SECRETARY’'S ANNOUNCEMENTS
APEX 6" Meeting
UCLA, November 2-4, 1998

SUMMARY OF LAST/PRESENT MEETING

*  Summary of last meeting was distributed to participants and posted on the APEX
web site . (http://www.fusion.ucla.edu)

* Session Chair Person(s): Please provide a summary of your session within 10 days
after the conclusion of the workshop. Let Secretary knows if you can’t meet this
deadline.

Please provide Secretary with copy of your presentation before you leave UCLA. On the
other hand, forward electronically your presentation, preferably in pdf or postscript form.

OUTLINES OF APEX INTERIM REPORT (ATTACHED)

Need Input from Meade, Zinkle, and Abdou

ACTION ITEMSFROM LAST MEETING (ATTACHED)

GENERAL ANNOUNCEMENT:

A Shuttle Bus will take participants from Double Tree Hotel to Workshop Location
(Faculty Center Feb. 16-18, Engr. IV Building Feb. 19): as follows

Leaves Hotel: 8:15 am (Feb. 16), 7:45am (Feb. 17-19)
Leaves Workshop Location to Hotel: 6:45 pm

APEX Secretary
M. Youssef, February 16, 1999



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 a)
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 Availahility
4.4.2.4 Safety and Environmental Attributes
4.4.2.5 Cost
4.4.3 Design Margins and Uncertainties
4.4.4 Critical Issues and R& D Needs
5. Thick Liquid Blanket Concept (Ying, et)
5.1 Introduction
5.2 Idea Description and Rationale
5.2.1 General Perspective
5.2.2 Applications to Tokamaks
5.2.3 Applicationsto ST
5.2.4 Applicationsto 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 a)
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 Interactions with 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 al)
7.1 Introduction
7.2 Idea 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 Effectson Flibe and LMs
7.5.2 Temperature Digtribution 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 Layout
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 Issuesand R&D.
8. Data Base for Liquid Breeders and Coolants, Li, Flibe, LiPb, and SnLi (Sze, et a)

8.1 Data base for 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 Mechanical design Igor



9.4 Tritium breeding, shielding and activation Sawan

9.5 Flow modeling Tillack
9.6 Tritium control and power conversion Sze
9.7 R/D issues

10. Evaporative Cooling Concept, EVOLVE (Mattas, et a)
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 (Youssef)
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 (McCarthy)
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-Interface I ssues and Edge Modeling (M eade, et a)
13. Materias Considerations and Data Base (Zinkle, et a)
14. Safety and Environment Considerations and Analysis (M cCarthy, et a)
14.1 General discussion of safety issues
14.2 Effect of materials choice on safety
14.2.1 Liquid breeder/coolant
14.2.2  Structural material
14.3 Parametric study of LOCA
14.4 Reliability issues
14.5 Waste management issues
16. Tritium (Sze, et a)
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 gasturbine
17.3 open cycle
18. Key Issues and R& D near term and intermediate term (Abdou, et al)



Action Itemsfrom November 2-4, 1998 APEX Meeting

)
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M. Sawan (UW) now leads the Evaluation Criteria Group.

Dai-Kai Sze will lead the “Tritium and Liquid Coolants/Breeders Data Base” group and that the scope of the
Flibe group is expanded to address Li, Flibe, Li-Sn, and other options.

Forming a new group (Led by McCarthy) that examines the issues associated with low activation goals and
the role of high temperature refractory alloys in the context of APEX,

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.

Submission of abstract to the upcoming ISFNT-5 is encouraged. Abstracts due January 19, 1999. Titles of

abstracts and list of authors are due to M. Abdou by December 15.

Next APEX meeting will be during February, 1999, either 9-12 or 16-19. Fina date will be announced soon.

Thereis a plan to hold an APEX workshop for the community to report progress, new ideas, and results of

analysis and to receive feedback from the community. The date of the workshop will be after the issuance of

the Interim Report (suggested dates: September 8-10, October 19-21, 1999). The final date will be announced

soon.

The Evaluation Group will convene after the community workshop to evaluate the concepts based on
information from the interim report and feedback from community. Experts from outside the APEX team

might be added to the evaluation group during the concept eval uation.

The APEX schedule and modified organizational chart are given in Appendix V and VI, respectively.

(10) Conference calls are to be established for each concept at least once a month.
(11) Project conference calls will also be established. The first project conference call is scheduled after

)

Thanksgiving (between December 5-10). Final date will be announced soon.



