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Critical Experiments

• International Handbook of Evaluated

Critical Experiments

International Handbook of Evaluated 
Criticality Safety Benchmark Experiments 
– Project at INL j

• 464 Experiments
– 4,092 critical, near critical or subcritical ,09 c t ca , ea c t ca o subc t ca

configurations
• Fast, Intermediate, Thermal
• Composition, Solution, Metal
• HEU, LEU, Pu, Mixed, 233U

Criticality Alarm Experiments
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CodesCodes

• MCNP (LANL) mcnpMCNP (LANL)
– Monte Carlo Neutron Production

SCALE (ORNL)

mcnp
• SCALE (ORNL)

– Standardized Computer Analyses for Licensing 
E l tiEvaluation
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Burn Up Credit Critical Experiment 

• 4.31 wt% 235U
(BUCCX)

• Fission Product 
Effects 
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In 2002, SPRF performed some
iti l i t ith h di

• The Burnup Credit Critical Experiment 
(BUCCX) as f nded b the N clear

critical experiments with rhodium

(BUCCX) was funded by the Nuclear 
Energy Research Initiative (NERI)

• Built a critical assembly in which could 
insert fission product materials to 

i i ffmeasure reactivity effects
• The NERI funding was used to bring 

the experiment capability up and 
perform the first set of experimentsp p

• Completed a set of experiments with 
rhodium

• The experiment is documented as LEU-
COMP THERM 079 in theCOMP-THERM-079 in the 
International Handbook of Evaluated 
Criticality Safety Benchmark 
Experiments
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We built special experiment fuel rods

F il
Fuel Pellets

p p
that give us access to the fuel pellets

Bottom Plug

Foils

Bottom Plug
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Seven Percent Critical Experiment

•Square Pitched

Seven Percent Critical Experiment

•Water Moderator
•7 wt. % 235U
•Aluminum CladdingAluminum Cladding
•Very Simple System
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Control Element

Safety Elements

Control Element

Safety Elementsy

PPS Detector Wells

Guide Plate

y

PPS Detector Wells

Guide Plate

Upper Grid Plate

Polyethylene-Filled Rod Sections

Upper Grid Plate

Polyethylene-Filled Rod Sections

Fueled Rod SectionsFueled Rod Sections

Lower Grid PlateLower Grid PlateLower Grid PlateLower Grid Plate
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Fuel RodsFuel Rods
• Pathfinder Fuel (Penn State)
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The 7uPCX fuel pellets were taken
from Pathfinder fuel elements

Pathfinder Fuel ElementPathfinder Fuel Element

• Remove the bottom fixture
• Loosen the spacer wires
• Strip the spacer wires
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p p
• Remove the end plug
• Extract the fuel pellets



We built 2199 7uPCX fuel 
elements

Sort the fuel pellets Align fuel pellets and hardware Insert fuel and crimp end plug
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Direct Uncertainty Analysis

• Determine Uncertainty

Direct Uncertainty Analysis

O Cl d Di 0800 Pi hDetermine Uncertainty 
in Parameter
– Type A or Type B 

1.002
Outer Clad Diameter 0800 Pitch

• Perturb Experimental 
Model by Uncertainty

1.000

ca
tio

n 
Fa

ct
or

• Relate change in keff to 
change in parameter 0.998

M
ul

tip
li

0.3180 0.3190 0.3200

Outer Clad Diameter (cm)
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TSUNAMI-3DTSUNAMI 3D

• SCALE 5 1 KENO V aSCALE 5.1 KENO V.a
• Sensitivity and Uncertainty Analysis Tool

i O d i b i h• First Order Linear Perturbation Theory
• FUN Equations
• Covariance Matrices
• 10 000 generations with 40 000 neutrons per10,000 generations with 40,000 neutrons per 

generation
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Parameters 7uPCXParameters 7uPCX
• 235U wt. % –Fuel Compositionp
• Temperature – Water
• Pitch – Water

F l Di t F l C iti• Fuel Diameter – Fuel Composition 
• Clad Thickness – Clad Composition
• Clad Outer Diameter – WaterC ad Oute a ete Wate
• Grid Plate Material Composition 
• Source Capsule Composition
• Cladding Composition
• Water Composition
• Water Level
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LCT070LCT070

• 6.5 wt% 235U6.5 wt% U
• Critical Water Height
• 12 Different• 12 Different 

Configurations
• Hex Pitch (1 1 cm)Hex Pitch (1.1 cm)
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Clad Outer DiameterClad Outer Diameter
• Uncertainty in keffpiiikeff I σσ = y

• Mass of Water in Unit 

piiikeff ,

ρπ hdpw
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ResultsResults

TSUNAMI/Analysis Benchmark Direct Uncertainty Analysis

Parameter Uncertainty in 
keff Sensitivity Uncertainty in keff Sensitivity Uncertainty in keff Sensitivitykeff y y y y y

Clad Outer 
Diameter 6.775E-05 -1.114E+00 7.000E-05 1.151E+00 7.011E-05 -1.153E+00

Temperature 2.269E-03 -1.965E-03 1.300E-04 1.126E-04 1.397E-04 1.210E-04p

Enrichment 1.007E-03 1.745E-02 1.000E-03 1.732E-02 1.005E-03 1.740E-02

Pitch 1.766E-03 1.814E+00 1.250E-03 1.284E+00 1.246E-03 1.280E+00
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• Finish Thesis
• Publish Results• Publish Results
• Hopefully is Widely Used in Benchmark 

E l tiEvaluation
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