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What is Shift?

• Massively Parallel Monte Carlo Radiation Transport Code
• Part of the Exnihilo radiation transport code suite
• Integrated into SCALE and VERA
• Internal GitLab code repository and issue tracking:

https://code-int.ornl.gov/exnihilo/Exnihilo
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Criticality Safety – ICSBEP VALID test suite: 
LEU-COMP-THERM
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Criticality Safety – ICSBEP VALID test suite: 
MIX-COMP-THERM 
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Criticality Safety – ICSBEP VALID test suite: 
PU-MET-FAST
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LWR – Babcock and Wilcox 1810 experiments comparison

Core XII

Reactivity over all cores:
Max: 38 pcm
Min: -101 pcm
Mean: -47 pcm

Core V

Midplane center 
assembly pin 
power relative 
difference
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LWR – Pincells comparison with MCNP6

keff difference 
for BEAVRS 
pincell

keff difference 
for Surry 
pincell
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LWR – Watts Bar Unit 1 initial startup

A. T. Godfrey, J. C. Gehin, K. B. Bekar, C. Celik 

 

2/15 PHYSOR 2014—The Role of Reactor Physics Toward a Sustainable Future 
Kyoto, Japan, September 28–October 3, 2014 

 

Over 120 CE KENO-VI numerical reference solutions for standard PWR fuel and core geometries 
have been generated and publicly released by CASL [7]. These problems are generally based on 
the core loading and operation of Watts Bar Nuclear 1 (WBN1) Cycle 1 and range from single pin 
cell calculations up to full core geometries and realistic operating evolutions such as Zero Power 
Physics Tests (ZPPTs), flux mapping, core follow, and refueling. Currently only the problems at 
zero power include reference solutions, where thermal-hydraulic and fuel mechanics models or 
couplings are not needed. To support the initial VERA benchmark for the WBN1 Cycle 1 ZPPTs 
[3][12], a rigorous KENO-VI model was created and executed in parallel to provide the most 
accurate predictions possible for the startup physics testing. The results are provided in the fol-
lowing sections.  
 

2. CORE DESIGN AND DATA DESCRIPTION 
 

CASL has selected TVA’s Watts Bar Nuclear Plant for initial validation and benchmarking. WBN1 
was the last nuclear plant in the United States to come online in the 20th century, beginning 
commercial operation in May 1996 [6]. The plant is a typical Westinghouse-designed 4-loop ice 
condenser PWR originally licensed for 3411 MWth operation with 193 17×17-type fuel assemblies 
[8]. The initial core loading is similar to that of the many sister plants in the fleet, using three en-
richment regions of UO2 fuel, discrete annular Pyrex (borosilicate glass) burnable absorbers, and 
hybrid B4C control rods with Ag-In-Cd (AIC) tips. The WBN1 core loading and control bank 
locations are shown in Figure 1. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. WBN1 initial core loading and control bank locations (in quarter core symmetry). 
 
Each fuel assembly in the initial cycle design is composed of fuel rods of uniformly enriched UO2, 
an upper plenum region for fission gas collection and Zircaloy cladding and end plugs. Addition-
ally, eight spacer grids are distributed axially along the rods, and upper and lower stainless steel 
nozzles provide structural support. Consistent with most PWR designs, the discrete Pyrex rods and 
control rods are arranged into clusters and are inserted into open guide tubes of the fuel assemblies. 
A depiction of the fuel assembly and insert design is provided in Figure 2. 
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LWR – Watts Bar Unit 1 initial startup

0.958

0.928 1.006

1.026 0.915 1.071

0.991 1.087 1.045 1.164

1.069 1.050 1.176 1.085 1.234

1.050 1.163 1.152 1.148 0.893 0.905

1.084 1.065 1.101 1.045 0.939 0.621

0.792 0.905 0.801 0.655

Max: 1.234 Avg: 1.000

0.91%

0.84% 0.83%

0.77% 0.64% 0.57%

0.58% 0.54% 0.39% 0.21%

0.40% 0.33% 0.19% 0.01% -0.27%

0.20% -0.11% -0.03% 0.25% -0.40% -0.72%

-0.04% -0.07% -0.27% -0.42% -0.67% -0.90%

-0.12% -0.23% -0.32% -0.39%

Max: 0.84% Min: -0.90% RMS: 0.45%

Shift normalized power Differences with KENO-VI

Radial Pin Power Distribution
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LWR - KRSKO

RCCA Position Measured 
Boron (ppm)

Shift 
Difference
(ppm)

ARO 1445 58
D Inserted 1343 95
CD Inserted 1192 147
BCD Inserted 1108 96
ABCD Inserted 905 41
Average 88 +/- 41

ZPPT boron endpoint criticality

RCCA Position Measured 
Worth (pcm)

Shift 
Relative Error 
(%)

D 949 -0.3
C with D Inserted 1367 3.4
B with CD 
Inserted

872 -0.6

A with BCD
Inserted

2091 2.1

Total 5279 -0.1 +/- 2.4

ZPPT control bank reactivity worth
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LWR – Coupled (n, 𝛾) leakage spectra comparison

235U spherical shell



13 Shift V&V

Depletion – HFIR Cycle 400 with explicit fuel plates
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Depletion – HFIR Cycle 400 explicit: keff
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Depletion – HFIR Cycle 400 explicit: Actinides

Relative Difference in Atom Density for Actinides between Shift and VESTA
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Depletion – HFIR Cycle 400 explicit: Fission Products

Relative Difference in Atom Density for Fission Products between Shift and VESTA
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Depletion – HFIR LEU explicit: keff
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Depletion – HFIR LEU explicit: Actinides

Relative Difference in Atom Density for Actinides between Shift and VESTA
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Depletion- HFIR LEU explicit: Fission Products

Relative Difference in Atom Density for Fission Products between Shift and VESTA
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Detection – OPTUS-3

OPTUS-3 Measurements (Nov 2015): 
Along centerline of main street,
used standard issue 2”×4”×16” NaI
detector, measured background and Cs 
source at four locations

Measurement locations every 10 m

Shift ray-trace of FIG Model
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Detection - Photon flux MAVRIC comparison

Photon flux distribution at location 2 due to threat source at position (2800,1650,764) cm
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Detection – Background flux MAVRIC comparison
If fluxes match, then detector count rate 
spectra should match, if the same post-
processing is used.

Photon flux distribution at 
location 5 due to all background 
sources
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Ongoing and future Shift V&V work

• CASL vessel fluence and excore
detectors through VERA

• Photon physics through Modeling Urban 
Scenarios & Experiments

• Lattice physics with TRITON
• Performance optimization
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Thank You and Questions

Tara Pandya
Oak Ridge National Laboratory
P. O. Box 2008 MS 6170
Oak Ridge, TN 37831

pandyatm@ornl.gov
865-241-3111

Email list: omnibus-users@email.ornl.gov
Project site: https://code-int.ornl.gov/exnihilo/exnihilo
Slack channel: https://exnihilo-ornl.slack.com

Collaborators:

Fausto Franceschini
Andrew Godfrey
B. J. Marshall
Douglas Peplow
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Depletion – HFIR Cycle 400 explicit: 241Pu and 241Am

241Pu mass for Shift and VESTA 241Am mass for Shift and VESTA
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Depletion – HFIR LEU explicit: 135Xe 


