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Background

* Helium cooled designs represent an
“evolutionary” concept

» Several He cooled designs are described in the
BCSS study [1]

* A helium cooled blanket/shield system was
proposed for ITER in 1993 [2]

e C. Wong has presented a new helium cooled
concept for the APEX study [3]

[1] “Blanket Comparison and Selection Study”, ANL/FPP-83-1, 19&3

[2] C. Wong, et al, “A Robust ITER Shield/Blanket Design” , General
Atomics Report, March 1993.

[3] C. Wong, “Helium Cooled Refractory Blankets”, APEX/ALPS meeting,
Sandia-Abqg, July 1998.



Helium blanket proposals shown in
BCSS documents

Figute IK.4—1. Tubular blanket design Figure I¥.4—2, Tubular blanket design
FrwToe/ NETl LY - brasder (GA=pEMO-1302F,
Blanket with Aolid breeder].

Helium blanket proposals shown in
BCSS documents
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1993 I TER Helium blanket proposal

Average neutron wall load: 2 MW/m’
He conditions 45 C inlet, 350C outlet,
180 atm
Structural/tubing material HT-9
o

ITER SHIELD
1 mm Lithum Gep
5 mm HT-9 Firss Wal and Side Wal
22 w10 HT-0 Frat Wal Tubw, 2 mm Thick Dupier Tubs Wi
1 meme LA Thermal Contact Gape
A 17 men 1) Skarsoel Tubas, Same Wal Thic grd LI Gap &1 12t Wal Tub

5 mwm Thicst MT-2 Thawinl Earriae with | mm Vaceom Gap
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F1a. 1. Croas-section of inboard shield/blanket medule at equator.



APEX Baseline concept, July 98

He-V-Li FIRST WALL AND BLANKET MODULE




APEX Baseline concept

July/Nov 98
Power
Average neutron wall load: 8 MW/m®, peaking
factor of 1.4

Average first wall load 2 MW/m?®, peaking
factor of 1.4
Coolant

He inlet temperature 400 C

He outlet temperature 1100 C

He pressure 80 atm
Materials

Tube, shell materia Vanadium alloy

FW material Tungsten
Configuration

FW - Formed
tubes/sheset, toroidal flow

Blanket/shield Nested coolant

shell in lithium bath,
toroidal flow



Task Statusfor mechanical design

e Design Task Goals

- Module Segmentation (ie, number and
arrangement per sector)

- Module Configuration (incl. transition from
nested shells to coolant headers)

- Integration of piping (maximize reliability,
minimize field connections)

- Module fabrication concept (maximize reliability)

e Major issues

- Availability (pressure boundary must contain
80 atm He at 1100C)

- Fabrication and piping transitions for refractory
material

- Thermal stresses/motion



Design Basis Assumptions

« Standard project requirements

» Aries-RS configuration, with some changes
- Enlarged vessel port for full sector maintenance
- Modified thickness distribution for
blanket/shield/structure

Availability Considerations - General




Availablility Considerations — Helium
cooled designs

- Availability istradeoff between maintainability and

reliability
Mean Time Between Failures
Availability =
Mean Time Between Failures + Mean
Time To Repair

- General guidelinesinclude
- Designistolerant of afew failures ie,
operation can continue until next scheduled
maintenance period
- Potential problems can be predicted and
prevented,



- Any failuresthat do occur can be diagnosed and
corrected quickly



Availablility Considerations — Helium
cooled designs

FW/Blanket systems must be more reliable than current
concepts

[~ K00
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Current Conceptg
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MTBF per Blanket Segment(FPY)

MTBF per Blanket System (FPY)
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MTTR (Months)

[4] M. Abdou, “Motivation, Scope and Preliminary Approach for APEX”,
APEX meeting, UCLA, Oct. 97



Availablility Considerations — Helium
cooled designs

« Helium leak into the plasma chamber is considered to be
primary failure mode

o A small leak isten times more likely than a pipe rupture

Failure mode Failure Rate (1/hr-m)
Pipes <76 mm OD | Pipes> 76 mir

Rupture of pipe[5] 75%x10™ 25x10™

Leak of pipe[5] 75%x 10" 25x 10"

Leak at longitudinal weld [4] 1x 10”

Leak at butt weld [4] 1x10°

» Blanket design has numerous welds and pipes
 Double containment for small leaks should help improve
reliability

[5] L. Cadwallader, Vacuum System and Primary Heat Transfer System Component Failure Rates and
Repair Rates”, ITER/US/96/TE/SA-05, March 1996



Materialsand transition joints

| ssue;

* Helium cooled design operates over large

temperature range that is not encompassed by one
material

Temperature limits of candidate material g 6]

ODFS V-ACr-4Ti Nb-1zZr | T111 TZM
Tmin(C) 250 400 650 750 750
Tmax (C) | 650 700 1100 130 1200

e Dissimiliar materials must be connected with vacuum
quality, high pressure joints

Design direction:

* Round, piping connections would appear to be
desirable

= Optimum configuration is TBD and R& D will be
required

[6] S.Zinkle, “Status of Recent Activities by the APEX Materials Group” APEX meeting, July 98






Thermal stress considerations

| ssue

- 700 C temperature difference
between He inlet and outlet

- Potentially large temperature
differences between FW and blanket

- Potentially large internal structure
gradients

Design direction
- Let inlet and outlet piping float relative to structure
- Let FW float relative to blanket

- Operate structure at uniform temperature



Helium cooled FW/Blanket — desirable
design features

» Discrete modules attached to structure / manifold
assembly

e Minimum void space for better snielding

 Maximized double contalnment
Most welds inside lithium bath

Common plenum for lithium allows pressure
relief for leaks

e Near constant temperature structure

« Common malntenance approach for everything
Inside plasma chamber



Strawman designrev 1

Outboard, Midplane
1/16 Blanket Section
Top View

Can is filled with
Lithium and cooled
by helium circulated
in the tube array

() #=OB.LiIN

() «= | B. HelIN
Q &= | B.LiIN

() = OB.HeIN

Modular Blanket “Can”

Elevation View

— 1st Wall He IN

Blanket He IN
Blanket He OUT




Strawman design, Rev 2, elevation




Strawman design rev 2, section showing module segmentation

4 Modules per Row 6 Modules per Row
6 Rows 8 Rows
24 Total I.B. Modules 48 Total O.B. Modules

I.B. Helium Pipes

Lithium Area

0O.B. Helium Pipes



Strawman design rev 2, module plan section
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| nboard module concept, strawman rev 2

First wall
Structural, /
lithium
connection
He
return,
twin D
First wall
connections
He

Supply



M odule header / structural interface, side view

Lithium IN

Back Wall Lithium OUT
w/ Header Pipe

Strong Back

Pipe Chase

Structural
Access Plugs Weld

Threaded Sleeves

Detail of 1B header connection

Hot Sleeve
Upper Divertor

| 1.B. Helium OUT

Upper Divertor IN / O
0.B. Helium OUT

I.B.
Blanket
Module

Double Wall
Strong Back

Lithium
Coaxial i Space
Exit Pipe /w

Slip Joints Outboard

Blanket
Module

l‘ 0.B. Helium IN

K Lower Divertor IN/ O
e
e j | 1.B. Helium IN

Lower Divertor

Elevation view



Module/ piping summary (not optimized)

Assume: Total power into these circuits of 3950 MW
He temperature = 400C inlet, 1100C outlet
Heinlet pressure = 80 atmospheres
Branch Inboard, Outboard, Total
364 modules 768 module All modules
No. per |.D. No. per |.D. No.
module = (mm) | module = (mm)
FW channels 20 16 20 16 23040
FW headers/ transition 4 42 4 42 4608
Internal tubes 30 10 35 10 38400
Internal manifold 3 69 3 69 3456
Connection piping 3 69 3 69 3456
Header piping (stepped) Feeds 6 100 Feeds 8 142 224
Pressure drop (est.) 0.28 MPa 45 MPa
Pumping power (est.) 20 MW , total 98 MW, total 118 MW




Availability - Helium cooled design rev 2

 Assume MTTR = 1 month for sector replacement, regardliess of failure

» Considering only welds, piping, and bends, single-barrier blanket system has low
availability:

|B sectors 34
OB sectors 33
Net 11

» Assuming factor of 10 improvement in failure rate for “guard piping” [, availability
improves signnificantly

IB sectors .81
OB sectors .80
Net .65

If all piping is double contained, availability improves to .72



Penetrations

» Penetrations can be of conventional design and location for He cooled concept




Penetrations




Summary

» Helium cooled Vanadium/lithium concept investigated, 8 Mpa, 400 to 1100C

e |ssuesinclude:
- Availability
- Material transitions/ fabrication
- Large internal temperature differences/ thermal stresses

 First iterations of mechanical design
- Segmentation
- Module design/transition region
- Header / piping integration

e Plan:
- Continue to look at geometry and configuration
- Reduce void space
- Simplify material transition region and module internal connections, if
possible
- Eliminate al He connections in vacuumlnvestigate fabrication and
transition materials



