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Overview

• LIFE Overview

• LIFE Licensing Approach

• LIFE Safety and Relibility

• LIFE Transient
Response Simulation
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The solid-fuel LIFE fission blanket uses two
well-understood technologies

Liquid fluoride salt coolants
Boiling point ~1400ºC
Reacts very slowly in air
Excellent heat transfer
Transparent, clean fluoride salt

Coated particle fuel

Fuel failure fraction vs. temperature
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Safety assessment and licensing require the systematic 
identification of Licensing Basis Events

• LBE’s may be generated by internal or external events
• LBE’s are categorized by frequency
• For conceptual design, LBE’s for LIFE include Loss of Heat Sink (LOHS), 

Loss of Forced Circulation (LOFC), and Loss of Coolant (LOCA)
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Frequency of LIFE LBE’s involves slow phenomena 
(intervals of of months to millions of years)
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• LBE frequency analysis depends upon slowly evolving phenomena
– LIFE materials, fuel, and plant health management R&D focuses on these 

phenomena

• The LIFE development path would include separate effects tests (material 
and fuel irradiation, etc.) and reliability testing of major system 
components in the Component Test Facility

• AOO frequency prediction is also important for economics (affects the 
plant capacity factor)
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PB-AHTR plant response to LBE’s involves rapid 
phenomena (seconds to days)
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• Code Scaling, Applicability and Uncertainty Analysis (CSAU) 
methodology is applied to predict the system response to LBE’s

• The transient response code is validated against Separate Effect
Test and Integral Effect Test experiments, in particular scaled oil  
CIET experiments
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LIFE Regulatory Design Criteria (RDC)

• RDC describe the requirements for SSCs needed during Design 
Basis Events (internal and external) to assure compliance with 
regulatory dose limits

• For LIFE, the Regulatory Design Criteria can be the same as for 
the PBMR:

– Control Radionuclides in Fuel Particles

– Control Chemical Attack

– Control Heat Generation 
– Remove Core Heat

– Maintain Core and Reactor Vessel Geometry

– Maintain Reactor Building Geometry 

F.A. Silady, “Licencing Approach for Modular HTGRS,” Proceedings of the International 
Topical Meeting on Probabilistic Safety Assessment, PSA'05, San Francisco, September 2005

LIFE can use best-estimate methods, validated against 
appropriate IET/SET/CT data, to demonstrate compliance 
with Regulatory Design Criteria

LIFE must also meet Defense in Depth criteria
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The LIFE fission blanket 
has three major variants

• Buoyant pebble fuel
– defuel from top

– conceptual design 
shown here

• Sinking pebble fuel
– defuel from 

bottom

• Liquid fuel

Buoyant pebble fuel
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Buoyant pebble recirculation has been studied at UC 
Berkeley in scaled water experiments 

Pebble Defueling

Pebble Injection
Into Cold Leg

Pebbles Entering
PREX-1, Oct. 2006
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LIFE has passive safety systems to respond to LOFC 
and to LOCA

Direct Reactor 
Auxiliary Cooling 

System (DRACS) heat 
exchangers for LOFC

Pebble Dump 
Tank for LOCA
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RELAP5 has been used to model LIFE transients
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The Loss of Forced Circulation (LOFC) transient 
involves a sudden reduction in coolant flow
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Under LOFC the DRACS removes decay heat
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LOFC temperature and flow distributions
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LOFC: 10 sec. into Transient
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LOFC: 50 sec. into Transient
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LOFC: 100 sec. into Transient

0 1 2 3

-3

-2

-1

0

1

2

3

10 cm/s

Velocity vector Field of
Blanket at time t=600

Cross sectional view
A

xi
s 

di
st

an
ce

s 
in

 M
et

er
s



UC Berkeley

LOFC: 200 sec. into Transient
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LOFC: 300 sec. into Transient
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LOFC: 400 sec. into Transient
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LOFC: 500 sec. into Transient 
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LOFC: 1000 sec. into Transient
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Dowtherm heat transfer oil will be used as the principal 
simulant fluid for LIFE IET/SET experiments

Scaling parameters to match Pr, Re, Gr, and Fr for flibe and Dowtherm A

•Note that Pr, Re, Gr and Fr can be matched at < 2% of 
prototypical heater power
•Water will be used for hydrodynamics experiments
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Berkeley is now designing a Compact Integral Effects Test 
(CIET) facility will validate the LIFE transient the rmal 

hydraulics code models

• The Compact Integral Effect Test (CIET) facility (located at UC 
Berkeley) will be a reduced height, reduced area, reduced power 
scaled 100 kW (70 V DC) IET that will:

– provide low-distortion IET data for transient code validation

– exceed the quality of data produced by earlier IET’s for light water 
reactors (e.g. Semiscale) (100 kW in CIET is equivalent to 4.7 MW 
with the prototypical coolant)

• Additional SET experiments will be performed to study specific 
phenomena

– e.g. pebble bed heat transfer coefficients, pebble friction coefficients, 
etc.
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CIET can be compared to the INL Semiscale facility

• Semiscale simulation of PWR LOCA
– 1:1 height

– 1:1705 flow area

– 1:1705 power (2 MW)

– 1:1 time
– prototype temperature / pressure

• CIET simulation of the LIFE 
LOFC/LOHS

– 1:1 effective height (1:2 actual)

– 1:190 effective flow area (1:756 actual)

– 1:190 effective power (1:9000 actual, 100 
kW)

– 1:(2)1/2 time

– reduced temperature / pressure
– reduced heat loss

– small distortion from thermal radiation
Semiscale, INL

See http://users.owt.com/smsrpm/nksafe/testfac.html for a list of other LWR IET’s
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Conclusions

• LIFE uses passive safety systems for decay heat removal
• LIFE fission safety and licensing can use a similar approach as 

the PBMR/NGNP projects
– Systematic identification of licensing basis events and categorization 

by frequency

– Evaluation of response to LBE’s using best-estimate simulation 
methods

» validated by well scaled integral effects test and separate effects 
test data (Compact Integral Effects Test)

• RELAP5 has been adapted to model LIFE response to LBE’s
– LIFE exhibits very gentle response to Loss of Forced Circulation

transients.


