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TREAT, What’s (Neutronically) Important
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Brief Overview of TREAT
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Overview of Basic Core-Only MCNP Model
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Peak-to-Average Power per TREAT Assembly
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MOOSE Crossing
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* Courtesy Mark DeHart (INL)



MAMMOTH 

MOOSE 

RATTLESNAKE 

YAK 

BISON 
MARMOT Thermochimica 

RELAP7 

Modeling TREAT with MAMMOTH
 MAMMOTH built via MOOSE framework (Multi-physics Object Oriented 

Simulation Environment)
 MOOSE allows implicit coupling of MOOSE animals
 MAMMOTH is the MOOSE-based multi-physics reactor analysis tool.

 At present, TREAT core simulation efforts rely on 
BISON (fuel performance), Rattlesnake (time-
dependent neutron transport) and MAMMOTH.

 LWR-type pin 
experiments are being 
evaluated using RELAP-7 
as well.

 Note that MAMMOTH is a 
single executable code 
with multiple 
personalities all co-
existing.

 All codes are based on 
FEM – MOOSE routines 
perform all solutions.

 All data from all codes is 
available to the solver(s) 
used.
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TREAT Modeling and Simulation (M&S)
 Unfortunately, advanced modeling and simulation isn’t.
 Based on an advanced concept, the process to adapt that 

concept to a complex real-world problem requires time in 
terms of effort and testing.

 The desired outcome of MAMMOTH 
M&S will be to simulate the complex 
interactions occurring in a TREAT 
experiment, driven by the coupled 
physics of a temperature-limited or 
controlled transient.

 The first phase of this approach has 
been to develop the core transient 
simulation capability that couples 
RATTLESNAKE, BISON, and cross 
section generation.

 A parallel, independent effort studied 
burnup of fuel pins during a reactor 
cycle, followed by a rapid transient.
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Minimum Critical Core

10

Fuel 
1.0

Fuel 1.1

Fuel 1.2

Control 
Assemblie

s

Zr-3 Clad 
Reflector 

Assemblies

Al Clad 
Reflector 

Assemblies

CP-2 
Permanent 
Reflector



Minimum Critical Core
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Coupled Physics in MAMMOTH

12



IRPhEP Recommendations
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International Handbook of Evaluated Reactor 
Physics Benchmark Experiments
March 2015 Edition 
 20 Contributing Countries
 Data from 143 

Experimental Series 
performed at 50 Reactor 
Facilities

 Data from 139 are 
published as approved 
benchmarks

 Data from 4 are published 
in DRAFT form

 Handbook available to 
OECD member countries, 
all contributing countries, 
and to others on a 
case-by-case basis
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http://irphep.inl.gov/
http://www.oecd-nea.org/science/wprs/irphe/



International Benchmark Programs
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Baseline Assessment of TREAT for Modeling 
and Analysis Needs

 INL/EXT-15-35372
October 2015
One-Stop-Shop
Drawings
Materials

Modeling and 
simulation

NOT A BENCHMARK
But still very useful

o For doing a benchmark
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Steps in Benchmark Completion
 Generate detailed 

TREAT MCNP 
models

 Perform model 
simplifications
Develop benchmark 

models
Compute biases and 

bias uncertainties
 Evaluate 

experimental 
uncertainties
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Prepare draft 
benchmark report

 Internal review
 Independent 

review (IRPhEP)
 IRPhEP Technical 

Review Meeting
April

Publish IRPhEP 
Handbook
September/October



Typical Measurement Types for IRPhEP
Critical/

Subcritical
Buckling/

Extrapolation 
Length

Spectral 
Characteristics

Reactivity Effects
Reactivity 

Coefficient Data
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Kinetics 
Measurements 
Data

Reaction-Rate 
Distributions

Power 
Distribution Data

 Isotopic 
Measurements

Miscellaneous

If it was worth measuring, 
then it is worth evaluating.



Key Items of Interest (i.e. Lessons Learned)

Can submit 
evaluation by parts
Criticality 1st year
Additional 

measurements 2nd-
3rd years

This allows for 
feedback earlier in 
a multiyear process
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Reduce statistical 
uncertainty or 
evaluated results 
will be worthless

Split up major core 
configurations into 
separate reports
TREAT-FUND-

RESR-001
-002, -003, -004, etc.



Optimally Picking the Low-Hanging Fruit
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Current Known Benchmarking Efforts
NCSU
FY16 NEUP 
M2 and M3 

Transient 
Experiments

OSU
FY16 IRP
To Be

Discussed
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 INL
Minimum Critical 

Mass Core Loading
M8CAL Core 

Loading
Criticality and Rod 

Worths
Yet to identify a 

good intermediate 
core loading



What is Most Relevant Today
Numerous 

experimental 
series performed in 
TREAT during its 
years of operation
Physics testing
LWR fuel
Graphite fuel
LMFR fuel
6604 reactor 

startups
1469 core loadings
2885 transient runs
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Core configuration 
and control rods 
positions 
adjustable

Only experimental 
campaigns with 
upgraded core
M8CAL
AN-CAL

These experiments 
also have most 
available 
documented data



M8CAL
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Current core loading
High fissile pins but 

low fissile monitor 
wires

Low-Level Steady-
State (LLSS)
runs and
transients

With and
without
neutron filters



Summary of M8CAL TREAT Operations
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AN-CAL
Similar to future 

loadings with 
current core

Various core 
characterization 
packages

Detailed 
temperature-
limited transients 
for reactivity limits
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Summary
of AN-CAL
TREAT
Operations
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Transient 2857 (Natural, Unshaped)
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* Courtesy Vishal Patel (CSNR)



Transient 2860 (Shaped)
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* Courtesy Vishal Patel (CSNR)



TREAT-IRP
Best Path Forward
 Goal:
2 steady-state and

2 transient tests
 Steady-state cores
M8CAL and AN-CAL (pick a loading from each)
 IRPhEP benchmark evaluations

 Transient tests
Pick transient test that corresponds with selected 

steady-state core loadings
Natural and a shaped transient for diversity
Expand existing IRPhEP evaluation work

 Stretch Goal:
Can use knowledge and expertise to further evaluate 

M8CAL and AN-CAL experiment suites
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Conclusions
Determine what is 

neutronically
important per 
measurement type

Ongoing progress 
in MOOSE 
modeling and 
simulation
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Established 
IRPhEP format for 
neutronics
benchmark 
development

M8CAL and AN-
CAL experiments 
easiest option for 
most impactful 
benchmark 
development



¿Questions?
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Extra Slides
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Transient Example

33



34



35



36



37



38



39



40



41



42



43



44



45


