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Smaller Nnclear Power' Plants, 10-to 200 MW are Idéal for Cahforma S Future -
Some nuclear power plants-ar¢ under developmient that riay have' the potentlal for bemg throttle- :
ablé and still haintain efficiéricy and be econdmical: ‘The ideal désign'is from 30 16100
megawatts capacity and be able to be turned on in minutes time, pick up the load onto thé gnd
and be turned off when not needed with solar and wind power prevmlmg Some of the small
nuclear power plant demgns can’t be tuitied on in'a few miniutes but'¢an be collectéd'in groups”
and operated in varymg percentages of output to the grid. This way they can be integrated with
the renewables-output variations during the day. Very small nuclear plants, around 10 MW. that
" can operate for about 20 years without much attention-are ideal for remote communities that are
not access1ble to the grid. Somé small nuclear plant concepts are described below.

Small Gas Cooled Throttle-able Nnclmr Power Plant
Aircraft nuclear plant programs during the 1950s had concepts that could probably fulﬁll these
needs with the improved performance gained with advanced technology over the last 50 years.
Figure 1 is a sketch of a small fast reactor nuclear power plant with closed cycle of noble gas
going from the compressor through electrical heater, fast reactor and through the turbine. The
electrical heater is used to start the power in a few seconds. .This system has six 10 megawatt
reactors and an electrical output of a little over 23 megawatts with the additional thermoelectric
converters

NuScale Nuclear Power Plant.

Another possible small nuclear power plant that can fill the variable needs is the NuScale Power

40 megawatt water cooled reactor. While it will not be efficient to turn on and off in a very few

minutes a group of them can be put on the grid and operated-on a percentage basis to regulate the
input variations from the renewables. The total plant concept and the reactor concept are shown

in Figure 2.




Figure 1. Small 23 Megawatt Gas cooled Throttle-able Nuclear Power Plant s

Heat Pipes

Compressor
Electric Heater

NuScale Nuclear Powér Plant. ;- - . Lo :
Another possible small nuclear power plant that can ﬁll the Varrable needs is the NuScale Power

minutes a. group of them can be put on the grld and operated on a percentage ba51s to regulate the
1nput variations from the renewables The total plant concept and the.reactor concept are shown
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Modular components for 8 NGScale power plant arle manufacivred in
i 4.v91ymg off-site fo simplity, @qs[:yc‘{m, shorten lead times and lower costs. ,
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Hyperion Nucléar PowérPlant: -+ % wuf v 0 faghe b v T i sy 5o oo
The Hyperion nuclear reactor is-a: new umque de51gn w1th uraniuin hydnde fuel. - With the-
hydride fuel and a hydrogen atmosphere inside a hot chamber the reaction is automatically
controlled-and a very safe system. The heat generated is sent to a heat exchanger to prov1de
steam for a steam turbo generator system. The fuel in the reactor has a performance age of 8 to
10 years. This makes it possible for the reactor to be placed in .a chamber underground fora very
safe environment. Instead of refueling on site like most nuclear reactors this reactor is replaced
after it runs low on energy. This reactor may not be throttle-able in a matter of minutes like gas
turbines with efficiency. It can be grouped to Sor 6 and the group output to the grid can be
reduced and mcreased by requlred percentages to moderate the grid energy efficiently.

Figure 3. Hyperion Small 40 Megawatt Power Plant with Reactor Under Ground
Power Plant with Reactor Under Ground Reactor & Containment
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The LIFE Laser Imtlated Fusnon—Fnssnon Energy Nuclear Power. Plant - " 20 Ly
This kind of power plant is under development by The Lawrence Livermore Laboratory and the
University of Texas-at: Austin.. The. power plant concept and the ﬁssmn~ and fus10n chambers are. !

shown-in Figure4.: ; <.oi v v 0 i
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This power plant will be a long tlme in development but it will have many advantages in the
future over the regular nuclear plarits that,use fission only.;It-does-have .a major;disadvantage. in""- ’
that it:may;use a significant percentage of'its:electrical:output for powering the laser system to- .
produce fusion energy- A question is whether the plantican be throttle:able. Thejlaser. generated, i
fusion can bé;turned on and off'quickly in-a-:matter of seconds., .The.question is, can an electrical. -
system:- keep the fission: fuel. warm enough that the: energy extraction can start 1mmed1ate1y after. ..
the fusion-fission starts. RN SRR ’
The current plan for this plant is for it to produce 2000 to 3000 MegaWatts of fission thermal
energy from 300 MegaWatts of fusion energy. A plant with 2000 Megawatts of fission thermal
energy can produce about 35% of that in electrical energy which is about 700 MegaWatts
One very significant advantage of this kind pf nuclear plant is that it can use many varieties of
fuel such as weapon grade uranium and plutonium, depleted uranium, used nuclear fuel, military
radioactive actinide waste and thorium.



Figure 4. The LIFE Laser Initiated Fnsnon-Frssnon Energy Nuclear Power Plant - z;
Power Plant Conceptual Desngn SR Target Chamber e
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Future Possibilities ~
It is not known now just what the capab111ty of small nuclear plants isin stab1hz1ng the w1nd and
solar power input to the grid. As the development of these small nuclear plants proceeds and as.
the increase in renewable energy takes place the advantage of the nuclear power for the = - »
environment and the economy will push it forward. :

Conclusion

There are two major sources of throttle-able electric power. They are gas turbinés and small
hydro plants. Some small coal powered plants are also used. Gas turbmes and coal plants put
carbon d10x1de into the atmosphere R TS BT NPEE A M G R T I S S A ]
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Large,hydropower'plants with sever'alf.small:turbines ‘can also be'used. ‘Hydropower is getting to .’
be under pressure to be eliminated on many rivers because of their bad effect on fish. Probably a -
number of small hydropower plants w111 gradually be ehmmated

,;{A i, . Sate 'ra‘ 9 > K ; | NEETREN L ,‘,”_ﬁ\.l it ""3‘? P

More safe; econom1cal and clean throttle ‘able sources need torbe developed :Small nuclear- -
plants are under developmentthat can probably fill those'needs in the:future... The four different::
types-of nuclear:plants, fission heated gas turbine, fission heated small water:cooled; hydride fuel-.
reactors ‘and fusion fission’heated systems-are the sources that haveithe potential for. ﬁlling'the ’“
needs.. Their:development should be expedited by the governments, product sources and the
electric power companies. Soevd i
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Provided are two sketches of advariced concepts for hybrid nuclear solar power plants. No
detailed development of these concepts is underway at this time. They are small fast breeder
reactors that will use the reprocessed and recycled used fuel from our thermal reactors. The
California Energy Commission may want to consider these concepts for the future since they are
two systems that can meet the environmental and economical goals of California’s energy

requirements.



