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An off-gas system for nuclear reactors includes a delay 
container to delay fission gases and two absorption 
units to absorb fission gases. An openable and close-
able connection is provided from the outlet of the 
delay container to each of the absorption units. Ar-
rangements are provided by which gas may be fur-
nished to one end of each absorption unit while this 
unit is disconnected from the outlet of the delay con-
tainer to pass through and regenerate the absorption 
unit and then to return to the delay container. This is 
done when the gas normally escaping from the ab-
sorber unit is found to contain fission gases. 

5 Claims, 5 Drawing Figures 
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OFF-GAS SYSTEM FOR NUCLEAR REACTORS so high that even Kr85 remains in it, without however 
losing its radioactivity. The adsorption unit is regener-

BACKGROUND OF THE INVENTION ated by heating and drawing off the fission gases with 
a vacuum pump. The fission gases are then compressed 

1. Field of the Invention 5 and stored in a container until they have lost their ra-
The present invention relates to an off-gas system for dioactivity. As with the first off-gas system described, 

nuclear reactors. this system therefore requires expensive cooling equip-
nn.^r , a rrr, ment. The many operations required for its mainte-

THE PRIOR ART ,._„ • / nance also makes it complicated. 

SUMMARY OF THE INVENTION 
When nuclear reactors are in operation strongly radi- 10 

oactive fission gases are produced in the form of vari-
ous xenon and krypton isotopes. The half-life of these The present invention relates to an off-gas system of 
lies within the range of from about an hour up to a few the adsorption type which can operate without cooling 
days, except for Kr85, the half-life of which is approxi- equipment, the adsorption unit of which can have very 
mately 10 years. The radioactive fission gases cannot 15 little volume and which also has the ability to eliminate 
be released directly into the surroundings, but must be even Kr85 from the off-gases. The invention is based on 
treated so that their radioactivity is reduced to a suffi- the principle that adsorption columns or adsorption 
ciently low level or completely eliminated. units of another type included in the system are regen-

The fission gases are usually very much diluted in the erated so that fission gases adsorbed are returned to the 
other gases occurring in the nuclear reactor system, 20 off-gas system and the off-gas system is thus used more 
these consisting substantially of air and radiolytic gas in than once as a delay space for the fission gases during 
boiling water reactors, for example. The air comes their decaying. 
mostly from leakage in turbines. The invention relates more specifically to an off-gas 

The gases from the nuclear reactor which contain fis- system for nuclear reactors comprising a delay con-
sion gases are treated in special off-gas systems in con- 25 tainer to delay fission gases and an adsorption unit to 
nection with the reactor. In practice three different adsorb fission gases, the delay container having an 
types of systems have so far been used. The first of inlet side for gases coming from the nuclear reactor and 
these types is based on an absorption process. The off- an outlet side for passing gases and the adsorption unit 
gas system comprises an absorption column and a strip- having an inlet side for gases coming from the delay 
per column. The absorption column operates at low 3 0 container and an outlet side for passing gases, the delay 
temperature, usually —90°C, using freon as absorption container and the adsorption unit being connected to 
liquid for the fission gases. The stripper column acts as each other by an openable and closable connection 
a distillation column. The fission gases and other gases conduit leading from the outlet side of the delay con-
absorbed by the freon which are stripped in this column tainer to the inlet side of the adsorption unit and the 
are compressed and stored in a container until the ra- 3 5 outlet side of the adsorption unit being connected to an 
dioactivity has decayed. The freon is recovered in con- outlet conduit for leading away passing gas, character-
densed form in the stripper column. This off-gas system ised in that the outlet or inlet side of the adsorption unit 
thus requires cooling equipment and is therefore ex- is connected to an openable and closable supply con-
tremely expensive. Its maintenance is also complicated duit for the supply of a gas or steam having the ability 
by the many partial processes required. 4 0 to take up fission gases adsorbed in the adsorption unit 

A second type of off-gas system is based on an ad- and thus to regenerate the adsorption unit and the inlet 
sorption process at ambient temperature. Active car- side or outlet side of the adsorption unit which is not 
bon is primarily used as adsorption material, but other connected to the supply conduit is connected to the 
adsorption materials such as material of a molecular inlet side of the delay container by means of an open-
sieve type are also feasible. The off-gas system in this 4 5 able and closable connecting conduit for transport of 
case may include a smaller delay container for fission fission gases from the adsorption unit to the delay con-
gases and an adsorption unit connected to this con- tainer. 
tainer. The off-gases from the adsorption unit are re- The medium which is supplied to the outlet side of 
leased to the surroundings without being collected. In the adsorption unit or the inlet side may consist of air 
view of the long half-life for certain xenon isotopes, the 5 0 supplied from outside, for example, or some other inert 
adsorption unit must be extremely large so that these gas such as nitrogen. It may also consist of water va-
isotopes will have time to lose their radioactivity during pour supplied from outside. In the latter case it is suit-
the time they remain in the unit. During the adsorption able to arrange a condensor to condense the vapour in 
process, each gas molecule is moved on in the adsorp- the connection conduit between the inlet or outlet side, 
tion unit as it is pushed away by another gas molecule respectively, of the adsorption unit and the inlet side of 
from behind and the time during which the molecule the delay container. While regeneration of the adsorp-
remains in the unit depends on the size of the adsorp- tion unit is taking place, the connection conduit be-
tion unit. KrS5 which, as mentioned previously, has a tween the delay container, outlet side, and the adsorp-
half-life of about 10 years is not retained by this off-gas 6 Q tion unit, inlet side, is closed. According to a preferred 
system, but is released to the surroundings. The great- embodiment of the present invention the off-gases from 
est drawbacks with this system are that it must be ex- the delay container are taken care of by an additional 
tremely large and that it cannot remove KrH5. adsorption unit when the first adsorption unit is closed 

The third type of off-gas system is based on an ad- for regeneration. Before the fission gases start to leave 
sorption process at extremely low temperature. The 6 5 the outlet side of this adsorption unit, this side is closed 
temperature is sufficiently low for the speed of the gas to any more off-gases from the delay container, to be 
molecules moving through the adsorption unit to be so regenerated in the manner described for the first ad-
slight or the adsorption capacity of the adsorption unit sorption unit, at the same time as the first adsorption 
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unit is opened to receive off-gases from the delay con- 23 is a delay container comprising a container having 
tainer. a volume of 100 - 300 m3, which is filled with sand, for 

According to a particularly advantageous embodi- example, 
ment of the invention a certain amount of the off-gases 24 is a gas dryer, for example in the form of a container 
from an adsorption unit receiving off-gases from the 5 filled with silica gel, 
delay container is used as gas to regenerate an adsorp- 2 5 a n d 26 are adsorption columns having a volume of 
tion unit which is closed to gas supply from the delay about 0.5 m3, which are filled with active carbon, for 
container. In this way gas or vapour does not have to example, 
be supplied from the outside to the latter adsorption 2 7 i s t h e i n l e t s i d e o f t h e d e l a y container, 
unit and an extremely simple and continuously operat- 1 0 2 8 18 t h e o u t l e t s , d e o f t h e d e l a y container, 
ing off-gas system is obtained. By connecting a vacuum 2 9 , s t h e l n l e t s , d e o f t h e adsorption column 25 
source in the connection between each adsorption unit i s ° " t l e t s i d e f u

t h e adsorption column 25 
and the inlet side of the delay container, the desorption ! s * * m l e , t s , d = o f a d s

1
o r P t , o n c o l u

1
m n 

. .. • , .... . . 32 is the outlet side of the adsorption column 26 process in the adsorption units is facilitated. . . . . , 1 1 n 4 1 ic o n A n n a / i t i n n / i /Minmt k a ti noa n rh a m i t At c I r 
The delay container may consist of a container or 

other space which may be filled with sand or some 

15 3 3 is a connection conduit between the outlet side 28 
of the delay container 2 3 and the inlet side 29 of the ad-

. . . , , - , . . . , . , sorption column 25 
other granular material or which is provided with parti- M £ a c o n n e c t i o n c o n d u i t between the inlet side 29 of 
tion walls which extend the path of the gas. The delay t h e a d s t i o n c o l u m n 2 S and the inlet side 27 of the 
container may also be constructed from a long tube in 20 delay container 2 3 
several loops. The volume of the delay tank is at least 3 5 i s a n 0 U t I e t c o ^ d u i t f o r leading away passing gas 
50 m3, preferably at least 100 m3. The adsorption units f r o m t h e o u t l e t s i d e 30 of the adsorption column 25 
preferably consist of adsorption columns having active 3 6 i s a s u p p l y c o n d u i t for the supply of gas or steam to 
carbon or material of a molecular sieve type as adsorp- the outlet side 
tion material. It would in fact be feasible to use adsorp- 25 3 0 of the adsorption column 25 
tion units of a different shape, for example horizontal 37 js a connection conduit between the outlet side 28 
tanks. of the delay container and the inlet side 31 of the ad-

BRIEF DESCRIPTION OF THE DRAWINGS ®° r P t , o n c o l u n \ n 2 6 . . u „ r 38 is a connection conduit between the inlet side 31 of 
The invention will be further explained by describing 30 the adsorption column 26 and the inlet side 27 of the 

a number of embodiments with reference to the accom- delay container 23, 
panying schematical drawings, in which FIG. 1 shows 39 is an outlet conduit for leading away passing gas 
a boiling water reactor plant selected as an example, from the outlet side 32 of the adsorption column 26. 
FIG. 2 an off-gas system with gas supply from outside 4 0 is a supply conduit for supply of gas or steam to the 
for regeneration of an adsorption column, FIG. 3 an 3 5 outlet side 
off-gas system with steam supply from outside for re- 32 is the adsorption column 26, 
generation of an adsorption column, FIG. 4 an off-gas 33A, 34A, 35A, 36A, 37A, 38A, 39A and 40A are 
system with gas supply from an adsorption unit operat- valves in conduits 33, 34, 35 , 36, 37, 38, 39 and 40, 
ing as purifier to an adsorption column which is being respectively, for opening, closing and regulating the 
regenerated and connected under vacuum, and FIG. 5 f o w through the conduits. 
another off-gas system with gas supply from outside for I n accordance with FIG. 2 the off-gases are drawn 
regeneration of an adsorption column different from f r o m t h e condenser 5 through the conduit 20 by the 
that shown in FIG. 2. ejector 21 in the off-gas system. After passing through 

the recombiner 22 the off-gases continue to the delay 
DESCRIPTION OF THE PREFERRED 4 5 container 23. Here the passage of the fission gases and 

EMBODIMENTS also any other gases through the off-gas system is de-
FIG. 1 shows only that part of a heterogeneous boil- ' f e d ' ™ e o f f;8,a s

c
e s n ° w

u
 t h r o " 8 h t h = c ° n d " i t

L
3 3 w i t h 

. . , . T. . • e • . . • the gas dryer 24 from the outlet side 28 of the delay 
ing water reactor plant which is of interest in connec- 6 . i ^ , , . , „_ , . . .. ... . „ „. . . ,„ container into the adsorption column 25 at the side 29. tion with the treatment of fission gases. The water va- 50 T , , A . , . .. . x. , , . . . . - - . . . lL_ The valve 33A is at this time open and the valve 37 A pour produced in the core 2 of the BWR 1 drives the , , —, „ . , K _, r , . , , . , . . . .. . closed. The fission gases and other inert gases are ad-turbine 3 which in turn drives the generator 4. The . , . . - - , X, . 

, . . . , . . , sorbed in the column 25, whereas other off-gases leave 
steam leaving the turbine is condensed in the conden- t h e c o l u m n t h r o u g h the outlet side 30, conduit 35. The 
sor 5. The condensed water is returned by the pump 6 v a l v e 3 5 A i s a t t h i s t i m e open whereas the valve 36A 
through the preheater 7 to the reactor. 5 5

 i s dosed . When the fission gases start to appear at the 
The gas phase of the condensor 5 is in contact outlet side 30 the valves 33A and 35A are closed and 

through the conduit 20 with the off-gas system of the t h e v a l v e s 3 7 A a n d 3 9 A opened. The gases then flow 
reactor which is shown in various embodiments in through the conduit 37 from the delay container to the 
FIGS. 2 - 5 . 6 0 inlet side 31 of the adsorption column 26 and then 
In FIGS. 2 - 5 : leave the outlet side 32 of this column through the con-
21 is an ejector, for example in the form of a steam duit 39 after having first given off their fission gases, 
ejector which maintains vacuum in the condensor 5 The valve 40A is at this time closed. While the gases 
and which may serve as a vacuum source in the off-gas are being led through the column 26, the column 25 is 
system. 6 5 regenerated with dry air which is introduced through 
22 is an oxyhydrogen gas recombiner, for example in the conduit 36 on the outlet side of the column 25 and 
the form of a catalytic recombiner using palladium as withdrawn through the inlet side 29 of the column, the 
catalyst, valves 36A and 34A being open. Before the dry air is 
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led into the column 25, the column is heated by means 
of a heating device 45. During its passage through the 
column the heated air takes up fission gases in the col-
umn and carries them with it to the inlet side 27 of the 
delay container through the conduit 34. In this way the 
content of fission gases in the off-gas system is in-
creased and this is used more efficiently to reduce the 
radioactivity in the fission gases. When the column 25 
has been regenerated in the manner described and pos-
sibly cooled, it is ready to be used again for adsorption 
of fission gases. It is reconnected when the fission gases 
start to appear at the outlet side 32 of the column 26. 
The reconnection of the column 25 and disconnection 
of the column 26 is done by closing the valves 37A, 
39A, 36A and 34A and opening the valves 33A and 
35A. It is now the turn of the column 26 to be regener-
ated with dry air and heated by the heating means 46. 
The valves 40A and 38A are therefore open. Regenera-
tion is performed in the same way as previously de-
scribed for the column 25 and the fission gases taken 
up by the heated air are returned to the delay container 
through the conduit 38. The two columns are therefore 
used alternately for the adsorption process. 

The device according to FIG. 3 operates in a similar 
manner to that shown in FIG. 2. The difference is that 
superheated steam is used instead of dry air for the re-
generation. This means that a condensor 47 to con-
dense the water vapour is connected in the connection 
34 and 38, that is to say, between the inlet sides 29 and 
31, respectively, of the adsorption columns and the 
inlet side 27 of the delay container. The adsorption col-
umn 25 is also connected on the inlet side to a conduit 
48 for the supply of dry air and on the outlet side to a 
conduit 49 for leading away this air after it has passed 
through the unit. In a corresponding way the adsorp-
tion column 26 is connected to a conduit 50 for the 
supply of dry air and to a conduit 51 for leading away 
this air after it has passed through the column. Heating 
means 52 for the air are connected in the conduits 45 
and 47. The valves in the conduits 4 8 , 4 9 , 5 0 and 51 are 
designated 48A, 49A, 50A and 51A. The dry air is al-
lowed to pass through each column after the regenera-
tion in order to dry it before it is connected once more 
to serve as adsorption unit. Valves for the supply and 
removal of off-gases and steam are then closed. 

In the means according to FIG. 4, a portion of the off-
gas leaving a column is used while the column is func-
tioning, i.e., while an adsorption process is taking place 
in it, to regenerate another unit. If, therefore, the off-
gases from the delay container 23 are led through the 
conduit 33 into the column 25 on its inlet side 29, and 
after the adsorption of the fission gases in the column 
are led away form the outlet side 30 of the column 
through the conduit 35, a portion of the gases led away 
through the conduit 40 can be used to regenerate the 
column 26 by being led in at its outlet side 32 and, after 
taking up fission gases in the column, being led to its 
inlet side 31, thence to be led through the conduit 38 
to the inlet side of the delay container. During this pro-
cess, the valves 33A, 35A, 40A and 38A are open, 
whereas the valves 34A, 36A, 39A and 37A are closed. 
When fission gases start to appear at the outlet side 30 
of the column 25, the valves 33A, 35A, 40A and 38A 
are closed and the valves 34A, 36A, 39A and 37A 
opened. The column 26 will then be used for the ad-
sorption while the column 25 is being regenerated. The 
off-gas system according to FIG. 4 operates at ambient 
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temperature and has a minimum of movable parts. No 
media have to be supplied from outside for the regener-
ation. During the regeneration of the columns vacuum 
is maintained with the help of the ejector 21. 

5 Referring now to FIG. 5, in addition to the parts 
which are identical in the earlier figures and which bear 
similar reference characters, 
41 is a connection conduit between the outlet side 30 
of the absorption column 25 and the inlet side 27 of the 

10 delay container 23, 
42 is a supply conduit for supply of gas or steam to the 
inlet side 29 of the absorption column 25, 
43 is a connection conduit between the outlet side 32 
of the adsorption column 26 and the inlet side 21 of the 

15 delay container 23, 
44 is a supply conduit for the supply of gas or steam to 
the inlet side 31 of the adsorption column 26, 
41A, 42A, 43A and 44A are valves in conduits 41, 42, 
43 and 44, respectively for opening, closing and regu-

20 lating the flow through the conduits. 
In accordance with FIG. 5 the off-gases after passage 

of the ejector 21, the recombiner 22 and the delay con-
tainer 23 flow from the outlet side 28 of the latter 
through the conduit 33 with the gas dryer 24 into the 

25 adsorption column 25 at its inlet side 29. The valve 
33A is at this time open whereas the valve 37A is 
closed. The fission gases and other inert gases are ad-
sorbed as described in the previously illustrated sys-
tems in the adsorption column, while other gases leave 

3 0 the column at the outlet side 30 through the conduit 
35. The valve 35A is at this time open whereas the 
valves 41A and 42A are closed. When fission gases 
start to appear at the outlet side 30 the valves 33A and 
35A are closed and the valves 37A and 39A opened. 

3 5 The gases then flow through the conduit 37 from the 
delay container to the inlet side 31 of the adsorption 
column 26 and leave the outlet side 32 of this column 
through the conduit 39, after first having given off their 
fission gases. The valves 43A and 44A are at this time 

4 0 closed. While the gases are led through the column 26, 
the column 25 is regenerated with dry air which is led 
in through the conduit 42 at the inlet side 29 of the col-
umn 25 and out through the outlet side 30 of the unit, 
the valves 42A and 41A being open. The column and 

4 5 the air are heated in the same way as in the case shown 
in FIG. 2 With a heating means 45. During its passage 
through the column the heated air takes up fission 
gases in the column and carries them with it to the inlet 
side 27 of the delay container 23 through the conduit 

5 0 41. When the column 25 has been regenerated and pos-
sibly cooled, it is ready to be used again for the adsorp-
tion of fission gases. It is connected when fission gases 
start to appear at the outlet 32 of the column 26. The 

5 5 connection of the unit 25 and disconnection of the col-
umn 26 is performed by the closing valves 37A, 39A, 
41A and 42A and opening the valves 33A and 35A. 
The column 26 is then regenerated with dry air from 
the conduit 44 while being heated by the heating means 

6 Q 46. The valves 44A and 43A are then kept open. The 
fission gases taken up in the column 26 are returned to 
the delay container through the conduit 43. 

In the device according to FIG. 5 the gas flow during 
the adsorption process and the regeneration process 

6 5 moves in the same direction, contrary to the case in the 
device according to FIG. 2. Otherwise the two devices 
operate in the same manner. In a manner similar to that 
in which FIG. 2 has been modified to operation acord-



3 , 7 9 1 . 
7 

ing to the device shown in FIG. 5, the means according 
to FIGS. 3 and 4 can be modified with the gas flowing 
in the same direction for the adsorption and regenera-
tion processes. 

It is clear that in the systems shown, more than two 5 
adsorption columns can be used, the columns perform-
ing adsorption and regeneration processes alternately. 
For example a portion of the off-gases from the column 
25 can be used in the system shown in FIG. 4 to regen-
erate the column 26, a portion of the off-gases from the 10 
column 26 for regeneration, a third column, and so on, 
a portion of the off-gases from the last of such a row 
being used to regenerate the column 25. 

Under certain circumstances it is also possible to op-
erate with only one adsorption column. While the col- 15 
umn is being regenerated, which takes place relatively 
quickly, the off-gases from the nuclear reactor can be 
taken care of in the delay container. The pressure will 
increase slightly in this, however. 

I claim: 20 
I. Off-gas system for nuclear reactors comprising a 

delay container to delay fission gases and an adsorption 
unit to adsorb fission gases, the delay container having 
an inlet side for gases coming from the nuclear reactor 
and an outlet side for passing gases and the adsorption 25 
unit having an inlet side for gases coming from the 
delay container and an outlet side for passing gases, 
means connecting the delay container and the adsorp-
tion unit to each other comprising an openable and 
closable connection conduit leading from the outlet 30 
side of the delay container to the inlet side of the ad-
sorption unit, an outlet conduit connected to the outlet 
side of the adsorption unit for leading away passing gas, 
an openable and closable supply conduit connected to 
one side of the adsorption unit for the supply of a gase- 35 
ous medium having the ability to take up fission gases 
adsorbed in the adsorption unit and thus regenerate the 

1 0 7 
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adsorption unit and means connecting the other side of 
the adsorption unit to the inlet side of the delay con-
tainer comprising an openable and closable connecting 
conduit for transport of such gaseous medium and fis-
sion gases from the adsorption unit to the delay con-
tainer. 

2. Off-gas system according to claim I, which com-
prises an additional adsorption unit, an openable and 
closable connection conduit connecting the inlet side 
of said additional adsorption unit to the outlet side of 
the delay container and an outlet conduit for leading 
away passing gas, connected to the outlet side of the 
additional adsorption unit an openable and closable 
supply conduit connected to one side of the additonal 
adsorption unit for the supply of a gaseous medium 
having the ability to take up fission gases adsorbed in 
the additional adsorption unit and thus regenerate the 
additional adsorption unit and means connecting the 
otherside of the additional adsorption unit to the inlet 
side of the delay container comprising an openable and 
closable connecting conduit for transport of fission 
gases from the additional adsorption unit to the delay 
container. 

3. Off-gas system according to claim 2, in which the 
supply conduit of one of the adsorption units is con-
nected to the outlet conduit of the other adsorption 
unit so that at least a portion of the gas which has 
passed the latter adsorption unit can be used to regen-
erate the first adsorption unit. 

4. Off-gas system according to claim 1, in which 
means is provided to supply a vacuum to the connec-
tion conduit between one side of each adsorption unit 
and the inlet side of the delay container in order to pro-
duce a vacuum in the adsorption unit. 

5. Off-gas system according to claim 1, in which the 
volume of the delay container is at least 50 m3. * * * * * 
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