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Executive summary of proposed strategic element:

The transition from ITER to fusion DEMO and power plant requires the development of a
tritium breeding blanket to generate tritium (T) in unprecedented large quantities to
sustain the plasma operation. There is a definitive need to breed all T required to fuel the
plasma and sustains its operation: 55.6 kg of T per GW of fusion power, per full power year
(FPY) of operation. This white paper provides our current understanding of the breeding-
related challenges for the prominent US dual-coolant lead lithium (DCLL) blanket [1,2],
pinpoints the uncertainties in the tritium breeding prediction, and suggests a strategy to
assure T self-sufficiency and mitigate the risk of a shortage or surplus of T.

Scientific and/or engineering opportunity:

The tritium breeding ratio (TBR) is a key metric for devices seeking T self-sufficiency. A
calculated TBR above unity implies the facility breeds T at a level closely approaching or
exceeding the combination of consumption, uncertainties in the TBR prediction, and T
holdups, losses, decay, etc [3-6]. It is believed that ITER will consume almost all T recovered
from CANDU reactors (~1.7 kg/y) [10]. Other sources of T exist in the U.S. and abroad, but
they are limited in supply, classified, uneconomical, and/or inaccessible for general use
[7,8]. The cost of purchasing T is expensive enough to enable defining the mission of DEMO
and power plants (e.g., T self-sufficiency) and designing some components around the TBR.
Thus, fusion devices generating substantial fusion power and consuming 10s-100s kg of T
annually must breed their own T in a blanket to negate the risk of relying on external
supplies to provide/control the essential fuel of the machine.

The TBR should be estimated with high fidelity. It is design and breeder dependent and
should be established and carefully tailored for each design separately [3] as a small 1%
error in the TBR estimation is equivalent to ~1.1 kg of T/FPY for a typical fusion power
plant with 2000 MW fusion power. At a T unit cost ranging from ~$30k to ~$118k per gram
[9], 1% deficiency implies an additional FPY operational cost of $33-131M to purchase T
from external sources. For advanced fusion designs, the TBR requirement reached its
lowest value of 1.05 for ARIES-ACT [6] - the most recent power plant study in the ARIES
series [10]. The 0.05 breeding margin accounts for known deficiencies in nuclear data (3%),
unknown deficiencies in modeling (1%), and T bred in excess of T consumed in plasma
(1%). The first margin is derived from recent European experiments to validate the nuclear
data for EU blankets. The 3-D model that estimates the TBR should include all engineering
and structural details of the blanket and its surroundings as specified by designers using
advanced CAD-based 3-D neutronics tools to model fine details of blanket. Nevertheless, a
margin of 1% accounts for design elements that could be overlooked during modeling.
Strong, optimistic assumptions have been made to limit the last margin to 1%. This excess T



is required to provide the startup inventory for a new fusion power plant, to compensate for
T holdups in the structure and decay of stored T, and to account for the T lost to the
environment [3,6]. Highly efficient T extraction system with redundant components, short
times for T reprocessing, and efficient detritiation system are also projected for advanced
fusion designs. In the future, the first and second margins will gradually diminish as the
nuclear data evaluation improves and more sophisticated 3-D CAD-based codes are
developed. An ambitious goal for the net TBR is 1.01, which is achievable with dedicated
R&D programs.

Even after a fusion plant is designed and built, there will be uncertainties during the
facility’s operation that will determine the actual breeding level. Achieving a net TBR of 1.01
cannot be verified until after operating DEMO or power plant with fully integrated blanket,
T extraction system, and T processing system. Therefore, any blanket design should have a
flexible approach and be able to accept a few necessary changes in order to deliver a net
TBR slightly above one. The most practical solution is to operate the DCLL blanket with a 6Li
enrichment < 90% and develop a scheme that adjusts the Li enrichment online during
operation to compensate for unanticipated tritium production, usage and losses [3,11,12].
This novel scheme helps assure the T self-sufficiency and mitigates the risk of a shortage or
surplus of T, but should be tested and matured with R&D programs.

Technology Development and Maturity

A well-planned and executed R&D program is needed to reduce the unknowns involving the
T production, storage, processing, etc. A large knowledge gap exists between near-term
fusion experiments (such as ITER [13] that generates ~4 g of T/y) and future power plants
(that will produce and consume ~110 kg of T/FPY). To advance the fusion energy, a R&D
program, involving both analytical studies and lab-based demonstrations, is essential to
reduce the breeding margin to ~1% by demonstrating the online adjustment of enrichment,
improving and validating the T production predictive capabilities (nuclear data and codes),
demonstrating the T recovery and storage processes, and determining the T inventory,
holdups, and efficiency of T processing and detritiation systems. Several technologies could
assure the T self-sufficiency and lower the TBR requirement from 1.05 to 1.01 for advanced
power plants. Small-scale R&D activity, lab testing experiments, and code development
involve efforts to:

* Develop the necessary technology and practical scheme to adjust the 6Li
enrichment online [11]

* Improve the TBR prediction for the DCLL blanket with better evaluation of nuclear
data using 14 MeV neutron integral experiments. The main goal is to improve the
cross section data evaluation and diminish the uncertainty in TBR due to nuclear
data.

* Improve the TBR prediction by diminishing the uncertainty in calculated TBR attributed
to approximations in modeling. High fidelity TBR computations would be established
with the state-of-the-art DAGMC code [14-16] that couples the detailed CAD geometry
of blanket internals with 3-D MCNP code [17].

* Improve the accuracy of the 1.01 minimum TBR (excluding uncertainties in nuclear
data and modeling) by launching R&D programs to:

o Accurately determine T inventory holdups for all in-vessel and ex-vessel
components



o Increase efficiency, improve performance, and shorten time for T reprocessing
and extraction systems for PbLi [1,18]

o Develop efficient detritiation system

o Minimize T losses to environment

o Develop efficient T accountancy system.

Lastly, we describe how the proposed strategic element addresses the four NAS charge
factors:

1. Ensuring U.S. leadership in a field of plasma physics and/or fusion development:

The US invented the DCLL blanket concept in the late 1990s [19,1]. The proposed
tritium breeding strategy supports the fusion development by allowing US researchers
to further enhance the DCLL blanket design, assure its T self-sufficiency, and remain
the world leader for the DCLL blanket concept.

2. Impact on present and future international activities and collaborations by U.S.
scientists:

To maintain our international competitiveness, we suggest initiating a new
international research activity specifically for the DCLL blanket with the Frascati 14
MeV Neutron Generator at ENEA in Italy [20]. In addition, the US could collaborate
with the Karlsruhe Institute of Technology (KIT) in Germany [21] to help develop the
knowledge base for low T inventory, short processing time, efficient T extraction from
PbLi breeder, and sound T accountancy system.

3. Impact on the health of domestic fusion research at universities, national labs,
and industry: The proposed strategy provides the opportunity to engage diversity of
activities at universities (UW and UCLA), national labs (SRNL, ORNL, and INL), and
industry (to develop efficient Li enrichment techniques). Furthermore, the program
will attract newcomers to UW and provide opportunities to work at the frontiers of
neutronics research and code development. The T extraction and processing
knowledge base can be tested at the Hydrogen Technology Research Laboratory at
SRNL [22] and at the Safety and Tritium Applied Research (STAR) laboratory at INL
[23].

4. Impact of/from unanticipated events or innovations requiring programmatic re-
direction:

The tritium breeding strategy would be unaffected by unanticipated events in fusion
research or innovations to improve the fusion development. It is applicable to all
power plant and FNSF concepts (tokamaks, spherical torii, stellarators, etc.), employing
the DCLL blanket [24].
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