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In a gas cooled nuclear reactor, cesium metal release 
into the coolant gas is dependent on the coolant chan-
nel surface temperature in the core. The present inven-
tion relates to a filter for removing cesium from the 
coolant gas before it passes to the heat exchanger. The 
filter comprises a block or blocks of graphite having 
holes therein with a hydraulic diameter between 1 mm 
and 6 mm and a ratio of length to equivalent hydraulic 
diameter between 170 and 1000. This filter is arranged 
at one end of the rcactor core so that the gases pass 
straight from the core into the filter block. 

7 Claims, 8 Drawing Figures 
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however differs from conventional reflector blocks in 
GAS COOLED NUCLEAR REACTORS that the channels for the coolant gas have the dimen-
™ a ̂ t ^ t ^ t t . . , ^ r™.^ sions defined above and are therefore of very much 
BACKGROUND O F THE INVENTION s m a l , e r c r o s s . s e c t i o n t h a n t h e c o o l a n t c h a n n e I s

y
s u c h a s 

This invention relates to gas cooled nuclear reactors 5 have heretofore been provided through conventional 
and is concerned more particularly with the construc- reflector blocks. 
tion of a coolant filter for the removal f rom the coolant The invention thus includes within its scope a gas 
gas of certain fission products. cooled nuclear reactor having a core through which a 

The filter of the present invention is for the purpose coolant gas is passed and having a filter as described 
of removing certain fission products, in particular ce- 10 above situated at the gas outlet end of the core for 
sium 137 from the coolant gas. As will be apparent filtering the coolant. 
from the following description, it will more generally Thus according to another aspect of the invention, in 
serve as a filter for those radio-active species of molec- a gas cooled nuclear reactor having a core assembly 
ular or atomic size which are absorbed by graphite at a through which a coolant gas is passed and energy ex-
high temperature. These include, in addition to cesium 15 t rading means for extracting energy from said gas, 
137, strontium 90 and silver 110m. there is provided a filter arranged so that the gas from 

Cesium metal release is dependent on the coolant the core passes through the filter before passing to said 
channel surface temperature in the reactor core. The energy extracting means, which filter comprises a 
problem of cesium release therefore arises particularly graphite body having holes therein with a hydraulic 
with high temperature reactors. Removal of cesium 20 diameter between 0.001 and 0.006 meter and a ratio of 
from the coolant gases enables a designer to use a length to hydraulic diameter between 170 and 1000. 
higher temperature and/or, provided the cesium is re- It is impossible to construct a body filter as described 
moved before the coolant is passed through energy above from individual blocks assembled in series and-
extracting means to reduce the gamma exposure rate in /or in parallel. It is readily possible to pass the whole of 
the energy extracting means. The term "energy extract- 25 the coolant flow from the core through such an array of 
ing means" used herein includes a heat exchanger and- filters. 
/or a turbine. Because the passages through the filter blocks are 

smaller than the passages through the core, they will 
SUMMARY OF THE INVENTION ' t , t f , 

normally be made much more numerous so that the 
According to this invention, a filter for the coolant 30 required coolant flow can be obtained without any 

gas of a gas cooled nuclear reactor comprises a graph- substantial pressure drop. Thus, in a reactor, means 
ite body having holes therein with a hydraulic diameter may be provided at the interface between the core 
greater than 1 mm and less than 6 mm and having a outlet and the filter block for the gas to pass from the 
ratio of length to equivalent hydraulic diameter greater core outlet into the various passages through the filter. 
than 170 and less than 1000. The holes may be of any 35 For this purpose provision may be made for the gas to 
cross-section, and may for example be annuli. The pass across the end face of the filter block. This may be 
hydraulic diameter of the hole is the ratio of four times done for example by providing a pattern of slots across 
the cross-sectional area of the hole to the wetted perim- the inlet face of the filter block or by spacing the filter 
eter of the hole and is equal to the actual diameter in block slightly away from the end of the core, for exam-
the case of a circular hole. 40 pie by forming a land around the periphery of the filter 

This filter is preferably situated at the outlet of the block. Preferably, the dimensions of such slots or said 
coolant from the core of a gas cooled reactor and is land are sufficient to provide a greater hydraulic diam-
operated at the core exit coolant temperature. Thus, eter than that of the holes in the filter block to avoid 
unlike conventional filters which are operated at the unnecessary pressure drop but, as explained above this 
low temperature of the core inlet coolant gases which 45 hole diameter is between 1 and 6 mm and it is readily 
have passed through the energy extracting means the possible to mill slots of the required depth in the face of 
filter of the present invention substantially reduces the graphite filter. 
activity levels in the coolant circuit, thereby facilitating In a typical filter block, holes of 1.5 mm radius are 
inspection and repair of the energy extracting means employed, the filter being 1 m long and having a frac-
and other out-of-core components. 50 tional free flow area greater than 0.227. Such a filter 

With such a filter, fission products such as cesium will give a decontamination factor of more than 10 for 
137 are deposited on and diffuse into the graphite of cesium 137. The decontamination factor is the ratio of 
the filter. The rate of diffusion is dependent on the the concentrations of the material under' consideration 
temperature of the graphite. It may be shown that the e.g. cesium 137, in the coolant at the inlet and the 
quantity held by the filter is a function of the tempera- 55 outlet. 
ture. In a reactor in which the coolant flows downwardly 

Since the filter can be situated immediately at the through the core, the filter will be situated beneath the 
outlet of the core and so acquire substantially the tem- core and can form the core support, 
perature of the gas leaving the core, the gas is not If a cesium filter is to be effective, it must be able to 
cooled in passing through the filter. 60 retain any cesium it removes until it can be changed. 

In high temperature gas cooled reactors, it is the The filter of the present invention may be incorporated 
present practice to have vertical channels through the as part of the fuel block structure in a reactor of the 
core through which the coolant passes. A t the two ends kind in which the fuel is incorporated in carbon blocks, 
of the core, graphite reflector blocks are provided and In this case it may typically be changed after approxi-
very conveniently the filter of the present invention is 65 mately three years. Alternatively the filter may remain 
used in place of the graphite reflector block at the in the core for the reactor lifetime. The retention of the 
outlet end of the core, the block serving both as a con- cesium in the graphite depends on the effective diffu-
ventional reflector and also as the filter. This filter sion coefficient for cesium. In practice the cesium de-
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posited on the surface of the filter channel will quickly 
disperse and will be substantially uniformly distributed 
throughout the ligaments between the channels. The 
amount of cesium the filter can hold is a function of 
temperature. The capacity of the filter will vary mark- 5 
edly for different elements depending on the isotherm 
constant for adsorption of the element on graphite. 
Qualitatively, the capacity of the filter in mass units will 
be higher for strontium than for cesium and lower for 
silver than for cesium. 10 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram illustrating part of a gascooled 

nuclear reactor embodying the invention; 
FIG. 2 is a plan view of part of a filter block for use 1 5 

in the embodiment of FIG. 1; 
FIG. 3 shows a possible arrangement of the filter 

block beneath a fuel block; 
FIG. 4 is a plan view of part of another form of filter 

block; 2 0 

FIG. 5 is a part section along the line 5-5 of FIG. 4; 
and 

FIGS. 6, 7 and 8 are graphical diagrams. 

DESCRIPTION O F THE PREFERRED 
EMBODIMENTS 

25 

30 

35 

40 

FIG. 1 illustrates diagrammatically part of a helium-
cooled high temperature reactor operating at about 
800° C reactor exit coolant temperature. The reactor 
core 10 shown diagrammatically in FIG. 1 comprises 
stacks of graphite blocks having vertically aligned cool-
ant channels and having fuel pins within such channels 
or having fuel material incorporated in the graphite 
blocks. At the top and bottom ends of the core are 
graphite reflectors. In this reactor, the flow is down-
wards. The upper reflector comprises graphite blocks 
11 with coolant passages. The lower reflector is formed 
by a graphite filter 12 which will be further, described 
below. 

The coolant gas enters through an inlet 13 into a 
header 14 above the top reflector and passes down-
wardly through the top reflector, the core 10 and the 
filter 12 to a further header 15 from whence it leaves 
via an outlet 16 to energy extracting means in the form 4 5 
of a steam raising boiler 17, or other heat exchanger 
and/or turbine, and is then recirculated to inlet 13 by 
pump 18. The present invention is concerned primarily 
with the filter 12 and no further description will be 
given of the reactor core which would, in the known 5 0 
way have suitable controls and would have side reflec-
tors and be contained within a shield. Likewise, the 
boiler 17 and circulating pump 18 may be of known 
construction. 

The graphite filter 12 is typically 1 meter high and 55 
has a plurality of vertical channels through it, formed 
by straight cylindrical holes typically of 3 mm diameter. 
The filter 12 may be formed of a number of separate 
graphite blocks arranged side by side and/or stacked. 
Its upper surface is milled to have a number of slots 60 
extending across it so as to permit of sideways flow of 
the coolant leaving the core channels so that the cool-
ant is dispersed to flow through the more numerous 
filter channels. These slots thus constitute header 
means between the core channels and filter channels. 65 
The slots further give some protection against blocking 
of the filter channels by any particulate material drop-
ping through the core channels. 

Referring to FIG. 2, which is a plan view of part of 
the top of the filter 12, the holes are shown as cylindri-
cal holes 19 or radius r and wall thickness 21. The ratio 
of r to t may vary over wide limits. If r is equal to t, the 
free flow area of the filter structure is 0.227 of the total 
area of the structure. The pressure drop may be re-
duced by increasing the free flow area that is to say 
increasing the ratio of r to t. 

FIG. 3 shows part of a filter below fuel blocks. In this 
particular embodiment, the core comprises blocks 20 
having fuel elements 21 embedded therein and coolant 
channels 22. Below the core is an array of filter blocks 
23 each having coolant channels 24 with a plurality of 
channels 24 for each coolant channel 22 in the core. 
The tops of the top filter blocks of the array are milled 
to leave a land 25 around a header region 26. FIG. 3 
also shows a handling hole 27 extending through the 
core and filter assembly. 

Instead of having a land around the periphery of the 
filter 12 or around regions of the top surface of the 
filter 12, the header can be formed as shown in FIGS. 
4 and 5 by a pattern of slots 30 milled across the top of 
the filter to leave, in this example, triangular lands 31. 

The attenuation of concentration of cesium down a 
long straight cylindrical pipe for infinite sing behaviour 
at the walls is given by, 

C = C„ exp - 2kx 
(1 ) 

where 
C is the concentration of cesium at x, 
Ca is the concentration of cesium at jf=0, 
k is the mass transfer coefficient for cesium, 
x is the distance down the pipe, 
r is the radius of the pipe, 
v is the velocity of the coolant along the pipe. 
The decontamination factor is given by: 

= exp -2 kx (2) 

If it is assumed that the whole of the bottom of the 
core is covered by a structure as shown in FIG. 2, the 
velocity v of the coolant in the pipes is given by: 

M 
1T R'p/ (3) 

where 
M is the total coolant mass flow, 
R is the radius of the core, 
p is the density of the coolant at core exit tempera-

ture, 
/ i s the fractional free flow area of the filter structure, 

given by: 

•yrr* 

2 MT(r + /)' 
(4) 

with r and t as shown in FIG. 2. Three values o f /wi l l be 
used later equivalent to the following conditions: 

r=l, 
r=l.5t, 

f=. 227 
J=326 
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r=2.0t, > . 4 0 3 

suggested for very rough pipes and as such is pessimis-
tic. 

Rewriting (9) we have: 

and also as a limiting c o n d i t i o n a l . 
The Reynolds number for the coolant flowing 

through one of these'pipes is given by: . 

Re = 2Mr 
pftrR2 

where fj. is.the viscosity of the coolant. This expression 
has been evaluated for a range of values o f / arid r and 
is plotted in FIG. 6 which; is a graph of Reynolds num-
ber Re as- a -function of radius r (in meter) and frac-
tional free flow area / . For the majority of values of / 
and r of interest the flow down the pipes is turbulent. 

For turbulent flow, by analogy with heat transfer, the 
mass transfer coefficient k can be represented by: 

0.01 fS L> Re ' ScA 
(6) 

A p--
c X M* 

p rn1 (10) 

( 5 ) 

This expression has been evaluated for a range of 
values of r and and is plotted in FIG. 8 which is a 
graph of Ap as a function of r for different values of / . 

inlet and outlet pressure drops may be estimated 
from the velocity of the coolant and the fractional free 
flow areas using: 

15 

where D is the diffusion coefficient of cesium in the 
coolant, Sc is the Schmidt number for cesium in the 
coolant. :! "i *„•-:-

•Sc = -S— pO 

Substituting in (2) we have 

Ap(inlet) = y4pv!„„l„,(l-t) 

Ajj(outlet) = Vipv'lm,M,(1-t)2 

where 
20 v ( , i s the velocity of the coolant before entering 

the filter, 
V(outlet> is the velocity of the coolant before leaving the 

filter. 
Values of Ap inlet and outlet are given in table 2. 

2 5 Table 2 
" f .221 .326 .403 

Ap inlet ( m b ) .20 . .17 .15 . 
Ap out le t ( m b ) 5 . 9 .2.2 1.1 

( 7 ) 30 
: If a cesium filter is to be effective it must be able to 

retain any cesium it removes until it can be changed. 

= exp 5.03 • 10~2 x (8 ) 

This expression has been evaluated for a range of val- Two possibilities exist, one that the filter is incorpo-
ues of r and/us ing the parameter values listed in Table 4 0 rated as part of the fuel block structure and is changed 
1. The results are shown in FIG. 7, which is a graph of after approximately three years, the other, that the 
decontamination factor as a function of r and / . filter remains in the core for the reactor lifetime of 

Table 1 
Total core mass flow M 700 kg.s-1 

C o r e radius R 3.75 m 
Length of f i l ter s t ruc tu re x I m 

^Diffusion coef f ic ien t of cesium in helium D 5 x 1 ()' m 2 s - 1 

"Densi ty of hel ium p 2 .46 k g . m - 3 

*Viscosity of helium p. 4 . 8 5 X I 0 " 3 k g . m " 

*These values were evaluated at a pressure of 55 b and a temperature of 800° C. 

The pressure drop associated with the filter will have 
three components. Inlet pressure drop, outlet pressure 
drop and friction loss down the pipes. 

The friction loss down a pipe is given by: 

Ap _ c X p v2 

where Ap is the pressure drop along pipe length x, c is 
the coefficient of skin friction. 

It can be seen from FIG. 6 that for the majority of 
values of r and / of interest the flow down the pipes is 
turbulent. The value of the skin friction coefficient c, 
depends on the surface roughness and Reynolds num-
ber, a value for c of .01 will be assumed for the follow-
ing calculations. This value is slightly higher than that 

55 

( 9 ) 

approximately 30 years. 
The effective diffusion coefficient Dg for cesium in 

graphite is given by 

login D„ — - 5 . 2 8 — (in the concen t ra t ion range 0 - 3 0 f ig /g) . 

6 0 (in the concentration range 0-30 p-glg) where, T is the 
temperature of the graphite °K. from which the diffu-
sion coefficient at 800° C is: 

4.37 X 10-" m2.s-' 

6 5 Using this figure it is possible to calculate the random 
walk distance 

x = V~Dt 
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for times of 3 and 30 years. 

-t(3 years) = 6.4 X I0~ ! m 

5 
j r (30 y e a r s ) = 2 . 0 X 1 0 " ' m. 

Since the size of ligaments considered is from .003 to 
.03 m it can be assumed that any cesium deposited on 
the surface of the filter channels will quickly disperse ( 0 
uniformly across the ligaments. 

A release rate for cesium-137 of 10 Ci.yr""1 is equiva-
lent to an average gas concentration of 2.3 X 107 

atoms.g"1 or an equilibrium cesium on graphite con-
centration of 3.8 figlg. 15 

The total mass of graphite in the filter structure is 

ir R* 1(1-1) 

or approximately 40,000 kg. 2o 
The filter is therefore capable of holding 152 g of ce-
sium or 13 k Ci of cesium-137 compared with a release 
rate of 10 ci.yr - 1 for 30 years, or 300 Ci. 

The amount of cesium the filter can hold is a function 
of temperature, a reduction of the temperature by 50° 25 
C is worth a factor of 15 on the equilibrium cesium 
burden on the reflector. 

We claim: 
1. In a gas c o o l e d n u c l e a r r e a c t o r hav ing a c o r e as-

sembly t h r o u g h which a c o o l a n t gas is passed a n d en- 30 
ergy ex t r ac t ing m e a n s f o r ex t rac t ing e n e r g y f r o m said 

,971 8 
gas; the improvement comprising a filter arranged in 
the gas path from the core to the energy extracting 
means so that the whole of the coolant gas from the 
core passes through the filter before passing to said 
energy extracting means, which filter comprises a 
graphite body having a plurality of holes therein with a 
hydraulic diameter between 1 and 6 mm and a ratio of 
length to hydraulic diameter between 170 and 1000, 
said holes providing passages for the coolant gas leav-
ing the reactor core. 

2. A gas cooled nuclear reactor as claimed in claim 1 
wherein the holes are circular. 

3. A gas cooled nuclear reactor as claimed in claim 1 
and having vertical channels through the core with a 
graphite reflector block at the gas inlet end of the core 
and wherein said filter is arranged also to act as a neu-
tron reflector at outlet end of the core. 

4. A gas cooled nuclear reactor as claimed in claim 1 
wherein said graphite body comprises a plurality of 
graphite blocks with holes for passage of gas. 

5. A gas cooled nuclear reactor as claimed in claim 1 
wherein header means are provided between the gas 
outlets from the core and the inlets to the passages 
through the filter. 

6. A gas cooled nuclear reactor as claimed in claim 5 
wherein the filter is provided with at least one land to 
space part of the end face of the filter away from the 
core thereby forming said header means. 

7. A gas cooled nuclear reactor as claimed in claim 5 
wherein said filter has a pattern of slots across its inlet 
face opening into the holes through the filter. * * * * * 
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