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ROLE OF ITER IN TECHNOLO*»FY DEMONSTRATION

TWO ELEMENTS OF ITER

1) Basic Machine

Conservative design of the m;a:chfjfne components (including
basic blanket) maximizes reliability, flexibility and safety
of ITER

2) Test Program |
Space for test modules allows for testing of advanced

concepts and partial (powerful) demonstration of the
ultimate potential of fusion «




IS TECHNOLOGY TESTING IN ITER NECESSARY?

Technology testing in ITER may be:

The Least Expensive
Nearest - Term

Option to Accomplish the Objectives of Fusion R&D

Logical part of the answer to do son ething "exciting" in the
near term at a modest cost

REMARKS

*  Technology tests in the fusion/environment have to be
done sooner or later

- Cannot go to the DEMO without these tests

«  If they are not done in ITER, they have to be done in
another machine

- Cost of additional machi{ne

- 15 or 20 years later




EXAMPLES OF "ACCOM. PLI$HMENTS" THROUGH
TESTING IN ITER

* Performance and Economic Attractiveness
- demonstrate ability to gener4te electricity efficiently
- demonstrate operation of theientire fuel cycle
- demonstrate temperature limits of materials
- obtain data crucial to tritium Felf-sufficiency
 Safety Demonstration |
- inherent safety
- response to transients and ofd—normal operating modes
- effects of afterheat |

- operating experience with tritium, radioactive materials,
hazardous chemicals (e.g., liquid metals, Be)

* Environmental Demonstration
- Direct measurement of induc¢d radioactivity after heat

- Demonstration of low activation options
(e.g., Li/V, Li20/SiC)

* Other

Not yet studied

- Can ITER environment be sold to other applications?
(e.g., burning actinides?, medical-related
applications?)




- Device Cost Drivers

- Major Impact on Test Usefuln#ss

e.g.,

- Access to Place, Remove Test Elements
- Provision for AnCillary Equipment

- Accommodation of Failures in Test Elements




Eng| neeri ng Scali ng ]

To preserve important phenomena so
that data from 'tests at "scaled-down"

conditions can be extrapo ated to reactor
conditions |

Benefit/Cost/Risk Trade-offs

"Ex pert Judg ement"




TABLE 1 Fusion Nuclear Technology Recommended Parameters for ITER

ITER ITER Reference
Parameters Minimum RLwommended - Reactor
neutron wall load (MW/m?2) 1 2-3 5
surface heat load (MW/m?2) 0.2 0.5 1
plasma burn time (s) >500 steady state [a) steady state
magnetic field (T) [b] 3 5 7 [c]
continuous operating time days weeks months
availability (%) 20 30-50 70
fluence (MW-yr/m?2)
at test module [b,d] 1-2 3-4 15-20
(device fluence, MWeyr/m?) ©
test port size (m2 x m) [e] »
module 0.5x0.3 1x0.5
outboard sector 20x0.5 4.0x0.8
total test area (m2) [e]
modules only 5 10-20
including outboard sectors | 7 20-30
[a] seetext

[b] at the test article

[c] atthe inboard blanket

[d] device lifetime fluence is larger, see text

[e] some blanket concepts may require full sector testing
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* Time-Dependent Changes in
for Testing:

Nuclear (volumetric) heating

Surface heating

Poloidal magnetic field

Tritium production rate

* Result in Time-Dependent Changes and Effects in
Responge of Test Elements that:

| |
- Can be more dominant than tlhe steady-state effects
! .
\
- Can complicate tests and make results difficult to
model and understand

for which testing is desired




Length of Burr}| Time?

Length of Dwell Time?

Burn: F =Fq (1 - e t/7)

Dwell: F =Fgq e/t

T = characteristic Time Constant

Allowable Variation L(Du‘rin:g a Specific Test)

* The goal is not just reaching quilibrium. It is to
stay at equilibrium during teﬁ

* Small changes in some fundamental quantities
result in large changes in key parameters

e.g., 3% change in SB temperature results in a
factor of 5 change in Tritium Diffusion Time Constant
\

Guidelines (95% Level)
burn time > 3 ¢
dwell time < 0.05 ¢

Note: Doubling or tripling the allowtble variation will not
significantly alter conclusion




TIME CONSTANTS FOR KEY NUCLEAR
PROCESSES RANGE FROM VERY FAST
TO VERY 'SLOW |

Fast
Seconds
Heat Conduction
Flow Processes
Minutes
Thermal Processes
Hours
Tritium Processes
Material Interactions
Other Important Processes
) Days
Tritium Inventory | 4
Slow

Most Critical Nuclear Issues for Testing in the Fusion
Environment Have Twg Characteristics:
1) Processes with long time constants
2) Crucial dependence on other processes
with short time constants

(It takes a long time to establish equilibrium;
a short time to ruin it)




Approximate Charac
Flow

Solid Breeder Purge Residence 6s
Liquid Breeder Coolant Residence 30s
Liquid Breeder Cooling Circuit Transit 60 s
Thermal
Structure Conduction 4s
Structure Bulk Temperature Rise 20s
Liquid Breeder Conduction (Li) 30s
Solid Breeder Conduction (1/2-cm plate) 50-100 s
(1-cm plate) 200-400 s
Coolant Bulk Temperature Rise (200K at MW?1) 100
Li S
LiPb 1500 s
Solid Breeder Bulk Temperature Rise (LiA102, 300-1000°C)
Front (Near Plasma) 120 s
Back (Away from Plasma) 1800 s
Material Interactions
Dissolution of Fe in Li (500°C) 40 days
Tritium
Diffusion Through Solid Breeder (LiA10s, 1 um grains)
400°C ~6000 s
600°C ~150 s
800°C , ~10's
Surface Adsorption (LiA107) ~1 hour
Diffusion Through S$316
800 K 10 days
600 K 150 days
Inventory in Solid Breeder (LiA10, 1 um grains)
67% of equilibrium hours-days
99% of equilibrium months
Inventory in Liquid Breeder i
LiPb 30 minutes
Li 30 davs
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Thermal and Tritium diffusion times for LiAlOp as a function of temperature
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Transient Tritium Analysis ifLiAlOz Plate
in ITER Test Module Using the MISTRAL Code

|
|

Objective: Explore time required to establish equilibrium and observe a
‘ controlled transient for fission/fusion correlation

Approach: Establish quasi-equilibrium steady-s ate release and inventory
levels, and then observe tritium behavior following the transient.

|
1200 s burn time and 200 s dwell time are used to establish a
quasi-equilibrium after ~8 cycles.

The front of a breeder plate (closest t J plasma) of a He-cooled plate
design was analyzed, including spati | dependence of temperature.

|
1. Controiled Temperature Transient
Initial conditions:

® tritium concentration=0 |
* breeder temperature of 325°C |

Transient:
® instantaneous increase in temperature of 100°C

2. Controlled Purge Composition (Hj) Transient

Initial conditions:;
® tritium concentration=0
* Hz concentration in purge gas=0.1%
* breeder temperature of 325°C

Transient;
* instantaneous increase in H2 concentration to 1%
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Figure 12. Tritium reiease history for a 1-cm thick LiAlOE plate from start-up over a series
of operating cycles followed by a controlled purge hydrogen content ransient
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Hormalized Tritinm Invenlories
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Figure 15. Tritlum inventory history for a LiAlQ7 plate from start-up over a series of
operaung cycles followed by a conwolled purg

hydrogen content transient




1)

lease (R«

e

Hormalized Tritium R

2
- LiAlOz- 1g =0.75um ]
SseT =700 m¥/Kg /
Dg = 1.99 x 109 exp(- 90.4 (KJ/mol)/RT) m2/s
5 purge : He + 0.1%H,
Bum t = 1200 s - Dwell time = 200 s 7]
L ~ ESIE SN SRS M R e 4

—
[@]]
{9
(v
I
(V]
)

Time. t (Rr!

Figure 17. Tri:ium release history for a LiAlO» plate fror start-up over a series of
operanng cycles followed by a controlled temperature increase transient

38

O




Hormalized Trithn Inventories
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Integrated Tritium Aﬁalysis
— Conclusions -

* Tritium inventory and release can have s1gmﬁ antly different characteristic
times, and are both important for establishing quasi-steady-state.

Tritium release (without radiation effects) lcan approach steady-state
quite rapidly, within a single bum time. |

YENLory requires several cycles ( p to ~10) to reach quasi-
steady~stane for a newly inserted solid breeder test article.

* Engineering tests and controlled transient tests have very different requirements

For engineering tests where the objective is to| demonstrate tritium release,
the required burmn time could be relatively modcfst (perhaps as low as several
hundred seconds). !

The burn time requirement based on performiir ptrolled trg ~
more severe, since an overall quasi-steady-state| must fll‘St be reachcd durmg
the burn time before the transient is initiated. | This would ensure that the
observed behavior is not affected by changes in other conditions.

MST-2/90-1




Integrated Tritium Analysis Conclusions, cont'd.

For the LiAlO; case analyzed, tritium release behavior is caused by different
Source terms for thermal and purge transients

Tritium release following a transi

em;nempmﬁn.ﬁre increase is mostly due to a
QOCTCAS WAL DULIK QITTUSIVE 1NV ! !

LILCT

Tritium release following a purge composition transient is mostly due to a

. (] ] 1 b

However. in both cases, surface processes| play an important role in
determining the characteristic time for a returh of the tritium release to its
steady-state level upon which burn time requirements should be based.

The characteristic time for purge composition ﬁnsients is very dependent on
the breeder material and microstructure, but can be quite high (of the order
of an hour). In this case, the required burn time must be at least 1-2 hours.

(Note that the calculations were done with rel tively high purge hydrogen
content and. thus, the corresponding burn time rpquiﬂremem is already low)

MST-2/90-1
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Factors Considered in Developinzd Recommendations

Analysis of Blanket Behavior

Inherent differences between steady and pulsed QAemtion (for any burn time)

Characteristic time constants of physical processes|in components and systems

Detailed time-dependent calculations for selected %es of tests

Analysis of Test Program Strategy |
Examination of test scenarios and relationship to te‘st requirements

Consideration of the various objectives of testing
model benchmarking |
fission/fusion correlations
empirical correlations
integrated performance measurements |
concept validation . o

MST-2/90-1
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Loss of Information Resulting from
Restrictions on Burn and Dwell Time

scaled testing possible — some irreversible changes in behavior due to
for most key issues cycling, e.g.,

not practical — unavoidable lo»s:si of temp. & temp. gradients

- unavoidable loss| of other test conditions during
off-burn (some ifreversible changes at non-
prototypic conditions)

|

— longer bumn time required to attain equilibrium

within a single pylse

i‘

i

i
|
|

{difficult to achieve thermal equilibrium temp. ajained equilibrium temp.

equilibrium - few useful except some systems attainable
tests can be performed (e.g., LiPb, back of $B)

| equilibrium T release
loss of tritium release data | for most breeders (not
for some solid breeders inventory)

~100.000 cycles during life ~20,000 cycles dux:inlg life | <5000 cycles during life
|
|

!
| MST-2/90-1
|




Recommendatiohs

1. Steady state is very desirable for ITER |
— to qualify DEMO components (assuming D MO
— to prevent irreversible changes due to cycling
= to prevent difficulty interpretting and extra olating data

is S.S. or very long burn)

IfITER operates in a pulsed mode, suistamz‘al additional
experiments and model development will be needed to
help extrapolate results to DEMO =

2. If steady state can not be achieved, then burn tinLc of 1000 s or longer is
extremely important to:
= provide thermal equilibrium during tests
= provide useful information on tritium behavior
- reduce high-cycle structural effects |

3. Burntime greater than ~1 hour provides most of
obtained under cyclic conditions
~ ability to maintain equilibrium conditions for long periods of time
— ability to complete many tests within a single burn time

the test value which can be

|

possibl#l; however, if the dwell time
then prototypical conditilons are unavoidably lost

4. The dwell time should be kept as short as
is longer than ~10-50 s,
between burmn times

MST-2/90-1




COT Requirements anh Issues

i
1
H

|
Ability to perform concept validation teszétsi

!

C measurements can be ‘per-

Validation under a range of
operating conditions can be done within a perio'd of several days.

Performance validation requires longer testing times compared to thermo-
mechanical issues. |

— test time of ~days may be adequate for tritium release

- longer time (~weeks) is necessary for inventory

— complete tritium processing system testing requires more time

Can take 100's to 1000's of hours to observe mass transfer effects in cooling
and purge systems. Changes in temperature and thermal gradient during
shut-down can substantially affect chemistry.

Mechnical behavigr. including

Thermal creep, dimensional changes, element interactions, etc. can have
characteristic times of a month or longer.

MST-2/90-1
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COT Requirements and I-sisues, cont'd.

Test Schedule Issues

* lItis desirabm to complete a test campaign before the machine is shut down for
a long period of time

The operating schedule of ITER is uncertain. Low availability may result in
long periods of time with no testing, (10% avarabili‘ty could mean 1 week

operating and 10 weeks down orl month operating and 10 months down).

The objective of concept improvement rcquircs‘ timely data acquisition as
input to redesign and construction of new test #odules. It is therefore
desirable to complete test campaigns as quickly !as possible.

|
L3 . " - i
Requirements on environmental control |

* The level of control over conditions within test hodules and ancillary

systems during shutdown is uncertain.

MST-2/90-1




Achievable Continuous Oerating Time ‘
|
Long continuous operating time requires good ‘oﬁerall device availability:

COT of 1-2 weeks is possible if the availabilit#r goal of 25% can be
reached during the technology phase.

Availability is defined by:

1 1
=1 MTTR |
¥ (MCOT) |

where  MCOT = mean continuous operating nrrJe (=MTBF)
MTTR = mean time to restart after shut-down

Mean Continuous Operating Time vs. Availability

@
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ga /, ----------- M'rrR.14
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S o 4 > .
s = L ”
-
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R s ;
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Availability (%)
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Achievable Continuous Operating Time

If the continuous operating time is driven by the c.iivice availability, then periods
of continous operation longer than the mean are i ely.

Probability of Continuous, Uninterrupted Operation

for MCOT=5 and MCOT=10
1.0 ‘
-\ ‘
= 0.8 T
PN I
3 NN
S s Nl N\ IMCOT=10
= | _MCOT=5 W\, ‘
- 0.2 . \
0.0 .
0 10 20

Time (days)

This treatment is highly simplified. Other factors need to be considered to
determine the achievable COT. The schedule of operations for this device will
be complicated, and true availability difficult to predict. If periods of intensive
testing are planned, then the machine may be suitably prepared to enhance the
short-term reliability.

MST-2/90-1




Model Fluence (MW.y/m?)
Im= Poy Aoty T

P.w = wall load
A = device availability
ty = device lifetime tn = module test time

T = Transmission Factor (< 1)

Why Iy > I, (typical: factor of 2) |

¢ ty>t |

- Sequential tests required for
- scoping — verification|

- Also, failure and repla{:em;eri.t of test
modules




Fig. 1 Schemaltic illustration of fluence (MW . y/m 2)

accumulated at the test module and corresponding
accumulation at the device first wall

0 0.5 3 o |
| | Device Fluence
' ] Accumulated
' ' | (at first wall)
| Checkout | q , N
! ' >4
I 8 Physics! Nuclear Testing Phase |
i Phase i '
] 1 ]
] t '
0 Scoping Stage 2
| | - Test Element
| ! Fluence
0 Concept Verification Phé;e 4 Test Module

Fluence




‘Tablzie 2 Contributors to the Required Fluence Lifetime of ITER
Comiribmor | Approximate Fluence

| (MW e« yr/m2)
Checkout and physics testing 0.5

Nuclear Stage 1: scoping 1-2

Nuclear Sftagei 2: concept verification 3-4
Allowance for enclosure attenuation 1.0-1.5

and test module replacement (25%)
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A1: Fluence-Related Effects in Blanket Structural Materials
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thermophysiqa! property burnup effects on chemistry,
changes (thermal conductivity) compatibility and breeding

solid breeder tritium transport and inventory
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thermal c;acking radiation-induced breeder porosity
sintering | grain growth may close
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solid breeder/clad mechanical interaction
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dominates (316SS) clad failure
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fission reactor
data base

A2: Fluence-Related Effects in Solid Breeders and Insulators




EXAMPLE OF BENEFIT Vs, FLUENCE *

[ | | | |
MECHANICAL INTERACTION BETWEEN SOLID BREEDER/  —
MULTIPLIER AND STRUCTURE
HT-9/Li,0/He
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* Mechanical Interactions
e.g., Solid Breeder/Clad Interactions
|
® Tritium Inventory in Solid Brezeﬁdsefs

* Burnup Effects on Chemistry, Co:rﬁpm'biﬂlity and
Breeding

* Corrosion/Redeposition

* Failure Modes, Rates

Notes

- Substantial fluence ne@ded baspd on:
. Iong time constants for m#::ortant processes
. radlatlon effects

- Can not wait for DEMO: DEM: needs to operate
rellabtl,y and safely. Rehablll growth is the key




TRON WALL LOAD

termined by
1) Engineering Scaling Requirements

2) Fluence Requirements (and number of years to complete
mission)

Device ; Neutron Wal] . gad*
Availability % ~ Fluence=3MV Ly/mZ]]

40 | 0.75
30 1.0
20 1.5
10 3

*Assume 10 years to complete mission




