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Title of Proposed Initiative: Practical D-D Fission Ignited Fusion for Electrical Power Generation

Investment Areas (Check one or more) — For definitions, see First Triennial Investment Plan, page 12:
m Applied Research and Development

= Technology Demonstration and Deployment

[0 Market Facilitation

Electricity System Value Chain (Check only one): See CPUC Decision 12-05-037, Ordering Paragraph
12.a. http://docs.cpuc.ca.gov/PublishedDocs/WORD PDF/FINAL DECISION/167664.PDF.

[0 Grid operations/market design
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= Generation DOCKETED

O Transmission

o 12-EPIC-01

0 Distribution TN 725616
[0 Demand-side management
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Issues and Barriers:

There is no more reliable, sustainable, or cleaner power generation on demand technology than D-D
nuclear fusion. Contrary to popular perception, a practical proven form of D-D fusion currently exists
capable of rapidly producing industrially significant amounts of energy ideal for use in providing fill in
load balancing power on demand to support variable renewable energy systems that are planned to
be added to the California grid over the next decade. Practical fission ignited D-D fusion was
investigated by both Lawrence Livermore National Lab and Los Alamos National Lab in the mid-
1970s and prototype devices for fusion power generation were designed. Practical fission ignited
fusion was abandoned at the National Labs at the insistence of the Nixon Administration, not
because of technical issues, but rather in efforts to resolve a larger structural governmental budget
problem.

Initiative Description and Purpose:

In brief, applicants propose to;

(1) provide a conceptual design for a sound and practical technical path to commercial
introduction of a practical fusion power plant and

(2) jump-start a short and medium-term approach to practical nuclear fusion based electrical
energy generation without generating long-lived nuclear waste (D-D fusion uses non-radioactive
Deuterium separated from sea water as fuel and produces only non-radioactive Helium and
neutrons as nuclear waste). We the applicants propose that currently a practical approach to
fusion electrical power generation exists and,;

is technically feasible and is significantly simpler and more affordable than other nuclear and
non-nuclear alternatives being considered. Practical Fusion power generation and can be
achieved in a reasonable period of time (conceptual design within 18 months, proof of principle
within 5 years, commercial prototype within 10 years). The applicants estimate that the
technology readiness level for this approach to D-D nuclear fusion to be high, requiring no
major engineering or scientific breakthroughs to implement.
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Suggested funding level:

Conceptual Design of a D-D fusion Inertial Confinement power plant - $250K
Demonstration of proof of principle fission-fusion assembly - $5 million
Prototype underground mounted 1 GWe D-D fusion power plant - $400 million

Stakeholders:

The stakeholders who would support the initiative include ratepayers who benefit from lower cost fusion
produced electricity and utilities that should be able to get credit for the reduction in greenhouse gas
emissions due to replacing a significant portion of their current fossil fuel usage with clean non-GHG
producing energy from D-D fusion.

Background and the State-of-the-Art:

Under the direction of Dr. Edward Teller, in the early 1970s, the Lawrence Livermore Lab
launched a program called project PACER in efforts to transfer valuable practical fusion power
generation technology from the military realm to the commercial realm. Prior to launching
project PACER, LLL had successfully produced large commercially significant amounts of
fusion energy from Deuterium-Deuterium fusion in the lvy-Mike thermonuclear test and
subsequently in hundreds of additional successful fusion field tests thereafter at the Nevada
Test Site and on the Pacific Test Range in the Marshall Islands. As part of the LLL field test
program, all of the individual elements key to practical fusion power generation were
demonstrated including

1) Design and construction of an efficient ultra-clean low-yield fusion optimized device called
the W70-3 that maximized the production of energy from fusion while minimizing production of
energy from fission — resulting in clean long term fusion power production with minimum
production of fission products and nuclear waste.

2) The safe containment of a fusion energy burst inside a tunnel or PACER cavity (over 80
tunnel shots were safely performed at NTS alone)

Additionally, at Oak Ridge National Laboratory, key enabling molten salt technology and
chemistry was developed in the early 1970s to support construction of a prototype fission
molten salt reactor. The PACER fusion reactor proposes to use molten salts to acquire and
store heat produced from a sucession of fusion bursts at a rate of about one burst a minute
and transfer the heat to a conventional steam turbine-electrical generator which produces
electricity to provide critical fill-in load balancing power on demand.

In 1989, LLNL’s most senior nuclear designer, Dr. Ralph Moir, produced a conceptual design
for a practical molten salt fusion power plant. This power plant design is the initial concept for
an even smaller and less costly mini-PACER fusion reactor design that produces energy via a
succession of 100 Gigajoule fusion bursts ignited once a minute to produce electrical power on
a continuous basis at a 250 MWe power level.

Justification:
This technology / strategy will provide California IOU electric ratepayer a number of benefits
while reducing greenhouse gas emissions of the state.
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This practical D-D fusion energy technology should permit
1) Reliable Electrical Power Generation to support variable renewable energy systems

2) Dramatic Reduction of grid drop-outs and brown-outs resulting in greater public acceptance of
renewable and alternative electrical energy generators

3) Production of reliable low cost underground mounted commercial fusion electrical power plants
costing less than $400 million per 1 Gigawatt plant

4) Practical cost effective and safe commercial fusion power plants could be a major new industry
in California creating directly 10,000 new jobs in the first decade of commercialization and
500,000 jobs in California overall stimulated by lower cost reliable commercial electrical power
that tends to stimulate the California economy broadly

5) This research is most appropriate for public funding as commercial interest and support for this
practical fusion technology has not yet been developed. Rapid implementation of a plan to build
D-D fusion power plants would require help and expertise from the Lawrence Livermore National
Lab and the University of California, School of Nuclear Engineering and for temporary use of sub-
critical testing facilities at the Nevada Nuclear Security Site.

Ratepayer Benefits (Check one or more):
m | Promote greater reliability

m | Potential energy and cost savings

Increased safety

m | Societal benefits

0 Environmental benefits - specify

= GHG emissions mitigation/adaptation in the electricity sector at the lowest possible cost
] Low emission vehicles/transportation

= Waste reduction

= Economic development

Describe specific benefits (qualitative and quantitative) of the proposed initiative

Public Utilities Code Sections 740.1 and 8360:

Public Utilities Code Sections 740.1 and 8360: This technology / strategy addresses the principles
articulated in California Public Utilities Code Sections 740.1 and 8360 since this project offers a
reasonable probability of providing benefits to ratepayers without duplicating research that was
undertaken previously or being currently undertaken by other electrical or gas corporations or
research organizations for fusion energy generation. Yet it leverages the knowledge and unique
expertise accumulated by by LLL Field Test Division while performing hundreds of fusion nuclear
tests at the Nevada Nuclear Security Site. Practical Fusion power generation also supports
environmental improvement by (i) reducing greenhouse gas emissions, (ii) conservation of fossil fuels
by substituting abundant Deuterium separated from sea water for rapidly diminishing fossil fuels (iii)
development of new renewable fuel resources and processes for their effective use. Finally, fill in
power from practical D-D fusion power plants allows already existing and future variable renewable
energy systems to effectively produce high quality power without black-outs or grid instability by
providing the reliable fill-in power on demand ensuring quality power to rate-payers.



