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[57] ABSTRACT 

A boiling-water reactor has control rods operable 
from the top of the reactor pressure vessel and has 
control rod guide tubes structurally connected with 
upwardly removable water separators in a steam space 
above the reactor core. 

4 Claims, 5 Drawing Figures 
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FIG. 3 is like FIG. 2 but shows a modification; 
BOILING-WATER REACTOR FIG. 4 is a vertical section showing details of the 

o A r i T D n i ixrr> t u c iMvcxiTinw S u i d e arrangement; and 
BACKGROUND OF THE INVENTION FIG. 5 is a vertical section showing the shock-absorb-

The invention relates to a boiling-water reactor com- 5 ing arrangement. 

E S t ™ 5 I £ r,fi:h5Le"=tS„S "ETA.LED DESCRIPTION OF THE INVENT,ON 
water separators, above the reactor core, and having FIG. 1 shows a boiling-water reactor 1, a removable 
control rods arranged so they can be adjusted within cover 2 closing the top of a pressure vessel 3 by means 
the reactor core by a drive located outside of the reac- 1 0 of a releasable flange connection 4. In the lower por-
tor pressure vessel. tion or lower third of the pressure vessel the reactor 

In prior art boiling-water reactors, the control rods core 5 is positioned, this core comprising any of the 
have been run into the pressure vessel by special drives prior art arrangements of individual fuel rod assem-
positioned below the vessel with the control rods re- blies. Feed water is fed in through a feed-water inlet 6 
quiring to be lifted against the force of gravity. These 1 5 and pumped outwardly through the reactor core 5 by a 
control rods position neutron-absorbing elements pump 7 having a motor 8 outside of the vessel, 
within the core to control its fission. Such drives which Above the reactor core 5 there is a steam collection 
must move the control rods against the force of gravity, dome 10 by which steam generated from the feed-
must be very reliable and quick-acting because of the water flow upwardly through the reactor core is col-
possibility that it may be necessary to scram the reac- 2 0 lected, the steam discharging into water separators 12 
tor. This makes such drives undesirably expensive. which are structurally connected with or combined 

The object of the present invention is to provide a with a control rod guide arrangement 11 for a control 
better solution for the control of the core of a boiling- element or assembly 13. An extension of the control 
water reactor. rod guide 11 goes through the steam space 14 in the 

2 5 upper part of the vessel 3 where steam dryers 15 are 
additionally accommodated. The steam flows through 

According to the invention, this is done by position- the latter before leaving the pressure vessel via its 
ing the drive above the reactor pressure vessel and steam outlet 16. The drive 17 for the control rod as-
providing a control rod guide arrangement which goes sembly 13 is arranged outside of the vessel and above 
down through the steam space and is structurally con- 3 0 its removable cover 2. This drive may be hydraulic or 
nected with the water separators in each instance. With electric and in particular it may be an electro-magnetic 
this arrangement it is possible to run the control rods to mechanism. FIG. 1 shows that in spite of the pump 
the reactor core through the top of a boiling-water motor 8 only little space is required underneath the 
reactor at a justifiable cost and, particularly, of space. reactor core 5 so that the reactor, as a whole, may have 
With this arrangement the control rods can be dropped 3 5 a low center of gravity when positioned in its usual 
by gravity into the reactor core when necessary, as is concrete containment. This provides high stability and, 
done in the case of pressurized-water reactors. Also, therefore, greater safety against earthquakes occurring 
the reactor vessel bottom need not be weakened by the at the reactor installation. 
numerous holes previously required for control rods In FIGS. 2 and 3 two possibilities for guiding the 
working through the bottom of the pressure vessel of a 4 0 control rods in the separator 12 are shown. In FIG. 2 a 
boiling-water reactor. control rod assembly 13 with a cross-shaped profile is 

It is possible for the guide arrangement to be used shown seated in the cylindrical separator 12. The cross 
with control rod assemblies of the cluster type compris- is guided at the free ends of all of its arms by two paral-
ing a cluster of depending elements of neutron-absorb- lei flanges 18, in each instance, so that it is accurately 
ing material. A cluster type control rod assembly in- 4 5 fixed insofar as its position in the reactor core is con-
cludes operating rods and having its inner end provided nected. In spite of this accurate guidance, which en-
with a plurality of radiating arms from which the active sures the correct engagement of the control rod ele-
elements depend. ments in the gaps normally formed in the fuel assem-

The length of the neutron-absorbing element of any blies of the core 5, the external space required for the 
control rod used is preferably shorter than the length of 5 0 separator 12 is not increased at all, while the clear cross 
the control rod guide arrangement so that the element section of its interior is not affected appreciably by the 
can be removed completely from the core. control rod assembly. 

In the event of a scram the invention provides a hy- In FIG. 3 a cluster rod assembly is shown comprising 
draulic shock absorber arrangement within the core four symmetrically distributed, so-called finger rods 21 
and using the feed water. This is done by providing 5 5 associated with a central drive rod 20. The finger rods 
what is in effect a cylinder of downwardly decreasing consist of neutron-absorbing material and are fastened 
diameter or cross-sectional area in which the absorbing at the drive rod end 20, at the upper finger rods ends 
element drops, displacement of the water at velocities via arms 22. The finger rods 21 are guided in tracks 23 
which increase as the cylinder diameter decreases pro- which have cutouts fitted to the circular cross section 
viding a gradual retardance to the dropping part. 6 0 of the finger rods 21 and are attached to the inside of 

the separator 12. Again only little space is, therefore, 
required inside of the separator 12 and no additional 

The preferred mode of carrying out the invention is space on the outside is required at all. 
illustrated schematically by the accompanying draw- A side view on a larger scale is shown for the lastmen-
ings in which: 6 5 tioned embodiment, in FIG. 4. The finger rods 21 run 

FIG. 1 is a vertical section of a boiling-water reactor; above the steam dome 10 in a standpipe 25 firmly 
FIG. 2 is a cross section through the control rod connected with the steam dome 10. The standpipe 25 

guide arrangement; encloses the previously mentioned tracks 23 which 

BRIEF DESCRIPTION OF THE DRAWINGS 
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extend down and end just above the reactor core 5 and 
are held together by a ring 26. The standpipe 25 also 
serves as an outlet for the steam, which is conducted 
into water separators 12 enclosing the standpipe 25. By 
means of baffles 27 provision is made here for a flow-
wise favorable deflection, the separated water being 
returned downwardly into the core 5, while the steam 
leaves in an upward direction into the steam space 14. 
Above the separator 12 a steam dryer 15 is further 
provided which is also structurally combined or con-
nected with a guide tube 30 for the control rod drive. 

The individual finger rods 21 can be associated with 
a single fuel assembly or with several adjoining fuel 
assemblies. Their length, which is provided with ab-
sorbing material, is advantageously shorter than the 
length of the tracks 23, so that the effect of the neu-
tron-absorbing material, which can also be capable of 
burnoff, can be utilized locally targeted. 

In FIG. 5 the guidance of the control rod 13 in the 
interior of the core 5 is indicated, this figure showing 
on the left side the guidance for a finger control rod, 
and on the right, for a so-called cross rod as shown by 
FIG. 2. It can be seen that in the fuel assembly 32 one 
guide tube 33 is provided for each of the fingers 21. 
The guide tube 33 consists preferably of Zry 4 or a 
zirconium-niobium alloy; it extends almost to the lower 
core plate 35 and is part of the fuel assembly support 
structure. For this reason, it may be possible in some 
cases to dispense with the otherwise customary fuel 
element case. A shock absorber 34 is shown there. The 
control guide tube 33 progressively reduces in diameter 
as at 37 and 38 and is filled with the water. If the con-
trol rod is dropped, it successively displaces decreasing 
amounts of water providing a progressively increasing 
resistance to its fall, providing a shock-absorbing ac-
tion. 

What is claimed is: 
1. A boiling-water reactor comprising a reactor pres-

sure vessel having an inside and an outside and upper 
and lower ends, a reactor core in the inside of said 
vessel and positioned adjacent to said lower end, a 
steam dome in the inside of said vessel above said core, 
said vessel and steam dome forming a steam space 
above the steam dome inside of the vessel, said vessel 
having means for feeding feed water to below said 
steam dome and means for discharging steam from said 
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space, at least one water separator positioned inside 
said vessel above said steam dome, at least one control 
rod drive on the outside of said vessel, a control rod 
drive shaft extending from said drive through Said ves-

5 sel into the vessel's inside, and at least one control rod 
insertable in said core and connected to said drive 
shaft, at least one standpipe extending upwardly from 
said steam dome into said space and having a lower end 
fixed to the steam dome and opening from said core,-

1 0 said standpipe conducting steam from below said steam 
dome to said steam space and having an upper portion 
connected with and supporting said water separator 
and the standpipe having an upper end opening into the 
water separator, said standpipe having an inside, said 

1 5 control rod drive being positioned above the pressure 
vessel's said upper end and said control rod drive shaft 
extending downwardly from said drive through the 
vessel's said upper end and said water separator and 
having a lower end in said inside of said standpipe, said 

2 0 control rod having an upper end connected to the con-
trol rod drive shaft's said lower end and said control 
rod depending from the lower end of said drive shaft 
and extending below the standpipe's said lower end 

^ below said steam dome and being insertable down-
wardly into said core and withdrawable upwardly from 
said core, and guide means for guiding said control rod 
vertically slidably in said inside of said standpipe. 

2. The reactor of claim 1 in which said core has an 
3 0 upper end and a space is formed between the core's 

said upper end and below said steam dome, said control 
rod depending through said space to the core's said 
upper end, and the control rod has guide means formed 
by tracks fixed to and depending from said steam dome 

3 5 for slidingly guiding the control rod against deflection 
throughout at least a substantial portion of said space 
between the core's said upper end and said steam 
dome. 

3. The reactor of claim 2 in which said control rod is 
4 0 shorter than the combined extents of both of said guide 

means so that the control rod can be completely with-
drawn upwardly from said core. 

4. The reactor of claim 3 having means for absorbing 
shock from said control rod when the control rod is 

4 5 dropped to a fully inserted position in said core, from a 
higher position. 
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