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Outline
 Background on HOW reactor simulation is done
 Discussion of the NESTLE Seed Project
 TRITON to NESTLE Integration
 Simple PWR Model 
 Simple BWR Model 
 Peach Bottom Cycle 1 



Background:  Hierarchical Structure



Background: 
End-to-End Reactor Analysis with Open Source Code

Chavers Focus Area



NESTLE SEED PROJECT 

 NESTLE
 Nodal Eigenvalue, Steady-State, Transient,

Le core Evaluator
 Few Group Neutron Diffusion Equation Solver for 

Steady-State and Transient Problems
 Geared specifically toward full core analysis of nuclear 

reactors
 Developed by North Carolina State University 



NESTLE SEED PROJECT 

 NESTLE SEED PROJECT 
 Kevin Clarno, Matt Jessee, Ivan Maldonado, Emilian Popov
 HOST of UT Volunteers: J. Galloway, H. Hernandez, J. 

Chavers, M. Masse (now MIT), S. McKee (now MIT)
 Modularize and Incorporate into the SCALE package

 Matt Jessee (Lead), H. Hernandez, J. Chavers
 Includes:   Automation of  cross section data transference 

between TRITON and NESTLE
 BWR Compatibility

 Emilian Popov (Lead), J. Galloway
 Includes:  Developing New Drift-Flux Component

 Microscopic Depletion 
 Including the utilization of CILO file 



Methodology 
A SCALE input deck looks like…..

 =T-DEPL   (TRITON)
 Creates Inputs for all the functional codes to develop 

cross sections for use in full core solver
 (BONAMI, CENTRM, PMC, NEWT, ORIGEN-S, etc)
 Expanded Capability to run Branch Cases in Parallel 

 =T2N 
 Interface code reads TRITON xfile016 to generate 

cross section input to NESTLE
 =NESTLE

 Few Group Neutron Diffusion Equation Solver for 
Steady-State and Transient Problems



Objectives 

 Simple PWR Model 
 Originally Developed by S. Mckee (MIT) and K. Clarno
 Modularized previous model to the =TRITON, =T2N, 

=NESTLE input format 
 Use Model to Perform Validation Efforts to TRITON To 

NESTLE Integration 
 Simple BWR Model 

 Develop BWR model in similar scope to Simple PWR Model 
to validate unique features of the BWR

 Peach Bottom BWR
 Revise Existing TRITON input decks used for PARCS
 Develop =NESTLE inputs structure and geometry 

(Chavers, Galloway)



Challenges 
Major Challenges encountered….

 SCALE6.dev – TRITON
 Developmental Code is in a continuous evolutionary process that 

make reproducing results challenging.
 What is the correct answer this week?

 T2N
 Dependency on TRITON output results in high degree of 

sensitivity to changes in xfile016.  (SCALE6 vs SCALE6.dev)
 NESTLE

 Code is still in Development  - BWRs
 Based entirely N. C. State student coding….

 Bugs
 Inconsistencies
 Not Developer Friendly



Simple PWR Model
Based on Turkey Point Unit 3



Simple PWR Model
Based on Turkey Point Unit 3



Simple PWR Model
Based on Turkey Point Unit 3



Simple PWR Model
Initial Results….

Not Good!



A Plan of Action….  
Zero Exposure Must be Equal! 
 Verify TRITON Kinf with Hand Calculations
 Verify T2N Cross Section Processing

 Indentified and Corrected Issues
 Group 2 Cross Sections Imported Incorrectly
 T2N incompatibility with up-scatter
 General shifts in cross section data with modifications to 

TRITON output
 Coefficient cross section calculations – based on branch cases

 NESTLE
 NEM – Convergence  :  Utilize:  fdm
 Kinf with a power shape?  
 Tighten convergence Criteria



Simple PWR Model
with Reflective Condition at all boundaries…



Simple PWR Model
with corrections…



Simple PWR Model
Depletion Cases



Simple PWR Model
TRITON Nuclide Control Options (ADDNUX=1)

Utilize TRITON’s unique nuclide control 
option to determine if fission products are 
underlying issue.  ADDNUX=1 recognizes 
only 16 nuclides (actinides).   



Simple PWR Model
Nuclide Control Case

 Verify Xe and Sm 
Cross Sections

 Verify Fission
Product Yields

•  I-135
•  Xe-235
•  Pm-149



A Plan of Action….  
 Yields were assumed constant in T2N

 Request that TRITON provide yields on xfile016
 ……TRITON yields provided are orders of 

magnitude different from expected values for 
Pm-149 and Xe-235



A Plan of Action….
Reverse Calculate Yields  

 NESTLE Manual Section II.7.a discusses 
treatment of fission products that effectively 
correct absorption cross sections.

 Required Assumptions
 Suppress Spatial Dependence
 Assume Steady State Equilibrium Conditions
 Assume I-135 Yield from TRITON is correct



A Plan of Action….
Reverse Calculate - Iodine-Xenon Chain



A Plan of Action….
Reverse Calculate – Promethium-Samarium Chain



Simple PWR Model
Full Depletion Model

 Small Divergence 
due to Assumption of 
Steady State
Condition   



Simple PWR Model
Full Depletion Model – with approximated yields



Simple BWR Model
Based on Peach Bottom Cycle 1 Fuel Type 1



Simple BWR Model
Special Consideration with TRITON / NEWT
 More Complex Geometry requires increased 

mesh
 Increases computational time
 parm=check before execution

 Lessons Learned:
 “Tracer Error:  Mesh Too Course”  - Increase the 

number of sides used to approximate a cylinder 
(sides=24)

 Best Results Produced with:
 Sn=8    inners=6    outers=200    cmfd= yes    xycmfd=8
 epsinner=1e-7     epsouter=1e-6     epsilon=1e-5
 Pin Boundary:  1x1            Global Boundary:  64x64



BWR Model
Full Depletion Model

 Similar Trend to Simple 
PWR Full Depletion 
Model



Simple BWR Model
Full Depletion Model – Peach Bottom Fuel Type 1



Simple BWR Model
Full Depletion Model with new Drift-Flux Component



Simple BWR Model
Full Depletion Model Power Shape 



Peach Bottom 
Status Update on Cycle 1 Full Core Model 

 Three Fuel Types 
 Total of 8 Fuel Lattices each with 8 Branch Calculations
 0%, 20%, 40%, 60%, 80% voiding
 Parallel Execution decreases execution time from 8 

days to ~23 hours
 Cross Sections generation nearing completion

 Core Geometry model is being developed for 
NESTLE



Future Work
 Utilization of microscopic cross sections for 

use in NESTLE – Cilo File 
 Continued Benchmarking with Peach 

Bottom Cycle 1 for BWR code components
 Further Benchmarking against existing core 

simulators



Conclusions
 Macroscopic cross section processing in 

T2N is being performed correctly
 Initial BWR results show promising results 

in regards to BWR performance
 Further Benchmarking is required



Questions?

Johnathan D. Chavers
jchavers@southernco.com

jchavers@utk.edu

http://web.utk.edu/~jchavers/index.html�
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