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Qutline

e Overview of MAVRIC
e« Overview of ORIGEN

o Activation Analysis of Megapower microreactor concept
— Brief description of model
— Source generation with ORIGEN
— Dose calculation with MAVRIC

e SUMMAary
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Godal

Demonstrate SCALE tools for calculation of dose rates due to
activation fission products from an advanced reactor concept

— ORIGEN is a general depletion/decay engine
— CSAS is a Monte Carlo criticality tfransport code (fission source)

— MAVRIC is a Monte Carlo radiation shielding code (fixed source)
« powerful variance reduction methods
— TRITON is a depletion, activation, and source terms calculation code

e yses CSAS & ORIGEN
e NO variance reduction
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How to calculate dose from activation@e

e Separate prompt and
delayed particle

[
[
transport . l . -
— CSAS for fission source TRITON [ N)
generation (N) I
- MAVRIC for prompt I r
neutron and gamma
fransport MAVRIC | M?\NVPR)'C jw
— ORIGEN for activation & (NP) ' L\L
fission product gamma I
sources I o
- MAVRIC for delayed I rngen
gamma transport with I — i
ORIGEN-generated sources Results :
MAVRIC
' (P)
eqasy way out! [ otherwise
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MAVRIC

Monaco with Automated Variance Reduction using Importance Calculations

e Fixed source Monte Carlo e SUppoOrts source importing
code for radiation shielding — fission mesh source (CAAS)

applications — ORIGEN decay and activation

Sources

e Supports MG and CE libraries
— neutron, photon, and coupled ¢ Built-in flux-to-dose conversion

modes factors
e BUilt-in variance reduction - ggl%cﬁr':‘i#%%derson
methods | upey
~ CADIS, FW-CADIS o Flexible and user-friendly

. Comes with Utilities definitions and parameters
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MAVRIC Model

« Material, geometry, and e Sources
global paramefters — spatial, energy, and angular
— comes in a variety of flavors distributions
- needed forany kind of » Importance map
— parameters for CADIS and FW-
e Definitions CADIS

- locations, distributions, responses, o (Jtilities for mesh tallies

meshes, and energy bounds ,
— Boolean operations,

e Tallies masking/filtering, modifying,

-~ point detector, region and mesh imporfing/exporfing, etc.

tallies
%OAK RIDGE

National Laboratory




CADIS in MAVRIC

Consistent Adjoint Driven Importance Sampling

 Perform an Cld]JOIﬂT discrete ordinates
calculation with g% (7, E) = 04(7, E)
e Improves the FOM for one detector, at

the expense of:  Develop importance map for weight
— fracking particles in unimportant areas windows
— convergence of the other detectors - w(r,E) = ¢+(CFE)

* Develop biased source
- 4@ E) = Zq E) ¢* (. E)

 Esfimate the responses
R(7, E)everywhere

. Cons’rruc’r the CADIS adjoint source but
\1/\//%%; ht the source strength with
T, E
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Forward Weighted CADIS in MAVRIC

o Improves the FOM for multiple « Perform a forward discrete
detectors ordinates calculation

- not as much as CADIS  Estimate the responses

« Good for finding global R(7,E)everywhere
solutions ..

« Construct the CADIS adjoint
source but weight the source
sfrength with —

R(T,E)
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ORIGEN

Oak Ridge Isotope Generation

» Iradiation and decay simulafion code for general purpose
isotopics tracking, not fracking an application-specific subset
of isotopes

— 2237 isotopes
— 176 actinides
— 1151 fission products
— 910 structural activation nuclides

— 54000 transitions between isotopes

o all pathways in modern nuclear data for neutron tfransmutation, fission, and
decay

e all nuclides with half-lives > 1 ms
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Key Capabillities

o Calculation of isotopics and source terms
- nuclide concentrations (atoms and mass)
— qctivities
- decay heat
- radiation emission rates and spectra (neutron and gamma)
- radiotoxicity

o Application Environments
- operating reactors
- spent fuel storage/handling
— structural material activation (in-core, ex-core)

- fuel cycle analysis (material feed and removal processing)

« Methods and data enable comprehensive isotopic characterization of
fuel over a large time scale (milliseconds to billions of years)
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Evolution of ORIGEN capabillities

SCALE 5.1 (2006)

- Included graphical user interface, new ORIGEN libraries for different reactor types

SCALE 6.0 (2009)

- Included new base cross section libraries (ENDF/B-VI) & updated gamma ray libraries, retained all
previous reactor libraries

SCALE 6.1 (2011)

- Included ENDF/B-VII decay data, expanded nuclides, energy-dependent fission yields
- Replaced the old 3-group libraries with 238-group data from JEFF/A-3.0

SCALE 6.2 (2016)
— Completely rewritten modular ORIGEN source code, dynamic memory allocations
- New CRAM solver
— Rewritten, streamlined input format
- Endian-agnostic binary {71 and {33 formats
- Integrated alpha and beta sources & spectra
- ORIGEN API to allow embedding depletion calculation in other codes
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ORIGEN depletion calculation flow (standalone)

Cycle powers .
[IMW/MTU] Origen reactor
data libraries

(Formerly COUPLE)

Irradiation times

ol speci i
[MW] e it ¥
Iradiation times > Cycle history Msgengfjxn i i
Decay times S T ORIGEN PSRttt : S i
B |nitial compositions Flux | |

______________________________

Depleted material
TN .. compositions

OPUS Formatted inventories / responses
| (e.g., decay heat, activity, radiofoxicity)

N e, ————
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Ridge National Laboratory, have been used worldwide
for i and decay for more than
three decades. The supported version of ORIGEN, main-
tained as the depletion analysis module for SCALE 6,
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I. INTRODUCTION

The ion of fuel i i it and
properties is to support design, safety

analysis, and licensing in many areas of the nuclear fuel
cycle—from reactor physics to back-end fuel cycle is-
sues, including spent-fuel storage and transporlauon. ra-
dioactive waste and
for spent nuclear fuel. Nuclear fuel cycle analys:s re-
quires codes and nuclear data that can accurately calcu-
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A method for inchuding external feed with lime dep
the Chebyshev Rational Approximation Method (CRAM) is presented and the implementation of CRAM
to the ORIGEN module of the SCALE suite is described. [
time-dependent feed rates, the new solver also adds the capal

in depletion wilh

ddition to being ablke to handle
y 1o perform adjoint calculations,

Results oblained with the new CRAM solver and the original depletion solver of ORIGEN are compared

Keywords:
CRAM
ORIGEN
Depletion
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Source term

to high precision reference calculations, which shows the new solver to be orders of magnitude more
accurate. Furthermore, in most cases, the new solver is up to several times faster duc to not requiring
similar subslepping as the original one.

© 2015 Elsevier Lid. All rights reserved.

1. Introduction

Calculating changes in the isotopic composition of nuclear fuel
or other materials under irradiation or during decay is essential for
a wide range of design, operational, and licensing analyses in appli-
cations ranging from reactor physics to waste management and

irradiation and decay for t
can be produced by nuclqg
activation.

ORIGEN has been de}
Ridge National Laborator]
decay module of the Stal

feg! . These applications require methods and codes that
enable changes in compositions to be accurately and reliably calcu-
lated for widely different initial compositions, neutron spectra, flux
levels, and time scales from seconds after fission to tens of
thousands of years after fuel discharge. The number of nuclides
to be accounted for also varies by application, but often it is either
necessary or desirable to consider a Jarge systems consisting of a
thousand or more nuclides with widely varying decay constants
and up to tens of thousands of possible transitions between them.
Although external feed (i.e., the continuous introduction of mate
rial into the observed system from outside) is not relevant in the

* This manuscript bas been authored by UT-Battele, LLC under Corzract No. DE
Acc-sononnz; with the U5, Department of Enerzy. The United States Govern-
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most typical applications of decay and depletion calculations, mod-
cling it is necessary to casily and robustly handle certain systems.
Examples of such systems include liquid fueled reactors and stor-
age and reprocessing facilities, where the in-flow of material
affects reactivity, decay heat. and activity loads.

In the SCALE nuclear systems modeling and simulation suite
(Oak Ridge National Laboratory, 2011), all decay and depletion cal-
culations are handled by ORIGEN (Gauld ct al, 2017). The original
depletion solver of ORIGEN uses a secular equilibrium approxima-
tion and the Bateman solution of linear chains for handling
short-lived nuclides, and a power series approximation of the
matrix exponential of a reduced coefficient matrix for long-lived
nuclides. While the linear chains and matrix exponential can be
solved accurately when independent, accounting for the effects
of long-lived nuclides on the short-lived ones and vice versa
requires additional approximations and leads to a loss of accuracy
for some nuclides in the hybrid method. This method has usually
been referred to as the matrix exponential method or the
ORIGEN method. However, as a part of the SCALE modernization
campaign, the ORIGEN code now has more than one solver, To
make a distinction between these solvers, the original method of
solution is referred to as MATREX.

While the MATREX solver has continued to perform adequately,
there has also been significant development in depletion algo-
rithms. CRAM (Pusa and Leppinen, 2010) is perhaps the most
promising of the new methods. It has been shown to yicld very
accurate results while still being among the fastest methods for
solving the decay and depletion of large systems of nuclides (e.g..

1. Introduction

New isotopic depletion and decay analysis capabilities have
been implemented in the most recent release of SCALE, a compre-
hensive modeling and simulation suite for nuclear safety analysis
and design developed and maintained by Oak Ridge National Lab-
oratory (ORNL). The SCALE 6.1 release (RSICC Computer Code Col-
lection, 2011) i p ENDE/B-VII tion data for
neutron transport calculations. In addition, extensive updates have
been made to data for ORIGEN, the isotopic depletion and decay
module in SCALE, including addition of ENDF/B-VII nuclear decay
data, multigroup neutron acnvanon cross-section data, energy-

neutron ground and isomeric prod-
uct states, and energy-dependent fission product yields (Gauld
et al., 2011a). An assessment of the effect of these developments
on the code performance is the subject of this paper. The analysis
is focused on evaluating the accuracy of code predictions for isoto-
pic itions using an measured isotopic assay data-
base that contains data obtained from destructive analysis of spent
nuclear fuel.

Quantifying and evaluating the bias and uncertainties in the cal-
culated isotopic compositions of spent nuclear fuel is essential for
validating the accuracy of the codes and nuclear data used for
safety and licensing calculations. Nuclear fuel being discharged
from commercial reactors has achieved progressively higher bur-
nup through the use of hlgher enrichments, improved assembly
designs, and more el The con-

* Corresponding author. Tel.: +1 865 241 4672: fax: +1 865 574 9619.
E-mail address: ilasg@ornl.gov (G. llas).

0306-4549/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.anucene.2012.03.012

tinuous change in the characteristics of spent fuel being dlschargcd
by the nuclear industry of the
bias and uncertainties associated with code predictions. To accom-
plish this, a is needed to
cover the increased domains of fuel ennchment. bumupA and coo|-
ing time of relevance to spent fuel
inventories and activities, decay heat, and radiation source terms.
Over the past decade there has been an increased international
recognition of the need for expanded, high quality experimental
data to validate spent fucl calculanons The Nuclear Science Com-
mittee of the O ion and Develop-
ment/Nuclear Energy Agency (OECDINEA) decided in 2006 to
establish a new Expert Group on Assay Data of Spent Nuclear Fuel
(EGADSNF) to pile and a of
assay data and update the OECD/NEA web-based Spent Fuel Isoto-
pic Composition Database (SFCOMPO). The extended and updated
database, with contributions from many NEA member countries, is
intended to support analyses and safety evaluations for the nuclear
fuel cycle and back-end nuclear facilities related to fuel handling,
dry spent fuel storage installations, pool storage, fuel reprocessing
facilities, and waste repositories (OECD/NEA, 2011). The related
activities at ORNL included efforts to compile and document radio-
chemical assay data from publicly available sources and interna-
tional commercial experimental programs for use in validating
isotopic itions in spent fuel. These data have
been applied to validate the depletion capabilities in SCALE using
ENDF/B-V-based cross-section libraries, as documented in a series
of validation reports (llas et al., 2010a,b; Mertyurek et al., 2010;
Ilas and Gauld, 2011) and other publications (Ilas and Gauld,
2008, 2009; Radulescu et al., 2009). More recently, the database




Megapower

e Not your typical superhero, coming soon!
- DC Comics
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Tutorial Outline

« Overview of the Megapower design concept
« Decay source generation with Origen

o Activation source generation with Origen

e Dose calculation with MAVRIC

¥ OAK RIDGE
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Megapower microreactor concept

« 5 MWt core designed for
remote deployment

e 1134 annular hexagonal
UO, pins

— 19.75% enrichment

~]1 m core
diameter

e 12 rotatable B,C conftrol
drums

. . . 1.5.m active
e Heat rejection via “heat height

(] ’ ’ [ ]
pl pes WI 1- h O B rO YTO n Sterbentz, J. W. et al., “Preliminary Assessment of Two Alternative Core Design

CyC | e Concepts for the Special Purpose Reactor”, INL, May 2018, INL/EXT-17-43212
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Goal: Calculate the external shutdown dose rate

Calculate the dose rate at a point radially 2 ft away from the
beltline of the core 1 month after shutdown!

Dose ratee
o

2 ft

¥ OAK RIDGE
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CSAS Model

e Have materials and
geomeftry

« Calculates a few things

— ke, flUx, fission source
distribution
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CSAS Results, default

I
I‘ I 1.57¢-06 - 1.65e-06

1.49e-06 - 1.57e-06
“ I I“ ’

1.24-06 - 1.32¢-06
1.16e-06 - 1.24e-06
1.07e-06 - 1.16-06

[ 9.91e-07 - 1.07e-06

[ 9.09e-07-9.91e-07

| 826e-07-9.09e-07
7.43¢-07 - 8.26e-07
6.61e-07 - 7.43e-07

[ 578e-07-6.61e-07

N 4.96e-07 - 5.78e-07

4.13¢-07 - 4.96e-07

I 330007 - 4.13e-07

2.48e-07 - 3.30e-07

I 1.65¢-07 - 2.48¢-07

8.26e-08 - 1.65e-07

I 6.97e-21 - 8.26e-08

[ 1.40e-06-1.49e-06
1

1.32¢-06 - 1.40e-06

e Looks good!
— 1.00242 +or- 0.00049

HHHHHIHI H\H\H\HMHHHHH

I 5.38¢-01 - 1.00e+00

7.02¢-01 - 8.38e-01
[ 5.89-01-7.02e-01
4.93¢-01 - 5.89¢-01
4.13e-01 - 4.93e-01
3.46e-01 - 4.13e-01
2.90e-01 - 3.46e-01
[ 2.43e-01 - 2.90e-01
[ 204e-01-243e-01
[ 1.71e-01-2.04e-01

1.43e-01 - 1.71e-01

1.20e-01 - 1.43e-01
[ 1.01e-01 - 1.20e-01
N 8.43¢-02- 1.01e-01

7.06e-02 - 8.43e-02
I s.022-02 - 7.06e-02
4.96e-02 - 5.92¢-02
I 4.160-02 - 4.96e-02

3.48e-02 - 4.16e-02

N 2.92¢-02 - 3.48¢-02

1l 1
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CSAS Results, default e ot
"

I 1.89¢-04 - 1.99e-04
[ 1.79¢-04 - 1.89e-04
[ 1.69e-04-1.79e-04
1.59e-04 - 1.69¢-04
1.49e-04 - 1.59¢-04
1.39e-04 - 1.49¢-04
1.20e-04 - 1.39-04
[ 1.19e-04-1.29e-04
[ 1.09e-04-1.19e-04

9.95e-05 - 1.09¢-04
8.95e-05 - 9.95¢-05
7.96e-05 - 8.95¢-05
[ 6.96e-05-7.96e-05
I 5.97e-05 - 6.96e-05
4.97e-05 - 5.97¢-05

I :98¢-05 - 4.97e-05

2.98e-05 - 3.98e-05

- 1.99e-05 - 2.98e-05

9.95e-06 - 1.99e-05

I 1.76e-12 - 9.95¢-06

e Or, isite

i

I ©.51-01 - 1.00e+00
I 9.02¢-01 - 9.51e-01
8.53-01 - 9.02¢-01
8.04e-01 - 8.53¢-01
7.55e-01 - 8.04e-01
7.06e-01 - 7.55¢-01
6.57¢-01 - 7.06e-01
[ 6.08e-01-657e-01
[ 559e-01-6.08e-01
5.10e-01 - 5.59e-01
4.61e-01-5.10e-01
4.12e-01- 4.61e-01
3.63¢-01 - 4.12e-01
I 3.14e-01 - 3.63e-01
2.65e-01 - 3.14e-01
I 2.162-01 - 2.65¢-01

1.67e-01 - 2.16e-01
I 1.18¢-01 - 1.67e-01
I 6.93¢-02 - 1.18e-01

B 2.03e-02 - 6.93¢-02
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CSAS Results, more neut - i t

B 1.47¢-06 - 1.55¢-06

1.39¢-06 - 1.47€-06
[ 1.31e-06-1.39e-06
1.24¢-06 - 1.316-06
1.16-06 - 1.24e-06
1.08-06 - 1.16€-06
1.00e-06 - 1.08¢-06
[ 9.28¢-07 - 1.00e-06
[ 850e-07-9.28e-07
[ 7.73-07-8.50e-07
6.96e-07 - 7.73e-07
6.19e-07 - 6.96e-07
[ 541e-07-6.19e-07
4.64e-07 - 5.41-07
I 387¢-07 - 4.64e-07
3.09e-07 - 3.87e-07
I 2.32¢-07 - 3.09e-07
I 1.55¢-07 - 2.32e-07

7.77e-08 - 1.55e-07

- 4.20e-10 - 7.77e-08

|

I

» Better converged
source!

- 1.00218 +or- 0.00009

I 3.22¢-01 - 3.39¢-01

3.05e-01 - 3.22¢-01
| 2.89-01-3.05e-01
2.72e-01 - 2.89¢-01
2.55€-01 - 2.72e-01
2.39e-01 - 2.55e-01
2.22¢-01 - 2.39e-01
[ 2.05e-01 - 2.22e-01
[ 1.89-01-2.05e-01
[ 1.72e-01-1.89e-01

1.55e-01 - 1.72e-01

1.38e-01 - 1.55-01
[ 1.22e-01-1.38e-01
N 1.05e-01 - 1.22e-01
8.84e-02 - 1.05e-01
I 7.17¢-02 - 8.84e-02
5.51e-02 - 7.17e-02
I 3.84e-02-5.51e-02
2.17e-02 - 3.84e-02

I 5.01e-03-2.17e-02

ARG Ak
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SAS Results, more neutrog ™ N
”lllul ||||H ==

1.27e-04 - 1.36e-04

1.19e-04 - 1.27e-04

1.10e-04 - 1.19e-04

1.02e-04 - 1.10e-04
\

9.35e-05 - 1.02e-04
8.50e-05 - 9.35e-05
7.65e-05 - 8.50e-05

5.10e-05 - 5.95e-05

‘.‘ |H 4.250-05 - 5.10-05
‘ | 3.406-05 - 4.25¢-05
IR (Tt s
| || ”” 1.70e-05 - 2.55¢-05

e Flux is better tool

8.50e-06 - 1.70e-05

\

| ”"“-M”I\H 5.03¢-14 - 8.50e-06
\ HEEL
I i

I 9.50e-01 - 1.00e+00
I 9.01e-01 - 9.50e-01

8.51e-01 - 9.01e-01
8.01e-01 - 8.51e-01
7.52¢-01 - 8.01e-01
7.02¢-01 - 7.52e-01
6.52e-01 - 7.02e-01
[ 6.02e-01-6.52e-01
[ 553e-01-6.02e-01
| 5.03e-01-553-01
4.53e-01 - 5.03e-01
4.04e-01 - 4.53-01
[ 3.54e-01-4.04e-01
3.04e-01 - 3.54e-01
I 2.55¢-01 - 3.04e-01
I 205201 - 25501
I 1.55¢-01 - 2.05e-01
I 1.06e-01 - 1.55¢-01

5.50e-02 - 1.06e-01

I 6.20e-03 - 5.59¢-02
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I 5.67¢-05 - 1.70e-04

[ 1.89e-05 - 5.67e-05
[ 6.33e-06-1.89-05
2.11e-06 - 6.33¢-06
7.05e-07 - 2.11e-06
2.35e-07 - 7.05e-07
7.86e-08 - 2.35¢-07
[ | 2.62¢-08 - 7.86e-08
[ 8.76e-09 - 2.62e-08
| 2920-09-8.76e-09
9.76e-10 - 2.92¢-09
3.26e-10 - 9.76e-10
[ 1.09-10-3.26e-10
I 3.63¢-11 - 1.09e-10
I 121e-11- 3.63e-11
I +05e-12- 1.21e-11
I 1-35e-12- 4.05¢-12
I 451e-13 - 1.35e-12
I 151e-13-451e-13
I 5.03e-14- 151e-13
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%

TRITON Model

e Discretized materials
— Fuel, RPV, neutron shield

e Calculates a lotf of things

— ko, flUX, power,
concentrations, decay
heat and sources, etc.

OAK RIDGE
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TRITON Results

e Looks familiar!

%OAK RIDGE
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I 6.09¢-05 - 1.77e-04

2.09¢-05 - 6.09e-05
[ 7.19e-06-2.09e-05
2.47e-06 - 7.19¢-06
8.50e-07 - 2.47e-06
2.92e-07 - 8.50e-07
1.00e-07 - 2.92¢-07
[ 3.45¢-08-1.00e-07
[ 1.19e-08-345¢-08
[ 408e-09-1.19e-08

1.40e-09 - 4.08¢-09
4.82e-10 - 1.40e-09
[ 1.66e-10-4.82e-10
5.70e-11 - 1.66e-10
I 1.96e-11 - 5.70e-11
6.73e-12 - 1.96e-11
2.31e-12- 6.73e-12
B 7.96e-13 - 2.31e-12
N 2.74e-13 - 7.96e-13
I N 9.40e-14 - 2.74e-13

I ©.50¢-01 - 1.00e+00

9.01e-01 - 9.50e-01
[ 851e01-9.01e-01
8.02e-01 - 8.51e-01
7.52¢-01 - 8.02e-01
7.03-01 - 7.52e-01
6.53¢-01 - 7.03¢-01
[ 6.04e-01-6.53e-01
[ 554e-01-6.04e-01
[ 5.05e-01-554e-01
4.55e-01 - 5.05€-01
4.06e-01 - 4.55¢-01
[ 356e-01-4.06e-01
3.07e-01 - 3.56e-01
2.57e-01 - 3.07e-01
I 208201 - 257e-01
1.58e-01 - 2.08e-01
1.09¢-01 - 1.58e-01

N 5.90e-02 - 1.09e-01

N 9.46e-03 - 5.90e-02

EOL, Flux Distribution (Log Scale)



TRITON Results

« Good enoughe

Burnup

(GWd/MTIHM)
0 0
380 0.417
685 0.750
989 1.083
1750 1.917

1.0019
1.0017
1.0010
1.0005
0.9994

Neutron Flux Spectrum in Neutron Shield Layers

= e

4.6e+13
4.6e+13
4.6e+13
4.6e+13
4.6e+13

3.7e+13
3.7e+13
3.7e+13
3.8e+13
3.8e+13

Rz
2.6e+13
2.6e+13
2.6e+13
2.6e+13
2.6e+13

Total Neutron Flux

(n/cm?/s)

RPV, RPV,
3.4e+11  1.8e+11
3.4e+11  1.8e+11
3.4e+11  1.8e+11
3.4e+11  1.8e+11
3.5e+11  1.8e+11

NS,
4.6e+10
4.5e+10
4.5e+10
4.5e+10
4.6e+10

NS;
6.7e+09
6.8e+09
6.8e+09
6.7e+09
6.7e+09

NS,
7.9e+08
7.9e+08
7.9e+08
7.9e+08
7.9e+08




Generating the source term with Origen

Need to find:

1. Decay source term of fuel
regions (F,, F,, and F;)

2. Activation of RPV (RPV, & RPV,)

3. Activation of neutron shield
(NS1 to 6)

Procedure:

« Use the MG flux tally from CSAS to
produce a one-group reaction
library in Origen

« Deplete each region by flux to get
the activation / decay source term

%OAK RIDGE
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Origen input structure

e Origen inputs are organized info cases

SCALE comment « Each case block represents a single
=origen . . e
o ORTGEN comment irradiation or decay cycle

bounds{ .. } ) « Material compositions can be passed
solver{ .. }

options{ .. } >\ from one case to the next

case(A){ — . o . |
time=[31 365] % days \ Each cycle (irradiation or decay) is a case block with

time, powers, and (optionally) library & materials

}

'\
case(B){ Global problem configuration blocks
} >\
% more cases? —__ Multiple cases can be chained together to
end represent an irradiation history

%OAK RIDGE
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SON syntax basics

e Origen 6.2 uses SON (Standard Object Notation) syntax for
INput

Consist of one or more numbered
entries in brackets

e.g., time=[ 10 20 30 .. ]

[ arrays ]

{ blocks } Contain keys and arrays within
curly braces

e.g., case(caselLabel){ .. }

¥ OAK RIDGE
National Laboratory




Specitying problem materials

=origen
caseq

% create a material with 1 kg

% of 3% enriched LEU

mat{
units=GRAMS -«

Can specify materials explicitly
or load from a prior case

Valid units include grames,

is0=[u238=970.0E3 u235=3.0E4 0=123.1E3]
} \ v J

} % end case

; masses as key/value pairs
en

<ZonspecﬁynuﬁWduol?:;;;;\\\\\

gram-atoms / moles and curies

~_ Specifying only elemental symbol uses

natural abundances for each isotope

Note: First case must always specify materials!

%OAK RIDGE
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Loading materials from a saved file

=origen
caseq

% Load from position 2 on saved f71 file
mat{

load{ file="origen saved.f71" pos=2 }
} % end mat

} % end case
end

%OAK RIDGE
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Specitying irradiation powers: the POWER Array

=origen
caseq

mat{
units=GRAMS
is0=[u238=970.0E3 u235=3.0E4 0=123.1E3]
}
% 10 steps at 35 MW each
% 14,000 MWd/MTU total cycle burnup

10 steps of all the same power (35 MW);
can be different powers for each time

time=[ 81 10 400.0 ]
} % end case
end

power=[ 10R 35.0 ] <

inferval

__ # times = # powers

(Origen supplies 1o by default)

Note: Powers are in

%OAK RIDGE

National Laboratory
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Depletion / activation by user-specified flux spectrum

ZZ;:?Qn | Generates an updated one-group
reaction library for activation
lib {
dat
uPp:ssuice { - ...from an existing AMPX multi-group reaction library

reaction="origen.rev@3.jeff200g"“/
decay=decay
yield=yields

< ...and Origen decay & fission yield resources

}
neutron { flux=[0(E;) O(E,) .. O(Ey)] }
save { . ) . . .
title="Fuel Layer 1" ~_ User-provided neutron flux weighting spectrum

used for collapsing to one-grou
file="megapower_Fuel Layerl.f33" PSINg 9 S

}

extend=no
}
flux = [0(ty) O(ty) .. O(t;)] «— Scalar flux intensity (n/cm2-s) for each time interval
time{

t = [t; t, .. t4]
units=seconds

}

%OAK RIDGE
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MAVRIC Sequence

—PARM=check — Input
SEAlLE | BONAMI/NITAWLor | SESOnaRes Eroes Suction
DImED BONAMI / CENTRM / PMC J Y
—PARM=forinp—
’ ICE Optional: forward cross sections
— PARM=forward — Denovo 3-D discrete ordinates calculation
|
—PARM=adjinp — >
—PARM=adjoint — ‘
CADIS Optional: importance map and biased source
—PARM=impmap —
Monaco 3-D Monte Carlo
End |, ]

%OAK RIDGE
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MAVRIC Input

« Material Compositions

« Geometry

- regions made of intersections of:
« solids, arrays, volumes (same as KENO-VI)

e Definitions

— locations, response functions,
grid geometries, distributions

e SOurces
- spatial, energy, direction
 Tallies
— region tallies, point detectors, mesh
tallies

e Basic Calculational Parameters

%(;Al}éggcnce Reduction Parameters

National Laboratory

=mavric parm=keyword
Some title for this problem
v7.1-28n19g

read compositon

end composition
read celldata

end celldata
read geometry

end geometry
read array

end array
read volume
end volume
read plot

end plot

read definitions

end definitions
read sources

end sources
read tallies

end tallies
read parameters

end parameters
read biasing

end biasing
read importanceMap

end importanceMap

end data
end



MAVRIC Model EREL

»

« Discretized materials ks

— fuel, RPV, neutron shield ;

8l Brg 018 i i 8
SU e T T W 1 S0
e B S 02 08 S e
v = . =i

e Fission source ;'

- interfacing CSAS :

« Decay and activation
SOUrces

— interfacing ORIGEN

e Variance reduction aEs

« Tallies with responses

OAK RIDGE

National Laboratory




MAVRIC Model

 Need to define:
- gridGeometry, response,
energyBounds, tallies
 Fission source

- use thermal power
(5 MW,) /(200 MeV /fission)/
(1.602e-13 J/MeV) = 1.56e17 fissions/sec

Fuel Region | Volume Fraction

R 0.194 0.260
Riy 0.377 0.404
Ris 0.429 0.336
OAK RIDGE

National Laboratory
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I o.74e-04 - 4.956-03
I 1.92¢-04 - 9.74e-04
[ | 3.78e-05-1.92e-04
7.44¢-06 - 3.78¢-05
1.476-06 - 7.44-06
2.88e-07 - 1.47e-06

5.68e-08 - 2.88e-07
1.12-08 - 5.68¢-08
2.20e-09 - 1.12¢-08
[ 434e-10-2.20e-09

|| 85%-11-434e-10
| 1.68e-11-854e-11

3.31e-12 - 1.68e-11
6.52e-13 - 3.31e-12

1.28¢-13- 6.52e-13
| 253-14-1.28¢13
[0 4.98e-15-253¢-14
I 9.80¢-16 - 4.98¢-15
I 19316 - 9.80e-16
- 3.80e-17 - 1.93e-16
I 748218 - 3.80e-17
I 1.47e-18-7.48¢e-18
I 2.90e-19 - 1.47¢-18
I 5.71e-20 - 2.90e-19
B 1.13e-20-5.71e-20

« Good enough? T

ar
g
Z] -
==

m lﬁ% Adjoint flux

00 10 10000 700000

Energy (eV)

Total Neutron Flux
Code (n/cm’/s)
Rt Ri, Riz RPV, RPV, NS, NS, NS,
TRITON 4.6e+13 3.7e+13 2.6e+13 3.4e+11 1.8e+11 4.6e+10 6.7e+09 7.9e+08

I 2.99¢+10 - 1.30e+11
I 6.90e+09 - 2.99e+10
[ 1590409 - 6.90e+09
3.67e+08 - 1.50e+09
8.480+07 - 3.67e+08
1.966+07 - 8.48+07
4.51e+06 - 1.96e+07
1.046+06 - 4.51e406
2.400+05 - 1.04e+06
[ 555e+04 - 2.40e+05
[ 1.28e+04-5.55e+04
| 2.95e+03-1.28e+04
6.816+02 - 2.95¢+03
1.57+02 - 6.81e402
3.63e+01 - 1.57e+02
| B.37e+00-3.63e+01
P 1.93e+00 - 8.37e+00
I 4.46e-01 - 1.93e+00

1.03e-01 - 4.46e-01

[ |
I 23702 - 1.03e-01

-2.37e-02

MAVRIC 4.6e+13 3.8et+13 2.6e+13 3.6e+tll 19e+l1 48e+10 7.6e+09 3.0e+09

MAVRIC-RPV - - - 3.9e+11 2.1e+11 - ; ;
(FW-CADIS)

MAVRIC-NS - - - - - 4.6e+10  7.6e+09 3.3e+09
(FW-CADIS)

1. -5.47e-03
B 291e-04 - 1.26e-03
I 6.72¢-05 - 2.91e-04
I 1.55€-05 - 6.72e-05

Importance

%OAK RIDGE

National Laboratory




ORIGEN Sources

e Discretized materials

« Decay and
activation sources

- need power and flux

 I-month cooldown
after almost 5 years
of operation

« Gamma emissions
are dominant

- Self-shielding will help

OAK RIDGE

National Laboratory
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Dose Results

B 3.14e+12-7.67e+12
N 1.29e+12-3.14e+12
[ 5.29e+11 - 1.29e+12
| 217e+11-5.29e+11

8.89e+10 - 2.17e+11

3.65¢+10 - 8.89¢+10

1.50e+10 - 3.65e+10

6.13¢+09 - 1.50e+10
| 252e+09-6.13e+09
[ 1.03e+09-2.52e+09
[ 4.23e+08-1.03e+09
[ 1.74e+08-4.23e+08
[ 7.12e+07-1.74e+08
| 2.92e+07-7.12e+07

1.20e+07 - 2.92e+07
[ 491e+06- 1.20e+07
[ 2.01e+06 - 4.91e+06
I 5.25¢+05 - 2.01e+06
I 3.38e+05 - 8.25¢+05
I 1.39¢+05 - 3.38¢+05
I 5.69¢+04 - 1.39e+05
I 2.33¢+04 - 5.69e+04
I 9.57¢+03 - 2.33¢+04
I 3.93e+03 - 9.57e+03
I 1.61e+03 - 3.93e+03

e Dose rate is hopefully:
— not lethal after some shielding
— lower than regulated limits

Dose rate: ~ 3 Mrem/hr
« all from gammas

« dominated by decay gammas
® . ~40% from RPV Gamma Flux Map

2 ft
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Summary

« Shielding calculations by using:
— fission sources
— decay and activation sources
— fixed-sources
— combination of any and all sources
— built-in variance reduction methods

« What else is missing<e
— first-order approximation

— surroundings, groundshine,
and skyshine

%OAK RIDGE
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CALE has efficient hybrid methods

NUclear
Data

Verification . 1:
and Radiation

Validatior Shielding

SC

User: Reactor Dose analysis Dose Rate Relative
Physics for used nuclear (rem/hr) Uncertainty
fuel storage ;

Sensitivity
and
Uncertainty Hybrid
Analysis Methods

422603 562603
316E-03- 422603
237603 316803
178603237603
13034178603

Sampled Photons Scale: 1 sa000cm Scale. 1 soo00em
S I I Biased Source

Values

I 55210 - 1.00E 11 e e o) Dese e o)

B o0 62610 Reve neararty

. I 27023 16502 I 5.005-01 - 1.00£00

[ 1.78€10- 3.16E10 e w0£01-s00e.0t
1.00E10 - 1.78E10 00E-01 - 8.00E-01
5.62E09 - 1.00E10 5.00E-01 - 6.00E-01
3.16E09 - 5.62E09 - - I 4.00€-01 - 5.00-01

[ 1.78£09 - 3.16E09

I 1.00£09 - 1.78E09 H
I 562505 - 1.00E09 Hybrld
I : 605 - s.62608

S S e S o B e (Same run time)

Scale: | s000cm T 1 00e04- 1 3908

OAK RIDGE
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« SCALE Website
scale.ornl.gov
SCALE is a comprehensive modeling and simulation suite for nuclear safety analysis and

A
1 I N1 design developed and maintained by Oak Ridge National Laborat d tract with th Contact
— Pu bllcatlons/TraInlng esign developed and maintaine: y Oal Iage National Laboratory unaer contract wi e S§§re

U.S. Nuclear Regulatory Commission, U.S. Department of Energy, and the National Nuclear
Security Administration to perform reactor physics, criticality safety, radiation shielding, and

— Val idation and bench mark reports spent fuel characterization for nuclear facilities and transportation/storage package designs.

SCALE 6.2.4 Update

— Down |Oads SCALE 6.2.4 is available to update your existing SCALE 6.2.0, 6.2.1, 6.2.2, or 6.2.3

installation. SCALE 6.2.4 provides only maintenance and fixes described below. SCALE 6.2.4
o SCALE Newsletter

LULII@ Overview  Newsletter  Training Downloads  Quality Assurance  SCALE Users Group ~ SCALE Team

William A Number 52 | Spring 2020

Wieselquist SCALE NEWSIEtte

SCALE Director
wieselquiswa@ornl.gov

The last SCALE newsletter was published just before | became director of
the code system in August 2018, so after all this time, we have plenty of
news! The last two years have certainly been exciting and challenging for
the SCALE Team, with twists and turns that no one could have expected.
Some of our great ones have retired or passed on, which has been very
sad, but we have also gained some new great-ones-to-be, and we have
introduced new roles and i d with new ibiliti

Nuclear is quite exciting now, with uncharted territory in innovative

new systems such as tristructural-isotropic fuels and heat-pipe reactors.
Proposed enhancements to conventional systems include development

incorporates all updates made since the SCALE 6.2.0 release so that users can proceed
directly to the SCALE 6.2.4 update, even if previous updates have not been applied.

Get SCALE

IN THIS ISSUE of small modular reactors and advancements in extended enrichment
Go gle Search for messages - “ and burnup. Our work for the US Nuclear Regulatory Commission
2 SCALE Version Support (NRQ) is refocusing to support potential applications across this space,
4 SCALE6.2.4Update with multiyear projects in severe accident analysis for non-light-water
Visit new Groups o 38 ) reactors (LWRs), high-assay low-enriched uranium, high burnup fuel,
[ ] S e rS ro u p O ru I I I 7 SCALE6.3 Preview and accident-tolerant fuel (ATF) for LWRs throughout the fuel cycle, not
12 ENDF/B-VIILO Data in SCALE 6.3 to mention nuclear data gap analyses and improvements. Our work for
. SCALE Users Group  shared publicly X the US Department of Energy (DOE) Nuclear Criticality Safety Program
Lyget About - Show all topics 15 Employee Spotlight: (NCSP) continues to advance innovations in sensitivity and uncertainty
Home Ll quantification and code validation.
Starred Welcome to the SCALE Users Group. This group provides a venue for users and developers to discuss topics of interest regarding the SCALE code system 16 Employee Spotlight: i . )
. All members are welcome to post new questions of reply to questions posted by other users. The forum will be monitored by the SCALE development team. Dr. Andrew M. Holcomb We have finished the final maintenance update to the SCALE 6.2 series,
® i . - v6.2.4. Please find more information about this update in the section
n - e I I I a n a S S I S a n Ce ~ Favorites Additional instructions are available on the SCALE Website: http://scale.ornl.gov/Readme_SCALE_Users_Group.shtml 17  Recent SCALE Publications entitled "SCALE 6.2.4 Update." We are implementing a new policy to

SCALE User... 93+ Please do not post export controlled, sensitive or proprietary information to this forum. For these types of inquiries, please contact the SCALE team directly. 22 SCALE Direction Team only fix issues in maintenance releases. In the past, we have allowed

the release of some sneak preview capabilities, but no longer. This

~ Recently viewed ~ Discussion categories ensures that users can have confidence in upgrading to the most current
24  SCALE Users’ Group Workshop maintenance release: a correct answer should not change from v6.2.3

S Ca | e h e | p @ o rn | 0 g OV = SCALE 6.2 25  User Support and Training t0 v6.2.4. Users who want new features should look to the beta releases,

SCALE Users Gr...

23 Upcoming SCALE Training Courses

5 which are now released every six weeks.
comp.graphics.ap. Topics about SCALE 6.2 26 Recent SCALE Training Events
T SCALE 6.1 We are revamping the SCALE website
DAGMCRserslan Topics about SCALE 6.1 to include landing pages for each code
julia-users SCALE Training releasg and a current Iis} of known issues
~ Recent searches Topics related to SCALE training courses found in the latest version. In the section
[ ] S e rS ro u O r S O I —— ScALE 60 entitled “SCALE 6.3 Preview, | share some
- Topics about SCALE 6.0 of the new capabilities in the SCALE 6.3
. e = series, and v6.3.0 will be available near
S Ca | e m e etl n S O rn | OV gfortran (in menpx) :“LE 5-“‘5-3‘0 5o the end of December 2020. We are still
opics about SCALE 5.0-5.1
g . - g Oak Ridge National Laboratory hap;?y toengage 6.3 beta users, o please
SCALE 4.4.a and earlier email scalehelp@ornl.gov for details. The
Privacy - Terms of Service : N PO. Box 2008, Bldg. 5700 MS-6170 P b .
Topics about previous versions of SCALE that are no longer supported i a e new website will also include detailed
General discussions X L descriptions of beta content, so stay tuned!
General topics regarding SCALE Email:

https://www.ornl.gov/scale

Figure 1. William A. Wieselquist,
SCALE Director.
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Questions?e

%

https://en.wikipedia.org/wiki/Question (character)
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