite electrodes« 

1 . &]easureffient of pressure drop through the hot furnece 
2 . Efficiency of heat transfer to a water boiler at one end 

of the furnace 
3c Date on the cooling efficiency of l iquid bisiouth, the hold­

up of liquid bisimith on the spheres and the eff iciency of 
heat transfer to the boilero 

4. Possible settlizig of U carbide sphereso 

Summary 

1» Experience gained in the operation of gas-heated pebble beds of 
magnesia give confidence that there are no serious engineering difficulties in­
volved in the operation of a pebble pile at 2000° c. 

II. The advantages of high-te^^>erature pebble piles are: 

1. Simplification and reduction in the cost of cooling, 
2. Uniformity of teiiQ>erature throvigh increased importance of 

thermal radiation at high temperatures, 
3. Increased thermodynamic efficiency for power purposes if 

a turbine is used; increased boiler efficiency if a 
steam engine is used, 

4. Elimination of water cooling, canning, and corrosiono 
5. Elimination of the ffigner effect in which energy is 

stored in a rigid graphite lattice, 
6. FJLlmination of machining and precision work in the 

construction of the pile, 
7. Elimination of complicated pipe structure at the sides 

of the pile, thereby permittii^ sinple water shield­
ing against neutrons and simpltfying the production 
of 23 from thoria„ 

8. Elimination of cooling pipes end foreign material from the 
interior of the pile, thus avoiding a decrease in k. 
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I I I . There may be addit ional advantages from the continuous diffusion 
to the surface and evaporation of some of the f i s s ion product 
elements, including the following; 

lo Removal of some chain poisons, thus tending to maintain 
the fu l l value of ko 

2. Redixction in raaioact ive radia t ion from the p i l e , 
3 . Reduction in radioactive radia t ion from the product 

during the chemical operations of recovery. 

IV. There i s a p o s s i b i l i t y tha t pu may be d i s t i l l e d out of the p i l e 
continuously and collected, with the following advantages, 

Ic Long operation of the p i l e before shu t t ing down for the 
recovery of Pu in the U carbide spherese 

2. Recovery of the Pu in small batches of d i s t i l l e d product 
instead of one large batch, l^e handling of pounds 
instead of tons reduces the s ize of equipment and the 
sh ie ld ing . 

3 . Removal of the pu from neutron bombardment as soon as 
i t i s formed before there i s an opportunity to build 
up the objectionable 40-10 isotope. 

4 . I f seme U i s d i s t i l l e d out with Pu, the mixed product 
can be used for "enriched p i l e s ' without further p u r i ­
f ica t ion i f the f i ss ion products can be d i s t i l l e d out 
a t a lower temperature or p rec ip i ta ted e l e c t r o s t a t i c a l l y . 

V. By using thorium oxide for an insulat ing l in ing around the p i l e , 
i t i s possible to obtain considerable quant i t ies of 23. 

VI. A high-temperature pebble p i l e permits the production of pu and 
the production of power a t the same time^ 

VII . Laboratory tes ta could be made on: 

1 . Temperature d i s t r ibu t ion in a bed of U pebbles sur ­
rounded by pebbles of honconductors heated in an 
induction fUmace, 

2. Cooling by helium of hot pebbles of U carbide and 
graphite , 

3. Effectiveness of heat transfer of helium and bismuth 
•apor to v;ater-cooled boiler tubese 

4« Diffusion and volatility of fission products and Pu in 
U carbide at 1450° and at 2000°o 

5o Electro<?tatic precipitation of fission products 
volatilized at high teii3>eratures 

60 Cooling efficiency and hold-up with boiling bismuth. 

VIIIu If calculations should show that the value of k is satisfactory, 
it would be possible to build a pile in a short period of time, 
because no special machinery and no precision work on the con­
struction of the pile would be needed^ 
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IX. Operating data and heat l o s s e s from the magnesia pebble bed furnace 
operated at 2100° C w i l l be made avai lable to the projec t i f there 
i s en in teres t in them<r 

Z. I f the h i ^ temperature and the void spaces should lead to the requirement 
o f impract ica l ly large quant i t i e s of U and graphi te , the high-temperature 
pebble p i l e described here may s t i l l find post-war appl icat ion i n enriched 
p i l e s for the generation of power© 
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