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Sandia National Laboratories

Sandia Critical Experiments Program

DOE Nuclear Criticality Safety
Program (NCSP)

° Integral Experiments

° Design, perform, and document
benchmark quality experiments

° Support safe and efficient fissionable
material operations

° International Criticality Safety
Benchmark Evaluation Project

(ICSBEP)
° Training and Education

> Hands-On Training Courses



SANDIA CRITICAL EXPERIMENTS PROGRAM

The Seven Percent Critical Experiment (7uPCX)
+ UO, fuel (6.9% 23°U)
* Four sets of grid plates
+ 45x45 Square pitch array (0.8 cm)
+ 45x45 Square pitch array (0.855 cm)
« Triangular pitch array (1.55 cm)
* Triangular pitch array (1.02 cm)
* Fuel rod diameter 0.635 cm
* Fuel length 48.9 cm
* Seven Experimental Series in the ICSBEP Handbook

+ LCT-078, 080, 096, 097, 101, 102, 111

The Burnup Credit Critical Experiment (BUCCX)
+ U0, fuel (4.3 % 23°U)

» Two sets of grid plates
* Triangular pitch array (2.0 cm)
* Triangular pitch array (2.8 cm)

* Fuel locations 397 and 271

* Fuel rod diameter 1.38 cm

* Fuel length 49.2 cm

* Two Experimental Series in the ICSBEP Handbook
« LCT-079, 099




CRITICAL ASSEMBLY DESIGN

Notable Design Features

> Assembly tank
° Fuel rods and grid plates

o Elevated for gravity release of moderator to the dump tank

o Provides full water-reflection and water level control

> Dump tank

> Moderator resides in dump tank until operations

° Heater maintains temperature
> Moderator Overtlow Standpipe

° Maintain water level in assembly tank

o Water continually circulated between dump tank and assembly tank
> Control and Safety Elements

> B,C absorber section followed by fueled section

° Plant Protection System

o Two fission chamberts
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CRITICAL ASSEMBLY DESIGN

Notable Design Features

> Assembly tank
° Fuel rods and grid plates

o Elevated for gravity release of moderator to the dump tank

o Provides full water-reflection and water level control

> Dump tank

> Moderator resides in dump tank until operations

° Heater maintains temperature

> Moderator Overtlow Standpipe

° Maintain water level in assembly tank

> Water continually circulated between dump tank and assembly tank

> Control and Safety Elements

> B,C absorber section followed fueled section

° Plant Protection System

o Two fission chambers




Burnup Credit Critical Experiment (BUCCX)

Started in the 1999 (NERI Project) by Gary Harms - first experiment in 2002

The Burnup Credit Critical
Experiment (BUCCX)
*UO, fuel (4.3 % 23°U)
*Two sets of grid plates
*Triangular pitch array (2.0 cm)

*Triangular pitch array (2.8 cm)
350 fuel rods and 150 experiment rods
*Fuel rod diameter 1.38 cm
*Fuel length 49.2 cm

*Two Experimental Series in the ICSBEP
Handbook

«LCT-079, 099

-

NEW REACTOR — Sandia researcher Gary Harms conducts experiments with a new Sandia-built reactor that are paving
the way toward possible changes in regulations on transport and storage of nuclear waste.  (Photo by Randy Montoya) 6



Burnup Credit Critical Experiment (BUCCX)

The BUCCX core was designed to be easy to model

Source Control/Safety
Element Elements
Experiment
Elements
li
nT

I

it A

Driver
Elements

The assembly is a triangular-
pitched array of Zircaloy-4 clad
U(4.31%)0, fuel (driver) elements

The assembly has 3 control/safety
elements

— the B,C absorber is decoupled from
the assembly by a polyethylene
spacer

— the absorber is followed by a fuel rod
Test materials are placed between
the fuel pellets in “experiment
elements”

The source is in the central fuel
element
The grid plates are aluminum

— the grid plates “line up” with the
plugs at the top and bottom of the
fuel rods

The pitch of the array is modified by
replacing the grid plates



Burnup Credit Critical Experiment (BUCCX)

Built special experiment fuel rods that allowed access to the fuel pellets
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Burnup Credit Critical Experiment (BUCCX)

Two experiment series in the ICSBEP handbook

LEU-COMP-THERM-079

*Ten critical experiments performed in
2002

Measure the effect of rhodium on critical
systems

@ = Bottom Polyethylene Centering Piece

@ =Top Polyethylene Centering Piece

@ = Experiment Sleeve

@: O-ring

LEU-COMP-THERM-099

-Seventeen critical experiments
performed in 2017-2018

*Measure the effect of titanium on critical
systems
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Burnup Credit Critical Experiment (BUCCX)

Two experiment series in the ICSBEP handbook
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Seven Percent Critical Experiment (7uPCX)

Project began in 2001 (NERI Project) - first experiment in 2009

n



Seven Percent Critical Experiment (7uPCX)

Project began in 2001 (NERI Project) = first experiment in 2009

The Seven Percent Critical Experiment (7uPCX)
*UO, fuel (6.9% 23-U)
*Four sets of grid plates
*45x45 Square pitch array (0.8 cm)
*45x45 Square pitch array (0.855 cm)
*Triangular pitch array (1.55 cm)
Triangular pitch array (1.02 cm) with central test region

*Fuel rod diameter 0.635 cm
*Fuel length 48.9 cm
-Seven Experimental Series in the ICSBEP Handbook

-LCT-078, 080, 096, 097, 101, 102, 111
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Seven Percent Critical Experiment (7uPCX)

Seven experiment series in the ICSBEP handbook

LEU-COMP-THERM-080
*Eleven critical experiments performed in 2009-2012

*Measure the effect of water hole patterns on critical array
size with 0.80 cm square pitch

LEU-COMP-THERM-07/8
- Fifteen critical experiments performed in 2011-2012

* Measure the effect of water hole and aluminum
replacement rod patterns on critical array size with 0.80 cm
square pitch

LEU-COMP-THERM-096
*Nineteen critical experiments performed in 2014-2015
« Explore partially reflected arrays with 0.80 cm square pitch

LEU-COMP-THERM-097
*Twenty-four critical experiments performed in 2015-2016

*Measure the effect of titanium and aluminum rod replacements
on critical array size with 0.855 cm square pitch

LEU-COMP-THERM-101

- Twenty-two critical experiments performed in 2019

* Investigate partially reflected arrays with 0.855 cm square
pitch

LEU-COMP-THERM-102

*Twenty-seven critical experiments performed in 2020

*Measure the effect of decreasing the fuel-to-water ratio on
critical arrays with square pitch

LEU-COMP-THERM-111

*Eleven critical experiments performed in 2023

*Measure the effect of molybdenum on critical array size
with 1.55 cm triangular pitch
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Seven Percent Critical Experiment (7uPCX)

Seven experiment series in the ICSBEP handbook

Control and Safety
Elements (4 Rod Clusters)
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Seven Percent Critical Experiment (7uPCX)

Current and future experiments

Iments

Ion

Epithermal Exper

*Central Test Reg

.

*Measure the effect of tantalum on critical array size
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Seven Percent Critical Experiment (7uPCX)

Current and future experiments

Temperature Experiments
*Measure inversion point of the isothermal reactivity coefficient
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Seven Percent Critical Experiment (7uPCX)

Current and future experiments

Absorber plate (Boraclan) Experiments

Holder
handlé ™

5.08e-5 - 5.30e-5
4B6e-5 - 5.08¢-5
4.66e-3 - 4.86e-3
4.46e-5 - 4.66e-3
4.28e-5 - 4.46e-5
4.10e-5 - 4.28e-5
193e-5 - 4.10e-5
3.76e-5 - 3.93e-5
3.60e-5 - 3.76e-5
| 3456536065

3.3%e-3 - 3.45e-3

Plate holder

Boralcan/
Aluminum
plate
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281e-5 - 3.04e-5
2.78¢-5 - 281e5
P 267e-5 - 2.79e-5
25665 - 2.67e-5
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2.06e-5 - 2.15¢-5
1.98e-5 - 2.06e-5
1.89e-5 - 1.98e-5
1.82e-5 - 1.89e-5
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Seven Percent Critical Experiment (7uPCX)

nd future experiments

UO,-BeO (ACRR fuel rod) Experiments
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Sandia NCS Hands-0n Training Course

14 years of NCS courses (over 600 students)

This course is designed to meet the ANSI/ANS-8.26, “Criticality
Safety Engineer Training and Qualification Program,”
requirement for hands-on experimental training.
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