
XA04NO153

Presentation Summary
GT-MHR

U.S. and European technology provide the bases for the Gas Turbine - Modular
Helium Reactor (GT-MHR). For more than 4 decades, High Temperature Gas-
cooled Reactors (HTGRs) have been under development in multiple countries.
Numerous prototypes and demonstration plants have been constructed and
operated beginning with the Dragon plant in the early 1960s. At the time of
these initial plants, the Vision was one of scaling up the technology to large,
steam cycle plants comparable to modern WRs, thus benefiting from economy
of scale. However, in the early 1980s, both in the U.S. and the Federal Republic
of Germ ny a shift in paradigm occurred. Smaller, modular plants offered
simplification in safety design, shortened construction schedules, and
incremental capacity addition. The MHTGR was the U.S. developed modular
plant and underwent preapplication review by NRC- The GT-MHR represents a
further refinement on this concept with the steam cycle being replaced by a
closed loop gas turbine (Brayton) cycle.

The reactor system is contained in a 3 vessel, side-by-side arrangement. The
reactor and a shutdown cooling system are in one vessel, and the gas turbine
based power conversion system, including the generator, in a second parallel
vessel. A small horizontal vessel provides coaxial ducting of gas between the
reactor and power conversion system. The entire nuclear unit is located in a
below grade silo with service areas above. The silo provides containment and
protection of the reactor but is not designed to hold pressure. Naturally
circulating water or air in panels around the reactor vessel carry off heat radiated
from the uninsulated vessel and provide reactor cavity cooling.

A more detailed look at the system shows the compact arrangement of gas
turbine, compressors, recuperator, heat exchanges, and generator. All rotating
machinery is on a common shaft. A central feature of the U.S. modular reactors
is the annular core. Notice that the annular arrangement provides a high surface
to volume ratio and a relatively short conduction path between any fueled block
and the vessel wall. Fueled blocks are stacked in three concentric rings with
inert graphite blocks making up the inner and outer reflectors. Operating control
rods are located outside the active core while startup control rods and channels
for reserve shutdown pellets are located near the core center.

Ceramic coated fuel is the key to the GT-MHR's safety and economics. A kernel
of Uranium oxycarbide (or U02) is placed in a porus carbon buffer and then
encapsulated in multiple layers of pyrolytic carbon and silicon carbide. These
micro pressure vessels withstand internal pressures of up to 2000 psi and
temperatures of nearly 2000 'C providing extremely resilient containment of
fission products under both normal operating and accident conditions. The fuel
particles are blended in carbon pitch, forming fuel rods, and then loaded into
holes within large graphite fuel elements. Fuel elements are stacked to form the
core.
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As alluded to earlier, modular gas reactors and the GT-MHR represent a
fundamental shift in reactor design and safety philosophy. Up through
approximately 1980, HTGR development proceeded on a path of scaling up core
size in the interests of economics. In the process of this scaleup, core power
density was kept nearly constant while the UD ration was kept as close to unity
as possible. As a consequence of this thinking, maximum accident temperatures
increased well above the temperature capabilities of the fuel particles. This
placed ever increasing reliance on engineered safety features to assure
continued core cooling and to contain released fission products should this
cooling be lost. The modular reactor represents a 80 degree turn around in
design philosophy. From its inception, the modular design first addresses safety,
sacrificing size and optimized nuclear geometry to ensure that regardless of
cooling system operation or coolant boundary integrity, fuel temperatures will
never exceed the point at which fission products would be released. Having first
addressed safety with the inherent features available in the gas-cooled reactor,
good economics are sought in the efficient Brayton cycle and plant simplification.

Fuel particle testing in Japan, Germany, and U.S. has repeatedly demonstrated
the high temperature resilience of coated particle fuel to temperature
approaching 2,OOOOC. As an conservative design goal, GT-MHR has been sized
to keep maximum fuel temperatures below 1,6000C during the limiting accident
condition of lost coolant circulation, pressure, and all AC power. Like other
reactor types, the GT-MHR has a negative temperature coeff icient. But unique
to reactors with an all refractory, high temperature core there a several hundred
degrees of temperature margin in the core design to make full use of this
feedback mechanism.

The GT-MHR licensing builds on the mid-80s submittal to NRC for the steam
cycle MHTGR. Because of the unique design approach, especially with regards
to safety, employed, the a licensing approach returns to the basics goals and
rebuilds a licensing frame work that includes conventional deterministic analyses
and safety classification. However, this framework is derived recognizing that
safety functions and the means to achieve them in this concept can be expected
to differ from those of WRs. Furthermore, they are derived using the
systematic plant evaluation offered by PRA techniques.

The GT-MHR is now being developed in Russia under a joint U.S./Russian
Federation agreement aimed at the destruction of surplus weapons plutonium.
In addition to the U.S. and Russia, the program is sponsored by Japan and
France. Conceptual design is completed and preliminary design is on schedule
for completion in early CY 2002. Startup of the first module is currently
scheduled for 2009 with a 4 module plant scheduled for completion in 2015.

The path to commercialization involves the importation of the Russia design with
a U.S. designed LEU core replacing the Plutonium core. A licensing submittal
would be prepared in the U.S. and submitted to NRC. The first U.S. module
could be online approximately year after the first Russian module.
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In summary, the GT-MHR is rooted in decades of international HTGR technology
development and builds on the mid-1 980s MHTGR experience. The design
features optimization of characteristics inherent to high temperature gas reactors
to achieve high thermal efficiency, and easily understood, assured safety. The
international program facilitates the near term deployment of this concept.
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Presentation Outline

• Background and design description

• Key safety features

• Licensing approach

• Design status and deployment schedule

• Conclusions
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U.S. AND EUROPEAN TECHNOLOGY BASES FOR
MODULAR HIGH TEMPERATURE REACTORS

BROAD FOUNDATION OF HELIUM REACTOR TECHNOLOGY
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3D Arrangement of Plant
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GT-MHR
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CERAMIC COATED FUEL IS KEY TO
GT-MHR SAFETY AND ECONOMICS

Pyrolytic Carbon

Silicon Carbide

Porous Carbon'Buffer

Uranium Oxycarbide

TRISO Coated fuel particles (left) are formed into fuel
rods (center) and inserted into graphite fuel elements
(right).
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MODULAR HELIUM REACTOR REPRESENTS A FUNDAMENTAL
CHANGE IN REACTOR DESIGN AND SAFE7Y PHILOSOPHY
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COATED PARTICLES STABLE TO BEYOND
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FUEL TEMPERATURES REMAIN BELO W DESIGN
LIMITS DURING LOSS OF COOLING EVENTS
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... PASSIVE DESIGN FEATURES ENSURE FUEL REMAINS BELOW 16000C
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PASSIVE SAFETY BY DESIGN

• Fission Products Retained in Coated Particles
- High temperature stability materials
- Refractory coated fuel
- Graphite moderator

• Worst case fuel temperature limited by design
features
- Low power density
- Low thermal rating per module
- Annular Core
- Passive heat removal .... CORE CAN'T MELT

• Core Shuts Down Without Rod Motion
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Licensing Approach Builds on
Mid-80s Submittal to NRC

The DOE MHTGR program in the mid-80's utilized a "clean
sheet of paper" integrated approach to the conceptual
design
- utilized participant experience in PRA's of HTGRs
- approach underwent a preapplication review by the NRC/ACRS

Provided risk-informed MHTGR Licensing Bases

- Top Level Regulatory Criteria

- Licensing Bases Events

- Equipment Safety Classification

- Safety Related Design Conditions

- Basis design criteria

+ VEAVERAL ATOMICS

Bases for
Top Level Regulatory Criteria

• Direct statements of acceptable consequences or risks
to the public or the environment

• Quantifiable statements

• Independent of plant design

• Top Level criteria include
- 51 FR1 30 individual acute and latent fatality risks

5xl&llyr and 2rl&Wr, respectively
- 10CFR50 Appendix I annualized offsite dose guidelines

s mremlyr whole body
- 10CFR100accidentoffsitedoses

25 rem whole body and 300 rem thyroid

- EPA-52011-75-001 protective action guideline doses
1 rem whole body and rem thyroid
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Licensing Basis Events

Off-normal or accident events used for demonstrating
design compliance with the Top Level Regulatory Criteria

Collectively, analyzed in PRAs for demonstrating
compliance with the 51 FR1 30 safety goals

Encompass following event categories
- Anticipated Operational Occurrences
- Design Basis Events
- Emergency Planning Basis Events
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Ranges of Top Level Regulatmy Criteria

and MHTGR Licensing Basis Events
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Equipment Safety Classification

Safety related systems, structures, and
components (SSC) are those performing required
functions to meet 1 OCFR1 00 doses for DBEs

Retain Radionuclides in Fuel

F 7 -'-] ---- - -
Control Heat Generation Remove Core Heat Control Chemical

MHTGR functions for 10CFR100 focus
on retention within fuelparticles
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Licensing Bases Application
to GT-MHR

MMM

• The above process is generic and should be directly
applicable to the GT-MHR

• Prior application to the MHTGR did not reveal a large
sensitivity to the power conversion system

• GT-MHR would be expected to have some different LBEs
and therefore some differences in safety related SSC

- potential for new initiating events with rotating
equipment in primary system

- potential for different consequences with higher core
rating

- LBEs involving water ingress very unlikely-no SGs
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GT-MHR NOW BEING DEVELOPED
IN INTERNATIONAL PROGRAM

In Russia under joint US/RF agreement for
destruction of surplus weapons Plutonium

• Sponsored jointly by US (DOE) and RIF (Minatom);
supported by Japan and EU

• Conceptual design completed; preliminary design
complete early 2002
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INTERNATIONAL GT-MHR PROGRAM

R�.q.ip�t Poitiow Wfcfin R-I.r
• Design, construct and -i.7H .d

operate a prototype GT-
MHR module by 2009 at c""
Tomsk, Russia Ek��&..W.l

• Design, construct, and
license a GT-MHR Pu
fuel fabrication facility
in Russia
Operate first 4-module
GT-MHR by 2015 with a
250 kg plutonium/ P�
year/module disposition city
rate

R.ct.r

.... Fuel contains Pu only

...... No fertile component I
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COMMERCIALIZATION PROGRAM

COMMERCIAL INTERNATIONAL RANIUM FUEL
PROGRAM PROGRAM + RATHER THAN

TECHNOLOGY Pu FUEL

Plant construction can start in years
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LIMITED ENGINEERING WORK REQUIRED
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COMMERCIAL PROGRAM FOLLOWS
INTERNATIONAL PROGRAM
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SUMMARY

• GT-MHR

- Rooted in decades of international HTGR technology

- Builds on 1980's (MHTGR) experience

• Optimization of inherent gas-reactor features
provides

- High thermal efficiency

- Easily understood, assured safety

• International program facilitates near term

deployment
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T. Kress, Chairman, Subcommittee on Future Reactors: For light water reactors, the
safety goal that you have is X 1 O' for early fatalities. You hear statements like, well,
that's for light water reactors because we can live with that number. We have some
idea of what the uncertainty is in the determination of it. But because those
uncertainties are pretty big, we hear statements like well, we're going to not let you do
that all with preventing the core damage. We're going to make you have a containment
because of uncertainties. There's no quantification in my mind of what that uncertainty
level is where you no onger have to have a containment. How are you going to deal
with that concept in the regulatory arena?

L. Parme, General Atomics: I've heard those kind of questions multiple times. In the
'80s, what we submitted first of all is we argued that the goal of the NRC should be to
assure the safety of the public, environment if that be also the case, but the criteria for
the top level regulatory criteria and going and giving me a criteria on core melt or core
damage is not really telling me anything about how safe you want the public. I will
admit they didn't full accept that response, but in the case of the high temperature gas
cooled reactor, I'd come back in a second. Perhaps it's not such a concer if
something like that were imposed on me. In all of the accidents -- and some of the
accidents I plotted up there. You'll notice all of those things are less than a rem and
typically they're on the order of tens of millirems. Some of those things include
assuming that in the steam cycle plant we had lost all electric power on one module,
took a break in a steam generator, lost our forced cooling, started pumping steam from
one module back to the others for hours on end with nobody taking action. Those are
still the kind of doses we got. There's no damage to the core.

However, I will add, we mistakenly in the mid'80s said, what do you mean by core
damage? There's no damage. The graphite will stand up to 5,000 degrees Fahrenheit
or more before it starts to sublime. It won't be damaged. Well then they started
redefiningitasadoseoverlOOmilliremorsomethinglikethat. thinktheargumentis
tell me how safe you want me to be. If Generation IV or if these newer reactors are
supposed to be quantitatively safer --

T. Kress, Chairman, Subcommittee on Future Reactors: I'm quite pleased to see
your frequency consequence curves because some of us on the ACRS think that's a
good way to go, particularly when you don't have core melts.

The other question I wanted to ask you that may come up, I don't know. Chernobyl had
a lot of graphite and it apparently burned. You have an air cooled cavity where you're
encouraging natural convection. Is there an issue there?

L. Parme, General Atomics: Let me say a couple of words. In the NRC interactions we
had in the '80s, we did do some analysis of broken vessels, failed vessels, and air
ingress. First of all, reactor grade graphite in the U.S., H451 for pebble bed modular
reactor. I'm not sure what the grade is but typically the German graphites. They will not
burn in the sense of a self-sustaining chain reaction.
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D. Powers, ACRS Member: Why do you say that?

L. Parme, General Atomics: I will say that exactly as follows. Coal will burn, charcoal
will burn because of its impurities. Reactor grade graphite -- and there's been tests
done at Oak Ridge where an oxyacetylene torch was placed on the graphite.

D. Powers, ACRS Member: You're talking of the difference between a point ignition
and a homogeneous ignition.

L. Parme, General Atomics: In the case where we analyzed air going into the core,
and here I'll speak only of the blocks, the reaction rate is driven by temperature that is
held up by decay heat. The heat generated from oxidation of the graphite was about--
and it's been 1 0 years -- but on the order of 1 0 to 20 percent of the total heat generated
was -- in fact, 0 percent or less was due to oxidation. Also the reaction then becomes
oxygen-limited as the air passes up the channels. We did an analysis assuming a
vessel failure in that cross vessel that connects the two vessels and then assumed that
the silo was open and you could get air in that. What you would get was air coming in
the hot duct, going up through the core, down through the vessel and out the return
duct.

We did the analysis for about 24 hours and I think we did it beyond that but, once
again, I'd have to go back and look at the calculations, though it is in Appendix G to the
preliminary safety information document that was submitted. I think you see there's no
increase in particle failures, but what you do is you are getting releases. They're pretty
substantial because they're a driving force and the releases you're seeing and the
doses that come with it are due to picking up the contaminants that are within the
graphite. As you oxidize the graphite, there are contaminants there. They were -- I
want to be careful about quoting the doses. I rather doubt that they stayed within the
protection action guides for that accident. However, they were well within the limits of
10 CFR 100.

My comment on combustion was implying just primarily that the reaction is driven by
decay heat. It's not as if you had a charcoal pile there. But you will oxidize. There's no
question you will oxidize graphite.

Incidentally, in the large HTGR, the approach to that, if you got a break and the primary
cooling system got air in the system, it's a coolant. What you do is if you've got a
circulator, you turn the circulator on and you cool the core with air. Once the core
temperature is down, it will not oxidize so you just run the circulator. That was the
design approach for the large HTGRs. If you had a circulator running, that's how you
do it. You just turn the circulator on, blow the air around and cool it off.
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