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REGULATORY CHALLENGES

NRC licensing of advanced plants must
ensure that these economic imperatives do
not have adverse impacts on

- Safety
- Risk of radiological sabotage
- Waste management and disposal
- Non-proliferation
- Full opportunity for public participation
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EzKAMPLE: PBMR

PBMR characteristics fundamental to its
economic viability represent significant deviation
from traditional "defense-in-depth"

- Lack of pressure containment
- Significant reduction in safety-related SSCs
- Reduction in EPZ radius by a factor of 40 (exploits

regulatory exemption for HTGRs)
- Greatly increased reliance on fuel integrity under

accident conditions for protection of public health

ACRS 1988): unusually persuasive argument
required to justify "major safety tradeoff

PBMR FUEL PERFORMANCE AND
SAFETY GOALS

Source terms must be accurately determined for a
full range of potential accidents
- Pebble performance very sensitive to initial conditions -

-- relationship poorly understood
- Robustness of PBMR fuel is being oversold ---

significant fission product release (several % of Cs
inventory) can occur at 1700-1 800'C) --- hundred of
degrees below fuel degradation temperature

- Quality control is paramount --- BNFL involvement in
South African fuel fabrication plant suggests that a fuel
quality control programmatic ITAAC is necessary
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PUTDMR SAFETY GOALS

• Safety goals need to be reexamined for advanced
reactors

Current goals not conservative enough --- could still be
met by reactors today with containments removed!
"Large release fraction" if EPZs are reduced

• Accident frequencies that could result in R must
be accurately calculated
- Design-basis LOCA --- safety margin may be too small
- Air or water ingress

• System upgrades may be necessary to meet goals
- secondary coolant system (MIT vs. Eskorn)
- advanced fuel coating materials (i.e. ZrC)

RADIOLOGICAL SABOTAGE
THE "SHOW-STOPPER"?

Providing adequate physical protection to defend
plants against sabotage has proven to be a major
challenge:
- 50% of U.S. nuclear plants failed force-on-force

(OSRE) testing of plant security in 2000
- At Exelon's Quad Cities plant, "deficiencies in the

licensee's protective strategy enabled the mock
adversaries to challenge the ... ability to maintain core
cooling and containment' (NRC, October 18, 2000)
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R-ADIOLOGICAL SABOTAGE (cont.)

No nuclear system can be rendered "inherently
safe" ftom. radiological sabotage
- Deliberate graphite fire in PBMR remains possible even

if accidental fire is incredible
- Reduction in security staffing requirements for PBMRs

not technically justifiable
- Systems with in-situ reprocessing plants (S-PRISM)

would be especially attractive targets

ACRS 1988) recommended that NRC develop
guidance for incorporating sabotage resistance
into advanced designs --- need early involvement
of Reactor Safeguards staff

PBMR WASTE DISPOSAL

Final waste disposal may be the single largest
obstacle to nuclear power expansion

Spent pebbles create a huge waste problem: per

MWD, compared to spent WR fuel:
- Volume and weight are about 10 times greater- with

proportionate increase in storage and transport
requirements

- Carbon-14 inventory is 10-20 times greater --- problem
for unsaturated repository like Yucca Mountain
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PUBLIC ACCEPTANCE

New facility siting is a great challenge:
- Favors new plants at existing sites in areas of broad

public support
- Trying to greatly increase number of nuclear plant sites

is a losing strategy --- but there is little advantage in
modularity if available sites remain highly limited

- Favors minimization of transport of nuclear materials
Public opposition may only be deterred with a clear
commitment to maximize safety:
- Favors "gold-plating" nuclear plants
- Inconsistent with attempts to eliminate containment,

reduce emergency planning, etc

PUBLIC ACCEPTANCE (cont.)

Aggressive licensing schedule proposed by Exelon
for PBMR (construction to begin in 2004,
operation in 2007) will only antagonize
antinuclear groups now mobilizing
"License by test" is just a PR move --- unlikely to
be adequate to resolve all safety issues to NRC
satisfaction
Better to proceed more cautiously and make sure
that full resolution of all technical concerns is
achieved
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THE FUNDAMENTAL DILEMMA
OF NUCLEAR POWER EXPANSION

Without ratepayer or taxpayer subsidy, no new
nuclear plants will be built unless they can
successfully mimic the desirable economic
features of gas turbines:
- low capital cost

- short construction time

- modula rity and ease of distribution

Can this be done safely? Or is nuclear
technology incompatible with these objectives?
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L. E. Hochreiter, Penn State University: Some of these designs are looking at not having a
containment, and then I think you have issues. Today in the light water area, really failed fuel is
a utility or an operator concern, and it's a vendor concern, and you're very, very careful about it
because obviously if you want to sell fuel, you don't want it to fail. So it's a problem that solves
itself. But you've got a containment around the plant. In some of these designs you don't have
a containment, and I think it could be more of a problem.

N. Todreas, MIT: Okay. First, let me answer I'm not promoting either a process or a product
specification. What I am doing is asking whether it is going to be a process or a product
specification, and then developing a line of questioning along each.

L. E. Hochreiter, Penn State University: Neil, on your process control, are you envisioning a
control process where you can try to control each, on these particles, each layer in this
thickness within a specified amount or the total product as it comes out?

Because I don't see how you control each layer, and if you control on the total product that
comes out, if it doesn't come out right, and you won't find that out probably until you operate,
then you've got a problem.

However, now, in addition though the way you ask the words, a process specification means
that you control the process of every manufacturing step. So you may have a process where
you're doing the coating, but you don't go and measure the coating or sample the coating.
What you do is you control the aributes of the fabrication process. How do you know you meet
your criteria if you don't go and measure?

N. Todreas, MIT: No, no, because what you do in the qualification stage, you take the product
that comes out; you put it in the reactor; and you'd better make well sure it can take the burn-up
with a failure criteria over whatever your design lifetime is.

L. E. Hochreiter, Penn State University: At some point you're going to have to have gone
through and verified that whatever your process is gave you the product that you wanted.

Neil Todreas, MIT: There's a tremendous amount of radiation data on this particle fuel. If you
can pin down the process that it was made to and link it to the data, then you can say you
identified the process, and then you can basically duplicate it and keep going. That's the
burden the applicant is going to have.
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