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Replacement in Section V under: Coolin~; lattice elements 

Fig. 3 shov;s an example for the lattice elemeut . In Fig . 3 (1) 

is a cylindrical uranium tad covered by a thin steel tube (2). An anular 

gap (4) is left free for the flow of the cooling agent inside the steel 

tube (3) Vihich is embedded in a mas of graphite (5). Li 1uid bismuth or a 

li-..~ uid bismuth lead alloy may be used as a cooling agent in this arran~ement . 

Fig . 4 shovrs another example for the lattice element. In Fig. 4 

(1) is a cylindrical uraniu111 tube; (2) is a thin walled tube inside of the 

said uranium tube. LLiuid bismuth or a bismuth lead alloy flows through the 

tube (2); (4) is a thin protecting coating covering the uranium tube (l); 

(5) is a mass of graphite into ~hich the uraniloo tube is embedded. There 

is a small gap between the uranium tube (l) and the mass of gravhite (5) . 

Fie. 5 shows another example. In Fig. 5, (l) is a cylindrical 

uranium rod; (2) is a thin walled steel tube; a cooling agent is flowing through 

the steel tube (2) in the axis of the uranium rod (1). (4) is a tube on the 

outside of the uranium rod (1); (5) is a gap bet.veen the uranium rod and 

a tube ( 6) ; ( 7) is the slowing agent. 

This arrangement can be used if a bismuth-lead eutectic alloy is 

used as a cooling agent and heavy water is used as a slmving agent . Tube 

(6) can be of aluminum and the gap (5) may be filled with helium which in this 

particular case serves as a heat insulator. 

Fig. 80 shows another example for the lattice element. In Fig. 80 

(1) i s a uranium rod surrounded by a thick-walled beryllium tube (2). The 

uranium rod is covered by a thin-steel tube (3). Li uid bismuth lead alloy 

flov:s through the gap (4) between the uranium rod (l) and the beryllium tube (2) . 

The beryllium tube may be surrounded by a thin aluminum tube (5) leaving a 

gap (6) for purposes of heat insulation. (7) is a slowing dovm agent into 

which this lattice element is embedded. 
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ys of cont olli. the chain re ction r 

illu tr t d n th ~ollo in f ur • Fi ure 50 d 50b 

how 

di 

cylindric 1 r phit 

d h 1 ht . T 

tructure {1) of bout qu 1 

c r ~2) of thi pi, , defined 

by th dott d line, ei h about 500 tone nd c>nt ina 

th uran1 latt c • Th gra hit lay r (10) (bet e t 0 

ott d in s) erv s 8 r flee or for the n utron d a 

1 yer {11) on th periph ry of the true ·ur hich 1 built 

of lternat 1 ay r r r ph~t and ir n serves as radi -

tion hi ld . An her o£ hin- lled at 1 tub s, 4 , 5 , 6 , 

f bout l em diameter and . 2 

th cor of t e gr phit p 1 l 

11 thickn ss go through 

nd rod , 7 , a, 9, built of 

low neutron bsorbing mat ri 1, for in t ce t l or 

cobalt or an iron- cobalt lloy of high cobalt cont nt , or 

nick or nick 1-cobalt al oy c be moved up and own 

ithin t te 1 t b • The thin- walled ste 1 tub s are 

atisf ctory from th point or vie of h ving a lo ab-

sorption, proviaed that t di m ter of the tube is small 

comp r d to th mean re p th of the thermal n utrons n 

graphite . Sine t.hi 1 about 2 . 5 em, tube of 1 em di -

m t r fulfil thi condition . These neutron baorbing rods 

may be hello tube 1 and m y be cooled by having flo of 

uitable cool1 1 maintained through tno tubes 4 1 5 

d 6 , s indica ed by the rrowo 1n the i ur • All these 

rod may be rigidly held together nd moved jointly up and 

own, th ovem nt be COJ.ltrolled by the di tion nating 

from the chain re ction, by an of an ionization chrumber . 

I£ th r d1 tion ircrea e the current through the ioniz tion 

incr and by m ns o uitable plifi r and r 1 y a 

motor may be et into motion h1ch moves the control rods 
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in rd in the chain re cting pil • If the r di tion de-

creases th current in th ion z tion chamber deere sea 

and by e a of suit 1 dg t the motor may be 

v r d d the rod my b ov d in the up rd dir ction 

out of the int rior of th 11 • If th sy. t i d ped 

i 1 d pted. to st biliz th oh in r action if bov 

rt in r di tion 1n nsity th motor is t into otion 

moving the rod in the downMard dir ction n b 1 w a 

c rt i r i tion inten ity th motor is et into m tion 

pulling ·h control rod u 

pil • 

rd out of the int rior o the 

Figure 41 sho s nnoth r w y of controlling the 11 • 

ln Figur 41 (1) is thin-walled teel tub of about 1 

om dlam ter and . 2 mm all . It goes vertically through 

th pila and f rms together ith a tank (4) which i out

aid t e chain reacting unit, communio ti g system. This 

ay ~ co tains a b smuth-lead-cadmium alloy which is a 

liquid down to lo temperatures and an electrodynamic pump 

(3) 1 so co~~ cted as to pw.p this absorbin · liquid out 

of the pile d into the tank (4) if a uffioient electric 

pot tial is appl. d to t. atator of the pump . If the 

p np 1 switched off the cadmium lloy flows from the t nk 

into the pile and stops the chain reaction . An ioniz tion 

chamber which is exposed to the r diation of the pile 

control the potential on the ... ta tor of the pu.•np in the 

following n nner: if the current through the ioniz tion 

chamb r i low the potential pplied to the pump i high 

and accordingly the equilibrium position of the liquid 

cadmium alloy column in the pile towards which the liquid 

lloy meniscus moves is comparatively lo • Accordingly, 

the cadmium alloy movos in the ystem towards the tank (4) 

and thereby incre ses th int nsity of the chain reaction 
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d incre es t 8 curr nt throu th controlling ioniz -

tlon chamber . h reby, t 8 potential ppl18d to th electro-

tic pump i d ere sed and the e uilibrium position or 

scus in t e ate l t b ( 1) is rai u , so th t the 

c lloy y 1 0 be pun d ott of the t k • In this 

n r t e c a. n r act_o b controlled in ati -

f ctory 1 snner if the contr llin st is uffici ntly 

tron l d ped . If t type of control 1 us d my 

hv ev r 1 !.dependent controllin unit indicated in 

t 1e v sho n in Fi ur lb . 

Th st el tube {1) is cooled by coolinG a nt, ror 

ns .. c 1::. · d b1 uth or a liqt,id blsmuth-1 ad lloy 

hie flow n an ann lar g p betwe n ste 1 tube ( 1) and 

t e surf c of circul r bore in the graphit colu~ 

ch contain the steel tube (1) . he elect o yn io 

pump (3) 1 cool by a flo of th cadmium alloy through 

cooler ( 5) ~ hich i c rmect d to t entrunc and e. it 

tube to the electrodyn c pump (3) . A valve (6) controls 

the flo through ti e coo er (5) in ·uch a mannor that this 

flo hould be ~al compared to the pumpir.g capacity of 

t pump (3) . 

In place o a cadmium, alloy, mercury can be usea n

side thin- alled steel tube of about 1 em diamat r provided 

tl t t.h temperat;ur at hich ·the power unit oper t s is 

sufficiently lo , otherwise the ercury pressure would dis 

~upt th ~rl - alled steel tubes . Two concentrio steel 

tubes m y b used le ving an annular gap in which liquid 

B.-~b allo (eutectic) flows for the purpo e of cooling 

th mercury insid th innor steel tube . If it J.B desired 

to use ater in place of th liquid Bi-Pb lloy as cool• 

ing a ent, both ate 1 tubes ought to be preferably tnin-

less teel tub in order to avoid corrosion by the water o 
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Anoth r y in · hich t ch in re ction y be con

troll d i ho in Fi u 142 . In this figur (1) is 

ur nium ph r , (2) a rod co p sed of th r 1 n ,utron 

sorber ovin in a v rtic 1 tube (3). S ction (2) of 

th co tro rod (5), hich i o po ed of 1 :nent th t 

tron ly b O"b ut one, i n r t1 c n r ph r 

a d i 11. eld d by t ur 

it ia in p it on ~hor 

1 rom t' e l n utrons o that 

, e t r.mal n utr n ensity 1 com-

p r tively low . 

can move i thin 

hi 

tub 

b orbin ction 

in th vertical di 

f th ooatrol rod 

ction d it 

p iti n m b co trolle by the intensity f th ut on 

radi tion itte by t e ch in r action . If tbe nt ity 

o:f' tl _ s diation !nero se the absorbing ection of t e 

rod may be utomatio 11y mo d w y fr~ the center of. th 

ur Ul sp ere .d u1tim tely, if requ~.red, y b mov d 

entir y out of t e ur ni .h r • It will then bsorb 

1 

1 t 

r ern~ b,rs or th ~n 1 neutron thereby r duc

.raction of th neutrons .ich are absorbed in the 

therm re on. by uranium, thus t bilizing the chain re

ction. n F g . 142 ( 6) _a 11 td ism t or bi uth alloy 

h · ch m y e erv a. co 1 n nt . 

Ap rt fro the oontro rod or liq id contai in con-

trol tubes e may v s f t devices of simil r str cture 

as the co trol d vices 1hich o r to onl in c of an 

rnerg ncy nd ve the p rpose of stopping th chain re-

action if the r diation itt d in the chain re ction be-

come too ntense . Since these dev· c s top th re otion 

in very short tir.l8 1 t 1 not necessary to h v them cooled . 

e may h v , for inst ce , a umber of rods similar to t~ose 

h n ln igure 50 h1ch ro ntirely moved out of th ile 

d r s sp nd d by el ctr m net . I t 1 r d" tion 

becomes too intense them gnet is itched off nd the 

rods fall under the action of gravity into the pile. 
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CONTROLS ( RRPLACEMENT) 

Various ways of controlling the ohdn reaction are illustrated in 

the following figures. Figure 50 and 506 show a cylindrical mraphite 

structure (1) of about equal diameter and hei<&ht. The core (2) of this 

pile .. as defined by the dotted line, may wei~ about 500 tons and contains 

the uranium lattice. The graphite layer {3) outside this core serves the 

purpose of reflectinG neutrons and ~bsorbin~ the radiations which are benerated 

in the chain reaction . Iron or other radiation absorbing elements can be con

tained in tho outer part of this peripheral graphite layer which is outside 

the uranium lattice core (2) . The graphite layer (10) (between two dotted 

lines) serves as a reflector for the neutrons and a la~er (11) on the 

periphery of the structure which is built of alternate layers of graphite 

and iron serves as a radiation shield. A number of thin-walled steel tubes. 

4, 5, 6, of about l om diameter and . 2 mm go through the core of the braphite 

pile and rods 7, 8, 9 ~uilt of slow neutron absorbing material, for instance 

steel or cobalt or an iron- cobalt alloy of high cobalt content, or nickel or 

a nickel - cobalt alloy can be moved up and down within these steel tubes . The 

thin- walled steel tubes are satisfactory from the point of view of having a low 

absorption, provided that the diameter of the tube is small corupa~ed to mean 

free path of the thermal in graphite since this is about 2 . 6 em tubes of 1 om 

diameter fUlfill this condition. These neutron absorbing rods may be hollow 

tubes and may be cooled by having a flow of a cooling gas, tor instance air, 

maintained through the tubes 4, 5 and 6 ~s indicated by the arrows in the 

figure . All these rods may be rigidly held together emanating rrom the chain 

reaction, by means of an ionization chamber . If the radiation increases the 

&kBiR current through the ionization increases and by means of a suitabl e 
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amplifier and relay a motor ay be set into motion which moYes the control rods 

inward in the chain reacting pile. If the radiation decreases the current in 

the ioniz~ion chamber decreases and by means tot a suitable gad&et the motor 

may be reversed and the rods y be moved in the upward direction out of the 

interior of the pile. If the syst is damped it is ad pted to stabilize the 

chain reaction if above a certain radiation intensity the motor is set into 

motion moving the rods in the downward direction and below a certain radiation 

intensity the motor is set into otio~ pulling the control rod upward out of 

the interior of the pile. 

Figure 41 shows another way of controlling the pile. In Figure 41 

(1) is a thin-walled steel tubes of about 1 em diameter and .2 mm wall. It 

goes vertically through the pile and fo~s together with a tank (4) which 

is outside the chain reacting unit, a communicating system. This system 

contains a bismuth-lead-cadmium alloy which is a liquid down to low tempera

tures and an electrodynamic pump {3) is so connected as to pump this absorb-

ing liquid out of the pile and into the tank (4) if a sufficient electric 

potential is applied to the stator of the pump. If the pump is switched ott 
the cadmium alloy flows from the tank into the pile and stops the chain 

reaction. An ionization chamber which is exposed to the radiation of the 

pile controls the potential on the stator of the pump in the following manner: 
if the current through the ionization chamber is low the potential applied to 

the pump is high and accordingly the equilibrium position of the liquid cadmium 

alloy column in the pile towards which the liquid alloy meniscus moves ia c~ 

paratively low. Accordingly the cadmium alloy moves in toward the tank (4) 

and there ~y increases the intensity of the chain reaction and increases the 

current through the controlling ioni&ation chamber. Accordingly, the potential 

applied to the electromagnetic pump is decreased atd the equilibrium position ~f 
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the meniscus in tho steel tube (1) is raised. so that the Bi alloy may no• 

be pumped out at the tank 4. In this manner the chain reaction can be con-

trolled in a satisfactory manner if the controlling system is sufficiently 

strongly d ped. If this type of control is used e may have several 

independent controlling units as indicated in the view shown in Figure 4lb. 

The steel tube (1) is cooled by a cooling agent, for instance liquid 

bismuth o··· a liquid bismuth-lead alloy which flows in an annul r gap between 

steel tube (1) and the surface of a circular bore in the graphite column 

which contains the steel tube (1). The electrodynamic pump (3) is cooled 

by a flow of the cadmium alloy through a cooler (6) which is connected to 

the entrance and exit tubes to the electrodynamic pump (3). A valve (S) 

controls the flow through the cooler (5) in such a manner that this flow 

should be small compared to the pumping oapcity of the pump (3). 
a 

In place of/cadmium,alloy, mercury can be used inside a thin-walled 

steel tube of about 1 om diameter provided that the temperature at which the 

power unit operates is sufficiently low, otherwise the mercury prassure 

would disrupt the thin-walled steel tubes. Two concentric steel tubes may 

be used leaving an annular gap in which a liquid Bi-Pb alloy (eutectic) 

flows for the purpose of cooling the mercury inside the inner steel tube~ 

If it is desired to usefl water in place of the liquid Bi-Pb alloy as a cooling 

agent, both steel tubes ought to be preferably stainless steel tubes in order 

to avoid corrosion by the water. 

Another way in which the chain reaction may be controlled is shown 

in Figure 142. In this figure (1) is a uranium sphere, (2) is a rod composed 

of a ther.mal neutron absorber moving in a vertical tubes (3). Section {2) 

of the control rod {6), which is composed of an~&ment that strongly absorbs 

thermal neutrons, is near the center sphere and is shielded by the uranium from 
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thermal neutrons so that it is in a position where the thermal neutron density 

is comparatively low. This absorbing section of the control rod can move 

·ithin a tube in the vertical direction and its position may be controlled 

by the intensity of the neutron radiation emitted by the chain r action. If 

the intensity of this radiation increases the absorbing section of the rod 

may be automatically moved away from the center of the urenium sphere and 

ultimately, if required, may be moved entirely out of the uranium sphere. 

It will then absorb larger and larger numbers of thermal neutrons thereby 

reducing the fraction of the neutrons which are absorbed in the thermal 

region by uranium. thus stabilizing the chain reaction. 

Apart from the control rods or liquid containing control tubeg we 

may have safety devices of a similar nature as the control devices which 

operate only in case of an emergency and have the purpose of stopping the 

chain reaction if the radiation emitted in the ohain reaction beccmes too 

intense. Since these devices stop the reaction in very short ttme it is not 

necessary to have them cooled. We may have, for instance, a number of rods 

similar to those shown in Figure 50 which are entirely moved out of the pile 

and are suspended by an eleo)romagnet. If tho radiation becomes too intense 

the magnet is switched off and therods fall under the action of gravi~ into 

the pile. 
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CONTROLS ( REPLACEME.l.fT) 

Vario~s ways of controlling the cnun reaction are illustrated in 

the following figures. Figure 50 and 5 show a cylindrical mraphite 

structure (1) of about equal diameter and hei~t. The core (2) of this 

pile, as defined by the dotted line, may weilfiP. about 500 tons and contains 

the uranium lattice. The graphite layer (3) outside this core serves the 

purpose of reflecting neutrons and gbsorbing the radiations which are generated 

in the chain reaction. Iron or other radiation absorbing elements can be con

tained in the outer part of this peripheral graphite layer which is outside 

the uranium lattice core (2). The graphite layer (10) (between two dotted 

lines) serves as a reflector for the neutrons and a layer (11) on the 

periphery of the structure which is built of alternate layers of graphite 

and iron serves as a radiation shield. A number of thin-walled steel tubes, 

4, 5, 6, of about 1 em diameter and .2 mm go through the core of the graphite 

pile and rods 7, 8, 9 built of slow neutron absorbing material, for instance 

steel or cobalt or an iron-cobalt alloy of high cobalt content, or nickel or 

a nickel-cobalt alloy can be moved up and down within these steel tubes. The 

thin-walled steel tubes are satisfactory from the point of view of having a low 

absorption, provided that the diameter of the tube is small compated to mean 

free path of the thermal in graphite since this is about 2.5 em tubes of 1 em 

diameter fulfill this condition. These neutron absorbing rods may be hollow 

tubes and may be cooled by having a flow of a cooling gas, for instance air, 

maintained through the tubes 4, 5 and 6 ~s indicated by the arrows in the 

figure. All these rods may be rigidly held together emanating from the chain 

reaction, by means of an ionization chamber. If the radiation increases the 

zkx±x current through the ionization increases and by means of a suitable 
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amplifier and relay a motor may be set into motion which moYes the control rods 

inward in the chain reacting pile. If the radiation decreases the current in 

the ionization chamber decreases and by means fof a suitable gadget the motor 

may be reversed and the rods may be moved in the upward direction out of the 

interior of the pile. If the system is damped it is adapted to stabilize the 

chain reaction if above a certain radiation intensity the motor is set into 

motion moving the rods in the downward direction and below a certain radiation 

intensity the motor is set into motion pulling the control rod upward out of 

the interior of the pile. 

Figure 41 shows another way of controlling the pile. In Figure 41 

(1) is a thin-walled steel tubes of about 1 em diameter and .2 mm wall. It 

goes vertically through the pile and forms together with a tank (4) which 

is outside the chain reacting ur1it, a communicating system. This system 

contains a bismuth-lead-cadmium alloy which is a liquid down to low tempera

tures and an electrodynamic pump (3) is so connected as to pump this absorb-

ing liquid out of the pile and into the tank (4) if a sufficient electric 

potential is applied to the stator of the pump. If the pump is switched off 

the cadmium alloy flows from the tank into the pile and stops the chain 

reaction. An ionization chamber which is exposed to the radiation of the 

pile controls the potential on the stator of the pump in the following manner: 

if the current through the ionization chamber is low the potential applied to 

the pump is high and accordingly the equilibrium position of the liquid cadmium 

alloy column in the pile towards which the liquid alloy meniscus moves is com

paratively low. Accordingly the cadmium alloy moves in toward the tank (4) 

and thereby increases the intensity of the chain reaction and increases the 

current through the controlling ionization chamber. Accordingly, the potential 

applied to the electromagnetic pump is decreased and the equilibrium position of 
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the meniscus in the steel tube (1) is raised, so that the !i alloy may now 

be pumped out at the tank 4. In this manner the chain reaction can be con-

trolled in a satisfactory manner if the controlling system is sufficiently 

strongly damped. If this type of control is used we may have several 

independent controlling units as indicated in the view shown in Figure 4lb. 

The steel tube (1) is cooled by a cooling agent, for instance liquid 

bismuth or a liquid bismuth-lead alloy which flows in an annular gap between 

steel tube (1) and the surface of a circular bore in the graphite column 

which contains the steel tube (1). The electrodynamic pump (3) is cooled 

by a flow of the cadmium alloy through a cooler (5) which is connected to 

the entrance and exit tubes to the electrodynamic pump (3). A valve (6) 

controls the flow through the cooler (5) in such a manner that this flow 

should be small compared to the pumping capcity of the pump (3). 
a 

In place of/cadmium,alloy, mercury can be used inside a thin-walled 

steel tube of about 1 em diameter provided that the temperature at which the 

power unit operates is sufficiently low, otherwise the mercury prassure 

would disrupt the thin-walled steel tubes. Two concentric steel tubes may 

be used leaving an annular gap in which a liquid Bi-Pb alloy (eutectic) 

flows for the purpose of cooling the mercury inside the inner steel tube. 

If it is desired to useft water in place of the liquid Bi-Pb alloy as a cooling 

agent, both steel tubes ought to be preferably stainless steel tubes in order 

to avoid corrosion by the water. 

Another way in m1ich the chain reaction may be controlled is shown 

in Figure 142~ In this figure (l) is a uranium sphere, (2) is a rod composed 

of a thermal neutron absorber moving in a vertical tubes (3). Section (2) 

of the control rod (5), which is composed of an&ement that strongly absorbs 

thermal neutrons, is near the center sphere and is shielded by the uranium from 



-~ 

thermal neutrons so that it is in a position where the thermal neutron density 

is comparatively low. This absorbing section of the control rod can move 

within a tube in the vertical direction and its position may be controlled 

by the intensity of the neutron radiation emitted by the chain reaction. If 

the intensity of this radiation increases the absorbing section of the rod 

may be automatically moved away from the center of the uranium sphere and 

ultimately, if required, may be moved entirely out of the uranium sphere. 

It will then absorb larger and larger numbers of thermal neutrons thereby 

reducing the fraction of the neutrons which are absorbed in the thermal 

region by uranium, thus stabilizing the chain reaction. 

Apart from the control rods or liquid containing control tubes we 

may have safety devices of a similar nature as the control devices which 

operate only in case of an emergency and have the purpose of stopping the 

chain reaction if the radiation emitted in the chain reaction becomes too 

intense. Since these devices stop the reaction in a very short time it is not 

necessary to have them cooled. We may have, for instance, a number of rods 

similar to those shown in Figure 50 which are entirely moved out of the pile 

and are suspended by an elecYromagneto If the radiation becomes too intense 

the magnet is switched off and therods fall under the action of gravity into 

the pile. 
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