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Background:

End-to-End Reactor Analysis with Open Source Code
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NESTLE SEED PROJECT

NESTLE
Nodal Eigenvalue, Steady-State, Transient,

|_e 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 unigue features of the BWR

Peach Bottom BWR

Revise EXxisting TRITON input decks used for PARCS
Develop =NESTLE inputs structure and geometry
(Chavers, Galloway)




Challenges

Major Challenges encountered....

SCALEG6.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. (SCALEG6 vs SCALEG6.dev)

NESTLE

Code is still in Development - BWRs

Based entirely N. C. State student coding....
m BUgS
= Inconsistencies
= Not Developer Friendly




Simple PWR Model
Based on Turkey Point Unit 3




Simple PWR Model
Based on Turkey Point Unit 3

T'able 1: Model Parameters, Based on Turkey Point Unit 3 [DeHart, 1996]
Assembly type Westinghouse 15 x 15
Number of tuel rods 204
Number of guide tubes 20
Number of instrument tubes 1
Rod pitch 1.43 cm
Rod OD 1.0719 cm
Rod ID 0.9484 cm
Pellet OD 0.9296 cm™
Control rod OD 1.1162 cm
Average fuel temperature 022K
Average clad temperature SO5 K
Average coolant temperature 5STOK

*Not used in present work due to use of reduced density fuel




Simple PWR Model
Based on Turkey Point Unit 3

Table 2: Uranium Isotopic Composition, from Turkey Point Unit 3 [DeHart, 1996]




Simple PWR Model

Initlal Results....

SIMPLE PWER - Results from McocKee Report

PCM
TRITON NESTLE Difference

Not Good!




A Plan of Action....

Zero Exposure Must be Equal!

Verify TRITON K, 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

K. with a power shape?

Inf

Tighten convergence Criteria




Simple PWR Model

with Reflective Condition at all boundaries...

MESTLE AXIAL RELATIVE POWER EDIT - REFLECTED CORE of SIMPLE PWR

—=— EPSOUTER = 104 | EPSINNER = .5 10-2
—8— BEPSOUTER = 10-5 [ EFSIMNMNER = .5 10-2
=— EPSOUTER = 10-6 © EPSIMNNER = 5 10-2
EPSOUTER = 10-6 - EPSINNER = .5 10-
= EPSOUTER = 10-7 - EPSINNER = .5 10-

CORE HEIGHT (IN)

D.995 1.000 1.005
ASSY AXIAL RELATIVE POWER EDIT




Simple PWR Model

with corrections...

Simple PWR Model at 0.0 MWD/MT

Source TRITON | NESTLE Difference
| kinf | kinf pem

Original SCALES @ 238group 30499 | 1.29205

Optimized NEWT/TRITON @ 44group

Optimized NEWT/TRITON @ 49group

Optimized NEWT/TRITON @ 238group

SCALEG.dev Parallel @ 44group 29852

SCALEG.dev Parallel @ 49group 1.30281

SCALEG.dev Parallel @ 238group 1.30477 | 1.30437

NOTES: Fast-Thermal Boundary 0.625 eV




SIMPLE PWR - Initial Full Depletion

S i m p | e PWR I\/I Od eI Burnup TRITON | MNESTLE PCM Difference

. MWD/MT k-inf k-inf pcm
Depletlon Cases 0 1.29832 | 1.29830 1.8
30 | 1.26071 | 1.24687 1383.7
795 | 1.24032 | 1.23987 44.5
2265 | 1.22321 | 1.22391 -69.6
5250 | 1.18325 | 1.18537 212.3
9750 | 1.12766 | 1.13131 -365
130000 14250 1.07906 | 1.08367 -460.6
16530 | 1.05515 | 1.05992 -477.3
17295 | 1.04775 | 1.05266 491.4
18765 | 1.03388 | 1.03898 510.5

Simple PWR - Initial Full Depletion

1.40000

1.20000

=== TRITON k-inf

1.10000 i : e NESTLE k-inf
, PCM Difference 21750 1.00724 | 1.01268 -5A3 6

£1.00000 26250 | 0.96995 | 0.97571 576
30750 | 0.93608 | 0.94197 589

0.90000 33030 | 0.91920 | 0.92494 -574.3

33795 | 0.91429 | 0.92012 582.9
35265 | 0.90523 | 0.91111 588.3
0.70000 38250 0.88827 | 0.89420 -593
42750 | 0.86537 | 0.87133 595.6
060000 ’ 47250 | 0.84600 | 0.85192 -592.2

0 5000 10000 15000 20000 250 35000 40000 45000 50000
2é)umup(?\A%g‘)"':‘/a'%]i] MNOTE: 44group Optimized Execution

0.80000




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
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A Plan of Action....

Yields were assumed constant in T2N

 |-135: 0.63800E-01
* Xe-135: 0.228000E-02
* Pm-149: 0.113000E-01

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 Il.7.a discusses
treatment of fission products that effectively
correct absorption cross sections.

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




A Plan of Action....

Reverse Calculate - lodine-Xenon Chain
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A Plan of Action....

Reverse Calculate — Promethium-Samarium Chain
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Simple PWR Model
Full Depletion Model

Small Divergence
due to Assumption of
Steady State
Condition

SIMPLE PWR - SCALE6.dev RUN at 44 group

PCM Difference

MWD/MT | keinf
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Simple PWR Model

Full Depletion Model — with approximated yields

Simple PWR - Full Depletion
with Approximated Yield Data

TRITOM k-inf
—pe=PESTLE k-inf
LB Differemnce

20000 30000
Burmup (MWD,/MT)




Simple BWR Model

Based on Peach Bottom Cycle 1 Fuel Type 1
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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

Burnup
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Simple BWR Model

Full Depletion Model — Peach Bottom Fuel Type 1

Peach Bottorm Fuel Type 1 - Full Depletion
with out Thermal Hydraulic Feedback

TRITOMN k-inf
———PESTLE k-inf

PCpA Differamnce

20000 30000 a
Burmup (MWD /MT)




Simple BWR Model

Full Depletion Model with new Drift-Flux Component

Peach Bottom Fuel Type 1
Full Core Depletion Eigenvalue

MESTLE k-inf

M ESTLE k-eff with Tharmal Hydraulic Feedback
and zero BC

Elgenavalue

20000 30000
Burnup [ MWD /NT)




Simple BWR Model

Full Depletion Model Power Shape

Peach Bottom Full Core - Fuel Type 1 Power Shape

———Exposure = 0.0 MWD RTT

e Exposure = ZH33 BMWDSRAT

Exposure = ZZ2500 WD RAT
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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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