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A parametric LOCA analysis gives insight on how
materials choice influences safety

We used the radial build from the helium cooled design, and ran several cases with
CHEMCON to investigate peak and long-term temperatures during a LOCA

Basecase (W as the structural material)
With and without VV cooling '
With and without a gap between the shield and V

Lower bound case (Using lower decay heat values to approximate vanadium as the
- structural material)

These calculations are the first step in an iterative process to improve design



'Radial Build Used in LOCA Analysis
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Decay heat values in outer radial build were normalized
to approximate V structural material in place of W and
provide a lower bound for decay heat values
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Basecase with no VV Cooling (FW temp.)
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Temperature (K)

Basecase with VV Cooling (FW temp.)
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Basecase with no VV Cooling, w/Gap (FW temp.)

2300 = T T

First wall (inner boundary) adiabatic
Thermal shield (outer boundary) = 100 K

2100 I

Structural material in blanket region (tungsten)
1900 n Gap between blanket shield and VV

1700 |

1500

Temperature (K)

1300 |~

1100 |

900 |~

700 : N | | 1 ]
10-3 2 3 456710-2 2 3 456710-1 2 3 4567 100 2 3 4567

101 2 3 4567 102

Time (days)



—

(
with

Basecase with VV Cooling, ne Gap (FW temp.)
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Basecase, no VV Cooling, no

Gap (radial

temp. distr.)
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Basecase w/VV Cooling, no Gap (radial temp. distr.)
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Low Decay Heat no VV Cooling, w/Gap (radial temp.
distr.)
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Oxidation-driven mobilization is a strong function of temperature as
illustrated by this example from ITER (note that this fluence is much
lower than expected in APEX designs)
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Early dose from tungsten, worst-case weather, elevated release (DBA-1), air,
0.3 MWa/m2 pulsed fluence at shutdown, no credit for any radioactivity confinement
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What can be done to make designs better with respect
- to accident safety? |

Minimize use of structural material with high decay heat where possible
Design such that heat transfer is maximized
Segmentation of cooling loops

Make vacuum vessel safety grade, then vacuum vessel cooling can be
assumed in safety analyses
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Sn can be volatile and form an aerosol at accident

temperatures
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Because activated tin, on a per gram basis, is similar in radiological hazard to tungsten,
if significant amounts of tin are mobilizable, this could be an important contributor to the
activation product source term. We need to understand the behavior of SnlLi to estimate
this hazard. - |
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Limits on Elements for Class C Waste Qualification

unlimited 10% 1% 1%  .01% .001% .0001% .00001%

Top half of box: hard spectrum
Bottom half of box: soft spectrum

isotopes

From: Piet, et al., “Initial Integration of Accident Safety, Waste Management, Recycling, Effluent, and Maintenance Consider-
ations for Low-Activation Materials”, Fusion Technology, Vol. 19, Jan. 1991, pp. 146-161. Assumes 5 MW/mz for 4 years;
and E. T. Cheng, “Concentration Limits of Natural Elements in Low Activation Materials”, presented at ICFRM-8, Sendai,

Japan,October 1997, to be published in Journal of Nuclear Materials
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Contact Dose at Shield After 1 Day and 1 Month

0<cd<10!  107<cd<102 102<cd<103 103<cd<104  104<cd<105 105<cd<108  10B<cd<io?

Sv/h -

Top half of box: Sv/h after 1 day
Bottom half of box: Sv/h after 1 month

stable
isotopes

Based on C. B. A. Forty, et al., Handbook of Fusion Activation Data; Part 1. Elements Hydrogen to Zirconium,
AEA FUS 180, May, 1992. Assumes 4.15 MW/m2 for 25 years
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Contact Do_se at Shield After 10 and 100 Years

cd<10  10<cd<102 102<cd<103 103<cd<104 10%cd<105 105<cd<108 106<cd<107 107<cd

uSv/h

Top half of box: puSv/h after 10 years
Bottom half of box: uSv/h after 100 years

‘Based on C. B. A. Forty, et al., Handbook of Fusion Activation Data; Part 1. Elements Hydrogen to Zirconium,
AEA FUS 180, May, 1992. Assumes 4.15 MW/m2 for 25 years
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Summary

LOCA ahalysis indicates potential for high long-term temperatures; iteration between
designers and safety personnel is needed

Tin is an aerosol former, and is a radiological hazard; potential for tin mobilization from
SnLi needs further investigation

Safety criteria developed for use in screening concepts at an early stage are based on

Mobilizable tritium and dust inventory

Decay heat

Chemical reactivity and combustible gas generation
Waste/environmental considerations



( ( | (

APEX Safety and Environment Criteria

We have divided the criteria into two tiers

One is used to screen concepts at an early stage (evaluations can be based on
limited design information)

The other is for use when designs progress to a sufficient level of detail for
additional analysis

These criteria are based on four factors

Mobilizable tritium and dust

Decay heat

Chemical reactivity/combustible gas generation
Waste/environmental issues

It may not be possible to apply all the criteria to a given concept, however they should be
‘used to the extent possible

In some cases, it may only be possible to make a judgement as to whether a concept
has reasonable potential to meet a particular criterion
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Mobilizable In-vessel Tritium Inventories

Less than 100 g-T and/or less than 100 g dust Excellent — can meet no evacuation
o with little confinement

100 g to 1 kg-T and/or 100 g to 10 kg dust Acceptable — some confinement

degradation is acceptable and yet still
meet no-evacuation

More than 1 kg-T and/or 10 kg dust Poor — significant confinement

performance expected under all
conditions to meet no-evacuation
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Decay Heat

Peak temperature less than 500°C

Peak temperature 500 to 800°C

Peak temperature greater than 800°C

Excellent — little activation product
mobilization expected, not a major
threat

Acceptable — activation product
mobilization is a concern and this
source term must be considered; can
probably accept some confinement
degradation and still meet no-
evacuation with proper design

Poor — significant activation product
mobilization expected; level of
confinement needed may be high
and may threaten ability to meet no-
evacuation
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Chemical Re‘activity/Cdmbustible Gas Generation

Inert coolant

Endothermic reaction

Exothermic reaction

Excellent - no reactions than can
threaten confinement

Acceptable — cannot be self-
sustaining and removes energy from
system; must still consider the need
for and ability of confinement to
accommodate any reaction products

Poor — could be self-sustaining;
energy production could lead to
overheating of structures and
additional mobilization of
radioactivity; confinement of reaction
products is a concern and hydrogen
production is a major concern with
water coolant
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WastelE’nvirOnmentaI

Waste volume

Low ex-vessel activation (WDR < 1)
Significant ex-vessel activation (WDR > 1)

Radiotoxicity
WDR < in all components

WDR > 1 in some components

Mixed hazardous waste
None

Some

Excellent — good potential for recycle
or clearance

Poor — low potential for recycle or
clearance

Excellent

Acceptable if total volume of waste is
significantly reduced

Excellént

Poor/Unacceptable



