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(57) ABSTRACT

A part-built nuclear reactor module 100 comprises a contain-
ment structure 12 housing therein nuclear reactor equipment
18 mounted to formwork 30. At least one concrete supply
pipe 36 is provided that extends from outside of the contain-
ment structure 12 to the formwork 30. The formwork 30 can
be filled with concrete through the concrete supply pipe 36 to
form a concrete support structure 16 for the nuclear reactor
equipment 18. A method for constructing a nuclear reactor
module 10 is also provided.
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NUCLEAR REACTOR MODULE

[0001] The invention relates to a part-built nuclear reactor
module and a method for constructing a nuclear reactor mod-
ule. I n particular, although not exclusively, the invention
relates to a transportable part-built nuclear reactor module.
[0002] Nuclear reactor systems are known which comprise
nuclear reactor equipment including a nuclear reactor vessel
and a reactor coolant circuit for circulating coolant through
the reactor vessel. The nuclear reactor equipment is typically
supported by a reinforced concrete support structure which is
housed within a containment structure.

[0003] Such nuclear reactor systems are typically con-
structed on site. For example, the containment structure may
be assembled by either welding together sections of steel
plate or by assembling formwork on site into which concrete
is poured. Formwork may then be assembled within the con-
tainment structure into which concrete is poured to form the
concrete support structure for supporting the nuclear reactor
equipment. After the concrete support structure has been
cleaned and finished the nuclear reactor equipment can be
attached and tested.

[0004] Whilst this is satisfactory, in some circumstances it
may be desirable to construct and test at least part of the
nuclear reactor system in a factory off-site and then subse-
quently transport it to site. However, this can be difficult due
to the weight of the containment structure housing the con-
crete support structure and the nuclear reactor equipment.
[0005] In a broad aspect of the invention there is provided
formwork supporting nuclear reactor equipment that can be
filled with concrete from the outside of a containment struc-
ture through a concrete supply pipe. The formwork may be
housed within a containment structure and the supply pipe
may extend from the formwork to the outside of the contain-
ment structure. This arrangement allows a part-built module
to be manufactured off-site in a factory where it can be tested,
and subsequently transported by vehicle to site for installa-
tion and completion involving concrete pouring.

[0006] According to an aspect of the invention there is
provided a part-built nuclear reactor module, comprising a
containment structure housing therein nuclear reactor equip-
ment mounted to formwork; and at least one concrete supply
pipe extending from outside of the containment structure to
the formwork; wherein the formwork can be filled with con-
crete through the concrete supply pipe to form a concrete
support structure for the nuclear reactor equipment. The
formwork may be filled under pressure and may be filled from
the bottom.

[0007] The nuclear reactor equipment may comprise a
nuclear reactor vessel and/or a steam generator and/or a pres-
suriser and/or an accumulator and/or monitoring sensors and/
or control circuitry and/or at least part of a coolant circuit.
[0008] At least part of the formwork is permanent. The
formwork may comprise reinforcement bars and/or rein-
forcement plates. The formwork may define a plurality of
voids, each arranged to be filled with concrete through a
concrete supply pipe. Each void may be provided with a
separate concrete supply pipe. Each concrete supply pipe may
extend towards the bottom of the respective void. The form-
work may be made from metal such as steel, for example.
[0009] The module may further comprise at least one
removable support that temporarily supports at least some of
the nuclear reactor equipment during transportation. The
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removable support may be a cable, and/or additional frame-
work. The module may further comprise at least one remov-
able brace that temporarily supports at least some of the
formwork during transportation.

[0010] The containment structure may comprise a roof
which is supported by at least one concrete supply pipe or
vent pipe at least during transportation.

[0011] There may be provided atleast one vent pipe extend-
ing from the formwork to the outside of the containment
structure for venting dust and/or gases to the atmosphere.
[0012] The or each concrete supply pipe and the or each
vent pipe may be detachable from the module such that after
the formwork has been filled with concrete the or each supply
pipe can be removed. The pipes may be supplied with dry-
break connectors that connect the pipes to the formwork in
order to prevent gases and dust escaping from the pipes into
the containment structure when the pipes are disconnected.
[0013] The formwork may comprise at least one void hav-
ing a structural void and an expansion void disposed above
the structural void with a structural support plate having at
least one hole therein disposed therebetween. The void may
be arranged to be filled with concrete above the structural
support plate such that the structural void is filled with struc-
tural concrete which can support a load applied to the struc-
tural support plate. At least one vent pipe may extend from the
expansion void to outside of the containment structure for
venting dust and/or gases to the atmosphere.

[0014] The containment structure may be steel or may be
formwork arranged to be filled with concrete on site.

[0015] The part-built nuclear reactor module may be trans-
portable by vehicle, for example.

[0016] The invention also concerns a nuclear reactor mod-
ule constructed from a part-built nuclear reactor module in
accordance with claim 1. The nuclear reactor module may be
part of a water cooled nuclear reactor installation.

[0017] According to a further aspect of the invention there
is provided a method of constructing a nuclear reactor mod-
ule, comprising: filling formwork which has nuclear reactor
equipment mounted thereto and which is housed within a
containment structure with concrete through a concrete sup-
ply pipe which extends from outside of the containment struc-
ture to the formwork, thereby forming a concrete support
structure for the nuclear reactor equipment.

[0018] The method may further comprise removing at least
one removable support that temporarily supports at least
some of the nuclear reactor equipment during transportation.
The method may further comprise removing at least one
removable brace that temporarily supports at least some of the
formwork during transportation.

[0019] The method may further comprise detaching the or
each concrete supply pipe after the formwork has been filled
with concrete and removing the or each concrete supply pipe
from the containment structure.

[0020] The formwork may comprise at least one void hav-
ing a structural void and an expansion void disposed above
the structural void with a structural support plate having at
least one hole therein disposed therebetween. The method
may further comprise filling the void with concrete to a level
above the structural support plate such that the structural void
is filled with structural concrete which can support a load
applied to the structural support plate.

[0021] The invention may comprise any combination ofthe
features and/or limitations referred to herein, except combi-
nations of such features as are mutually exclusive.
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[0022] Embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

[0023] FIG. 1 schematically shows a cross-sectional view
through a nuclear reactor installation;

[0024] FIG. 2 schematically shows a cross-sectional view
through a part-built nuclear reactor module; and

[0025] FIG. 3 schematically shows a formwork void filled
with concrete through a concrete supply pipe.

[0026] FIG. 1 shows a nuclear reactor installation which in
this embodiment is a nuclear reactor module 10. The reactor
module 10 comprises a containment structure 12 which is in
the form of a building having a base 13, a generally cylindrical
outer wall 14, and a domed-roof 15. In this particular embodi-
ment the containment structure is made from steel plate
welded together. However, in other embodiments the contain-
ment structure may be formwork for forming a reinforced
concrete containment structure, for example.

[0027] A reinforced concrete support structure 16 is housed
within the containment structure 12 and supports nuclear
reactor equipment. The nuclear reactor equipment supported
by the concrete structure 16 includes a nuclear reactor pres-
sure vessel 18, a steam generator, a pressuriser, an accumu-
lator, monitoring sensors and control circuitry. At least part of
a coolant circuit for circulating coolant through the reactor
vessel 18 is also provided within the concrete structure. The
containment structure 12 is arranged to contain a high internal
pressure generated by an escape of coolant from the reactor
coolant circuit. In this particular embodiment the coolant is
water.

[0028] The reinforced concrete structure 16 also comprises
arefuelling cavity wall 20 which defines a refuelling cavity 22
which is filled with water during refuelling of the reactor
vessel 18. The concrete structure 16 also forms numerous
tanks, or cavities, within the interior of the structure including
a spent fuel pool 21. The concrete also provides radiation
shielding from the radiation emitted from the nuclear fuel.

[0029] Referring now to FIG. 2, the nuclear reactor module
10 is constructed on site from a part-built nuclear reactor
module 100 that is manufactured and tested in a factory and
transported to site. The part-built nuclear module comprises
the containment structure 12 having a base 13, an outer cylin-
drical wall 14, and a domed roof 15, within which concrete
formwork 30 is housed. The nuclear reactor equipment
including the nuclear reactor pressure vessel 18, the steam
generator, the pressuriser, the accumulator, monitoring sen-
sors and control circuitry is mounted to the formwork 30. At
least part of a coolant circuit for circulating coolant through
the reactor vessel 18 is also mounted to the formwork 30.

[0030] The formwork 30 comprises a plurality of steel
plates 32 that are welded or otherwise attached together to
form a plurality of voids 34 that are arranged to be filled with
concrete. The voids 34 may be in fluid communication with
one another through passageways so that liquid concrete can
flow between them or they may be discrete. Structural rein-
forcement in the form of reinforcement bars and reinforce-
ment plates (not shown) are disposed within the voids 34 and
form part of the formwork 30.

[0031] A plurality of concrete supply conduits 36, or pipes,
extend from outside of the containment structure to the form-
work 30. Each concrete supply pipe 36 is in fluid communi-
cation with at least one void 34 and each void 34 may be
provided with a separate concrete supply pipe 36. In some
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embodiments the or each concrete supply pipe 36 extends to
the bottom of the respective void 34.

[0032] A ventpipe 38 is also provided that extends from the
formwork 30 to the outside of the containment structure. The
vent pipe 38 allows dust and gas that can be generated during
the concrete filling process to be vented to the atmosphere. It
will be appreciated that a plurality of vent pipes 38 may be
provided if needed.

[0033] After the part-built nuclear reactor module 100 has
been assembled in a factory the nuclear reactor equipment can
be tested. This ensures that the equipment is working cor-
rectly before it is transported and installed on site. After
testing is complete the part-built nuclear reactor module 100
is transported to site by vehicle for installation. The formwork
30 provides sufficient structural support to the nuclear reactor
equipment during transportation. If necessary, additional
frameworks, cables, or supports may be provided to further
support the nuclear reactor equipment during transportation.
These additional supports may be removed once the part-built
module 100 has been transported to site. The formwork 30 is
also constructed so that it can support itself during transpor-
tation. However, if necessary internal bracing or other sup-
ports may be provided to support the formwork 30, such as the
voids 34. This bracing can be removed after the part-built
module 100 has been transported to site.

[0034] The concrete supply pipes 36 and the vent pipe 38
provide structural support to the containment structure 12
during transportation. In particular, in this embodiment, the
vent pipe 38 provides structural support to the domed roof 15
during transportation. This reduces the unsupported length of
roof and means that the roof stiffness can be reduced. It
should be appreciated that it is not essential that the pipes
provide structural support to the containment structure 12
during transport.

[0035] On site, the part-built module 100 is lifted and set
into position by heavy-lifting equipment. The formwork 30 is
then filled with concrete from the outside of the containment
structure through the plurality of concrete supply pipes 36.
The formwork 30 is filled with concrete through the pipes 36
under pressure and from the bottom of the voids 34. This
helps to prevent the formation of gaps (or voids) within the
concrete. Concrete delivery pipes from a concrete mixer
vehicle (not shown) can be attached to the outer end of the
concrete supply pipes 36 from the outside of the containment
structure to deliver concrete to the formwork 30. The concrete
is then left to set for the required period of time after which the
concrete support structure 16 is complete. Dust and gas gen-
erated during the concrete pouring process is vented to the
atmosphere through the vent pipe 38. This prevents the build-
up of dust and gas within the clean interior of the containment
structure 12. The concrete support structure 16 may then be
inspected visually or by x-ray techniques, for example.

[0036] Although in this embodiment the containment
structure 12 is steel, the containment structure 12 may be
made from any other suitable material. In one embodiment
the containment structure 12 of the part-built module 100 may
be formwork that is arranged to be filled with concrete on site.
In such an embodiment the concrete supply pipes 36 of the
part-built module 100 may extend from outside of the form-
work of the containment structure 12 to the formwork 30
housed therein. During transit the supply pipes 36 may sup-
port the containment structure 12 formwork. On site, the
formwork 30 can be filled with concrete through the concrete
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supply pipes 36 which then support the containment structure
12 formwork as it is filled with concrete.

[0037] The concrete supply pipes 36 and/or the vent pipes
38 may be detachable from the part-built module 100. This
would allow the pipes 36, 38 to be detached from the form-
work 30 and the containment structure 12 after the formwork
30 has been filled with concrete. The pipes 36, 38 could be
removed through an access opening in the containment struc-
ture 12 or could be removed from the outside of the contain-
ment structure 12 through the opening through which it
extends. The pipes 36, 38 may include an end cap for closing
the opening in the containment structure 12. The ends of the
pipes 36, 38 connected to the formwork 30 may be coupled to
the formwork 30 using drybreak connectors. This would pre-
vent the leakage of concrete dust or particles into the interior
of the containment structure 12 as the pipes 36, 38 are dis-
connected.

[0038] The completed concrete support structure 16
formed from filing the formwork 30 with concrete provides
the necessary walls 22 and cavities 20, 21 and provides the
structural support to the nuclear reactor equipment such as the
reactor vessel 18. All or part of the formwork 30 may provide
structural support even after the concrete has set. However, all
or part of the formwork 30 may not provide any structural
support and may either remain in place after the concrete has
set or may be removed.

[0039] Constructing a nuclear reactor module 10 on-site
from a part-built nuclear reactor module 100 manufactured
and tested in a factory provides a number of advantages. It is
important that the interior of the containment structure 12 is
kept clean and this is easier to ensure if the part-built module
100 is assembled in a factory. It is also easier and more
efficient to test the nuclear reactor equipment in a factory
environment. Furthermore, constructing the part-built mod-
ule 100 in a factory is less expensive and more repeatable
when compared to an on-site construction and also allows the
use of specialist equipment.

[0040] Since the part-built module 100 contains formwork
30 that is arranged to be filed with concrete to form a concrete
support structure 16 (as opposed to a concrete support struc-
ture itself) it is possible to transport the part-built module 100
by vehicle from the factory to the site. On site, the interior of
the containment structure 12 is kept clean by filling the form-
work 30 through the concrete supply piped 36 from the out-
side of the containment structure 12. This also allows the
sensitive nuclear reactor equipment to be fitted and tested
before the concrete support structure 16 is constructed.
[0041] In order to prevent the formation of cavities within
the concrete poured into the formwork 30 it may be necessary
to design additional features into the formwork. As shown in
FIG. 3, some or all of the voids 34 may comprise a main
structural void 40 with a smaller expansion void 42 disposed
above it. In this arrangement a structural support plate 44,
which is substantially horizontal, is disposed between the
structural void 40 and the expansion void 42 and has a plu-
rality of holes therein. These holes allow for the flow of
concrete between the structural and expansion voids 40,42. A
concrete supply pipe 36 extends into the bottom of the struc-
tural void 40 and a vent pipe extends from the expansion void
36. On site concrete is poured into the void 34 of the form-
work 30 through the concrete supply pipe 36. The void 34 is
filled with concrete above the level of the structural support
plate 44 and therefore partially fills the expansion void 42.
Any dust or exhaust gases are vented through the vent pipe 38.
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The structural support plate 44 is arranged to support a load
which it transmits to the structural concrete contained within
the structural void 40. Any cavities and gas bubbles are con-
tained within the non-structural concrete contained within the
expansion void 42. The expansion void 42 may also contain
tools which can vibrate the concrete during pouring and may
be used to control the humidity within the void 34.

[0042] The part-built nuclear reactor module may include
any nuclear plant sub-system up to and including the entire
plant. The nuclear equipment supported by the formwork
may be any component of a nuclear plant or installation
requiring support from a concrete structure.

1. A part-built nuclear reactor module, comprising:

a containment structure housing therein nuclear reactor

equipment mounted to formwork; and

at least one concrete supply pipe extending from outside of

the containment structure to the formwork;

wherein the formwork can be filled with concrete through

the concrete supply pipe to form a concrete support
structure for the nuclear reactor equipment.

2. A part-built nuclear reactor module according to claim 1,
wherein the nuclear reactor equipment comprises a nuclear
reactor vessel and/or a steam generator and/or a pressuriser
and/or an accumulator and/or monitoring sensors and/or con-
trol circuitry and/or at least part of a coolant circuit.

3. A part-built nuclear reactor module according to claim 1,
wherein at least part of the formwork is permanent.

4. A part-built nuclear reactor module according to claim 1,
wherein the formwork comprises reinforcement bars and/or
reinforcement plates.

5. A part-built nuclear reactor module according to claim 1,
wherein the formwork defines a plurality of voids, each
arranged to be filled with concrete through a concrete supply
pipe.

6. A part-built nuclear reactor module according to claim 5,
wherein each void is provided with a separate concrete supply
pipe.

7. A part-built nuclear reactor module according to claim 6,
wherein each concrete supply pipe extends towards the bot-
tom of the respective void.

8. A part-built nuclear reactor module according to claim 1,
further comprising at least one removable support that tem-
porarily supports at least some of the nuclear reactor equip-
ment during transportation.

9. A part-built nuclear reactor module according to claim 1,
further comprising at least one removable brace that tempo-
rarily supports at least some of the formwork during trans-
portation.

10. A part-built nuclear reactor module according to claim
1, wherein the or each concrete supply pipe is detachable
from the module such that after the formwork has been filled
with concrete the or each supply pipe can be removed.

11. A part-built nuclear reactor module according to claim
1, further comprising at least one vent pipe extending from the
formwork to the outside of the containment structure for
venting dust and/or gases to the atmosphere.

12. A part-built nuclear reactor module according to claim
1, wherein the containment structure comprises a roof which
is supported by at least one concrete supply pipe or vent pipe
at least during transportation.

13. A part-built nuclear reactor module according to claim
1, wherein the formwork comprises at least one void having a
structural void and an expansion void disposed above the
structural void with a structural support plate having at least
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one hole therein disposed therebetween, wherein the void is
arranged to be filled with concrete above the structural sup-
port plate such that the structural void is filled with structural
concrete which can support a load applied to the structural
support plate.

14. A part-built nuclear reactor module according to claim
13, further comprising at least one vent pipe extending from
the expansion void to outside of the containment structure for
venting dust and/or gases to the atmosphere.

15. A nuclear reactor module constructed from a part-built
nuclear reactor in accordance with claim 1.

16. A method of constructing a nuclear reactor module,
comprising:

filling formwork which has nuclear reactor equipment

mounted thereto and which is housed within a contain-
ment structure with concrete through a concrete supply
pipe which extends from outside of the containment
structure to the formwork, thereby forming a concrete
support structure for the nuclear reactor equipment.

17. A method of constructing a nuclear reactor module
according to claim 16, further comprising removing at least
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one removable support that temporarily supports at least
some of the nuclear reactor equipment during transportation.

18. A method of constructing a nuclear reactor module
according to claim 16, further comprising removing at least
one removable brace that temporarily supports at least some
of the formwork during transportation.

19. A method of constructing a nuclear reactor module
according to claim 16, further comprising detaching the or
each concrete supply pipe after the formwork has been filled
with concrete and removing the or each concrete supply pipe
from the containment structure,

20. A method of constructing a nuclear reactor module
according to claim 16, wherein the formwork comprises at
least one void having a structural void and an expansion void
disposed above the structural void with a structural support
plate having at least one hole therein disposed therebetween,
further comprising filling the void with concrete to a level
above the structural support plate such that the structural void
is filled with structural concrete which can support a load
applied to the structural support plate.
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