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Table 3.2. Effective microscopic cross-sections for
reactions producing tritium or precursors

Reaction e"(m-ZS n?)
2H(n,y)T 0.000316

S i(n,a)T 693
7Li(n,na)T 0.0516

105 (0L 3060
108(n,20)T 1.27
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Ref. G.W. Hollenbers, etal. (j4id)

TABLE 1
CANDIDATE BLANKET MATERIALS

Neutron

Breeding Materials Coolants Structure Multiplier
Liquid Metals Water Austenitic Stainless Steel Be

Li (H,0, D,0) Ferritic Steels BeO

Li-Pb Liquid Metals Nickel-base Alloys Pb

Li-Pb-Bi Li Refractory Alloys (e.g., V) Pb0
Molten Salts Li-Pb Bi

Flibe Li-Pb-Bi lr
Intermetallic Compounds Molten Salts Zr59b3

U?sz Flibe PbBi
Solid (Ceramic) HTS

k1,0 ' Gases

LiA]O2 He

L125103 Steam

L122r03

Li2T103

Until about 1980, liquid-metal blankets were considered almost
worldwide to be the leading option. In the course of the STARFIRE
study,(T) the safety problems associated with liquid lithium received a
great deal of attention and an advisory panel from electric utilities judged
the safety problems as a serious objectional flaw in reactors using liquid
lithium. Subsequent to the STARFIRE study, a significant R&D program on
solid breeding materials was initiated as activities on liquid metals were
reduced in the United States. Japanese R&D activities have had a singular
emphasis on LiBD throughout the 1970's and 1980's, while activities in
Europe, until only recently, have soley emphasized liquid metals. Today, in
programs such as the Blanket Comparison and Selection Study (BCSS)(Z4j a
reassessment of critical issues is causing a reevaluation of both liquid

metal concepts and solid breeder concepts.
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Table 12.4 Diffusion and solubility coefficients for hydrogen in various metals. Some values of
S, and D, have large errors ( ~50 %) (Baskes 198(): Cecchi 1979: Perkins 1973)

Metal Sn B Dy Ed
10* atoms/ eV 10~ "m%/s eV
m?Pa?

= Ni 9.7 0.16 4.0 0.41

Fe(bce) 6.3 0.28 0.78 0.08

Fe(fcc) 14.0 0.32 6.7 0.47

Al 5.6 0.66 110.0 043

Ti 4.7 -0.50 18.0 0.54

Zr 20.0 —0.63 4.2 0.41

Mo 4.2 0.22 4.8 0.39

304 SS 1.1 0.061 4.7 0.56

Inconel 625 2.2 0.13 7.6 0.50

Cu 4.8 0.40 11.0 0.40
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Flg 12.5 Flow diagram for a system using an intermediate “barrier” coolant loop to reduce
tritium leakage into the steam system

Tridinm Recovery systems | ;fr;rz:\ can be remoued . e vacaum
y

By €y ogenic Aishllahon o by
difusion Phrough permesble membranes .

Table 12.5 Some tritium removal methods

Fluid

Removal method

Water

Water (ITER)
PbLi

PbLi

He

He

He
Molten salt
Molten salt

Boiling temperature difference

Electrolysis and catalysis

Diffusion into He gas and extraction from He

Permeation through window (such as Nb) into trititum removal tubes
Oxidation by Oa. then condensation in cold trap

(Diffusion)through Nb or Pd window imo@only if high tritium
pressures are allowable)

Solid sorbents. if high tritium pressures are allowable

Spray droplets into(vacuum )
Bubble He through molten salt
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ITER Fuel Cycle
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Generic overview of fusion fuel cycle mass and energy flows
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Current and planned key fusion tritium fuel
cycle development points

DEMO
State-of-the-art ITER/ITER-TBM DEMO
Fusion power: 10’s MW Fusion power: 500 MW Fusion power: 2000 MW
Burn fraction: Nil Burn fraction: 0.3% Burn fraction: >3%7
Pulse length: seconds Pulse length: 3000 s Pulse length: Continuous
Annual duty cycle: ~5% Annual duty cycle: 5% Annual duty cycle: 50%
Breeding: None Breeding: TBM testing Breeding: Self-sufficient

Page 8
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Palladium membrane reactor

- Without generating solid waste, recover hydrogen isotopes from:

— Water Catalyst
HTO
— Hydrocarbons (Tritiated Water)  [T5Rae N o
) > ZEERT0 > CO, CO,

- Ammonia co Sk

« Successfully tested at ITER scale in lab [ uw
. /

. CO"Slderlng teStS at JET Pd/Ag Membrane Reactor Shell

T
-
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Uranium hydride beds

 Used successfully to store hydrogen isotopes including tritium
. Store tritium at room temperature with negligible gas pressure, deliver

hydrogen isotopes at 400 — 500 C.
« Generates gas pressure with no moving parts
« Tested with tritium at ITER scale
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Time-dependent Fuel Cycle system modeling

- Commercially available chemical engineering software (Aspen)
adapted to tritium system modeling. Highlights include:
— Cryogenic distillation
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ITER Test Blanket Module (ITER-TBM)

System characteristics
« Operate in extended burn and dwell with daily interruptions for 6 days
* Include tritium containment systems
« Large ITER tritium inventory and small TBM inventory

Sub-system characteristics

Neutrons

Neutrorn Source

¢ 14 MeV source
o Varying neutron flux
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« Small modules (~1 m2) * Include tritium
« Realistic fusion extraction and heat
environment extraction technology
< Must consider non-TBM « Technology
interactions changeable during
¢ Modules changeable maintenance periods
during maintenance
periods
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Tritium Breeding and Extraction Facility (TBEF)

System characteristics
« Operate continuously until steady state achieved (1-4 wks)
* |nclude tritium containment systems
* Relatively small tritium inventory

Sub-system characteristics
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« Small modules, but
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display system
behavior (~1 m2)

« Modules readily
changeable
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temperature/heat
input
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Fuel Cycle Development Facility (FCDF)

System characteristics

 Include all purification/recycle and extraction sub-systems

« Constructed at approximate 1/5t" DEMO scale

« Used to develop sub-systems as well as the overall system

« Conducive to low-cost technology development since
+ Not directly tied to support machine operations (ITER or FNSF)
* Not operating with tritium

« Test safety systems without risking actual tritium release

« Can test beyond performance extremes (not tied to operating machine)

« Generate reliability

* Use for staff training
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Conclusions

« The ITER Tritium Plant design and construction is a major undertaking
« Feasible technologies for each function have been identified
« Lessons being learned on ITER will be valuable for DEMO

« There is still tritium technology work beyond ITER that is needed to
advance to DEMO.
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