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MoTIVATION FOR STEADY STATE OPERATION
as DEsigN Basis For ETR

1. DEMONSTRATION OF STEADY STATE PLASMA
OPERATION IS NECESSARY IN EXPLORING THE

LONG-TERM REACTOR POTENTIAL OF THE
CONFINEMENT CONCEPT.

2. STeEADY STATE OPERATION SHOULD REDUCE THE
FAILURE RATE AND IMPROVE THE RELIABILITY
OF MANY OF THE BASIC ETR COMPONENTS-
(EXTENDS ACHIEVABLE LIFETIME/FLUENCE).

3. STEADY STATE OPERATION WILL SUBSTANTIALLY

IMPROVE THE USEFULNESS OF NUCLEAR
TECHNOLOGY TESTING IN ETR




EFFecTs oF PuLSING/STEADY STATE OPERATION
oN Nuctear TecHNoLoGY TESTING

e PLasMA CycLing Means TiMe-DepeENDENT CHANGES

IN ENVIRONMENTAL CONDITIONS FOR TESTING

- NucLeEAR (VOLUMETRIC) HEATING
- SURFACE HEATING

- POLOIDAL MAGNETIC FIELD

- TRITIUM PRODUCTION RATE

]

e REsuLT IN TIME-DEPENDENT CHANGES AND
"~ ErFrFecTs IN REsPONSE oF TeEsST ELEMENTS THAT:

- CAN BE MORE DOMINANT THAT THE STEAD™STATE
EFFECTS FOR WHICH TESTING IS DESIRED

- CAN COMPLICATE TESTS AND MAKE RESULTS
DIFFICULT TO MODEL AND UNDERSTAND

e EXAMPLES OF EEEEQIS-

= THERMAL CONDEITIONS ,
TRITIUM CONCENTRATION PROFILES -
FAILURE MODES/FRACTURE MECHANICS
- TIME TO REACH EQUILIBRIUM
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Arbitrary Units

STRONG TEMPERATURE DEPENDENCE
OF VARIOUS PHENOMENA
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temperature (°C)

Pulsing strongly affects the
solid breeder temperature distribution.
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Table 1.3-5 Approximate Characteristic Time Constants
in Representative Blankets

Flow
Solid Breeder Purge Residence
Liquid Breeder Coolant Residence
Liquid Breeder Cooling Circuit Transit

Thermal
Structure Conduction
Structure Bulk Temperature Rise
Liquid Breeder Conduction (Li)

Solid Breeder Conduction ( 1 -cm plate)
(1-cm plate)

Coolant Bulk Temperature Rise (200 K at 4000 th)
L1
LiPb

Solid Breeder Bulk Temperature Rise (L1A10,, 300-1000°C)
Front (Near Plasma)
Back (Away from Plasma)

Material Interactions
Dissolution of Fe in Li (500°C)

Trit{ium

Diffusion Through Solid Breeder (LiAlOz, 0.2 ym grains)
1250 K
750 K

Surface Adsorption (LiAlOz)

Diffusion Through SS316
800 K
600 K

Inventory in Solid Breeder
(Water—Cooled Li1A10,, 0.2 um grains)
67% of equilibrium
99% of equilibrium

Inventory in Liquid Breeder
LiPb
Li

6 s
30 s
60 s

4 g
20 g
30 s

50-100 g
200-400 s

100 s
1500 s

120 s
1800 s

40 days

8-200 s
13-300 hours

3~10 hours

10 days
150 days

6 months
4 years

30 minutes
30 days
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Figure 1.3-2 Tritium and thermal diffusion time constants as a

function of temperature (y-LiA1l0,)
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Figure 1.3-3 LiAl10, diffusive tritium concentration profiles with
200-s burn, 50-s dwell, and 12-s ramp times
(microscopic calculation)




TRITIUM RELEASE RATE (10%g/s)
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release and inventory fractions (%)

Reaching tritium inventory and recovery
equilibrium may require long test times

1 day 1T month 1 year 4 years

oob T ______ ‘' ' __t___

|
|

g0 L recovery rate B
|
|
|

40 - inventory .
|

20 |~ . | o

L|A|02/H20/PC(-\/Be

0 oo w1

0.001 0.01 0.1 1 10 100

time (MW-y/mz)



FNT RecoMMENDED PARAMETERS

ET REFERENCE

PARAMETERS

MINIMUM DESIRABLE REACTOR
NEuTRON WALL Loap, MW/M2 1 2 -3 5
Surrace HeaT Loap, MK /M2 0.2 0.5 1
PLasMA Burn TIME, s 500 > 10004 STEADY
MaGNETIC FIELD,B T 3 5 7
ConTINUOUS OPERATING TIME Davs WEeEksS MONTHS
AVAILABILITY, % 20 30 - 50 /70
FLUENCE,B MW + v/m2 1 -2 3 -6 15 - 20
TesT PorT S1zE, M2 X M 0.5 x 0.3 1 x 0.5
ToTAL TEST AREA, M2 5 10 - 20

ASTEADY-STATE PREFERRED

BAT TEST ARTICLE




How Goop ARE PRESENT DESiGNS?

RECOMNENDED
MINIMUM DESIRABLE TIBER-TI| NET
NeuTroN WaLL Loap, MK /m2 1 2 -3 2/1.3 1
PLAsMA Burn TIME, s 500 >’1000* | Steapy | 600
MagNETIC FreLn,A T 3 5 4.5 3.9
AVAILABILITY, % 20 30 - 50 30 25
FLUENCE, MW + v/m2 ] 1-22 . 13- 6B 3C 0. 8¢
FusioN Power, MW < 50 300 600
AAT OUTBOARD REGION *STEADY‘STATE PREFERRED

BAT TEST MODULE
CDEVICE LIFETIME




