A Super safe Reactor

The steel pressure vessel of the PBMR (see Figure 1) is
six meters in diameter and about 20 meters high, inside a
building that is 21 meters below ground. The walls of the
vessel are lined with 100-cm thick graphite bricks. Inside the
vessel are 310,000 fuel balls (“pebbles’) which are the size
of tennis balls, plus 130,000 graphite balls, which moderate
thereaction.

Each fuel ball contains about 15,000 fuel particles, and
about nine grams (about one-quarter ounce) of uranium. The
total uranium fuel inthereactor is2.79 tons. Each fuel pebble
generates about 500 watts of heat, when the reactor isin full
operation. The reactor is continuously refuelled, with new
fuel balls added at thetop, and spent fuel ballsremoved at the
bottom. Each fuel ball passes through the reactor about ten
times. The continuous refuelling eliminates the weeks-long
down-timenecessary for largelight-water reactors, whenthey
arerefuelled.

The fuel particles, which were pioneered by Genera
Atomics in the United States in the 1950s, are constructed
with atiny particle (0.5 millimeters) of uranium dioxide at
the center, surrounded by several concentriclayersof temper-
ature-resistant materials—porous carbon, pyrolytic carbon,
and silicon carbide. These coatings*” contain” thefission reac-
tion of the uranium, even at very high temperatures (up to
1,600°F). Infact, thefuel pebblescan withstand temperatures
at which the metallic fuel rods in conventional light-water
reactorswould fail.

How It Works

To produce electricity, helium gas, at a temperature of
about 500°C, isinserted at the top of the reactor, and passes
among the fuel pebbles, leaving the reactor core at 900°C.
Fromthereit passesthrough threeturbines, thefirst two driv-
ing compressors, and the third the generator. There, its ther-
mal expansionistransformed into rotational motion to gener-
ate electricity. The expanded helium isthen recycled into the
reactor core by two turbocompressors. The helium leavesthe
recuperator at about 140°C, and its temperature is lowered
further to about 30°C in awater-cooled precooler.

The helium gasis then repressurized, and moves back to
the heat exchanger to pick up heat before going back to the
reactor core.

This direct-cycle helium turbine, with a highly efficient
recuperator, simplifiesthe reactor operations, eliminating the
need for heat exchangers and secondary cycles, which are
required in conventional light-water reactors.

Thenet thermal efficiency of thePBM Ris45%, compared
to 30-35% for conventional light-water reactors. Thisis one
of the main reasons that the PBMR is projected to produce
electricity so cheaply.

The outlet temperature of 900°C isfar higher than that of
conventional light-water reactors (280°C to 330°C), which
givesthistype of reactor its name: high-temperature reactor.
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Safety Systems

Theinherent and passive saf ety systemsof thePBMR are
designed to make it “ meltdown proof.” The physical charac-
teristics of the reactor are such that it shutsitself down, with-
out any additional safety systems, in any imaginable accident
scenario. Asinthe GT-MHR operation, thereisasel f-stabiliz-
ing temperature effect. If the temperature of the reactor core
should heat up, thelarge amount of U-238inthefuel particles
absorbs more neutrons without fissioning. Thus, if the core
heats up, the reaction slows down and stops, automatically
stabilizing the temperature of the core.

The spent fuel from the PBMR also has built-in safety
features. Because it is encapsulated in several coatings, in-
cluding silicon carbide, theradioactivefission productswhich
remain when the fuel has been burned, are fully captured
and contained inside the same fuel pellets, and can be stored
relatively inexpensively.

Interview: Walter Simon

Russia’s GA Reactor To
Burn Weapons Plutonium

Mr. Simon is a nuclear engi-
neer and Senior Vice Presi-
dent for Reactor Projects at
General Atomics (GA) in San
Diego. He is in charge of the
joint program GA has with
Russia to build a high-temper-
ature gas-cooled nuclear re-
actor, whichwill useweapons-
grade plutonium as fuel. He
was interviewed by 21st Cen-
tury Science & Technology managing editor Marjorie Mazel
Hecht at the end of 2001.

Q: What isthe status of the General Atomicsproject to build
the Gas Turbine-Modular Helium Reactor, the GT-MHR,
with the Russians?

Simon: Our scheduleright now isthat by early 2002 we will
have completed the preliminary design. The Russians have
been working on it. There are somewhere between 700 and
800 people in Russiaworking on this program right now.

Q: Canyou describethe reactor design?

Simon: Thedesign itself hasn’t changed much [see Figure
2], but we have much more detail on it than before. It is a
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FIGURE 2

Cutaway View of the GT-MHR Reactor and Power Conversion Systems
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Thisisthe current design for a 285 MW-electric power plant (600 MW-thermal), and shows how the layers of hexagonal fuel elementsare
stacked in the reactor core. The helium gas passes from the reactor to the gas turbine through the inside of the conducting duct (vessel

system), and returns via the outside.

Thereactor vessel and the power conversion vessel arelocated underground, and the support systems for the reactor are above

ground.

high-temperature gas-cool ed reactor coupled to agasturbine.
The gasturbine drives the generator, as well asthe compres-
sorsthat circulatethegas. That isbasically what we arework-
ing on. In addition to that, we need to do fuel development,
since we are talking about plutonium fuel.

Q: Because you will be burning weapons plutonium in
Russia?

Simon: Y es, weapons-grade plutonium. That isthe purpose
of the project in Russia. They have started to do sometesting
on reactor components, and we are marching on; the next step
isto go into the detailed design, what we call thefinal design,
and then, when that is done, we'll make the plans to start
getting the construction work done.

Q: When do you expect a demonstration reactor to be com-
pleted?

Simon: The goal is still to have the first module on line in
2009.

Q: Isthesitein Russiaalready selected?

Simon: Yes, the site that we' ve discussed with the Russians
is Seversk. Thisisthe former Tomsk-7, about 10 or 15 miles
out of the city of Tomsk in Siberia. This used to be a closed
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city, butitisnot closed any more. The Russians still havetwo
plutonium production reactors running there, because they
need the power, to heat the city and provide el ectricity. These
reactors will be shut down soon.

Q: So, the GT-MHR, when itisbuilt, will begin burning up
the surplusweapons plutonium, of which thereisagreat deal .
Simon: There are many tons of weapons-grade plutonium
on both sides—U.S. and Russian. The two governments—
actually Presidents Boris Y eltsin and Bill Clinton—each had
declared atotal of about 34 tons of weapons-grade plutonium
assurplus, and now, after therecent discussionsthat President
George Bush had with Russian President Vladimir Putin, they
want to reduce the whole weapons inventory further—I
haven't seen any specific numbersyet.

Q: It would take along time for you to get through 34 tons
of plutonium fuel.

Simon: Yes, the history of that goes way back. The alterna-
tiveto burning plutonium asfuel (which we continueto work
on), istheuse of MOX fuel (mixed oxidefuel). Theideawas
touse MOX fuel in Russian light-water reactors, aswell as—
they have a fast breeder reactor—doing it with the fast
breeder. The number that came out was that the capacity is
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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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FIGURE 3
GT-MHR Fuel Components
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Thetiny fuel pellet (a) isabout 0.03 inch in diameter. At the center isa kernel of fissile fuel —uranium oxycarbide. Thisis coated with a
graphite buffer, and then surrounded by three successive layers of pyrolytic carbon. The coatings contain the fission reaction within the

fuel kernel and buffer.

Thefuel pellets are mixed with graphite and formed into cylindrical fuel rods about two incheslong.
Thefuel rods are then inserted into holds drilled in the hexagonal graphite fuel element blocks. These are 14 inchesin diameter and 31
incheslong. The fuel blocks, which also have helium coolant channels, are then stacked in the reactor core.

advanced reactors, in which | would count the liquid metal
reactor (LMR), which at that time was on the table, and the
HTGR. The NRC spent quite abit of time on theseitems, but
in the end they came out with rulings whereby it turned out
that if there was any doubt of how to do something, they
alwaysfavored the existing methodsfor light-water reactors.
And we were not enthused about that.

These issues will have to be revisited. But | think the
atitude of the NRC, in the meantime, really has changed.
They recognize that these machines—the GT-MHR and the
PBMR—have passive safety characteristics that make these
reactorsliterally meltdown proof, and there are no other reac-
torsthat can do that. Thisisan example of the things that we
will haveto discuss and work on with the NRC.

Q: These new designs are really a completely new concept.
It's been around for a while, but is very different from the
existing conventional reactors.

Simon: That's right. For example, there is the fact that we
have in both of these designs only ceramic material for the
reactor. Thisisall material that cantoleratefairly hightemper-
atures. From asafety standpoint, we have chosen our reactors
intermsof physical size and physical shape, such that even if
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you lose all the cooling, you get fuel temperatures which can
basically not exceed 1,600°C, and that compares to a fuel
particle that can take at least 2,000°C.

So, wehave chosen design parameters, fromthe geometry
to thematerial, in such afashion, that you may attack thefuel
particle’ sintegrity, but you can never destroy it.

Q: So the fuel particle’s coating is an impermeable con-
tainment.

Simon: That's correct. The coated particles are one of the
barriers[to afuel meltdown], but of course they are the most
significant one.

Q: Togo back to the NRC—
Simon: In December, we had awhole day meeting with the
NRC. That's something that the PBMR already has started.

| would say that we have one advantage, and that is, GA
had the experience of the Fort St. Vrain HTGR. This nuclear
plant operated in Colorado, and had a steam cycle [not a
direct conversion gasturbine], and had hexagonal block fuel
elements—about 14 inches across the flats and about 70
inchestall.

We are going to use the same graphite fuel element con-
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figuration for the Russian design as well asthe U.S. design.
Why? Well, we haveirradiated in total about 2,500 fuel ele-
mentsin thisreactor, where we found only two blockswhich
had a hairline crack, just two webs.

Wehad alot of discussion about thiswith the NRC at that
time, but in the end, the NRC accepted that there was no
reason for serious concern, that we could continue to operate
with the cracked blocks, because the cracks just relieve the
stresses. That’ swhat it came down to.

So we are going to use the same fuel elements, the same
shape, with the only difference being that in the United States
we'll use uranium fuel instead of plutonium.

The other part that we had the NRC look at in the late
1980s and early 1990s, was the large-scale modular gas-
cooled reactor, which had the same fuel elements. In the big
scheme of things, in terms of design philosophy, as well as
the design itself, things haven’t changed that much, although
there have been changesin details.

And so, my point isthat the NRC already has familiarity
with our kind of reactor design, but in the case of the pebble
bed reactor, the NRC has never reviewed a pebble bed
design. And so | think they may have to do more things for
the NRC.

Q: In generd, in terms of the PBMR, your design has an
advantage in terms of the power density. Can you say some-
thing about that?

Simon: Maybe the simplest way to talk about that is histori-
cally. The Germans started out with the modular pebble bed
design, and therewere somevery simplerulesthat they began
with. Number one, there should be no control rods in the
reactor. This was an experience from the AVR, a smaller
research reactor at the Julich Research Center, andthe THTR
[thorium high-temperature reactor], a 300-megawatt electric
power reactor, both pebble beds. | did not work on them, but
| am reasonably familiar with them.

In the larger reactor, to keep the reactor under control,
they had to push the control rodsinto the pile of pebbles, and
thisactually damaged pebbl es, so therefore, they decided that
in the next plant they wanted to build—a modular reactor—
they didn’t want to have any control rods that had to go into
the pebble bed. So, that means, basicaly, that you have to
control the reaction with control rods in the reflector [which
surrounds the reactor core], which means that you have to
control the reaction by its neutron leakage—because you
catch the neutrons in the reflector outside the reactor, and if
you catchmore, they can’t comeback [to makemorefissions].
Thisishow you deal with the reactivity.

Sothisisrulenumber one. Todothat, however, you'll find
that thesizelimitissomewherearound 10feet—3 meters—in
diameter for the reactor core.

The next item is the power density. In a graphite reactor
core that is 3 meters in diameter, you do not want to exceed
the 1,600°C (the limit in case you lose al coolant), and these
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parameters basically determine the power density in terms
of kilowatts per cubic foot, or watts per cubic centimeter,
whichever way you want to do it. It turns out that you come
up with something that is about 3 watts per cubic centimeter,
and so now you have fixed the diameter and you have fixed
the power density.

The only way you can make more power is to make the
coretaller. Typically, if youlook at these numbers, they come
out between 8 to 10 meters, and so you have a tall, skinny
core. Well, we at GA went through thistoo. And now comes
the question of how you chooseyour parameters, specifically,
by the condition of not having control rods in the core, nor
exceeding the 1,600°C temperature during an incident where
you lose all your coolant, at which point the reactor would
shut itself down, al by itself. However, in such an incident,
thedecay heat will still build up. Andthat can only beremoved
by conduction from the inside of the reactor to the reactor
vessel surface, and then radiated away from thereactor vessel
surface to cooling panels which surround the cavity in which
the reactor has been placed.

So, if you look at the PBMR, | think the commercial
modular version of the design was somewhere around 10
meters high and 3 meters diameter, and if you multiplied
this out and then figured the efficiency to convert the heat to
electricity, the design should have come out at around 100 or
110 megawatts power.

L ater, the word came out that the South Africans actually
went to an annular core. And | have to say, that whether it's
a pebble bed or a prismatic block-type core, if you apply
these rules that | mentioned, they are equally restrained by
the power level. You have exactly the same problem. You
can only go to a certain reactor diameter, because that's all
you can control. And onceyou havethat, you can only choose
the same power density. So, thereisliterally no differencein
the design limitations.

It turned out, that when GA started working on the
modular high-temperature reactor, at the suggestion of Con-
gress, we actually started with the pebble bed reactor. How-
ever, we realized within the first few months, that from our
vantage point from this part of the world, these plants were
too small.

Q: Wasthisback in the early 1980s?

Simon: Yes. Wegot aletter from Congressin 1984 suggest-
ing that we look at reactors that would be much safer. It took
uslessthan ayear, before we said that with thissmall reactor,
wewill not be competitive against these big 1,000-megawatt
light-water reactors. And so we were looking to go to higher
power levels.

Thefirst thing wewent towasan annular core. Thewhole
trick with the annular core, is that you keep the path short
from where the heat is generated to the place where you can
radiate the heat off. That is basically the whole idea behind
the annular core.
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The AVR experimental pebble bed reactor in Julich, Germany,
cameonlinein 1967 and operated successfully for 22 years. It
demonstrated many safety effects of the high-temperature reactor.
Onetest with the AVR showed that in a total sudden shutdown, the
plant cools down and the fuel pebblesremain intact.

Sometimes peopleask, why don’'t youfill theinside of the
annular corewith fuel, rather than putting in graphite blocks.
Weéll, if you do that, you would have to reduce the power, for
temperature reasons, to the same size that we would have to
go to for a much lower power density, and the total power
level would be the same as that of afully loaded pebble bed
reactor without an annular core.

In other words, if you make alarger core, and you want
to meet the requirements mentioned earlier, you'll get the
same power level you would get if you had a smaller core
with a higher power density. And in that case, if therewasa
loss of coolant, the heat would have to go from the center of
the core to the outside, and that heat path is much longer. To
drivethat heat, the temperaturein the center will haveto meet
the 1,600°C criterion, and you don’'t gain anything. Y ou do
gain, however, when you go to an annular core.

Q: Isthat because the space between where the heat is pro-
duced and where it gets taken off, is very short in the annu-
lar core?

Simon: That iscorrect. That' sthe bottom line of this. And it
turns out that if you go to an annular core, in the annulus,
where the fission takes place, we now have a power density
over 6 watts per cubic centimeter.

Q: Sothat’stwice the power density of the PBMR.

Simon: Wéll, if the PBMR isjust acylinder, that is correct.
But the PBMR has also done something here, and has gone
to an annular core.

Q: Soistheir power density now better?
Simon: | think that the power density in the PBMR annulus
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has gone up to about the same level as our design. They are
now talking about 120 to 150 MW electric for the small core.

Q: Asopposed to their previous 100 to 110 MW electric?
Simon: Yes, andthisisa10to 30% increasein power. They
basically took that path. Now, I’ mreally speculating, because
| don't know the facts in that detail, but my assumption, is
that they did this because they wanted to get the cost down;
meaning, if you think interms of dollars per kilowatts, if you
have more kilowattsin the denominator, then the cost comes
down. And also, of course, the additional power that you get
out helps.

Q: So, your designislarger.
Simon: Our design has 600 MW thermal, 285 MW electric.

Q: Thissize, asl understandit, isabout thelimit of what can
be mass produced. For example, if you wanted to turn out
several modulesin afactory assembly line, if thereactor were
much bigger than 285 MW, you couldn’t do it.

Simon: | think there is only one company in the world that
can at this time give you the steel forgings for the flanges,
etc., for such areactor, and that is a Japanese company.

Q: Sothat’sthelimitation on size right now.

Simon: That'swherewe are right now. We are up to some-
thing that’ s about 26 feet in diameter, which is not so easily
transportable. Theoretically, you could build a 1,000 MW
annular core. But then you have other manufacturing and
assembly issuesthat will have to be dealt with.

Q: | think that the United States has completely dismantled
any of itscapacity to build alarge reactor vessel. The sameis
true for the fusion reactor program. So what we need is a
renaissance to get this program off the ground, and not have
just one reactor—we' re talking about a need for many reac-
torsin the United States.

Simon: That'sright, and | wouldn’t mind having 10, or 15,
or 20 under construction at the sametime.

Q: | think that’ sthe direction we haveto goin. | don’t know
how familiar you are with the concept of the Eurasian Land-
Bridge. Thisisadevelopment program, arail-vectored devel -
opment corridor, for the Eurasian land mass, which stretches
from the east coast of Chinato the west coast of Europe. The
design for this was proposed by Lyndon LaRouche, and is
now being undertaken by many of the countries involved—
China, Russia, Iran, for example. Asdevel oped by LaRouche
and hiswife, the design includesindustrial corridors, and the
model nuclear plant selected to power those corridors is the
HTGR—either the pebble bed or the GT-MHR. The devel op-
ment areaisvast enough so that we would need both designs.
Sowearevery interested in getting mass production capabili-
tiesfor thesereactors.
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Simon: Thereisroom for both of them. And, in the end, the
questionisreally the cost of the electricity that comes out.

Q: 1 would asolook at it another way, not the cost-account-
ing way: What isthe cost of not doing thisfor our society and
for the world?

Simon: | wasrather referring to the stuff that will bebuiltin
the end, the machines that will be built will be the ones that
produce the lowest-cost el ectricity.

Q: Yes, but, | also think that in looking at that formulation,
one aso hasto consider what will happen if wedon’t do this,
where the cost will beincalculableif we don't proceed.

Simon: Absolutely. We have to proceed. And | think it may
take alittle bit longer than we would like to see, but in the
end, thereisjust no way around building these new reactors.

Q: | hope we do it within our lifetimes, and |—and you—
have probably been saying that for at least 20 years.
Simon: Makeit 40.

Q: How did you get started as a nuclear engineer?
Simon: | graduated from the University of Aachen in Ger-
many in 1961, and in those days we were till part of the
Mechanical Engineering Faculty. | awayswanted to cometo
the United States, at least for afew years, and General Atom-
ics had an office in Zurich and one in Dusseldorf. | applied
there, and after an interview, | was hired, in 1961.

Then, in June 1964, they sent me to the United States for
ayear, for training. | always say that I'm aslow learner, and
that’swhy I’'m still here.

Q: Sonow you direct the joint GA program with Russiafor
the development of the GT-MHR.

Simon: Asamatter of fact, | negotiated the program and put
it al together.

Peach Bottom [in Pennsylvania] was GA'’s first reactor.
| was there, during the initial physics tests—after the first
criticality, all sorts of tests have to be made—and | was out
there for about a month. Then, shortly thereafter, | became
responsible for the nuclear design of the Fort St. Vrain plant.
Andthen, later on, for thestart-up program. | wastheguy from
the GA side, who took the reactor critical for the first time.

Then, we had sold ten large HTGR reactors that we were
designing in those days, and | was responsible for the entire
coredesign, not just thefuel and physics part, but the thermo-
hydraulics and the structural design, and all of that. That was
in the mid-1970s, when everything went down.

Q: Inthemid-1970s, with the qil crisis.

Simon: Then the utilities cancelled their reactor orders. As
amatter of fact, it' san interesting oddity, in the sensethat the
day we got alicense, a construction permit, for the first of
these big ones, the order was cancelled.
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Q: ltwasavery sadtime. | don’t know if you saw our article
onthis[MarshaFreeman, “WhoKilled U.S. Nuclear Power,”
21t Century Science & Technology, Spring 2001]. Although
people think these nuclear plants were cancelled because of
ThreeMileldand, in 1979, it actually had started long before
that, withtheWall Street interest ratesand theenvironmental-
ist demandsin combination making it impossible for the util-
ities.

Simon: That’sexactly right. Thelast reactor that wassoldin
this country wasin 1974.

Anyway, after that, | kept watch on gas reactors on the
international side, trying to get things going there, with the
Europeans and the Japanese, and | did a few other thingsin
between, but basically | spent my life onthe high-temperature
gas-cooled reactor.

Q: Let'shopethat thiscurrent effort succeeds, so that before
your career ends you will see many of these reactorsin oper-
ation.

Simon: | don’'t mind looking at them evenif I’ m retired.

Q: Your career withthe HTGR hasreally spanned acultural
shift, fromtheoptimism of the 1960sto thecultural pessimism
of today. In the 1960s, you assumed that you could do the
impossible, that you would simply solve every problem that
came up. And now, this attitude is gone. The environmental -
ism that has taken over has brought a total scientific pessi-
mism, that we have to protect the birds and the bees, even at
the expense of human beings, and that these are insurmount-
able problems, and people are anuisance, asopposed to being
the solution.

Simon: Yes. | have nothing against the environment. | think
we should do everything to protect the environment.

Q: Yes, but what is “protection”? You want to protect it
against real things. Not against phony ideas. And, of course,
nuclear would protect the environment.

Simon: Definitely, it's about the only source, certainly, that
can do that, other than the renewable resources, like solar
and wind.

Q: Andthey will never have any power density, to speak of.
Simon: That's correct. If people would do the arithmetic,
they would find out, literally, that they would have to build
forests of windmills. . .. The other thing that is not new, is
that the Sun doesn’t shine at night.
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