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Available Thermal-Spectrum Graphite 
Reactors on IRPhEP Handbook

 Pebble-Bed
ASTRA

o Kurchatov, Russia

o 1 evaluation

o 5 configurations

HTR-10
o China

o 1 evaluation

o 1 configuration

HTR-PROTEUS
o PSI, Switzerland

o 4 evaluations

o 11 configurations
– 10 hand-stacked
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Prismatic
HTTR

o Oarai, Japan

o 3 evaluations

o 9 configurations
– 7 room 

temperature

VHTRC
o Tokai, Japan

o 1 evaluation

o 7 configurations
– 1 room 

temperature



High Temperature Engineering 
Test Reactor (HTTR)

 30 MWth

 Graphite-moderated

 Helium-cooled

 Engineering (not 
benchmark) reactor
Establish and 

upgrade 
technological basis 
for advanced HTGRs

 Core Height 2.9 m

 Core Diameter 2.3 m

 Reflector Thickness 
~ 1 m
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TRISO Fuel in Graphite System
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Various Core Loadings at Start-Up

5



HTTR – Known Issues

First prismatic HTGR benchmark for IRPhEP

Evaluation process identified key issues

Engineering test reactor, not a benchmark 
validation design reactor (like VHTRC)

 Insufficient publicly available information to 
support evaluation of simplification biases

Likely underestimation of benchmark model keff

Significant benchmark uncertainty due to 
graphite block impurities

Between approximately 600 and 1000 pcm

6



HTR-PROTEUS (1992-1996)

 Comprehensive 
benchmark program 
to support HTGR 
development

 17 critical 
configurations
 10 core designs

 Reactor physics 
measurements
 Control rod worth

 Kinetics

 Reaction rates

Water ingress effects

 Small sample 
reactivity
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Primary Core Configurations

Cores Pebble Packing
Moderator-to-Fuel 

Pebble Ratio

1, 1A, 2, and 3 Hexagonal Close Packing 1:2

4 Random Packing 1:1

5, 6, 7, and 8
Columnar Hexagonal Point-On-Point

Packing
1:2

9 and 10
Columnar Hexagonal Point-On-Point

Packing
1:1
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Key Core Parameters

Core
# Fuel 

Pebbles

# Moderator 

Pebbles

# Pebble 

Layers

Core 

Height (m)

# Poly

Rods

1 5181 2585 22 1.0888 --

1A 4951 2470 21 1.0398 --

2
3768 (FR)

0 (UR)

1880 (FR)

6009 (UR)

16 (FR)

17 (UR)
1.6277 --

3 4009 2000 17 0.8438 327

4 4920 4920 -- 1.51 --

5 5433 2870 23 1.38 --

6 5184 2758 22 1.32 654

7 4221 2277 18 1.08 654

8 5433 2870 23 1.38 654

9 4870 4877 27 1.62 --

10 4332 4332 24 1.44 654
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Comparison of Primary Uncertainties
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Calculations – All Cases
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Calculations – Subcritical Only
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Calculations – Critical Only
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Calculations – C-E/E %
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Very High Temperature Reactor Critical 
(VHTRC)

Critical assembly 
constructed to 
verify accuracy of 
HTTR neutronic
design

Biases quantified 
and smaller total 
uncertainty
~ 300 – 370 pcm

Only MVP-II and 
JENDL-4.0 results 
available
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VHTRC MVP-II with JENDL-4.0 Results
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Conclusions

 HTTR benchmark evaluation not very useful for 
validation of integral data measurements at 
criticality
Recommend building MCNP model for VHTRC for 

results more comparable with HTR-PROTEUS

 HTR-PROTEUS results demonstrate that the 
computational bias after adopting JENDL-4.0 
graphite absorption cross section data might be 
too large
Other factors might contribute

to this discrepancy such as S(a,b)

C-12/-13 = slight improvement
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Questions?
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Extra Slides
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Calculated Results (i.e. the Numbers)
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