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Notes

Welcome to the APEX-6 meeting

Special Welcome to our Japanese Participants (and to
our dedicated European Participant)

The Agenda s tight because of adding the FHPD
presentations. We need to be efficient and on time.

Over the past two months we have made several
presentations to the community. The response from the
community IS very encouraging.

The current situation in the US Program has
contradictions: Community-wide support and
enthusiasm but there is a possibility of budget cuts.

We have to work even harder:
-Double our work on the technical tasks
-Try to convey the message to Decision makers



Status and Direction of APEX

* The Status and Direction of APEX isgivenina
presentation by M. Abdou to VLT/PAC on December
10, 1998.

This presentation is available (it will be distributed
during this meeting).

« Another short presentation on liquid walls was also
given at the FPA meeting on January 26, 1999.
(Copies are also available)

e To savetime, this status will not be reviewed.



Key ltems
Finalize Interim Report Outline

Schedule for Interim Report Writing isfirm. We ask all
team members to please submit contributions on time.
There will be no exceptions.

We will have the draft copy distributed to Snowmass
Technology Participants by July 1. It isan ambitious
schedule but the motivation is great.

The Evaluation Criteria becomes even more important
because budget cuts will force usto do our best to
narrow concepts (or do them sequentially).

Responsiveness of Team Participants
-The Responsiveness of the team participants has
been exemplary in most cases

-Areas of Concern:

o A small number of team participants who do
not perform enough analysis, and are often
late in responding (e.g. in the Evaluation
Criteria Area)
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Interim Report Schedule

1. Detailed Outline (February 15, 1999)
January 31, 1999 Key Author for each section:
-Send detailed outline for your Chapter with
names of key authorsfor each section

Mid-February: Finalize Report Outline

2. Draft Assembly (June 1)
-Section Authors send first draft to Chapter Key
Author with copiesto other authors
-Comments to be sent back to authors by June
15
-Second Draft to Key author by June 30

3. Draft Report (July 1)
-Key Authors send Chaptersto M. Abdou and to
all members of the team
-Comments from Team to Authors by July 15

4. Final Interim Report (July 30) [Firm Deadling]
-All Chapters mailed to M. Abdou

5. Mail Report (August 15)
-UCLA will mail Report to Community




Outline of the APEX report. (Revised January 26, 1999)

Executive Summary (Abdou)
1. Introduction (Abdou)
2. Overview (Abdou, et al)
3. Study Approach (Abdou, et al)
4. Evaluation Criteria (Sawan, et al)
4.1 Introduction
4.2 Evaluation Plans and Schedule
4.3.Information Required for Scientific Evaluation
4.4 Scientific Evaluation Criteria
4.4.1 Minimum Functional Requirements
4.4.2 Potential for Improved Attractiveness
4.4.2.1 High Power Density and Heat Flux Handling
4.4.2.2 Power Conversion Efficiency
4.4.2.3 Availability
4.4.2.4 Safety and Environmental Attributes
4.4.2.5 Cost
4.4.3 Design Margins and Uncertainties
4.4.4 Critical Issuesand R&D Needs
5. Thick Liquid Blanket Concept (Ying, et)
5.1 Introduction
5.2 |dea Description and Rationale
5.2.1 General Perspective
5.2.2 Applications to Tokamaks
5.2.3 Applicationsto ST
5.2.4 Applications to FRC
5.3 Neutronics
5.3.1 Energy Deposition due to X-ray Penetration
5.3.2 Nuclear Heat Generation within Blankets
5.3.3 Tritium Breeding and Power Multiplication
5.3.4 Decay Heat, Activation and Irradiation Damage of the Support Structures
5.4 Hydrodynamics Analysis
5.4.1 Hydrodynamics Characteristics of Tokamaks Thick Liquid Blankets
5.4.2 Hydrodynamics Design of ST
5.4.3 Hydrodynamics Design of FRC Intake and Outlet
5.4.4 Flow Around Penetrations
5.4.5 Hydrodynamics Instability
5.4.5.1 Source of Instabilities
5.4.5.2 Effects of Various Parameters on Flow Instability
5.5 Heat Transfer and Thermal-Hydraulics
5.5.1 Free Surface Temperature Evaluations
5.5.1.1 Turbulence and MHD Effects
5.5.2 Temperature Distribution in Blanket Core
5.5.3 Temperature Distribution in Support Structural Elements
5.5.4 Pumping Rate/Power and Temperature Control



5.6 Material and Thermomechanical Analysis
5.6.1 High Temperature Materials for Support Structures
5.6.2 Thermal and Pressure Stresses
5.7 Mechanical Design and Maintenance Approach
5.7.1 Mechanical Design Features and Configuration Layout
5.7.2 Maintenance
5.7.3 Considerations for Heating and Diagnostic Penetrations
5.8 Evaluation of Liquid Options (Li, Flibe, SnLi)
5.9 Performance Summary and Tables (Tables per Evaluation Criteria Requirements)
5.10 Key Issues and R&D.

6. Electromagnetically Restrained Lithium Blanket (Woolley, et al)
6.1 Introduction
6.2 Comparison with other Thick Liquid Blanket Concepts
6.3 Flow Phenomena with Injected Electric Current
6.4 Axisymmetric LMMHD Analyses
6.5 Electromagnetic Interactionswith Tokamak Plasma
6.6 Necessary Departures from Axisymmetry
6.7 Optional Design Features and Synergies
6.8 Power Conversion Options
6.9 A Design Example Summary - Tables and Sketches
6.10 Performance Summary and Tables
6.11 Key Issues and R&D.

7. Liquid Wall Concept, CLIFF (Morley, et a)
7.1 Introduction
7.2 1dea Description and Rationale
7.2.1 General Perspective and Preliminary Design Description
7.2.2 Applications to Tokamaks
7.2.3 Applications to Other MFE Confinement Schemes
7.3 Hydrodynamics Analysis
7.3.1 Fast Liquid Layer Hydrodynamics for Turbulent Flibe Flow
7.3.1.1 Hydraulics
7.3.1.2 Surface and Boundary Layer Instabilities
7.3.2 Fast Liquid Layer Magnetohydrodynamics for Lithium and Sn-Li Flows
7.3.2.1 Hydraulics
7.3.2.2 Surface and Boundary Layer Instabilities
7.4 Neutronics
7.4.1 Energy Deposition due to X-ray Penetration
7.4.2 Nuclear Heat Generation in Blankets
7.4.3 Tritium Breeding and Power Multiplication
7.4.4 Decay Heat, Activation and Irradiation Damage of the Support Structures
7.5 Heat Transfer and Thermal-Hydraulics
7.5.1 Free Surface Temperature Evaluations
7.5.1.1 Turbulence and Wavy Flow
7.5.1.2 MHD Effects on Flibe and LMs
7.5.2 Temperature Distribution in Blanket and Support Structures
7.5.3 Pumping Rate/Power and Temperature Control
7.6 Mechanical Design and Maintenance Approach
7.6.1 Mechanical Design Features and Configuration L ayout



7.6.2 Thermal and Pressure Stresses

7.6.3 High Temperature Materials for Support Structures

7.6.4 Maintenance

7.6.5 Considerations for Plasma Heating and Diagnostic Penetrations
7.7 Evaluation of Liquid Options (Li, Flibe, Sn-Li)
7.8 Performance Summary and Tables (Tables per Evaluation Criteria Requirements)
7.9 Key Issues and R&D.

8. Data Base for Liquid Breeders and Coolants, Li, Flibe, LiPb, and SnLi (Sze, et al)
8.1 Databasefor Li Zinkle
8.2 Data base for Flibe Sze, Wang
8.3 Data base for LiPb Zinkle

9. Li20 particulate Flow Concept, APPLE (Sze, et al)
9.1 Introduction Sze
9.2 Rational and design description  Sze
9.3 Mechanicd design Igor
9.4 Tritium breeding, shielding and activation Sawan
9.5 FHow modeling  Tillack
9.6 Tritium control and power conversion Sze
9.7 R/D issues

10. Evaporative Cooling Concept, EVOLVE (M attas, et al)
11. High-T Refractory Alloys FW/Blanket with He-Cooling Concept (Wong, et al)
11.1 Introduction (Wong)
11.2 Material selection and compatibility (Zinkel)
11.3.Mechanical Design and Reliability (Nelson/M cCarthy) Thiswill probably be in
section 14
11.4 Blanket Thermal-hydraulics Design and Analysis (\Wong)
11.5 First wall Design and Analysis
11.5.1 Porous Medium (Nygren)
11.5.2 Helical insert  (Wong)
11.6 Neutronics (Y oussef)
11.7 Coolant impurity control (Ulrickson)
11.7 CCGT Power conversion (\Wong)
11.8 Tritium migration and control  (Sze)
11.9 Safety calculations specific to thisdesign (M cCarthy)
11.9.1 LOCA calculation
11.9.2 Assessment of oxidation-driven mobilization
11.9 Performance Summary and Tables (Tables per Evaluation Criteria Requirements)
(Wong)
11.10 Key Issues and R&D. (Wong)

(For contributions from Zinkel, Sze, and McCarthy, | am looking for summaries relevant
to the helium-cooled design and specific topic chapters can be referred. Thanks, Clement.)

12. Plasma-I nterface I ssues and Edge Modeling (M eade, et al)

13. Materials Considerations and Data Base (Zinkle, et al)

14. Safety and Environment Considerations and Analysis (M cCarthy, et al)
14.1 General discussion of safety issues
14.2 Effect of materials choice on safety



14.2.1 Liquid breeder/coolant
14.2.2 Structura material
14.3 Parametric study of LOCA
14.4 Reliability issues
14.5 Waste management issues
15. Activation Considerations for Materials (M cCarthy, et al)
16. Tritium (Sze, et d)
16.1 Design constraints
16.2 Possible tritium recovery methods
Li
Flibe
Pb-Li
Sn-Li
He
16.3 Tritium inventory and pressure
16.4 Tritium control
16.5 Keyissues

17. Power Conversion (Sze, et al)
17.1 Advanced Steam cycle
17.2 Close cycle gas turbine
17.3 open cycle

18. Key Issues and R&D near term and intermediate term (Abdou, et al)

Schedule for writing the Interim Report (From APEXS5 Summary)

The outlines of the Interim report has been developed. The reports will include 18 Chapters,
including an introduction, overview, and study approach Chapters. The other Chapters cover all
the concepts under investigation as well as the APEX groups (Plasma Interface, Material, Safety,
Activation Consideration, Tritium, Power Conversion, and Evaluation Criteria,) findings. The
report will also include a dedicated Chapter on key issues and near- and intermediate-term R&D.
The lead author for each Chapter has been assigned. The deadlines of issuing the report are:
February 15, 1999: finalize report outline (Draft of outlines written by lead author is due by Mid
January, 1999)

June 1, 1999: Draft assembly

July 1, 1999: Draft report

July 30, 1999: Final Interim Report

August 15, 1999: mail report by UCLA.
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Agenda for APEX-6/FHPD Workshop at UCLA
February 16-19, 1999
Faculty Center (Feb. 16-18)
(Notethat only Friday Feb. 19 will bein Engr. IV Bldg., Room 37-124)

Tuesday, February 16, 1999
Hacienda Room, Faculty Center

8:30 am. Coffee/Muffins

Session |:Study Status and Direction (Chair: Berk)

9:00 am. Welcome and Opening Remarks Abdou

9:10 am. Inrtoduction and Background of the USJapan FHPD Wong
Workshop

9:20 am. Introduction of Japanese Participants Toda (Tohoku U.)

9:30 am. OFES Remarks Berk

9:50 am. Status and Direction of APEX Study Abdou

10:20 am. APEX Secretary’s Announcements Youssef

10:30 a.m. Coffee Break

Session |1: EVOLVE, APPLE Concepts and Related Japanese Activities (Chair: M attas)

10:40 a.m. EVOLVE Concept: Mattas/Malang
Overview and Status
Heat Transfer Considerations Nelson/Mogahed
Shield Requirements and Neutronics Parameters Sawan
Configuration Nelson
Structural Considerations Najumdar/Mattas

11:50 a.m. Applicability of Liquid Metal Mist Cooling for High Heat ~ Toda/Hashizume
Flux Systems (Tohoku Univ.)

12:15 p.m. Lunch

1:30 p.m. High-Heat-Flux Heat Removal by Evaporated Fluid in Toda/Hashizume
Porous Media (Tohoku Univ.)

2:00 p.m. Group Discussion

2:15 p.m. APPLE Concept:
Recent Development on the APPLE Concept Sze
Configuration Igor
Updated Neutronics Parameters Sawan

3:00 p.m. Per spective of Forming High Efficiency Energy Shimizu
Conversion System Using Particulate or Suspension (Kyushu Univ.)
Medium

3:30 p.m Coffee Break Yokomine

3:45 p.m. Some Issues Related to the Smulation of Dense Particulate  (Kyushu Univ.)
Systems

4:15 p.m. Group Discussion

Session |11: He-Cooled Refractory M etal FW/Blanket/Divertor Concept (Chair: Wong/Nygren)

4:30 p.m. Thermal Hydraulics of the APEX He-cooled FW/BlankeiVong
Design

4:50 p.m. Heat Transfer Characteristicsin Helium-Cooling Porous ~ Takase (JAERI)



5:10 p.m.
5:30 p.m.
5:50 p.m.

6:10 p.m.
6:30 p.m.

Channdls

Update on Design and Manufacturing Plan for He-Cooled
Heat Sink

Mechanical Design for Helium-Cooled Refractory Material
FW/Blanket Concept

Damage Indices in He-Cooled Refractory Alloys
FW/Blanket Design

Group Discussion

Adjourn

Wednesday, February 17, 1999

California Room, Faculty Center

8:00 am.

Coffee/Muffins

Session 1V: Materials and Data Base Evaluation (Chair: Zinkle/Ghoniem)

8:30 am.
8:45 am.
9:00 am.

9:15am.

Oxygen Pressure Limits for V, Nb and Ta alloys
Overview of Experimental Data Base on Sn Corrosion
Oxygen Pressure and Temperature Limits for Mo and W
Base Alloys

Group Discussion

Session V: Plasma I nterface I ssues (Chair: Meade)

9:30 am.

10:00 am.

10:20 am.

Self-Consistent Transport Analysis of Impurity from
Liquid Wall Surface

Numerical Analyses of Run-away Electrons onto Plasma
Facing Components, Ezato (JAERI)

Coffee Break

Session VI: Safety, Reliability, and Tritium Issues (Chair: Sze/M cCarthy)

10:35am.

11:00 am.
11:15am.
11:45am.
11:55am.

12:15 p.m.

Progress in Understanding Safety Issues in Various APEX
Designs

Recent Evaluation of Sn-Li from Safety Viewpoint
Fusion Components Reliability | ssues

Activation Analysis of Several HPD Concepts
Thermal-Hydraulic Characteristics During Transient
Eventsin Fusion Reactors

Lunch

Session VII: Liguid Wall Concepts (Chair: Morley/Nelson)

1:30 p.m.
2:00 p.m.

2:30 p.m.
2:50 p.m.
3:20 p.m.
3:35 p.m.

4:05 p.m.
4:30 p.m.

Progress on CliFF Concept for Advanced Tokamaks
Studies of MHD Film Flows and Heat Transfer and their
Applications to CLiFF Concept

Initial Exploration of Rotational Flow in an Advanced
Tokamak Configuration

Progress on the Minimum Structure GMD Thick Liquid
Wall Concepts for Advanced Tokamak Configurations
Coffee Break

Electromagnetic Liquid Metal Wall Phenomena

Liquid Walled FRC Progress Report

Progress on SWIRL Concepts for FRC and ST

Nygren
Nelson

Y oussef

Zinkle
Zinkle
Ghoniem

Uchimoto (UCLA)

Ezato (JAERI)

McCarthy/Petti

McCarthy/Petti
Cadwallader
Khater

Takase (JAERI)

Morley
Smolentsev

Gulec
Ying
Woolley

Moir
Gulec



5:10 p.m. Enhanced Heat Transfer for FLiBe Blanket System Using
Swirl Flow Method

5:40 p.m. Flowing liquid: GMD, CLIFF, and FRC CAD Modeling
and Concepts

6:00 p.m. Can We Improve the Potential of Li-Sn Liquid for Tritium
Breeding?- Activation I ssues Envolved.

6:15 p.m. Group Discussion

6:30 p.m. Adjourn

Thursday, February 18, 1999
Downstairs L ounge, Faculty Center

8:00 am. Coffee/Muffins

Session VII: Liguid Wall Concepts (Chair: Morley/Nelson)

(Continued)

8:30 am. Recent Research Activities on Liquid Metal MHD
Phenomena in Japan

8:55am. Liquid Metal MHD Flow and Heat Transfer

9:20 am. Group Discussion

Session VIII: Special FHPD Session (Chair: Toda/Wong)

9:30 am. Numerical Smulation of Melting and Evaporation Due to
Ultra-Short-Pulse Laser Irradiation

10:00 am. A High Temperature FLiBe Loop Developed in Tohoku
University in Collaboration with NIFS

10:30 am. Coffee Break

10:45 am. Present Status of Liquid Blanket Chemistry Sudy in Japan

and Proposal to Japan-US Collaboration

11:15am. In-pile Experiments on Tritium Release from Flibe
11:35am. Group Discussion

12:00 Lunch

Session | X: Evaluation Criteria For APEX Concepts (Chairs. Sawan/M alang)
1:30 p.m. Evaluation Criteria

2:00 p.m. Discussion on Evaluation Criteria

Session X: “Hot Issues” (Chairs: Abdou)

3:00 p.m. » Discussion of Three Issues of High Priority for APEX

» Discussion on “Snowmass-type” Hot Topics
Session XI: Study Direction for APEX and Action Items (Chair: Abdou)
4:00 p.m. * Interim Report Outline and Schedule

» Competitive Proposals Process

» Future Directions and Comments

* Next Meeting Plans
5:00 p.m. Status of “FIRE{Seminar in Hacienda Room)
6:00 p.m. Adjourn
7:00 p.m. Dinner

Toda/Hashizume
(Tohoku Univ.)
Nelson

Y oussef

M. Takahashi (TIT)

M. Takahashi (TIT)

Kunugi (Univ. of
Tokai)
Toda/Hashizume
(Tohoku Univ.)

Written by Terai
(Univ. of Tokyo),
Presented by
S.Toda

Suzuki

Sawan

Meade



Friday, February 19, 1999
3rd Floor Conference Room, 37-127 Engr 1V

8:00 am. Coffee/Muffins
Session XII: Fusion High Power Density Workshop (Cont’d):(Chair: Nygren/Sagara)
8:30 am. The Meaning of High Power Density for Tokamak Wong
Reactors
9:00 am. Development of Tungsten Brush Armor Nygren
9:20 am. Development of High Heat Flux Components in JAERI Ezato (JAERI)
9:40 am. Recent Studies of LHD Type Reactor Sagara (NIFS)
10:05 am. Present Status of LHD Motojima (NIFS)
10:40 am. Coffee Break
10:55 am. Relationship Between Incident Heat Flux and Coolant Baxi
Channel Heat Flux for Peaked Profiles
11:15am. Group Discussion
12:15 Lunch
Session XllI: Fusion High Power Density Workshop (Cont'd):(Chair: Toda/Wong)
1:30 p.m. » FHPD Workshop Collaboration Toda/Wong
2:30 p.m. «  US-Japan Collaboration Berk/Sze/Motojima

3:30 p.m. Adjourn



