somewherebetween 2to 2.5tonsper year that could beburned
asMOX.

Now, of the material that has been declared surplus, the
34 tonsall will be burnt.

Q: Whoisfunding this part of the project now?

Simon: Our project hasone unique characteristic: that inthe
beginning, GA and the Russian nuclear agency, Minatom,
shared the cost. That's how we started.

When the U.S. Congress began to support this program,
starting in fiscal year 1999, the Congress required that of the
first money it made available (atotal of $5million), $3million
would haveto be spent in Russia, but under the condition that
the Russians match the amount of U.S. money going into
the project.

Well, the Russians have done that, and I’ll have to say
right now, that thisisthe only plutonium destruction program
with the Russians (and there are several; the light-water reac-
tor program with MOX is still ongoing) where the money is
being paid 50-50. The gas-cool ed reactor programis, and will
continueas, ajoint program, which meansthat for every dollar
that the United States puts in, the Russians put in an equal
amount. This goes back to the contract we negotiated in
1994-95.

Q: What are the prospects here in the United States for the
gas-cooled reactor?

Simon: Earlierthisyear, GA decidedthat after theelectricity
problemswe had in California, and the energy plan that came
out, spearheaded by Vice President Dick Cheney, that we
should moveforward herewith the GT-MHR on thecommer-
cia side. First of all, the U.S. Department of Energy started
looking at what to do to get nuclear power back on track.
Clearly inthelongterm, and evenintherelatively short term,
this country isgoing to need more power, and this meansthat
new power generation sources will have to be built. Even
though alot of coal and gaswill haveto continueto beburned,
the renewables (solar and wind) will not be able to close

the gap.

Q: Hardly.
Simon: And so, nuclear power has to come back. I'm sure
you have seen the numbers. They are talking about 100,000
more megawattsin the next 20 years. And so, we decided that
we should also follow a parallel branch here, to what we are
doing with the Russians. Even though the Russian design is
mainly focussed on the plutonium disposition, in the end, it
will be the prototype for a commercia unit. That's the way
welook at it.

Andwehave now started to goinacommercial direction,
in parallel to the Russian program.

Therewill have to be some design changes made relative
tothe plansweare designing with the Russians. Oneexample
isthat wewould not use plutonium, particularly not weapons-
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gradeplutonium, asthefuel for commercial U.S. applications.

We will put together a consortium of companies which,
hopefully, will work together and modify the design as may
be necessary. The plan is really now to march on toward a
commercial unit.

We formed autility advisory committee, led by Entergy,
and including Omaha Public Power District, Nuclear Man-
agement Corp., Dominion, PSE& G, and Constellation. We
have several additional companiesthat havejoined, but which
have not yet been announced.

The bottom line of al this, is that the Utility Advisory
Committeerepresentsabout 35% of the U.S. nuclear-generat-
ing capacity. These people are active. These people are in
Washington, D.C., fighting for the gas reactor, together with
us, or by themselves. Itisquiteclear that Entergy, for instance,
isvery interested in getting the gas-cooled reactor moving.

Q: Istheplan, that youwould moveforward herein parallel,
and perhapshaveanother prototypebuiltintheUnited States?
Simon: Yes, in the end we will have to have a prototypein

General Atomics’ GT-MHR

The GT-MHR produces higher process heat (1,000°F,
compared to the 600°F limit of conventional water-cooled
nuclear reactors). This makes it more efficient for awide
range of industrial applications, from making fertilizer to
refining petroleum. It uses a direct conversion gasturbine
to produce electricity from the flow of superheated gas,
thus simplifying the reactor system and increasing effi-
ciency.

The 285 megawatt-electric (MW-e) reactor is small
enough to be mass produced in standardized units, thus
making the cost very competitive.

How the GT-MHR Works

The GT-MHR reactor consists of two steel pressure
vessels, one for the reactor system, and the other for the
power conversion system, both of which are housed about
100 feet underground in a concrete building (Figure 2).
Above ground are the refuelling machine for the reactor
and the auxiliary systems for operating the reactor.

Fuel system: Tiny fuel particles that are shaped into
finger-sizedrodsarestackedinto acolumn, and theninsert-
ed into the hexagonal fuel element block (Figure 3). The
GT-MHR isdesigned to burn uranium fuel, or plutonium.

The cylindrical reactor core is made up of stacks of
hexagonal fuel element blocks of graphite (each about a
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theUnited StatesHowever, the prototypewearetal king about
for the United Statesis about ayear or so behind the Russian
plan. We would go ahead and build the Russian plant, and
then, after that, we would start construction on aU.S. plant.

There are certain things that we would just take over and
utilize. For example, the fuel element here would be loaded
with enriched uranium rather than with plutonium. And there
will be afew other things that will have to be modified: for
example, the whole documentation structure that has been
adopted in this country for anuclear plant. Basically thereis
acommon way of doing that, no matter what type of reactor
you build. TheRussianrulesaredifferent, and theinformation
that will bethere, will haveto bereworkedtomeet our require-
ments.

Secondly, of course, we'll have to start talking with the
Nuclear Regulatory Commission (NRC).

Q: Haveyou begun to do this?
Simon: We had our kickoff meeting in December 2001 in
Washington; it's what we call the pre-application kickoff

meeting, the first dialogue with the NRC to get this whole
thing moving.

Q: The pebble bed modular reactor [PBMR] design has a-
ready been brought beforethe NRC by Exelon, whichiswork-
ing with the South Africans, and it seems to me, just from
observing from the outside, that the reaction on the part of the
NRC isfavorableto these new reactors.
Simon: Fundamentally, | agreewithyou. Thesearedifferent
types of reactors—the PBMR and GT-MHR. They are quite
different from the traditional light-water reactors. | can only
go back—and I'm putting a little bit of caution in here—in
the sense that we had been dealing with the NRC some years
ago on the early modular HTGR [high-temperature gas-
cooled reactor], and we had submitted a preliminary safety
information document onthedesign, andweasked for asafety
eva uation report and we got al that.

But when the NRC came down in the end, there were
maybe something like ten items or so on thetable that would
apply for both the conventional light-water reactors and the

foot wide and three feet long), into which fuel rods are
insertedinvertical columns. Thecoreisring shaped (annu-
lar). It has 61 columns of graphite reflector blocks at the
center, 102 columns of fuel blocks surrounding the center,
and aring of unfuelled graphite blocks near the outer rim.
There are aso helium coolant channels in the fuel ele-
ments.

Inthethree-year fuel cycleof the GT-MHR, refuelling
takesplacefor half thecoreevery 18 months. (InthePebble
Bed design, the refuelling is continuous.)

Helium coolant: The helium gas flows down through
the coolant channels in the fuel elements, mixes in a
space below the core, and then carries the reactor heat
through the inside of a connecting duct to the power
conversion system. It circulates through the power vessel,
and returns back to the reactor vessel via the outside
chamber of the connecting duct. The helium enters the
reactor coreat 915°F, and isheated by the nuclear reaction
to 1,562°F.

Safety systems: Control rods at the top of the reactor
vessel regulate the fission reaction. The rods are lowered
into vertical channelsin the center and around the rim of
the core. If the control rods fail, gravity-released spheres
of boron automatically drop into the core to stop the fis-
sioning.

There is a primary coolant system and a shutdown
coolant system. If these systems both fail, the reactor is
designed to cool down on itsown. First, thereisapassive
back-up system, whereby coolant on theinside of thereac-
tor wallsuses natural convection to remove core heat to an

external sink. Theconcretewallsof theunderground struc-
turearealso lined with water-cool ed panel sto absorb heat,
and should these panels fail, the concrete of the structure
aloneis designed to absorb the heat. The natural conduc-
tion of heat to the underground structure surrounding the
reactor will keep the core temperature below 2,912°F
(1,600°C), whichisfar below thetemperature at which the
fuel particles can break apart, releasing fission products
or other radionuclides. The graphite blocks retain their
strength up to temperatures of 4,500°F.

Inany type of loss-of -coolant accident, thereactor can
withstand the heat without any human operator inter-
vention.

I ncreased Efficiency

The GT-MHR system efficiency is about 48%, which
i550% more efficient than the conventional reactorsin use
today. Itsincreased efficiency comesfromitsuse of recent
technological breakthroughs: new gas turbines devel oped
for jet engines, likethat of the Boeing 747s; compact plate-
fin heat exchangers that recover turbine exhaust heat at
95% efficiency; friction-free magnetic bearings, which
eliminate the need for lubricantsin theturbine system; and
high-strength, high-temperature steel vessels.

A more detailed description of how the new fourth-
generation nuclear reactors work can be found in the
Soring 2001 issue of 21st Century Science & Technology
magazine, which is available at $5 per copy from 21st
Century, P.O. Box 16285, Washington, D.C. 20041, or
online at http://mwww.21stcenturysciencetech.com.
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