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Fission

(Gen. 1)

Fission
(Gen. IV)

Structural alloy T, | <300°C 500-1000°C 550-1000°C | 400-600°C
Max dose for core ~1dpa | ~30-150dpa { ~50-150 dpa <60 dpalfpy
internal structures

Max transmutation [~0.1 appm| ~3-10 appm ~500-1500 appm ~2000
helium §(~8 times more forl: appm/fpy
concentration SiC) :

Particle Energy <1-2MeV| <1-3MeV : <14 MeV . several

E, . : hundred MeV
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Table 3. Facilities attending the FY 2016 lon Beam Investment Options Workshop.

Institution/Facilities

Accelerators

Capabilities

ANL/IVEM-TUF

2 MV Tandem
500 kV implanter

Up to 1573K, radioactive
materials allowed, in situ TEM
during irradiation

Idaho State University/Idaho
Accelerator Laboratory

4.0 MV Tandem

Radioactive materials allowead

LANL/lon Beam Materials Laboratory

6 MV Van de Graaff Vertical
9 MV Tandem

Up to 1473K, corrosion studies in
liguid metal and molten salts,
radioactive materials allowed

LLML/Center for Accelerator Mass
Spectrometry

FMN 10 MV Tandem Van de Graff
1 MV Tandem
1.7 MV Tandem

Up to 1023K, radicactive
materials allowed

Ohio University/Edwards Accelerator
Laboratory

4.5 MV Tandem Van de Graaff

Sandia National Laboratories/In situ lon
Irradiation Transmission Electron
Microscope (I3TEM)

6 MV Tandem

1 MV Tandem

3 MV Pelletron
Implanter

100 kV Manoimplanter
10 kV Colutron

Up to 1473K, in situ TEM during
irradiation, radioactive materials
allowed

TAMU/Accelerator Laboratory

10 KV Implanter

140 kV Accelerator
400 kV Van de Graaff
1.7 MV Tandem

3 MV Tandem

Up to 1273K, radioactive
materials allowed, dual beam
irradiation allowed, corrosion in
high pressure high temperature
water (planned)

University of Michigan/lon Beam
Laboratory

3 MV Tandem
1.7 MV Tandem
400 kV Implanter

Up te 1500K, corrasion testing in
high pressure, high temperature
water, radioactive materials
allowed, dual beam and triple
beam irradiation

University of Tennessee/lon Beam
Materials Laboratory

3.0 MV Tandem

Up to 1475K

University of Wisconsin/Tandem
Accelerator lon Beam Laboratory

1.7 MV Tandem

Up to 1073K, radioactive
materials allowed, corrasion in
maolten salt (planned)

University of Michigan - Michigan lon Beam
Laboratory

Argonne National Laboratory - Intermediate
Voltage Electron Microscope (IVEM)

Sandia National Laboratory - In-situ lon
Irradiation Transmission Electron Microscope

Argonne National Laboratory - Extreme Materials
Beam Line (XMAT)

Brookhaven National Laboratory - lon X-ray
Beam (IXB)

Brookhaven National Laboratory - lon Irradiation
Facilities and Capabilities at the BNL...

Los Alamos National Laboratory - lon Beam
Materials Laboratory

Texas A&M University - Accelerator Laboratory

Lawrence Livermore National Laboratory -
Center for Accelerator Mass Spectrometry.

Massachusetts Institute of Technology - MIT
Nuclear Materials Laboratory

University of Wisconsin - Wisconsin Tandem
Accelerator lon Beam

University of Tennessee -Knoxville - lon Beam
Materials Laboratory

Idaho State University - ldaho Accelerator
Laboratory

Purdue University - Center for Materials Under
Extreme Environment (CMUXE)

Ohio University - Edwards Accelerator
Laboratory

0 5 10

‘igure 3. Overall score and ranking of the ion beam facilities.
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Research Institute

H C1: Viability for the capability to extend our understanding
towards accurately simulating nuclear irradiation
conditions (neutrons or fission fragments).

m C2: Ability of the facility to provide a variety of ion
irradiations (ion types, energies, multiple beams, etc.).

m C3: Ability of the facility to provide a variety of well-
controlled target environments and conditions.

W C4: Ability of the facility to collect and analyze materials
properties and/or perform microstructural characterization
data onsite.

m C5: Ability of the facility to collect and analyze materials
properties and/or perform microstructural characterization
data in-situ.

m C6: Current or potential productivity of the facility (e.g.
fewer high-impact experiments or high-volume sample
throughput).

m C7: Unigue capabilities of the facility including any new
technology that has the capability to close technological
gaps.

m C8: Ability of the facility to handle radioactive materials
(structural materials and/or fuels) in the beams and
elsewhere onsite.

C9: Ability of the facility to produce quality-level data that
can support licensing as well as verification and validation
of modeling and simulation.

H C10: Ability of the facility to produce results that meet the
needs of the DOE — Office of Nuclear Energy (including
cross-cutting programs) and the nuclear energy industry.
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' 2 Overview of a KAHIF
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' ? Overview of a KAHIF
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Parameters RFQ
Frequency 25.96 MHz
Synchronous phase - 30 deg.
Charge-to-mass ratio 21/28
Input energy 2.07 keV/u
Output energy (MAX) 178.4 keV/u

Normalized emittance

0.6 mm-mrad

RFQ (350 kW)

Energy spread 1.03%
Duty factor 30 - 100%
Repetition rate 20 - 1000 Hz

Total length 8.6m

1.0 1.5 2.0 2.5

Power level (turn)
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' ? Overview of a KAHIF
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Parameters

IH

Frequency

51.92 MHz

Synchronous phase

- 25 deg.

Charge-to-mass ratio

21/9

Input energy

178.4 keV/u

Output energy

178.4 — 1090 keV/u

Normalized emittance

0.6 mm-mrad

Energy spread

<2.8%

Duty factor

100%

Repetition rate

20 -1000 Hz

Total length

56m

>
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' 04 Upgrade Plans
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B Fe 0|2 MIVOC Local-test (23.03~23.05.)
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B Fe 0|2 MIVOC Local-test (23.03~23.05.)
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"4 Conclusion : Final goal
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