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The Virtual Laboratory for Technology represents the diverse
technology research activities of 25 institutions
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Research Mission
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To contribute to the national science and technology
base by
1) developing the enabling technology for existing
and next-step experimental devices, by
2) exploring and understanding key materials and
technology feasibility issues for attractive fusion
power sources, by
3) conducting advanced design studies that integrate
the wealth of our understanding to guide R&D
priorities and by developing design solutions for
next-step and future devices.
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« VLT contributions to the ITER Project

- Base program research addressing high priority ITER issues and
performance enhancements using existing facilities

— in concert with the USBPO

- Ultilizing ITER as a fusion engineering science test bed and stepping
stone to complementary facilities and next step devices.



VLT participants are actively engaged in all aspects
of the ITER Project
VLT
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ITER Project Support — procurement package R&D
and design
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« The 13-T, 277-V-s central solenoid magnet assembly and toroidal field
conductor that utilizes the highest performance Nb;Sn superconducting wire
available.

+ The feed system for the 20-MW IC heating and current drive antenna which will
require the development of actively cooled transmission line components with ss
5 MW capability.

* Low loss EC transmission line components that supply the 24-MW electron
cyclotron heating and current drive launchers at up to 2MW capability.

« A gas gun based DT pellet fueling system that continuously supplies 5-mm
diameter cryogenic DT pellets at mass throughput requirements significantly
beyond present-day designs.

«  Twenty percent of the actively cooled Be-clad first wall armor panel and shield
block module assemblies that must withstand the combined effects of ~0.5
I\/]1W/1rrcl)2 I\sﬂW/acg heat loads from the plasma, erosion and nuclear heating levels
of ~ mo.

«  The exhaust gas processing system that separates hydrogen isotopes from
water, methane and inert gases from the exhaust stream of 400- to 3000-s-long
tokamak pulses at high throughput and with very high decontamination factors.



ITER Project cross-cutting activities
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« Development and evaluation of cast
stainless steel alloys as a lower cost
shield block fabrication option

Ultimate Tensile Strength at 25 C
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« 3-D CAD based high fidelity neutronics
modeling
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tritium inventories and various energy v | bt ey
sources—-chemically reactive dust, PF
coils, etc. Close interactions with French
regulators to expedite ITER construction
license approval.
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The VLT is actively involved in USBPO activities (3 members

on the Council, Fusion Engineering Science TG lead,
_Assistant Director for ITER Liaison, and physics tasks)

C Nl oo
1. Active coil system for ELM suppression and RWM stabilization
2. Limitations to startup flexibility for advanced scenarios
3. ELM mitigation scenario
4. |TER CODAC architecture design
5. ITER disruption mitigation system design and physics understanding
6. Requirements for stabilization of (3,2) and (2,1) NTMs
7. ICRF antenna performance and coupling
8. Heating and current drive mix on ITER and impact on achievable
scenarios
9. Review measurement requirements related to US diagnostic packages
10. ICRF heating and current drive scenarios
11. Tritium retention and H/D/T control
12. Feasibility of lost and confined fast ion diagnostic systems for ITER
13. Pedestal and L-H transition
14. Locked-modes and error field correction specification



In it’'s R&D program, the VLT is also addressing
high priority issues for ITER — disruptions, ELMs
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A new ORNL massive gas injection
system for mitigating the effects of
plasma disruptions has been
deployed on DIII-D.

— 6x higher throughput compared to
earlier design

JET ELMs

__— Pellet Path Fulze Noz £2218, £2220 IMA

0° (V+3) Port

An ORNL developed pellet pacing < Tk

system to reduce heat loads on
plasma facing components caused
by ELMs has been deployed on
DIlI-D.
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issues for ITER — tritium retention and PFC choice

In it’s R&D program, the VLT is also addressing high priority

usion Energy

Mixed material experiments on the
PISCES device have revealed a
synergistic effect of Be in deuterium
plasmas that substantially reduces
chemical sputtering of carbon from
graphite targets and hence the
source of tritium co-deposition from
the ITER divertor.

The PMI/PFC materials and safety
communities are investigating the
potential of tungsten as an
alternative to carbon and Be as the
materials for plasma facing
components of the first wall and
ITER divertor.
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The VLT is also conducting research to improve the

. current drive

performance of plasma control tools on ITER — heating and

usion Energy

Research on electron cyclotron
heating systems, using gyrotrons that ™
employ depressed collector

technology and improved internal o 3
mode convertors, promises to deliver "y
1.5 MW systems at overall ol -

efficiencies exceeding ITER’s target " ...

of 50%. Old Design

An ITER-like load tolerant high power
density (8 MW) ion cyclotron antenna
concept that allows the radio
frequency transmitters to operate
closer to full power output — this has
recently been deployed on JET in
collaboration with the European
Fusion Development Association.
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Utilizing ITER as a test bed — tritium breeding and
heat extraction

.
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US DCLL TBM module

«  Testing of tritium breeding and heat
extraction blanket concepts in special
ports is one of the principal objectives of
ITER.

SS frame

«  Chamber technology R&D and planning

has focused on test blanket options for

potential ITER application FClis the Thermal and MFD

Insulator lining all PbLi channels

— 1) US led dual coolant lead-lithium (DCLL)
concept for high temperature potential

— 2) Helium cooled ceramic breeder (HCCB)
“unit cells” in EU test blanket module

«  This focused activity integrates the efforts
of several program elements of the VLT
(chamber systems, materials science,
neutronics, PFC/PMI, and safety and
tritium)
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ITER and beyond — materials and fusion nuclear
science and technology
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- The VLT conducts broadly based research in these areas primarily

through its Materials Science, Chamber Systems, Safety and Tritium
Research and AIRES program elements.

Long-standing joint research programs with Japan strengthen and
augment these efforts

— JAEA: reduced activation ferritic steels
— NIFS: Tritium and thermal fluid control through first wall, blanket, heat
exchange/T recovery system pm|
irradiation Pl
high heat pulses
liquid metal MHD flow




JAEA collaboration: science based approach is being applied
to develop materials with radiation resistant, tough
i microstructures
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Conclusions

usion Energy

The technology community is fully and productively engaged in ITER
and is committed to its success.

Design, R&D and test facilities for the construction phase
Cross cutting research

Participation through the U. S. BPO on physics tasks and ITER Design
Working Groups

Research to address high priority issues and performance enhancements

Research to utilize ITER as a test bed for complementary and follow on
devices

ITER will require continued technology community involvement as its
design and research program evolve.

To enable it to achieve its full research potential
To exploit its status as the penultimate step to a demonstration reactor
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With ITER back in the picture, the future is looking

fusion engineering science

~~
O VLT

Virtui‘ o

How Initiatives Could g |8 |
X n O e =t 3.1}
£ 4] &
Address Gaps £ g = (2 15 2| |5 P
2 e g |8 |8g|5 B ] & =
& B2 |218lEE|& g| £ 8 5
] & | * od|l8 L 2 =] = ®
Legend 5 | = 8 lg |Bg[s3 s | &S =
. 2|6 | 2]|E |RE|S 8 sl 2] » - | 8 £
Major Contribution . 2= 2T |=<|2% E | B £ S =
— T il K &18,.|108|8& 5| 3| 8| 2| 8] & 2
Significant Contribution 2 A& |88l |88 2| E5¥° clz|l%|2| §| % 8
: 3 T = 82| § |2 8|S 5|2 Efs S o E o1 =8 ¥ 2| =
Minor Contribution 1 E %’ E| 2 2425|355 ce|l & E| 2| S| 5| 8|2 3
@ g &3 S| s=|5 oo < fay g X B
s L e v & Q& ®© Bl 5 = = = jas! o 17 p=3
No Important Contribution E (Sl 2 [CEI<ged2g| 2| Bl =|a|lm]|=]|a
gl ol - O Wl (= ol o= -l - W I Rr Gl (Ben D B
O |03 o ([UEvEloP|lvd O | O[O || |[O]| BB
L1 "Pljcdiclivc plasma modeling and validation 2 5 5 | 5
initiative
1-2. ITER - AT extensions 2 D> 1 6| |
I-3. Integrated advanced physics demonstration (DT) 1 2 1 1 1 1 1
1-4. Integrated PWI/PFC experiment (DD) 2 1 1 2 2 1 1 1 1 1
[-5. Disruption-free experiments 2 1 2 1 1 1 1
I-6. Engineering and materials science modeling and | | 4 5 |
experimental validation initiative = i
1-7. Materials qualification facility 1 2 1
I-8. Component development and testing 1 1 2 2 2
1-9. Component qualification facility 1 1 2 1 9 2 2




Technology research budgets fell sharply after our
withdrawal from ITER in 1998
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