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OPTIMUM CONFIGURATION FOR FAST REACTORS

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to new and improved reactor core designs for fast reactors,

particularly liquid metal or molten salt cooled nuclear reactors.

2 Description of the Prior Art

[0002] As described in Westinghouse U.S. Patent No. 4,949,363 (Tupper et al.), a liquid metal-
cooled nuclear reactor (LMR), like other nuclear reactors, operate at temperatures up to 538C°
(1,000°F), and produces heat by fissioning of nuclear materials which are fabricated into fuel
elements and assembled within a nuclear reactor core situated in a reactor vessel. The heat
produced by the LMR is used to generate electricity.

[0003] Liquid sodium has excellent heat-transfer properties and low vapor pressure at
temperatures of interest for power generation, and is abundant, commercially available in
acceptable purity and is relative inexpensive, making it an attractive medium as a reactor coolant,
for LMRs, however, it does react violently with water which imposes problems in the design of
sodium-to-water steam boilers. In addition, the control of the nuclear process in fast reactors is
inherently hard as compared to light water thermal reactors. In order to minimize the risk of a
coolant loss due to the rupture of one of the main coolant circulating lines, a pool type reactor is
favored over a loop type system.

[0004] A schematic of a pool type fast reactor vessel is shown in prior art FIGS. 1 and 1A and
described by Hunsbedt et al. (U.S. Patent 5,043,135). FIG. 1 shows one type of a passively
cooled liquid nuclear reactor 10 containing a circular reactor vessel 12 containing a pool of
liquid metal coolant 14 such as sodium metal or sodium/potassium, for heat transfer, in which is
immersed nuclear core 16 containing fissionable fuel. Fission action rate is governed by neutron
absorbing control rods, generally shown as 18, moving from or into the nuclear core 16. The
reactor vessel 12 is enclosed within a concentric containment vessel 20 in spaced apart
relationship all within collector cylinder 22. A silo 24 of, for example concrete, houses the
collector cylinder 22 as shown. As shown in FIGS. 1 and 1A, a series of annular downer

partitions 28 and riser partitions 30 are formed by this concentric arrangement which partitions
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form cycling fluid circuit paths. Volume 32 contains cool ambient air 34, which, upon heating,
induces a natural convection passing around the bottom of containment collector cylinder 22 and
up annular riser partition 30, as shown by the arrows in FIGS. 1 and 1A, to an outlet shown
generally as 36. As such, the cooling system is entirely passive and operates continuously by
convection and thermal radiation. This prior art, standard design, can be placed in the ground 33.
[0005] Conventional nuclear reactors have utilized a variety of elaborate energy driven cooling
systems to dissipate heat from the reactor, such as Cachera (U.S. Patent 3,968,653). Liquid
metal cooled reactors such as the modular type are disclosed by U.S. Patent No. 4,508,677,
utilizing sodium or sodium-potassium as the coolant.

[0006] Passive safety of fast reactors rely on removing “decay heat” through the reactor vessel.
Heat continues to be generated by the core even after the fission reactor has stopped. It is
important that this decay heat (reactor residual heat/fission product decay heat) can always be
removed after reactor shutdown caused by an accident or fault condition. A passively cooled fast
reactor system primarily operates continuously through the process of natural convection in
fluids, conduction and thermal radiation. Here, decay heat is transported from the heat
producing reactor fuel core out to the reactor vessel by means of natural convection flow of the
coolant through the primary cooling circuit loop. The transported heat is in turn conducted out
through the wall of the reactor vessel and on through the air filled space intermediate the reactor
and containment vessel wall is continued on into the surrounding atmosphere, by natural
convection to the naturally convecting surrounding air and partially by thermal radiation.

[0007] The critical parameter in passive safety is the ratio of the surface area of the reactor
vessel outer wall 12 to volume of the core 16 ratio. Since fast reactor cores are very compact,
this fact has limited the maximum power that is available while still maintaining a passively
cooled core to about 1000 MW (megawatts) thermal. One such type reactor, as described by
Hunsbedt (U.S. Patent 5,021,211) undertakes to maintain the bulk of the metal coolant at
temperatures below safe limits. Although higher power levels should reduce the capital and
operating costs of the fast reactor, high fuel core temperature peaks would be likely to occur if
the liquid metal coolant flow through the core is terminated. Thus, removal of decay heat from
the fuel core is primarily by heat conduction through an extensive mass of enclosing stainless
steel, perhaps eight inches total, which would require a temperature difference between the

opposite surface areas of approximately 700°F (371°C) to transport the heat from within the core
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region to an exterior region. Other patents in this area, include, for example, U.S. Patent
Specification Nos. 4,859,402 (Tupper et al.); 5,043,136 (

[0008] Referring now to prior art FIG. 2, a general, simplified cross-section of a prior art
reactor configuration is shown with a reactor core 116, having a center 117 with liquid metal or
salt coolant 114 contacting the fuel and the reactor vessel 120, the inside of the containment
vessel 122, with air coolant contained in the annular riser space 130 where entry cool air contacts
the outside of the reactor vessel. The radius = 1.0 from the core center to the interior of
containment collector cylinder 122. Point of cool air contact 134 is shown on cylinder 122.
[0009] To reiterate:

1. LMRs have high power density (fast spectrum) and need very effective coolant
such as liquid metal or molten salt.

2 If the coolant flow is lost to the LMR, the problem is potentially more severe than
for water reactors.

3. Therefore, LMRs require an auxiliary coolant system in case the main one (steam
generators) is lost. |

4. There are two LMR configurations: loop, which is similar to a PWR and pool
which is similar to a BWR.

5 A pool configuration is more effective in removing heat if the coolant flow is lost,
because the liquid metal can conduct the heat from the core to the vessel wall where it is
taken out by radiation and flow convection.

6. The critical parameter for the pool configuration conduction of heat out is the
surface (inner vessel wall) to volume (core) ratio. That is surface area in meters square of
inner vessel wall: volume in meters cubed (m’) of the reactor core. The higher the ratio,
the more effective the heat removal.

7. Parametric analyses have indicated that 1000 MWt is about the optimum for a
pool reactor. Lower powers lack in economics, higher powers give more safety problems;

8. All designs teach concentric volumes from the core outward.

[0010] Thus, there is a need for a new, simpler and revolutionary LMR design, to maximize heat
removal efficiencies and be cost effective and commercial. It is a main object to provide a new,

innovative simpler core design for LMRs.
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SUMMARY OF THE INVENTION

[0011] The above needs are met and above object accomplished by providing, in its broadest
embodiment, a liquid metal or molten salt cooled nuclear reactor comprising a generally
cylindrical containment vessel with a multidobed reactor vessel with at least two lobes each lobe
interconnected with the other lobe and each lobe containing a fast reactor core. There can be
three to nine lobes, preferably three to six lobes, most preferably four or five lobes. This is
thought to be of revolutionary design and unprecedented in nuclear concept; not even obvious to
try.

[0012] The invention also resides in a liquid metal or molten salt cooled nuclear reactor
comprising a multiJobed reactor vessel, in a closed bottom containment vessel having a
cylindrical wall for holding a pool of liquid metal or molten metal salt coolant; the multi-lobed
reactor vessel having at least two lobes each lobe interconnected with the other lobe and each
lobe containing a fast reactor core. These cores can be run as a single unit, that is all together, or
independently. This approach effectively increases the ratio of the surface area of the inner wall
of the reactor vessel exterior to volume of the reactor cores, allowing significantly higher thermal
powers within a given containment volume, thereby decreasing the capital cost. The closed
bottom container may be further contained in a concentric containment vessel surrounded by
riser portions/partitions cooled by air. Generally, the containment vessel will have a cylindrical
wall. While liquid sodium is preferred, alternatives to sodium include but are not limited to
sodium and potassium liquid molten metals such as lead or lead/bismuth alloys, molten salts
such as NaF, KF and other molten salts.

[0013] There seems to be no prior art suggestion to try anything other than concentric designs.
Prior art would appear to teach away from the dramatically different lobe design of this invention.
The lobes are not a design function but contribute in a dramatic fashion to the efficiency of the

reactor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be more fully understood by reference to the attached drawings in
which:
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[0015] FIG. 1 is a schematic illustration of the bottom portion of a liquid metal or salt cooled
nuclear reactor in cross section;

[0016] FIG. 1A is a schematic illustration of a part of FIG. 1 showing annular cooling riser
partitions as related to the molten metal or salt coolant;

[0017] FIG. 2 is a general, simplificd schematic of a cross-section of a prior art configuration
showing the radius of the outer reactor wall in relation to the core center;

[0018] FIG. 3, which best shows the invention, is a general, simplified schematic cross-section
of a three-obe fast reactor configuration; and

[0019] FIG. 4 is a general, simplified schematic cross-section of a fourdobe fast reactor

configuration.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] As regards the instant invention, FIG. 3 shows a three-dobe fast reactor configuration,
having numbering similar to FIG. 2 but, for example, 134' equals 134 etc.. In FIG. 3, the radius
= 2.15 from the common core center 117" to the interior of the containment cylinder 122'. This
design has three cores 116', 116" and 116™ with liquid metal or salt coolant contacting the fuel
containing lobes 121 of each core. The reactor vessel is shown as 120’ and air coolant is
contained in common riser space 130" with entry cool air contacting the containment cylinder
122" at point 134’. Under normal circumstances, the residual heat generated by each core will be
removed by its own independent cooling device. In the case where a core has lost its cooling
device, the interconnection of the cores gives access to the independent cooling devices of the
other interconnected cores and, as can be seen, the air in the riser space 130" has contact in all
three core areas giving more surface area for cooling of the reactor vessel. In FIG. 3, the asterisk
(*) means multiply. FIG. 4 is one of the preferred embodiments of this invention with four lobes
or reactors 116'to 116"". The other preferred embodiment contains five lobes or reactors.

[0021] In the proposed new reactor geometry interconnected reactor pools are used, each
having its own core which can be run either as a group or independently, all located within a
single containment building. This approach effectively increases the surface area to volume ratio
of the reactor allowing significantly higher thermal powers within a given containment volume,

therefore decreasing the capital cost. This concept is illustrated in FIG. 3 and FIG. 4 and by the
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calculations below, where the relative cost advantages of three and fourJobe circular geometries

have been analyzed: R = radius of reactor; H = height of reactor, * = multiply.

EXAMPLE:

Analysis of an X lobed (X reactor) geometry:

Volume of containment (single lobe) = 3.14*H"‘(R)2

Volume of containment (X lobes) = 3.14*H*(1/cosine(90-180/X)+1)*

Utilizing a scale factor of 0.7 which is generally used for scaling the cost of vessels and

structures.

Cost ratio X/1 lobe = [(1/cosine(90-180/X)+1)*]*"=(1/cosine(90-180/X)+1)"*

Power ratio X lobes/1 lobe = X/1=X

Power/cost ratio X lobes/1 lobe = (X/(1/cosine(90-180/X)+1)"*.

The results of this analysis are shown in the table below. Note that for at least three lobes and up

to nine lobes the power/cost ratio is higher than that for a single reactor. Thus, depending on

complexity of construction, three to six lobes are most useful since increasing the number of

lobes also increases the complexity of making the reactor vessel and the majority of the benefit is

gained by the time a six lobed vessel is used.

Number of Reactors | Radius of Power/Cost Ratio
(X) Containment

1 1.00 1.00
2 2.00 0.76
3 2.15 1.02
4 241 1.16
5 2.70 1.24
6 3.00 1.29
7 3.30 1.31
8 3.61 1.32
9 3.92 1.33
10 4.24 1.33
11 4.55 1.32
12 4.86 1.31
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[0022] The calculations presented here is an illustration of the cost advantage of the concept
that is covered in this patent. The use of a multilobe system also offers additional features as
compared to the single reactor system besides an improvement in containment capital cost.
These include:

1. Economy of scale in the balance of plant costs for such things as turbines,
generators, transformers, control systems, condensers, safety systems and licensing.

2. The space within the containment but outside the reactor vessel can serve as a
heat sink during accident conditions. These areas also serve to transmit heat to the larger
containment. Examples of such materials would include water (or ice) for non-sodium
cooled reactors or materials such as sodium sulfate decahydrate for sodium cooled
reactors.

3. Ability to use the safety systems of the unaffected reactors during a design basis
event as the backup safety systems to the affected reactor.

[0023] While a full and complete description of the invention has been set forth in accordance
with the dictates of the patent statutes, it should be understood that modifications can be resorted

to without departing from the spirit hereof or the scope of the appended claims.



17 JP 2012-141304 A 2012.7.26

A liquid metal or molten salt cooled nuclear reactor comprising a generally
cylindrical containment vessel with a multi-Jobed reactor vessel with at least two lobes each lobe

interconnected with the other lobe and each lobe containing a fast reactor core.

2. The liquid metal or molten salt coolant nuclear reactor of Claim 1, wherein the

lobes have a generally circular geometry.

A The liquid metal or molten salt coolant nuclear reactor of Claim 1, wherein there

are three to nine lobes.

4. The liquid metal or molten salt coolant nuclear reactor of Claim 1, wherein there

are three to six lobes.

5. The liquid metal or molten salt coolant nuclear reactor of Claim 1, wherein the
liquid metal or molten salt coolant is a heat transfer material selected from the group consisting
essentially of sodium, sodium and potassium, lead, lead and bismuth, sodium fluoride, potassium

fluoride and potassium fluoride and mixtures thereof, and other molten salts.

6. A liquid metal or molten salt coolant nuclear reactor comprising at least a three-
lobed reactor vessel, in a closed bottom containment vessel having a cylindrical wall for holding
a pool of liquid metal or molten metal salt coolant; the at least three-Jobed reactor vessel having
at least three lobes each lobe interconnected with the other lobe and each lobe containing a fast

reactor core.

T The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein the

lobes have a generally circular geometry.

8. The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein there

are three to nine lobes.
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9. The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein there

are four to five lobes.

10. The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein the
liquid metal or molten salt coolant is a heat transfer material selected from the group consisting
essentially of sodium, sodium and potassium, lead, lead and bismuth, sodium fluoride, potassium

fluoride and potassium fluoride and mixtures thereof, or other molten salts.

11.  The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein the

liquid metal of the coolant is sodium.

12.  The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein the

lobe cores can run all together or independently.

13.  The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein the

containment vessel has a cylindrical wall and four lobes.

14. The liquid metal or molten salt coolant nuclear reactor of Claim 6, wherein the

containment vessel has a cylindrical wall and five lobes.

ABSTRACT OF THE DISCLOSURE
A nuclear reactor having a liquid metal or molten salt coolant in a riser space 130', has a
cylindrical containment vessel 134 with a reactor vessel 120', at least two lobes 121, preferably

three to nine lobes 121, each lobe 121 interconnected with the other lobe(s) and each containing

a fast reactor core , 116, 116", 116" and 116™".
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