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Learning Objectives

e Provide an overview of the CSAS sequence and underlying
Monte Carlo theory.

« Demonstrate the capabilities of CSAS parameters and input
olocks.

e Describe the various outputs provided by CSAS.
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Outline

e Sub module 1: CSAS sequence description

e Sub module 2: Monte Carlo theory

e 3. Parameter and other KENO/Shift data
e 4. CSAS definitions and tallies data

e 5: CSAS output

e 6. CSASS review

e /: CSASé6 review

e SUD MOC
e SUD MOC
e SUD MOC

e SUD MOC

cC C C C C C C

e SUD MOC
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CSAS sequences (control modules)

» Perform 3D criticality calculations using:

— KENO V.a or KENO-VI Monte Carlo (MC) transport modules in
multigroup (MG) or continuous energy (CE) mode

— Shift high-performance MC fransport solver (intended to fully replace
KENO in future SCALE releases)

o Automatically set up the input for each functional module that
Is called in the sequence

e Provide automated cross section processing for MG only
crificality calculations
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CSAS criticality safety sequence in MG mode

SCALE
Driver

and
CSAS

Input «

Fulcrum user interface

Unresolved Resonance Treatment Multigroup cross section

preparation in XSProc

| Resolved Resonance Treatment

Optional cell-weighted cross sections

A 4

END

%NOAK RIDGE

ional Laboratory

T M I
{;részg r(’: . S‘?‘Oilfl:)e Monte Carlo k4 calculation




CSAS criticality safety sequence in CE mode

SCALE
Driver .
and Input «—— Fulcrum user interface
CSAS
> T(r;részg r;rl\llsc;loilft:;e Monte Carlo k. calculation
END I
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Available CSAS sequences

o CSASS
— Transport module: KENO V.a (KENO with KENO V.a geometry)

« CSASS6
— Transport module: KENO-VI (KENO with KENO-VI geometry)

o CSASS-shift
— Transport module: Shift with KENO V.a geometry

o CSAS6-shift
— Transport module: Shift with KENO-VI geometry

KENO V.a, KENO-VI and Shift provide both MG and CE Monte Carlo transport capabilities

e CSAS-MG: MG cross section processing only
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General information input example

General
Information

Sequence
iInput data
blocks

Transport
module’s input
data blocks

Sequence

termination
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=CSAS5 PARM=CHECK (OPTIONAL)
Job Title
Cross section library (REQUIRED)
READ COMP

Standard Composition Data (REQUIRED)
END COMP

READ CELLDATA
Unit Cell Data (OPTIONAL)
END CELLDATA

READ DEFINITIONS

Used to define energy bounds and grid geometries
for the tallies defined in tallies data block (REQUIRED if tallies data block exists)
END DEFINITIONS

READ TALLIES
Used to define tallies in a more robust way (OPTIONAL)
END TALLIES

KENO V.a Transport Data
READ GEOMETRY

Specify the problem geometry (REQUIRED)
END GEOMETRY

Other KENO data blocks (OPTIONAL)
END DATA

END

Sequence name is the only
difference

Same for all CSAS
sequences

Same input blocks valid for
both Shift and KENO

Geometry specific input
blocks show differences

Same for all CSAS
sequences
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Input changes needed 1o use Shift

e Only input change that is required to use Shift instead of KENO
IS changing =csasd or =csasé to =csasb-shift or =csasé-shift

1=csas6-shift . 1=csasé
_— — P M—oos—om S’lﬂ-ﬁ@ﬂgTHERM—OOB—O[
=csas5-shift 1=csas5 3ce v8.0 3ce v8.0
2 PUMEE—RAST= 001001 W— AST-001-001 4read comp 4read comp
3ce v8.0 3ce v8.0 S 'MOX fuel with intersti S 'MOX fuel with inters
4read comp Aread comp 6u-234 1 0 1.1448e-6 25 | 6u-234 1 0 1.1448e-6
5pu-239 1 0 3.7047e-2 293.15 end || 5pu-239 1 0 3.7047e-2 §EZ§§§ 1 g ;-3221::; gz gﬁiﬁig 1 g ;-gggz::;
6pu-240 1 0 1.7512e-3 293.15 end | 6pu-240 1 0 1.7512e-3 B i-239 1 0 3.03070-4 25 |[oc-235 1 0 3.03070-a
Jpu-241 1 0 1.1674e-4 293.15 end || 7pu-241 1 0 1.1674e-4 10pu-240 1 0 9.92480-5 25 || 10pu-240 1 0 9.9248e-5
EE 1 0 1.3752e-3 293.15 end |8 ga 10 1.3752e-3 11pu-241 1 0 1.6957e-5 2S¢ | 1lpu-241 1 0 1.6957e-5
9end comp 9end comp 12pu-242 1 0 2.7874e-6 2§ | 12pu-242 1 0 2.7874e-6
13am-241 1 0 1.6389%e-6 29 | 13am-241 1 0 1.6389%e-6
140 1 0 4.3090e-2 2¢ || 140 1 0 4.3090e-2
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SCALE input types in CSAS

e Single values

- Keyword=number format:
gen=10100

e Fixed length parameter list

— No end required, but specified number of entries must be present:
cuboid 4 1 15 0 7.5 -7.5 17 -3

o Array values

- Unknown number of entries, so end is required:
xplanes -100 -75 -50 -25 © 25 50 75 100 end
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SCALE input types in CSAS (cont.)

e Text strings

— Typically, in com= line, delimited with single repeated character:
com="'fuel rod unit', or com=!fuel rod unit!, etc.

— SCALE only uses last comment, but multiple comments can be
supplied in a unit

e [N text input, comments can be entered with a single
apostrophe (') in column 1

— Enftire line is comments: no "in-line" comments

e Fulcrum validation will help sort these out for you
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Deterministic vs. MC for solving k-eigenvalue equation

k-eigenvalue equation in operator form:

[L+T]¥ =S¥ +—FV¥

kerr

L = leakage operator

T = collision operator

S = scaftter-in operator

F = fission multiplication operator

This equation can be solved iteratively:

[L+T —S]@0+D) = — g
k

eff
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Deterministic vs. MC for solving k-eigenvalue equation

Deterministic and MC methods are used to solve k-eigenvalue
equation by power iteration

Deterministic Methods Monte Carlo

» Discretizafion in space, energy, « Geometry and nuclear data are
and angle accurately represented

* High-order (rapid) convergence . Statistically constrained

. ~NJ[-1/2
« An exact solution of an convergence (~N-1/4)

approximate (discretized) model .+ A statistically inexact solution of an
exact model
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Deterministic vs. MC for solving k-eigenvalue equation

Deterministic Methods

Monte Carlo

Initial guess: kg?c)f,lp(o)

Initial guess: k{9 w(©)

eff’

Solve w(n+1)

Solve linear equations iteratively
[L+T -S| = _pypm
efr

Solve w(n+1)

Follow neutron histories to solve
[L+T —S]wr+D) = — Fgp0
Kerr

(n+1)
Compute ks

D _ ) 1. Py
eff — Teff 1.fFypm

Bank fission neutrons to use as source in
next generation

(n+1)
Compute  kgzp

Renormalize w(+1)

Tally kg;;l) during the neutron histories

If converged, stop > Korp, P

Renormalize y(n+1)
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If converged, furn on tallies keff' P

If statistics small enough, stop o




The MC Method

« When a particle traverses any material, it
Inferacts with the nuclei of that material and

can be scattered, absorbed, etc. /gamma
 These processes are statistical in nature and oo
are described by nuclear cross sections /.
« Random numbers are used at each collision "
to randomly sample how the particle will . *.\' o—
.0 . ission . e\asti®
behave at that collision; process continues f . A;ﬁcscaﬂer

affer either the particle is absorbed or leaks == =]
from the system (entire process called the
history of a particle)

« Because the life of one particle cannot :&
characterize the behavior of an entire system, (] &
a large number of histories must be \\""'fe,

evaluated to understand the average system

behavior
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KENO MC algorithms for k. calculations

Initial fission
source
(NPG neutrons)

A 4

NPG random
walks

A 4

Bank N fission
sites/neutrons

A 4

NPG source neutron

Source
renormalization
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MC criticality calculations for k-eff and fission source use the power method

Several neutron histories are grouped into generations iterated source (k)
problems

KENO MC calculation starts with NPG initial neutrons

Each generation of neutfrons creates fissions sites (KENO stores/banks these
fission neutrons for the next generation)

Fission neutrons banked from the previous generation are renormalized to
produce a neutron source for the current generation

KENO approach: Keep bank size (NPG neutrons) and total neutron weight
constant

N > NPG - discard N - NPG neutrons
N < NPG - complete the bank shortage by adding randomly
selected NPG - N neutrons from N neutrons already banked

Source renormalization infroduces a bias — and this bias can be mitigated
by increasing NPG

Calculations are repeated for several generations to obtain results with the
desired level of uncertainty



Shift MC algorithms for k4 calculations

Initial

fission

source
(NPG neutrons)

IN=NPG

N random
walks

A 4

Bank N fission
sites/neutrons

N source neutron

A

y

Sou

rce

renormalization
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Shift MC calculation starts with NPG initial neutrons

Each generation of neutrons creates fissions sites (Shift stores/banks these

fission sites for the next generation)

Fission sites banked from the previous generation are used to sample
neutron source for the current generation after their weights are
renormalized

Shift approach: Bank size is variable (N neutrons)

Shift keeps the total neutron weight constant

Bias infroduced source normalization can be mitigated by increasing NPG

Calculations are repeated for several generations to obtain results with the
desired level of uncertainty



Different fission site treatment in KENO and Shift

Variation of fission neutron bank size (NPG=1000 initial neutrons)

1080 . | | | « KENO keeps

KENO —— bank size
1060 |- constant (NPG
neutrons)
1040 - _
1020 ' « Shift hqs variable
bank size
1000 A

i 1
’ ‘ ’ * Both KENO and
980 ] Shift preserve the
060 total weight

(constant)

»

bank size (N)

940 I I I I

generations
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MC assumptions

e The number of histories simulated is sufficient to characterize the
problem and all regions are adequately sampled

e The histories are independent of one another and completely
uncorrelated

= Generations are correlated because source points from the previous
generation are used to create neutrons in the next generation

= The impact is that uncertainty in small region tallies is typically

underestimated, and this can increase the uncertainty by a factor of
3-10

e The random numbers sampled are truly random

 The nuclear data are precise
%OAKRIDGE
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KENO and Shift MC algorithms for k¢ calculations

Inactive generations
(No tallies)

A

NSK

Active generations
(Turn on tallies)

GEN

|

|

\

o—0—90 O O 0090 0 900000 o o0 °

MC generations

The iterative scheme is executed using the user-
defined parameters:

NPG: number of initial neutrons
GEN: number of generations (inactive + active)

NSK: number of generations skipped (inactive)

several inifial generations are run without tallies
until ks and fission source distribution have
converged (inactive or skipped generations)

then tallies (k. fluxes, and reaction rates) are
turned on, and simulation is performed until
results are obtained with reasonably small
uncertainties

Note that kg and fission source distribution converge differently
04K RIDGE (When keff converges, the fission source may not have converged)




MC algorithms for k¢ calculations (cont.)

« kg Will statistically fluctuate from generation to generation
« overall estimate of k should converge with increasing number of generations

fluctuation in generation k-eff values decreases with NPG

k-eff by generations
(all generations)

0.95 Kavg I
Kett
best kﬂﬁ
0.9 I | | 1 | | I T
2 - o= - o o o o o - o
w [ o = ] o L] ] o = =
— — o™ o) = Ly w P~ oo oy o

NSK=5, GEN= 1000, NPG=1000
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k-eff by generations
(algaharatona,

1.15 FI/-I—"I T T T T T
< x ;o r* , ST W _1__‘".'. _‘1_‘.'_'.'.:::1" N '.-‘. '
1.1 L IV e s LI Ry oFE A T TR s
% = L
1.056 .
11
0.95
best anf
0.9 | | | 1 | | I I
4 L= o o = o o o o o
[ =] o o o ] o o o (=
= — o o = Ly w = o0 o)}

NSK= 5, GEN=1000, NPG=10000

1000



MC algorithms for k¢ calculations (cont.)

Several initial generations required for fission source convergence

k-eff by generations k-eff by generations
(all generations) (all generations)

1000

Keff
best kug
0.9 I | 1 L | l I I 0.9 L I L | | I I I
s« 8 8 8 &8 8 8 8 8 8 8 B &8 8 8 8 8 &8 8 8
= — o™ o =+ uy w [~ oo o E o o] =+ uwy w [~ oo =
NSK=5, GEN= 1000, NPG=10000 NSK=85, GEN=1000, NPG=10000
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MC algorithms for k¢ calculations (cont.)

Several active generations required for tally convergence

k-eff by generations k-eff by generations
(all generations) (all generations)

1.2 1.14
1.15 1.12
11
1.1
cpfels 1.08 -
1.05 =
1.06
1F .
1.04 .
0.95
1.02
0.9 I | 1 | | | ] I Jll(.ﬂrr |
T ox o o o o o o o o o - 1
2 ¢ 8 8 % 8 8 R 8 8 8 i g S
— = — d
NSK=5, GEN= 1000, NPG=10000 NSK=5, GEN=250, NPG=10000
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Staftistical uncertainty

« Mean values of all MC tallies are calculated and reported with their standard deviation

Set of random

Mean Standard deviation Standard deviation of the mean
samples
N
1 1%
X1, X9, ey XN x=Nin o = NZ(xi_f)Z

- The standard deviation of the mean decreases inversely with respect to the square root
of the total sample size

- The standard deviation for average k4 is given by

1
Op =—0

VN

To decrease the standard deviation of average k4 by 50%, one must increase the

total number of histories (N = [GEN — NSK]x NPG) about by a factor of 4
%QEAKRIDGE
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Statistical significance

« given k, £ o, and k, + o, the difference is
k) =k, 2V (0,2 + 0,2)

e If k, =k, > (0,2 + 0,2), the result is a statistically significant
difference*

e If k; =k, < (0,2 + 0,2), the result is a statistically insignificant
difference*

« Small differences can be essentially identical — no conclusion
can be drawn for equivalent answers

*Convention or comfort in what constitutes statistically significant varies;
+ 10,, bounds ~68%
+ 20,, bounds ~95%
+ 30,, bounds ~99%
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k-eff convergence plots

KENO/Shift provides k-eff convergence plofs

KENO Shift

- Plot files stored in plots directory can - Plot files stored in plots directory can be
be visualized with Fulcrum visualized with Fulcrum

- ASCII char-plots are also available - No ASCII char-plots option

- Average k-eff by generations run

lllustrates details for the k-eff convergence

- Average k-eff by generations skipped

average k-eff and associated

uncertainty are calculated by It is useful for determining if
increasing the number of - source convergence has
generations skipped by one, been achieved.

starting from NSK
%giﬁK RIDGE
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5, not sufficient for this case
Plot is an evidence for the source

converge issue

NSK

Table

eff by Generations Run

Average k-

4_gen_1

oecd

%00
|

Best Estimate k-eff
Best Estimate k-eff H

[

—a— 99% Confidence
—a— 95% Confidence
—&— B67% Confidence
E Average k-eff
—e— 99% Confidence
—e— 95% Confidence
—a— 67% Confidence

E Average k-eff

T
il
|||

El= =3
El= EE |
HE |
== | = =]
==1 == -
= | == ™~
=== o
= || == e
== | == w

1861

== || == K3
= || = 3
== | = =

I
11|
11
1l
1
450
Generations Run

Average k-eff by Generations Skipped

1
300

NSK > 80 may be required

1
150

Koir CONvVergence plofts

29

4!‘;0 B(I):‘} ?5ID QIZI)O
Generations Skipped
SCALE 6.3.3| Last Updated: Sep 2025

300

150

/Users/5kqg/Documents/SCALE/Training/Introduction_to_CSAS/supported_analysis/keff_plots/test_b3008/oecd4_gen_1000_nsk_3_npg_1000.plots/oecd4_gen_1000_nsk_3_npg_1000_seq1_csas6_plot_keff_by_generations_skipped.00000.ptp
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keff COﬂvergeﬂce p|Q'|'S NSK=80 is a better estimate for

the source convergence

[ Plot_JRECTY

Average k-eff by Generations Run

—a— 99% Confidence
—a— 95% Confidence
—a&— B67% Confidence

E Average k-eff

——— Best Estimate k-eff

Ty
i i
||||||||||||||||..,...,hh,,,,,::"””“u.‘,,,,,,,,,,“",,,................ at et etV Ve BV s 8 R LA Lt L T O
e

il e ———— L e R R et et ot O PRI R 4+ OO T Y
l m||||llll||ul"I"I::lHH:::I:':::::Il:l'..n'::::::.: A

i pptossa
|

1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900
Generations Run

)000.ptp /Users/5ka/Documents/SCALE/Training/Introduction_to_CSAS/supported_analysis/keff_plots/test_b3008/oecd4_gen_1000_nsk_80_npg_1000.plots/oecd4_gen_1000_nsk_80_npg_1000_seq1_csas6_plot_keff_by_generations_skipped.00000.ptp

N e
Average k-eff by Generations Skipped

117 —a— 99% Confidence

—a— 95% Confidence
—a— 67% Confidence

E Average k-eff

Best Estimate k-eff

1.155

1.065

1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 200

Generations Skipped
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Distribution of generations

« KENO/Shift performs a x? test on the generation k-eff results,
and reports result in final results output edit as one of:

— Satisfy at 95% level
— Fail at 95% but pass at 99% level
— Fail

o k-eff relative frequency plofs (histograms of generations) for all
active generations as well as the last 75%, 50%, and 25% of
active generations

Examine plots for normality and ensure
the distribution doesn't change as
problem progresses

llustrate the
normality of k-eff

%OAK RIDGE

National Laboratory




Distribution of generations

» kK. €stimates from the active generations are expected fo be
normally distributed
All active gens

Plot in red color
illustrates the
expected value

=
un
1

relative frequency
E_I
o
1

0_ rrrrrrrrrrrrrrrrrrrrrrrrrrrrea
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Distribution of generations

Departures from normal distributions and radical shifts among them may be
indications of source convergence issues in the calculation
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relative frequency

relative frequency

Last 1/4 of active gens

N
o
I

=
()]
1

=
o
1

(9
1

o

Last 3/4 of active gens

=
()]
1

=
o
1

ol
1

oooooooooooooooo

Last 2/4 of active gens

= =
o u
1 1

relative frequency
ol
1

All active gens

12.5

=

A

o (O] o
1 1 1

relative frequency
N
ul
1

o
o

oooooooooooooooo

Plot in red color
illustrates the
expected value

Potential issues in the
calculations



Distribution of generations

Keis €Stimates from the active generations are expected to be normally distributed

Last 1/4 of active gens Last 2/4 of active gens
> 15 7 I = > 15 - I I
3 3 Plot in red color
o 10 @ 10 A .
= = illustrates the
g g
= = expected value
® ” ®

k k
Last 3/4 of active gens All active gens
15 -
- 5 15 -
O O
c c
S g
g 10 - g 10 4
Y— Y—
[ (V]
2 2
T 5 T 5
g g
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
MORONO O~ DO RO OO RO 0N O RO DONMORIOLO—ONNY00 MORTOLNO O NN RO OO RO O ODIMO RIOLO—ONS Y DINORIOLN—ON~NT0
k k
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[ Plot JRETS

Relative frequency of k-effective

Kesr relative
frequency plofs )

- Generations 509 - 674
cC . 175 L " Generations 346 - 674
(@) I(ENO/ShlIHI - B Generations 183 - 674
- ° ° =] =
-'C_G' The plo'l' flle is § 14 F Bl Generations 21 - 674
N o
= always generated £ 105t
> . >
@ and saved in plots 5 Lt
E directory, and can
(] L] ° 35-
S be visualized with g I‘ Il
(_:-; FUICrum 0_?;;_'._'.;;_'.;_'.;_1.???
Z S 2383832333833 G5%:
T g2 E2832g2383 23
B e o J © 2 o & ® ® o BN p O @
k-eff
-+ °
3 ASCII char-plot is
-+ 0.9394 to 0.9520 *x o °
= 0 9520 to 0 9647 i available with only
c 0.9647 to 0.9773  xxerxxxrrxxsrix KENO fransport
qx) 0.9773 to 0.9900 R A b b b b b b b b b b b b i i b i b b b b b b b b g
-+ 0.9900 to 1.0026 R b b b b b b b b b b b b b b b b i b b I b b b b b b b i i i I b b b g ¢
< 1.0026 to 1.0153 K %k ok ok k k ok k k ko k ok ok Kk ok kK k ok %k ok kK k ok ok ok k ok ok ok ok X
"6 1.0153 to 1.0279 Kk ok k ok Kk Kk ok kok k kK ok ok k k k ok k kK k ok k ok ok k ok kK kK
E 1.0279 to 1.0406 R b b b b b b i b b b b b b b i b i b b b b b b b b i i g
1.0406 to 1.0532 Kok ok kKKK K
1.0532 to 1.0659 *ox
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Fission source convergence

e The source must be reasonably converged for the final results
to be meaningful

* The source can fluctuate between highly reactive regions or
may converge to aregion of the problem that is not the most
reactive (false convergence)

« Examining the k4, fluxes, and fission densities can help
determine if the enfire system is being properly sampled

e Increasing the number generations skipped (NSK) and/or
tailoring the initial source distribution can ensure source
convergence

%OAK RIDGE
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Initial source distribution

 Many skipped generations are usually required for the initial
fission source 1o converge to obtain a stationary fission source
distribution

e An Initial source guess that closely resembles the converged
fission source can reduce the number of generations skipped

e The fission source distribution may not converge without a
reasonable initial source guessl!!!

%OAK RIDGE
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OECD/NEA source convergence benchmark 1:
Checkerboard storage of assemblies

All dimensonsin cm

/poa on (12,2)

I<>| - Fue element locgion |:|

postion | [ ] Water channel location

||

Concrete postion

%

wae gop 15x15 lattice -

thicknes2.5 waer moderded.
/Centrelly locaed.

= pitch 1.4

‘ fud radius0.44

clad radius 0.49

thicknes 0.5

Fud element locgion

— ol wdl — P

-—27 —p

Water channel locdion
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o 24x3 LWR fuel storage rack with fuel
elements stored in dlternate locations

« ~5.0wi% UO, Zr-clad, 15x15 lattice
« water-flooded steel storage racks

surrounded by a close-fitting full concrete
reflection on three sides

e water on the remaining side and water on
the top and bottom

In the verticd direction, the mode isof height 420 cm, which includesa30 cm ?
waer reflector & thetop and bottom. Within the 360 cm man section, thereis
no xid vaiaion.




Source convergence in action!

» All source started at position
(1,1) in lattice

e The fission source for the
Checkerboard OECD/NEA
Source Convergence
problem was plotted using
the Fulcrum mesh overlay
capability

¢ Source convergence is
notoriously difficult in this
problem with this initial guess

 Unsampled regions are
visible in all four cases — not
even 1,000 skipped
generations can produce a
converged fission source for
this problem!
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1 Skipped Generation
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‘ Unsampled Region!
- P I

50 Skipped Generations
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Unsampled Region!

-,
250 Skipped Generations

EE =
;| = = =l

o= : g Unsampled Region!
- 2

Em = = @ B . Unsampled Region! |
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Advanced convergence diagnostics

 Shannon entropy is a concept from information theory that
measures the amount of information contained in messages In
a data stream

N
H=— Z pnln(pn)
n

p.= Fraction of information in message n

 Brown and Ueki have employed Shannon entropy to diagnose
convergence of the fission source in eigenvalue calculations

 The idea s to use Shannon entropy to represent the fission
neutron distribution in a generation with a single number

%OAK RIDGE
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Advanced convergence diagnostics

How to calculate Shannon entropy:

« A mesh is overlayed the entire geometry (5x5x5 by default, covers all fissile regions)
e User can change the default mesh (SCD parameter)

« Fission points are tallied on this mesh, then data in each mesh is normalized with the total fissions
 Mesh-based data (fraction of fission neutrons in each mesh) is used to calculate the entropy

Godiva test case llustrates the entropy calculations in KENO/Shift transport

C—> H=6.34508

Fission points Fission points in Fission fractions in distribution
%0l each mesh voxel each mesh voxel
Natio:

Corresponding
entropy value
for this fission




Advanced convergence diagnostics

e The fission source may not be converged even if it produces an
accurate eigenvalue estimate

— This can result in inaccurate flux, reaction rate, or sensitivity tallies!

« KENO and Shift calculate the Shannon entropy to identity
simulations with unconverged fission sources

e In general:
— High Shannon enfropy for uniform fission source
- Low Shannon entropy for focused fission source

%OAK RIDGE
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Advanced convergence diagnostics (cont.)
OECD test problem 4: Array of interacting spheres

(NPG=1000, GEN=1000)

T T T
generation entropy ———

Souice not stationary

6.5 .
6 - |
z| 55+ .
2
2 5|
® Source stationary, but noisy
*1 \_
‘4 >
| | | | | | /
200 300 400 0 900 1000
generation

Initial source distribution, NPG=1000, GEN=1000
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Advanced convergence diagnostics (cont.)

(GEN=1000)
8 |

T I T T
NPG=1000, generation entropy ——
NPG=10000, generation entropy

7.5

Increase in NPG reduce
the noise in generation-to-
65 L _ generation entropy values

7 —

6_ -

5.5 B

entropy (H)

5_ —

45 | —

35| k“w"'L‘l"'\*"w‘ﬂﬂ"'ﬁ‘»wﬂ' ‘a**‘.'?mﬂr'pW' Wy

3 | |
0 100 200 300 400 500 600 700 800 900 1000

generation
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Entropy convergence tests

KENO contains three stafistical tests to check whether the Shannon entropy
IS converged

e Test 1: Is the uncertainty in the entropy larger than the entropye

e Test 2: Does the entfropy score from any of the active generations differ
significantly from the total average entropy?¢

— Note: It is expected that many of the generations will fall more than 1-sigma from the
average, so failing this test is not necessarily worrisome

e Test 3: Does the entropy from the second half of the active generations
differ significantly from the enfropy from all generations?

Tests perform better when reducing noise in Shannon entropy calculations
(increase in NPG - less noise in the calculations)

These convergence tests are not available with Shift

%OAK RIDGE
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Entropy convergence tests

GEN=2000, NSK=80, NPG=1000

1st test -- Squared entropies 2nd test - |s posterior relative entropy 3rd test - Does entropy averaged over the 2nd active generations
FAILED: msq(D)=0.027495 > cmsq(H)=0.0172143. within the asymptotic equipartition bounds approach the mean source entropy
: ‘ : : ‘ : : : FAILED: Only 48.2292% active generations passed. FAILED.
Q48 ‘ b ; £ d HgenHa | L : I I 05 T T I I
0.07 I 4 . emsq(H) — | | | | HMS vs Havg
’ posterior relative entropy desirable difference
0.06 |- g © msq(D) —— || 0.4 - acceptable difference T
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Entropy convergence tests

GEN=2000, NSK=80, NPG=10000

1st test —- Squared entropies 2nd test -- Is posterior relative entropy 3rd test — Does entropy averaged over the 2nd active generations
PASSED: msq(D)=0.00111946 < cmsq(H)=0.00321995. within the asymptotic equipartition bounds approach the mean source entropy
— | | : : : : | [ FAILED: Only 93.5417% active generations passed. PASSED.
0.009 HgenHa 1 0.6 T \ T T I I I I I 05 T I I
cmsq(H) —— posterior relative entropy ——— HMS vs Havg
0.008 -, posterior-relative entropy i asymptotic bound — upper desirable difference
0.007 - msq(D): —— || 0.4 | asymptotic bound —- lower B 04 - acceptable difference
0.006 : -
0.005 - - il
0.004 *: =l 02 L
0.003 - ' ' P
0.002 + 0.1
0.001
0 S | | | L 3 < _0 4 | | 1 | | | | 1 | 0 | | | |
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Entropy convergence tests

GEN=2000, NSK=80, NPG=40000

2000

1st test — Squared entropies 2nd test - Is posterior relative entropy 3rd test —- Does entropy averaged over the 2nd active generations
PASSED: msq(D)=0.000125918 < cmsq(H)=0.000689928. within the asymptotic equipartition bounds approach the mean source entropy
' | : i . [ PASSED. PASSED.
0.002 I Hgen-Ha | 0.6 T T I 1 I I I 0.5 T I I
cmsq(H) — posterior relative entropy —— HMS vs Havg
posterior relative entropy - asymptotic bound - upper desirable difference
0.0015 L msg(D). —— || 04 - asymptotic bound — lower — 04 - acceptable difference -
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MC best practices

e Ensure a sufficient number of particles per generation are used

— NPG = 100,000 for reactor physics models
- NPG = 10,000 for crit safety models

« Check convergence plots to ensure NSK is large enough
— 2 200 for reactor physics models; =2 25 for simple crit safety models

o Larger numbers of bodies and larger separations lead to larger
NPG, NSK, & GEN

- Set GEN to a large number (10,000+) and use SIG= parameter to reach
the desired uncertainty for your results

%OAK RIDGE
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Conclusions

« MC codes can solve difficult problems with a high degree of
accuracy and precision

o All MC results contain uncertainty due to the stafistical nature
of the method

o A poorly converged fission source distribution can produce
Incorrect/biased results, and the inaccuracy of these results
may not be readily apparent

* A good understanding of the nature of the MC method and
the system will help identify incorrect results

e MC codes should never be used as a “black box”
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Sub module 3:

Parameter and other
KENO/Shift data




CSAS input file layout

=Sequence PARM=(CHK)
Title
Cross-section library

—

Sequence input

—

Transport
module input

R B T —

END

%OAK RIDGE
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KENO input data blocks

READ PARAM parameter data END PARAM (PARM also allowed)

Unsupported data blocks

READ BOUNDS albedo boundary data END BOUNDS in Shift transport
READ START initial source distribution END START E’ll_AOST

- MIXT

- X1DS

- REACTION
READ ENERGY energy group boundaries END ENERGY
READ VOLUME data to control volume calcs END VOLUME
READ REACTION specify CE reaction rate data END REACTION
END DATA

%NOAK RIDGE
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A note on KENO input data supported with Shift

e The current implementation of Shift does not support all KENO
options and parameters

- And likely never will

e The plan is to add support in future releases of useful
capabillities that aren’t yet supported

e See Section 2.2 of the manual for more details on CSAS-Shift

%OAK RIDGE
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KENO/Shift Parameter Data
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Commonly used parameter data used o confrol calcs.

Keyword

GEN=
NPG=
NSK=

SIG=
RND=
*TME=
*TBA=

Defauli
203
1000

3

0
Given
O (unlimited)

10 min.

* Not currently supported in CSAS-Shift

%NOAK RIDGE
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Type of Data
Number of generations
Number of particles per generation

Number of skipped generations prior to collecting
data

Run until specified uncertainty is reached

Random number seed (hexadecimal)
Maximum execution time (minutes)

Maximum time per generation (Max. starting
time)



Parameter data for commonly used tallies

Keyword Default Type of Data

FLX= No Tally fluxes Fulcrum is used for visualizing
mesh tallies (2D and 3D)

FDN= Yes Tally fission densities
*FAR= NoO Tally fission and absorption by region
*GAS= FAR Print FAR by group

Collect neutron production data on mesh for Monaco or
visualization (Yes/No or user-specified mesh #)

Compute fission rate on mesh (Yes/No or user-specified mesh #)
Compute fluxes on mesh (Yes/No or user-specified mesh #)
Shannon entropy source mesh (Yes/No or user-specified mesh #)

DBX= 2 Doppler broaden 1D and 2D data (CE mode only)

* Not currently supported in CSAS-Shift

LONR See Section 8.1.3.3 for additional parameters available
AK RIDGE

ional Laboratory




Energy data in parameters block (CE mode only)

Keyword Default Type of Daia

NGP= 252 Number of groups used to tally data

* Define a global energy grid for all tallies

* Will use the energy group structure from the SCALE MG library if the
number of groups requested matches the number of groups in SCALE MG
lilbrary (1597, 302, 252, or 56)

e |f not, equal lethargy spacing and a bottom group with boundaries of 1E-
4 and 1E-5 boundaries

 Energy group boundaries entered in READ ENERGY data block overwrites
the energy group bounds set via NGP

%OAK RIDGE
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Start data (inifial neutron distributions)
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Start data types

Type Starting Type Description

0 Uniform through fissile material
] Cosine distribution throughout cuboid volume
2 Fraction at specified location in the Global Array

Remainder using cosine distribution

3 At specified location in the unit at the specified position
iIn the global array

4 Randomly distributed at specified location within all units of
specified type in the global array
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Start data types (cont.)

Type
5

9

%OAK RIDGE
National Laboratory

Starting Type Description

Uniformly in fissile material within all units of specified type
In the global array

Fraction at different specified locations relative to the

global unit or in a unit at a specified position in the global
array

Uniformly in fissile material in X- and Y-, (1.0 — cos(z))? in Z-
direction, within specified box; infended for high burnup
spent fuel applications

Uniformly in X- and Y-, segmented in Z direction in
specified fractions

Read source from file

SCALE 6.3.3| Last Updated: Sep 2025
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Examples for neutrons’ inifial distribution obtained with different start types

X

Start type 8
% OAK RIDGE Start type 1 Yyp

National Laboratory SCALE 6.3.3| Last Updated: Sep 2025
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Shift start types

e Shift supports start types O, 1, 6, 7, and 8

e Shift iImplementation of types 0, 1, 7, and 8 are essentially
identical to those of KENO

e Shift does not require the largest LNU to be NPG
— Details of freatment are in Section 2.2.4.1.3 of the SCALE 6.3.3 manual

%OAK RIDGE
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Start data opftions

e Same start data is used for KENO V.a and KENO-VI

- KENO-VI does not allow global array for geometry, but it will recognize
the global array if needed for start type selected

e Review options in the manual for selected start type
— Section 8.1.3.8 and 8.1.4.8 of the SCALE manual

- Option WSé can be used stand-alone or together with other start data
options to enable printing initial and final fission source points to the file

READ START
WS 6=“final_fis .src”
END START

 Generdally, not as important as it used to be because
computers are faster and skipped generations are cheap

%OAK RIDGE
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Fission Point Visualization via Fulcrum

 |nitial and final fission points are stored if WSé6 entered within start data block

« Start data can be loaded and then visualized by clicking the Fission Source button in
geometry view mode

VBCU4_YEN_IVUU_NSK_S_TNPY_IVUU.INP : EVITELY (LINE 140)

Top (XY) @& - Material (2] éZoom factor 1 Meshes
i i | i

Controls

Meshes Show view origin
|

T m Zoom factor 1.02974
”~ H L 1

ission sourc%_oad source start data Cut plane depth\0.00 cm “;J Reset depth

Load source start data

Top (X-Y) @ | Overlay + boundaries @ : Zoom factor 1.02974 | Meshes  Show vieworigin  Controls | Fission source |
: : | :

‘ission source Load source startdata - Cut plane depth 1.91cm  {  Reset depth

O
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Global unit boundary dato
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Boundary dato

e Used to define boundary conditions for the problem
- Boundary conditions can reduce model size and sefup time
— Use “standard’” BCs: retlective, periodic, vacuum, white

— Material-based albedo BCs are NOT recommendec

e Here “albedo” specifically refers to materials like water, heavy water,
concrete, carbon, poly, or paraffin

« Canresultinincorrect calculated k« values
 Materials-based albedo data have not been regenerated recently
 Only available in MG calculations

e Information specified in BOUNDS block
e Section 8.1.3.6 (Albedo data) of the SCALE manual

%OAK RIDGE
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KENO V.a style boundary data

READ BOUNDS
Face code=boundary condition
END BOUNDS

Vacuum (void) is default

Other BCs can be applied to CUBOIDAL outer boundaries with face codes listed in Table
8.1.21

- Examples: ALL, SURFACE(I(),‘XFC, XYF, +ZB, +XZ, ... i
|
cuboidal face codes

% Face codes, which are specific to the cuboidal boundary shape, cannot be used with non-
cuboidal boundary shapes

% SURFACE(..) face code cannot be used together with any cuboidal face codes listed in Table
8.1.21 if the outermost geometry is cube or cuboid

s The ALL face code refers to all faces of the global boundaries
%giﬁK RIDGE
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KENO V.a style boundary data

READ BOUNDS
Face code=boundary condition
END BOUNDS

 Boundary condition (albedo) names listed in Table 8.1.24
- Recommended: vacuum, mirror, periodic, white
Periodic and white not currently supported in Shift
— Not recommended: material-specific albedos

e Terse input accepted (mir for mirror, etc.)

%OAK RIDGE
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KENO-VI boundary data: Single geometry record

BODY is an optional keyword
for single geometry record

Vacuum (void) is default J

Other BCs can be applied to CUBOIDAL outer boundaries with face codes listed in Table
8.1.21

_ Examples: ALL, SURFACE(K), XFC, XYF, +ZB, +XZ, ...

cuboidal face codes

% Face codes, which are specific to the cuboidal boundary shape, cannot be used with non-
cuboidal boundary shapes

% SURFACE(..) face code cannot be used together with any cuboidal face codes listed in Table
8.1.21 if the outermost geometry is cube or cuboid

s The ALL face code refers to all faces of the global boundaries
%gﬁﬁK RIDGE
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KENO-VI boundary data: Multiple geometry records

READ BOUNDS
[BODY=n] Face code=boundary condition
END BOUNDS

e Body Is a keyword with n as the integer label (ID) of the
geometry record (shape)

e Face codes listed in Table 8.1.21 of the SCALE manual
can be used for boundary condition specification

Chorded surfaces have no numbers and thus cannot be used as non-
escape outer boundaries

%OAK RIDGE
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KENO-VI boundary data: Multiple geometry records

. global unit 100
« Example: cuboid 10 190 0 190 0 395.76 -30
cylinder 20 187.96 395.76 -30

cylinder 30 193.675 395.76 -30

cuboid 40 200 0 200 0 395.76 -30 <—
array 41 10 20 place 1 1 1 0 0 O

media 4 1 30 -20

' Cuboid 40 is used to cut out
boundary 30 40 quadrant | of a full core
?nd geom model to make a quarter
core model. The =X and -Y
read bounds
body=40 surface (2)=refl faces (2 and 4) are set to be

body=40 surface (4)=refl reflective.

‘;\

end bounds
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Periodic versus reflective boundary conditions

e Reflective boundary condifions are simple mirrors

e Periodic boundary conditions apply to the pairs of opposing
faces, e.g., the X faces

e Periodic boundary conditions make the outward current on
one face the inward current on the opposite face

%OAK RIDGE
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Reflective boundary condition

Given a global unit:

Reflect on opposing facesin X, Y, and Z

Note how the offset positioning translates to the
reflected unit :
Reflective boundary
condition

Global unit

Q

%NOAK RIDGE
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Reflective boundary condition

Given a complex
global unit:

« Note how the offset positioning tfranslates to
the reflected array

« Particles re-enter from the same surface with
the direction change as if reflected off a mirror

* Noft allowed on curvilinear faces on outermost
geometry (KENO V.q)

%OAK RIDGE
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Periodic boundary condition

Given a global unit:

No directional change but re-enters from the opposite boundary surface, as in a periodic
lattice structure

Periodic left Global unit Periodic right

v / 7
d

%,0AK RIDGE ‘ > X
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Periodic boundary condition

TOP
VIEW

Given a global unit:

« Reflect on opposing X, Y, and Z faces for a
periodic array

* Note how the offset positioning translates
to the periodic array

« Particles re-enter from opposing boundary
with no direction change Y

* Note allowed on curvilinear faces on

outermost geometry (KENO V.q) )

%OAK RIDGE
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Energy block — CE only
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Energy group boundaries — CE only

«Sets arbitrary group boundaries for editing in CE mode
«See NGP in parameters block for additional options
e|NpuUt format:
READ ENERGY
EB(1) EB(2) EB(3) .... EBINGP+1)
END ENERGY

*EB(i) Is upper energy boundary for energy group i in eV
for output edits

%OAK RIDGE
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Energy data example

READ ENERGY

2B/ TEZ TES TE3 1 1E-5
END ENERGY

This example sets a 5-group structure for calculated fluxes and
reaction rates:

Group 1: from 2E7
Group 2: from 1E/
Group 3: from 1ES
Group 4: from 1E3
Group 5: from

1E7 (20 MeV - 10 MeV)
1ES (10 MeV - 100keV)
1E3 (100keV -1 keV)

(1 keV -1 eV)

1E-5 (1eV-107eV)

00000
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Volume block

%OAK RIDGE
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MC volume calculation

The volume block is used to control volume calculations in the CSASé6
sequences

Options described in Section 8.1.3.13 of the SCALE manual

In KENO we have two different volume estimation algorithms; random
points and ray-tracing, whereas in Shift only ray-tfracing

Simplest approach:
- Set type as random or frace

— Define a bounding box over volume region to calculate volumes (Optional)
o (XP, YP, ZP) and (XM, YM, ZM) are corners

— Set batches and points for type random, or nrays for type trace
— Volume and uncertainty of each region printed in output

%NOAK RIDGE
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MC volume example

READ VOLUME

type=random points=1000000 batches=10000

xp=60.10 xm=-60.10 yp=60.10 ym=-60.10 zp=115.640 zm=-16.20
END VOLUME

READ VOLUME

type=trace nrays=1000000
xp=60.10 xm=-60.10 yp=60.10 ym=-60.10 zp=115.640 zm=-16.20
END VOLUME

Extents of the global bounds are used if no bounding box specified
%giﬁKRIDGE
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Other volume block options

Other volume input options include:

- Manudally inputting vol= on media records

« Specify total volume if unit is used multiple times

« Take care to account for parts of the volume that are clipped by other regions
— Using Fulcrum to calculate volumes

« Calculate using ORANGE (new C++ geometry package, the Oak Ridge Adaptable Nested
Geometry Engine) ray tracing algorithm

« Execute using Run — Calculate Volumes
« User can then specify number of rays to frace in X, Y, and Z dimensions

« Volumes are then listed by Fulcrum in “Messages”

%NOAK RIDGE
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Reaction rate data

e Three types of reaction rate tallies available
— Mixture fluxes (MIXFLUX) — Tallies fluxes using track length estimate

— Reaction rate tally (RRTALLY) — Tallies reaction rates based on track
length estimate fluxes

— Cross section tally (XSTALLY) — Tallies energy collapsed cross sections
based on reaction rates and mixture tallies

e Provides a CE equivalent to KMART capability (and more)

e Infroduced in SCALE 6.2
— Not supported by Shift

%OAK RIDGE
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Reaction rate data (CE only)

Keyword Default Type of Data

MIX= N/A Mixture number (* selects all)
MIXLIST= N/A List of mixtures

NUC= N/A Nuclide Identfifier (* selects all)
NUCLIST= N/A List of nuclide identfifiers

MT= N/A Reaction identifiers (* selects all)
MTLIST= N/A List of reaction identifiers

Reaction identifiers (MT numbers) are given in Section 10.1.3 of the SCALE
manual

%OAK RIDGE

National Laboratory




Reaction rate examples

RR filter for fission of 23°U in RR filter for fission of 23°U in mixture 10
mixture 10 with request for cross section tally
READ REACTION READ REACTION
MIX=10 NUC=92235 MT=18 MIX=10 NUC=92235 MT=18
RRTALLY=Yes XSTALLY=YES RRTALLY=YES
END REACTION END REACTION

RR filter for all reactions of 235U
iIn mixture 10

READ REACTION
MIX=10 NUC=92235 MT=*
RRTALLY=vyes
END REACTION

%NOAK RIDGE
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Reaction rate examples (cont.)

Defines a complex reaction filter used to tally: READ REACTION

a) (n, y) capture reaction (MT=102) of U-238 in MIXLIST 10 20 30 END
mixtures 10, 20 and 30 respectively,

) Fission reaction (MT=18) of Pu-239 in mixture 20, NUC=92238

c) All reactions of H-1 in mixture 40, MT=102

d) Elastic scattering reaction of O-16 in all mixtures, MIX=20 NUC=94239 MT=18
e) Total absorption reaction of all nuclides in all

mixtures. MIX=4 O NUC:]_ O O 1 MT=~*

MIX=* NUC=8016 MT=2
MIX=* NUC=* MT=2'/

END REACTION

Reaction tally results are stored in separate output files

%NOAK RIDGE
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CSAS input file layout

=Sequence PARM=(CHK)
Title
Cross-section library

—

Sequence input

—

Transport
module input

R B T —

END

%OAK RIDGE
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CSAS data blocks

READ DEFINITIONS definitions for tallies END DEFINITIONS
READ TALLIES tallies data END TALLIES

« KENO/Shift parameter blocks can be used to activate tallies (FLX, FDN, GFX, FIS, CDS, SCD, ...)

- but with some limitations:

- A global energy group structure for all tallies (NGP parameter or ENERGY DATA block)
- A tally can only be requested once

« New CSAS definitions and tallies data blocks remove these limitations: Flexible tally specification
- Multiple tally definitions with the same response

- In SCALE 6.3.3, available for only mesh tallies
- Mesh tallies are available with FLUX, FISSION_DENSITY and FISSION_SOURCE responses

- Each tally can use a different energy and spatial grids

%OAK RIDGE
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Definitions block
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Definitions data
 More convenient spatial and energy grid specification for tallies

e Not recommended to be used with NGP, ENERGY BLOCK data and
GRIDGEOMETRY DATA

e Available with READ DEFINITIONS
read grid 1
KENO and Shift xlinear 30 -10 70

ylinear 10 -20 60
zlinear 50 -30 40
end grid
'user specified energy grid
read energyBounds 1
bounds 2e7 0.625 le-5 end
end
'SCALE 56-group neutron structure with additional energy points’
energyBounds 10
56n bounds
1.1 0.11 0.011 0.0011
end energyBounds
END DEFINITIONS

¥ OAK RIDGE Section 2.1.4.2.1 provides more details
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Tallies block
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Tallies dato
o Currently provides convenient definitions of mesh tallies

o Only with FLUX, FISSION_DENSITY and FISSION_SOURCE responses
 Mesh tallies with same response can be defined multiple times

 Will be extended by adding other tallies in future (region-averaged,
mixture-averaged, sensitivity tallies)

READ TALLIES . Iv.\esh.’rolly rgsul’rs stored in 3dmap files can be
read mesh 1 visualized via Fulcrum

response=FLUX
grid=1
energy= 1

end

read mesh 1
response=FLUX
grid=127
energy= 18

end

END TALLIES

%ﬁ AK RIDCE
IXIN INTI OO0
National Laboratory

Section 2.1.4.2.2 provides more details




Tallies data
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CSAS output

e Provide walkthrough of KENO text outputs

« Qutputisin a structured format, each input data/output result is printed in
corresponding output edits

« Example outputis from KENO-VI, but the information from KENO V.a is the same

» Plots directory contains convergence plofts, such as:
Ko DY generation

Kois DY skipped generation

Shannon entropy

Relative frequency of kg

» Discussion of CSAS-Shift output also included

— HDFS file created with additional information, but use is not recommended
 Format is designed for large data storage, primarily useful for other SCALE sequences
e Requires specialty software for viewing and interacting
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I %OAK RIDGE
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KENO fext output

* Lady Godiva output with default control
parameters




System information
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SCALE 6.3.3

2025-09

SCALE: A Comprehensive Modeling and Simulation Suite
for Nuclear Safety Analysis and Design

Nuclear Energy and Fuel Cycle Division
Oak Ridge National Laboratory

http://scale.ornl.gov
scalehelp@ornl.gov
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Job Information
Job started on macl39775 on Sun 2025-09-28 10:58:51
Working directory: /private/var/folders/7 /g9 kxdnn6ys5w 8 0g9 bbm4x x5 b/T/scale.5kq.5796
Input file name : /Users/5kg/Documents/SCALE/Training/output example/godiva.inp
Output file name : /Users/5kg/Documents/SCALE/Training/output example/godiva.out
SCALE executable : /Applications/SCALE-6.3.3.app/Contents/Resources/bin/scale

RAIR R b b b b b b b b b b b b b b b b b b b b b b b b g b b S S S 2 S 2 2 g 2 S S db g 2 2 db g dh db b db Sh db S 4b  db Sb \Sb Jb S 2b  9b Sb Sb Ib Ib 3b Ib Ib \Ib Ib Ib db I 4
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Input echo

module csas6 will be called on Sun Sep 28 22:58:55 2025.
sequence specification record:=csas6 parm= ( )
Input Data:

Class Exercise Godiva
ce v/.1l endf

read comp
u 10 den=18.74 1 293 92234 1.0202
92235 93.7112
92238 5.2686 end
end comp
read geometry
global unit 1
com='the whole thing'
sphere 2 8.741
media 10 1 2
boundary 2
end geometry
end data
end

AK RIDGE
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Mixing table from VULCAN

Mixture table for component comps at line:5, column:1

Mixture = 10 with density(g/cc) = 18.7400 and temperature (K) = 293.00

Entry Mixture Nuclide Density (atoms/b-cm) Temperature (K)
1 10 92234 4.919422e-04 293.00
2 10 92235 4.499487e-02 293.00
3 10 92238 2.497734e-03 293.00
Entry Mixture Nuclide Density (atoms/b-cm) Temperature (K)

End of mixture table for component comps at line:5, column:1

Reflects the mixture/nuclide data defined in COMPOSITION data block

%OAK RIDGE
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Mixing table from KENO

mixing table

mixture = 10 density(g/cc)
nuclide atom-dens. wgt. frac.
92234 4.91942E-04 1.02020E-02

92235 4.49949E-02 9.37112E-01

92238 2.49773E-03 5.26860E-02

18.740
za awt
92234 234.0410
92235 235.0439
92238 238.0508

temperature (K)

temp

293.00
293.00
293.00

Reflects the mixture/nuclide data used in transport calculations

%OAK RIDGE
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= 293.00

nuclide title
u-234 @ 293K
u-235 @ 293K
u-238 @ 293K



Geometry summary

geometry description for those units utilized in this problem

kkhkkhkkhkhkhrkhkkhkrkkkkhkhkrkhkkkk*k global khkkkhkkhkhkkhkhkkhkkhkkhkhkkxh k)%

the whole thing
1 sphere 2 quadratic surfaces
X**2 Y**2 Z**2 XY X7 YZ X Y Z Constant

-1.00000E+00 -1.00000E+00 -1.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00 +7.64051E+01

sector
imp definitions
media 10 1 2
boundary 2

¥EFK*X warning ***** keno message number k6-316 follows:
No mesh provided for Source Convergence Diagnostics (SCD). Continue with default mesh.
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Region volumes undefined or not set are set to -1.0

More geometry

volumes for those units utilized in this problem

volumes not specified in the input were set to -1.0

geometry
unit uses region mixture total region volume (cm**3)
1 1 1 10 -1.00000E+00
mixture total mixture volume (cm**3) total mixture mass
(gm)
10 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

**xk* warning ***** keno message number k6-239 follows:

The volumes for all regions are not set.

Some region volumes are not set by input, not in the space for which volumes are calculated,
missed by the volume calculation, or actually 0.0. For these regions, volumes are set to -1.0
and the fluxes and fission densities are divided by -1.0 instead of the real volume.

%OAK RIDGE
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read geometry

More geomeTry global unit 1

com='the whole thing’

sphere 2 8.741
media 10 1 2 vol=2797.512

boundary 2
end geometry

volumes for those units utilized in this problem

volumes not specified in the input were set to -1.0

geometry
unit uses region mixture total fregion volume (cm**3)
1 1 1 10 2.79751E4+03
mixture total mixture volume (cm**3) total mixture mass
(gm)

10 2.79751E+03 5.24254F+04

2.79751E+03 5.24254E+04
%OAK RIDGE
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read geometry
M .I. global unit 1
Ore geome ry com="'the whole thing’
sphere 2 8.741
media 10 1 2
boundary 2
end geometry
read volume
type=trace nrays=10000
end volume

volumes for those units utilized in this problem

volumes not specified in the input were calculated using ray tracing
ray tracing is performed parallel to the z axis

number of rays along the x axis: 100
number of rays along the y axis: 100
total number of rays used to estimate volumes: 10000
distance between rays in the x directions: 1.74820E-01
distance between rays in the y directions: 1.74820E-01

cross-sectional area represented by a ray: 3.05620E-02
geometry
unit uses region mixture total regipn volume (cm**3)
1 1 1 10 2.79796E+03 +/- 2.79796E+01
mixture total mixture volume (cm**3) total mixture mass (gm)
10 2.79796E+03 +/- 2.79796E+01 5.24337E+04 +/- 5.24337E+02
2.79796E403 5.24337E404
The maximum order of error associated with the calculated volumes is 1.0000 percent.
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More geometry (multiple use of a unit)

problem 2c8 - 2x2x2 array of metal cylinders

%OAK RIDGE

National Laboratory

unit

volumes for those units utilized in this problem

geometry cumulative
region region volume volume
1 1 1.11737E+03 cm**3 1.11737E+03 cm**3
2 2 1.33876E+03 cm**3 2.45613E+03 cm**3
unit use gion mixture total volume
1 8 1 1 8.93897E+03 cm**3
2 0 1.07100E+04 cm**3

total mixture volumes

mixture total volume mass (qg)
0 1.07100E+04 cm**3
1 8.93897E+03 cm**3 1.67733E+05

SCALE 6.3.3| Last Updated: Sep 2025
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Initial histories

start type 0 was used.

the neutrons were started uniformly throughout the entire volume defined by the outermost geometry card.

0.00000 minutes were required for starting.

lgodiva

generation

only 975 independent fission points were generated for generation 1
0.
.00000E+00
.00000E+00
.59611E-02
.10862E-02
.49693E-02
.69388E-02
.46319E-02
.22439E-02
.33484E-02

1

O W O J oy U b WIN

[

%OAK RIDGE

National Laboratory

generation

k-effective
keno message number k6-132 follows:

9.
.79626E-01
.57201E-01
.02912E+00
.82115E-01
.94796E-01
.02881E+00
.04389E+00
.97191E-01
.90345E-01

NORRNORN o i ORI NG BN

05882E-01

average
k-effective

1.00000E+00
1.00000E+00
9.57201E-01
9.93162E-01
9.89480E-01
9.90809E-01
1.00871E+00
1.01575E+00
1.01265E+00
1.00947E+00

P ERPNMNEPEEPRPDNDWOO

avg k-eff
deviation

00000E+00

total elapsed time is

O O)Y O O O O O)Y O)Y O O

0.02183 minutes.

generation

entropy

.35319E+00
.22367E+00
.21508E+00
.15511E+00
.15903E+00
.15393E+00
.17059E+00
.10283E+00
.11903E+00
.09295E+00

matrix

k-effective

O O O O O OO o o o

.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00

matrix k-eff

O O O O OO OO oo

deviation

.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
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Final histories and inifial job summary

200 9.98126E-01 1.00091E+00 2.20216E-03 6.09856E+00 0.00000E+00 0.00000E+00

201 1.00250E+00 1.00091E+00 2.19012E-03 6.12360E+00 0.00000E+00 0.00000E+00

202 1.04687E+00 1.00114E+00 2.17090E-03 6.10447E+00 0.00000E+00 0.00000E+00

203 1.03456E+00 1.00131E+00 2.18457E-03 6.11159E+00 0.00000E+00 0.00000E+00

keno message number k6-123 execution terminated due to completion of the specified number of generation*.
1 godiva

lifetime = 6.79988E-09 + or - 1.86872E-11 generation time = 5.74587E-09 + or - 1.99027E-11
nu bar = 2.59745E+00 + or - 4.37356E-04 average fission group = 2.60169E+01 + or - 2.92578E-02
energy(ev) of the average lethargy causing fission = 8.14672E+05 + or - 2.28879E+03
system mean free path (cm) = 2.55923E+00 + or - 1.10603E-03

no. of initial deviation of

generations average 67 per cent 95 per cent 99 per cent number of variance
skipped k-effective deviation confidence interval confidence interval confidence interval histories (per cent)
3 1.00131 + or - 0.00218 0.99913 to 1.00350 0.99694 to 1.00568 0.99476 to 1.00787 200000 5.8333
4 1.00117 + or - 0.00219 0.99898 to 1.00336 0.99679 to 1.00555 0.99460 to 1.00774 199000 5.8570
5 1.00127 + or - 0.00221 0.99905 to 1.00348 0.99684 to 1.00570 0.99463 to 1.00791 198000 5.7901
% OAK RIDGE
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Entropy fests

Test 1:

Is the final fission source converged?

Test 1: failed

Test 1 details:

Is the mean square posterior relative entropy <

( msq (D)

< cmsqg (H(S))

generations skipped

%OAK RIDGE

National Laboratory

3
13
23
33
43
53
63
73
83
93

103
113
123
133
143
153
163
173
183
193

190 ®WWWWWRERRRR R BB BB

)

msq

.06177E-02
.05509E-02
.05966E-02
.05839E-02
.03096E-02
.01344E-02
.01430E-02
.01423E-02
.01384E-02
.00121E-02
.01738E-02
.00904E-02
.90635E-03
.72601E-03
.58269E-03
.50182E-03
.52137E-03
.14431E-03
.34036E-03
.03524E-03

ORrRPRPRRRPRPRERPRPRRERPRERERERRPRBENDNDRE PP

cmsq

.88747E-03
.95325E-03
.95991E-03
.05857E-03
.10079E-03
.93600E-03
.82308E-03
.93977E-03
.87556E-03
.74627E-03
.83154E-03
.88764E-03
.67237E-03
.68192E-03
.49386E-03
.67154E-03
.48965E-03
.54326E-03
.30007E-03
.15995E-04

the center mean square Shannon entropy?

SCALE 6.3.3| Last Updated: Sep 2025
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Entropy fests

Test 2: Are all the active generations within epsilon of the average? | Test 2: failed

Test 2 details:

Does the Shannon entropy of each active generation vary from the average Shannon entropy of the system?
( ID(SIIT)-[H(T-H(S))]Il < 0.1)
2 active generations failed the test.

The maximum value for the test is 1.08528E-01 which occurred for active generation 17.

Test 3: Are there adequate active generations after the source is converged? | Test 3: failed

Test 3 details:

Does the Shannon entropy for the last half of the active generations vary from the Shannon entropy of all active generations?
( |H(T) - Hb| < 0.1 )

[H(T) - Hb| = 1.01906E-01
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Convergence plots

® Fulcrum

[ ] @
KENO Ond Shl'l:'l' OlWOyS File Edit View Run Help
generates convergence plofs gt e =
and saves in plots directory  document @ SCALEG3pre-3 @) mn. vew. e
Reload 1l =csas6 parm= ( )
' Close 2 Class Exercise Godiva
1 Open associated files > 3 ce_v7 ) l_endf
- average k-eff by generation run e e e e d. i e
- average k-eff by generation o O e T A aas enmita
8 92238 5.2686 end
. 9 end m
Sklpped 10:‘eadc;elo>metry

11 global unit 1

I 12 m="'the whol hing!
- relative frequency of k-eff 13°OspthZ hole thing
. 14 media 10 1 2
- Shannon entfropy by generation 15 boundary 2

16 end geometry

17 end data
18 end
19

Right-click the input in navigation panel
Then, click to display convergence plots
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onvergence plots

@& Fulcrum @ B © 8 & &~ B L N @ 2 Q 8 SunSep28 11:31PI
[ JON ) SCALE
File Edit View Run Help
Reload Save Save as Close Print Cut Copy Paste Undo Redo Find
O @ Navigation godiva.inp* Convergence estimator plots [
Filter
— Plot Table Plot Table
;
eloal . . .
dorj. Average k-eff by Generations Run Average k-eff by Generations Skipped
Open associated files >
Display convergence plots 1075 —e— 99% Confidence 12 —e— 99% Confidence
I ’ —a— 95% Confidence —a— 95% Confidence
1.05 —e— 67% Confidence 1.08 - —e— 67% Confidence
Average k-eff Average k-eff
1.025 Best Estimate k-eff 1.04 Best Estimate k-eff
= =
L4 Qo
= 1 x 1L
0.975
0.96 -
0.95
092 -
0.925 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 35 70 105 140 175 210 0 35 70 105 140 175 210
Generations Run Generations Skipped
Plot Table Plot Table
Relative frequency of k-eff Shannon Entropy by Generation
nf &r
[ Generations 154 - 203 JL
175 I Generations 104 - 203
3 B Generations 54 - 203 6
s 1ar Bl Generations 4 - 203 .
=] =3 L
g g5
£ 105 g
é 5 4r
B 7t E
& 2 3}
w
3-5 _ . 2 _
of  mim - . N
1 1 L 1 L 1 )
= o ) o o = : N
© © © © © 8 4
o @ -1 3 @ =1 2 0 1 1 | 1 | ) 1
x < g 3 g @ > 0 35 70 105 140 175 210
k-eff Generation
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Final results

1 Kok kK ok Kk kK ok K ok ok K ok K Kk ok K ok Kk ok K ok kK ok K ok ok Kk kK ok kK ok K ok kK kK ok kK ok K ok kK kK ok kK ok k ok ok K ok K ok ok K ok K ok ok K ok K ok ok K ok K ok ok Kk k ok ok K ok k ok ok Kk ok ok ok Kk k ok kK Rk K ok Kk kK ok Kk ok Kk
* ok * %k
* % K godiva * kK
* ok k * %k

Ak Ak kA kA Ak A kA Ak hk kA hk kA Ak kA kA hk kA kA hkhk Ak hk kA k kA hk Ak kA kA hk kA hk Ak hkkhkhh ko k kA hkhkhkhhkhhkhkhkhkhhkhkhhkhrhkhkhhhkhkhkrhhkhkhkrhhkhkhkrhkhkhkrhkkhkrhkrxkhkrxkhkkxkk*x

* K % * % %
* * * * Kk ok Kk ok ok final results table * Kk ok kK Kk * k%
* K % * % %
*Hx best estimate system k-eff 1.0013 + or - 0.0021 xKEK
* K % * k%
HxK Energy of average lethargy of Fission (eV) 8.14672E+05 + or - 2.28879E+03 xxKk
* k% * k%
bk system nu bar 2.59745E+00 + or - 4.37356E-04 xKEK
* * * * %k
* ok x system mean free path (cm) 2.55923E+00 + or - 1.10603E-03 KX
* * * * % %
HxK number of warning messages 6 xxK
* * x * % %
bk number of error messages 0 xx*x
* k% * k%
HxK k-effective satisfies the chi**2 test for normality at the 95 % level oot
* * x * % %
* * x * % %

A Ak kA kA Ak A kA Ak hk kA kA kA hk kA kA hk kA kA hkhkh ko hk kA k kA hk Ak kA kA k kA kA khkkhkhhk ko hkhk Ak hkhkhhkhhkhkhhkhhkhkhhkhrhkhkhkhhkhkhkrhhkhkhkrhhkhkhkrhkhkhkrhkkrhkrxkrxkhkkkkx

A Ak kA kA Ak A kA Ak hk kA kA kA hk kA kA hk kA kA hkhkhhh kA k kA hk Ak kA kA hk kA kA khkhhkhhkhkhk kA hkhkhk kA hhkhkhkhkhhkhkhdkhrhkhkhkhhkhkhkrhhkhkhkrhhkhkhkrhkhkhkrhkkhkrhkrxkhkrkhkkkk*x

* * * * % %
* kK there are 125 source meshes xxoKk
* * * * % %
KAk source convergence tests failed x A K
* * * * % %
* * * * % %

A Ak kA kA Ak A kA Ak Ak Ak Ak kA Ak kA kA hk kA kA hkhkhhkhk kA k kA Ak kA hk Ak kA kA hkhkhhh ok ko hk kA hkhkhkhhkhhkhkhhkhhkhkhhkhrhkhkhhhkhkhkrhhkhkhkrhkhkhkhkrhkhkhkrhkkrhkkrxkhkrxkhkkkx

A Ak kA kA Ak A kA Ak kA Ak kA Ak kA kA kA kA hkhkhhkh kA k kA kA hk kA kA hk kA kA khkhhhh ko hk kA hkhkhkhhkhhkhkhhkhhkhkhhkhrhkhkhhhkhkhkhhhkhkhkrhkhkhkhkrhkhkhkrhkkhkrkkrxkhkrxkhkkkk*x

A Ak kA kA Ak hkhkhk Ak ko hk kA Ak Ak Ak kA Ak kA kA hk kA kA hk kA kA h Ak kA hk kA kA hk ko hk kA hk ko h kA hkhkhkhkhkh Ak hkhk kA hkhkhk kA hkhkhk kA hkhkhkhk Ak hhkhkhhkhhkhkhrhhkhkhrhhkhkhr kA hkkrhkhkhkrhkrhkkrxhkxkkxk

Congratulations! You have successfully traversed the perilous path through KENO-VI in 0.05533 minutes
()AJ(]}II)CHE R e S S I I b I S S S S I S I R I S A S S b I b b S b b S R R I S e I S S e S S b I b S I I S I A S S S S b e S b I b S b b S S b S b S S e I b b e S b I b R S b b b S b b Sh b S 2 b S 2 4
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Shift text output

* Lady Godiva output with 203
generations




System information

%OAK RIDGE
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SCALE 6.3.3

2025-09

SCALE: A Comprehensive Modeling and Simulation Suite
for Nuclear Safety Analysis and Design

Nuclear Energy and Fuel Cycle Division
Oak Ridge National Laboratory

http://scale.ornl.gov
scalehelp@ornl.gov
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Job Information

Job started on macl39775 on Mon 2025-09-29 08:01:21
Working directory: /private/var/folders/7 /g9 kxdnn6ys5w 8 0g9 bbmd4x x5 b/T/scale.5kq.18425
Input file name : /Users/5kqg/Documents/SCALE/Training/output example/godiva shift.inp
Output file name : /Users/5kg/Documents/SCALE/Training/output example/godiva shift.out
SCALE executable : /Applications/SCALE-6.3.3.app/Contents/Resources/bin/scale

RAIR R b b b b b b b b b b b b b b b b b b b b b b b b g b b S S S 2 S 2 2 g 2 S S db g 2 2 db g dh db b db Sh db S 4b  db Sb \Sb Jb S 2b  9b Sb Sb Ib Ib 3b Ib Ib \Ib Ib Ib db I 4
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Input echo

module csasb-shift will be called on Mon Sep 29 08:01:25 2025.
sequence specification record:=csas6-shift parm=( )
Input Data:

godiva
ce v/.1l endf

read comp
u 10 den=18.74 1 293 92234 1.0202
92235 93.7112
92238 5.2686 end
end comp
read geometry
global unit 1
com="'the whole thing'
sphere 2 8.741
media 10 1 2
boundary 2
end geometry
end data
end

%géﬁlﬁiggg SCALE 6.3.3| Last Updated: Sep 2025
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Mixing table from VULCAN

Mixture table for component comps at line:5, column:1

Mixture = 10 with density(g/cc) = 18.7400 and temperature (K) = 293.00

Entry Mixture Nuclide Density (atoms/b-cm) Temperature (K)
1 10 92234 4.919422e-04 293.00
2 10 92235 4.499487e-02 293.00
3 10 92238 2.497734e-03 293.00
Entry Mixture Nuclide Density (atoms/b-cm) Temperature (K)

End of mixture table for component comps at line:5, column:1

Reflects the mixture/nuclide data defined in COMPOSITION data block

%OAK RIDGE
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Mixing table from Shift

mixture = 10 density(g/cc) = 1.87400e+01 temperature (K) = 293.00
nuclide nucmix atom-dens. wgt. frac. za awt temp nuclide title
92234 10 4.91942e-04 1.02020e-02 92234 234.0410 293.00 u-234 @ 293.00K
92235 10 4.49949e-02 9.37112e-01 92235 235.0439 293.00 u-235 @ 293.00K
92238 10 2.49773e-03 5.26860e-02 92238 238.0508 293.00 u-238 @ 293.00K

Reflects the mixture/nuclide data used in tfransport calculations
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Geometry summary

Geometry Essentials

KA AR AR A A A AR A A A AR AR A A A AR AR AR A A A A A A A A A AR A A A AR A kK

"unit 1": the whole thing (<inp>:11)

KA AR AR A A A AR A A A AR AR AR A AR AR AR A A A A A AR A A AR A A A AR Ak k%

:Type: masked unit
:# Cells: 2 (offset = 0)
:# Surfaces: 1 (offset = 0)
:Bounding box: ~"{-8.741 -8.741 -8.741 to 8.741 8.741 8.741}" "
Cell Z Name Surface logic
0 B bnds 0

(from " “<inp>:15"")
1 M1.1 0 ~

(from ~"<inp>:14"")
Surface Name Description
0 Sphere: r=8.741

SPH 2.s (from "~ '<inp>:13"")

Cell Fill
bnds ---

1.1 Material O
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MOre geome-l-ry Region volumes undefined or not set are set to -1.0

volumes not specified in the input were set to -1.0

geometry
unit uses region mixture total region volume (cm**3)
1 1 1 10 -1.00000e+00
mixture total mixture volume (cm**3) total mixture mass (gm)
10 0.00000e+00 0.00000e+00
10.00000e+00 10.00000e+00

***Warning: The volumes for all regions are not set.

Some region volumes are not set by input, not in the space for which volumes are calculated,
missed by the volume calculation, or actually 0.0. For these regions, volumes are set to -1.0
and the fluxes and fission densities are divided by -1.0 instead of the real volume.
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More geometry

read geometry
global unit 1
com="'the whole
sphere 2 8.741

thing’

media 10 1 2 vol=2797.512

boundary 2
end geometry

volumes not specified in the input were

geometry
unit uses region mixture
1 1 1 10
mixture total mixture volume (cm**3)
10 2.79751e+03

2.79751e+03

%OAK RIDGE
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set to -1.0

total region v

2.79751e+03

(cm**3)

total mixture mass (gm)

5.24254e+04

5.24254e+04
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read geometry
M .I. global unit 1
Ore geome ry com="'the whole thing’
sphere 2 8.741
media 10 1 2
boundary 2
end geometry
read volume
type=trace nrays=10000
end volume

Volumes for those units utilized in this problem

volumes not specified in the input were set to -1.0

geometry
unit uses region mixture total region yolume (cm**3)
1 1 1 10 2.79742e+03 +/- 2.00262e-01
mixture total mixture volume (cm**3) total mixture mass (gm)
10 2.79742e+03 +/- 2.00262e-01 5.24237e+04 +/- 3.75291e+00
2.79742e4+03 5.24237e+04
The maximum order of error associated with the calculated volumes is 0.0072 percent.
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Initial histories

Starting source type 0 was used for the initial neutron distribution.
Neutrons were started with a flat distribution in a cuboid defined by:

xmin = -8.741000 xmax = 8.741000 ymin = -8.741000 ymax = 8.741000 zmin = -8.741000 zmax = 8.741000

generation average avg k-eff generation
generation k-effective k-effective deviation entropy

1 8.67155e-01 1.00000e+00 0.00000e+00 6.13461e+00

2 9.50958e-01 1.00000e+00 0.00000e+00 5.95727e+00

3 9.64808e-01 9.27640e-01 0.00000e+00 5.90860e+00

4 9.51918e-01 9.51918e-01 9.51918e-01 5.89552e+00

5 9.88055e-01 9.69986e-01 1.80684e-02 5.84650e+00

6 1.00943e+00 9.83136e-01 1.67847e-02 5.84795e+00

7 9.92539%9e-01 9.85486e-01 1.91011e-02 5.85850e+00

8 9.86039%e-01 9.85597e-01 1.33598e-02 5.93317e+00

9 9.92571e-01 9.8675%9e-01 1.01607e-02 5.87668e+00

10 1.01114e+00 9.90242e-01 2.67362e-02 5.84441e+00
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Final histories and inifial job summary

200 1.04026e+00 9.98027e-01 1.50246e-03 5.75885e+00
201 1.02041e+00 9.98140e-01 1.51536e-03 5.77357e+00
202 9.98630e-01 9.98142e-01 1.50787e-03 5.85425e+00
203 1.01790e+00 9.98241e-01 1.50364e-03 5.82821e+00

*** |[Execution terminated due to completion of the specified number of generations.

2.59861e+00 + or -
energy (ev)

2.59415e+01 + or -
8.23190e+05 + or -

7.98523e-02
6.36080e+03

nu bar = 7.49561e-03 average fission group =

of the average lethargy causing fission

system mean free path (cm) = 2.56160e+00 + or - 7.37545e-03
Final k-eff Edits
no. of initial deviation of
generations average 67 percent 95 percent 99 percent number of variance
skipped k-effective deviation confidence interval confidence interval confidence interval histories (per cent)
3 0.99824 + or - 0.00150 0.99674 to 0.99974 0.99523 to 1.00125 0.99373 to 1.00275 200000 7.8242
4 0.99847 + or - 0.00148 0.99699 to 0.9999%6 0.99550 to 1.00144 0.99402 to 1.00293 199000 7.8420
5 0.99853 + or - 0.00149 0.99703 to 1.00002 0.99554 to 1.00151 0.99405 to 1.00301 198000 7.8268
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Shift Shannon entropy tests

Inactive cycles 6.00016 +- 0.0686764
Active cycles 5.84516 +- 0.00294563
First half of active cycles 5.84787 +- 0.00452842
Last half of active cycles 5.84245 +- 0.00377197

The difference between the first and second half of the active cycles (delta / sigma = 0.91852) is inside the 95% confidence interval

The first cycle to cross over one sigma of the final entropy was cycle 9, which was after the first active cycle 3.

Plot file, godiva3 shift seql csasb6-shift plot shannon entropy.00000.ptp, copied to godiva3 shift.plots directory.
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Convergence plots

& Fulcrum

=0 SCALE

Shift always generates
convergence plofs and saves e s e 0

Navigation godiva_shift.inp

L] L] | > -
I n p | O-I-S d I re Cfory Filter | i | document | SCALE6.3.pre-3 Run . View . Edit .
EEIrESEy | “1=nsas6-shift parm=( )
document R(Ieload diva
Close t v7.1 endf

- average k-eff by generation run e Tl oo
"|"6u 10 den=18.74 1 293 92234 1.0202
- average k-eff by generation : 92238 5.3686 end
9 end comp
skipped ek
12 com="'the whole thing'
. 13 sphere 2 8.741
- relative frequency of k-eff - m‘;gia 101z
oundary
. 16 end geometry
- Shannon entropy by generation feus axta
19

Right-click the input in navigation panel
Then, click to display convergence plots
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onvergence plots

& Fulcrum @O ® O @ O N B N\ ®m» T Q 8 MonSep29 8:15AM
[ oK ) SCALE

File Edit View Run Help

Reload ~Save Saveas Close  Print i Cut  Copy Paste i Undo Redo | Find
D @ Navigation ‘ godiva_shift.inp Convergence estimator plots |

Filter

Plot Table Plot Table

v godiva_shift, Reload

eloa . < N
documen Average k-eff by Generations Run Average k-eff by Generations Skipped

Open associated files >

Display convergence plots
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k-eff

relative frequency

1.03

1.02

1.01

0.99

0.98

0.97

0.96

22.5

13.5

4.5

it

—e— 99% Confidence
—o— 95% Confidence

—e— 67% Confidence

Average k-eff
Best Estimate k-eff

eI
A
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| L L 1 1 L 1
0 35 70 105 140 175 210
Generations Run
HO8 Table
Relative frequency of k-effective
L | Generations 153 - 203
I Generations 103 - 203
L B Generations 53 - 203
I B Generations 4 - 203
L - . . . [ —
| | | | L 1 | 1 | L |
o o4 o o ol o > = o P =
© © © © © ©
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™) 2 @ = pary b1 B o ~ W o
- o w o w [+ w 1] w el w
k-eff

k-eff

Shannon Entropy

1125

1.08

1.035

0.99

0.945

0.9

6.12

6.06

5.94

5.88

5.82

5.76

—e— 99% Confidence
—— 95% Confidence

—e— 67% Confidence

Average k-eff
Best Estimate k-eff

175

70 105

Generations Skipped

140

Plot Table

Shannon Entropy by Generation

_ M /
_ {WM\M\{\'V W ﬂ\fﬂr
(I) 3I5 7I0 10IS 14IO 17I5 21IO
Generation
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Shift k¢ plofs

Plot file, 1 godiva shift keff by generations00000.ptp, copied to 1 godiva shift.plots directory.

Plot file, 1 godiva shift keff by generations skipped00000.ptp, copied to 1 godiva shift.plots directory.

**xxx*x k-effective satisfies the chi**2 test for normality at the 95 % level

Shift always makes *ptp files for use in Fulcrum, but never makes ASCIl art
histograms in the text output
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Final results

R R A A b S i e I A R A R A R B I R I R S A R I SR S b R S I R S I R S db R S dh R S 2 R S b e S b R S b A b S b B dh b b I I A b S 4 S IR S IR e S IR A IR A S R b SR b b S R B S R S B b i S R S S S i b Y

* % % * % %
* Kk godiva * kK
* % % * % %

R R e i i b I A b I A I A b B S R I I R S A R S I R S b SR S S R S S R S dh R S dh e S b S b e S b R S b I S I S b S b S b A b S b S R S IR S IR A S SR b SR B S R B b R S S R S S S B b S b S S b S b b S 4

* Kk ) * Kk )
* Kk k * kK ok kk flnal results table * Kk ok kKK * Kk k
* Kk k * Kk k
ol best estimate system k-eff 0.996894 + or - 0.001465 KAk
* k) * Kk k
xx*x Energy of average lethargy of Fission (eV) 8.20086e+t05 + or - 6.36050e+03 el
* k) * Kk k
x A K system nu bar 2.59834e+00 + or - 7.49016e-03 el
* k) * Kk )
* kK system mean free path (cm) 2.56113e+00 + or = 7.37072e-03 * ok K
* Kk ) * Kk k
x A K number of warning messages 0 * A K
* Kk k * Kk k
x A K k-effective satisfies the chi**2 test for normality at the 95 % level KAk
* Kk ) * Kk k
* Kk ) * Kk k

R R i A A b b I b b I A I A R I S R I I R S I R S I R S dh R S 2 S S b S b e S db e S b S b S b S b I S b S b I S b I A b I S b B S b I IR S IR S IR A SR I R I b R S b b S S b S S S B b S b S b S b O 4

R R i A A i I b b I A b I A R A I I I R S I R S I R S dh R S 2 S S 2 e S b e S S S b S b S b S b B B b S b B S b S b e S B S b S IR S 2R S IR A S SR b R B S R b b S S b S S S B b S b S b S b 4

Final timing report (time in minutes)

Number of MPI processes 1
Input processing 4.82153e-04
Cell processing 2.52267e-04
Cross section processing (XSProc) -—
Transport (Shift MC transport) 3.02124e-02
Post-processing/Output edits 1.17619%e-04
Sequence total time 3.10645e-02
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CSASS crificality safety sequence in MG mode

SCALE
Driver

and
CSASS

Input — Potentially via Fulcrum

Unresolved Resonance Treatment

| Resolved Resonance Treatment

1 Optional cell-weighted cross sections

Multigroup cross-section
preparation in XSProc

KENO V.a
or Shift

END
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CSASS criticality safety sequence in CE mode

SCALE
Driver :
and Input «— Fulcrum user interface
CSAS5
KENO V.a
or Shift Monte Carlo k4 calculation
END e
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MC calculations

» Neufron histories are grouped into generations in eigenvalue (k.¢)
problems

 Multiple generations are needed along with a sufficient number of
histories to characterize the problem and ensure that all regions are
adequately sampled

e A poorly converged fission source can produce incorrect/biased results,
and the inaccuracy of these results may not be readily apparent

« The uncertainty or error in the estimate of k_+ decreases inversely with
respect to the square root of the total sample size (humber of generations
times number of particles)
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Staftistical uncertainty

« Mean values of all MC tallies are calculated and reported with their standard deviation

Set of random

Mean Standard deviation Standard deviation of the mean
samples
N
1 1%
X1, X9, ey XN x=Nin o = NZ(xi_f)Z

- The standard deviation of the mean decreases inversely with respect to the square root
of the total sample size

- The standard deviation for average k4 is given by

1
Op =—0

VN

To decrease the standard deviation of average k4 by 50%, one must increase the

total number of histories (N = [GEN — NSK]x NPG) about by a factor of 4
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Statistical significance

« given k, £ 0, and k, = 0, the difference is
ki —ky 2V (042 + 0,2)

o If k, —k, > (0,2 + 0,2), the result is a statistically significant
difference*

o If k, -k, <V (0,2 + 0,2), the result is a statistically insignificant
difference*

 Small differences can be essentially identical - no conclusion can
be drawn for equivalent answers

*Convention or comfort in what constitutes statistically significant varies;
+ 10,, bounds ~68%
+ 20,, bounds ~95%

XQOAKRIDSE 4 30,, bounds ~99%




KENO input data blocks

READ PARAM parameter data END PARAM (PARM also allowed)

Unsupported data blocks

READ BOUNDS albedo boundary data END BOUNDS in Shift transport
READ START initial source distribution END START E’ll_AOST

- MIXT

- X1DS

- REACTION
READ ENERGY energy group boundaries END ENERGY
READ VOLUME data to control volume calcs END VOLUME
READ REACTION specify CE reaction rate data END REACTION
END DATA
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KENO V.a geometry rules
1. Volumes are built in sections called UNITS. Each @

UNIT is independent of all other units and has its
own coordinate system.

Regions in a unit

2. Units are built from the inside out using REGIONS.
Regions are made using the KENO V.a geometry
shapes. Each region must fully enclose all
previously defined regions in the unit.

3. Regions may share boundaries but may not
infersect. Shared boundaries

4. Allregions are oriented along a major axis (X, Y,

or /). Regions may not be rotated. z

Ve Cylinder oriented
>Y onZ axis

i
-

)(/

D . o N
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KENO V.a rules (cont.)

5. AHOLE is used fo place a unit within a region in a
different unit. The HOLE must be completely
contained within the region. As many HOLEs as
required may be placed in a unit as long as they
do not intersect other HOLEs or regions.

6. An ARRAY is an ordered stack of units. The
touching faces of adjacent units in an array must
be rectangular and must be the same size. Only
one array may be placed directly in a unit.

Additional arrays may be placed in unitfs using @ @

Unit Containing HOLES

HOLEs.

7. A GLOBAL unit or array, which defines the
outermost boundary of the problem, must be

specified for each problem.
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HOLE data
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HOLES

 Holes combine multiple units in a problem by insertfing one
complete unit info another

— One step process, notf creating a hole and putting another unit in it

« HOLES may not intersect

« A HOLE may be inserted inside another UNIT subbsequently used
as a HOLE (i.e., nested)

 As many HOLEs as are needed may be placed in a region

« HOLE must be entered directly after the region into which it is
being inserted
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Array data
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Array placement

o An array is an ordered set of rectangular units

o Arrays are defined in the array block
— NUX, Nuy, huz and unit numbers to fill array

e Faces that fouch in array must have the same dimensions
o Arrays are then placed in a unit in the geometry block

o Array is positioned within the unit by defining the (x,y,z) position
of the left, front, bottom corner of the array

- In other words — the most negative point in the array
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Filling arrays

o Array block used for array definitions

00000
LG JC )
L J

e« Dimensions (Nux x nuy x nuz), type, and fill

Rows go up

read array
ara=1 nux=5 nuy=3
fill

end fill
end array

umop ob smoy
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Boundary conditions

 Vacuum is the default boundary condifion

 Non-vacuum boundary conditions can only be applied to
cuboids

e Face codes are listed in Table 8.1.20

e Allowed BC names are listed in Table 8.1.23

%OAK RIDGE
National Laboratory




%OAK RIDGE

National Laboratory

Sub module 7:
CSASé6 review




CSASé6 crificality safety sequence in MG mode

SCALE Input — Potentially via Fulcrum

Driver . .

and Unresolved Resonance Treatment Multigroup cross section

CSAS6 preparation in XSProc
| Resolved Resonance Treatment

Optional cell-weighted cross sections**

A 4

KENO-VI Monte Carlo k_ calculation

END
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CSASé6 criticality safety sequence in CE mode

SCALE
Driver :
and Input «— Fulcrum user interface
CSASG6
KENO-VI or
Shift Monte Carlo k 4 calculation
END e
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MC calculations

» Neufron histories are grouped into generations in eigenvalue (k.¢)
problems

 Multiple generations are needed along with a sufficient number of
histories to characterize the problem and ensure that all regions are
adequately sampled

e A poorly converged fission source can produce incorrect/biased results,
and the inaccuracy of these results may not be readily apparent

« The uncertainty or error in the estimate of k_+ decreases inversely with
respect to the square root of the total sample size (humber of generations
times number of particles)
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Staftistical uncertainty

« Mean values of all MC tallies are calculated and reported with their standard deviation

Set of random

Mean Standard deviation Standard deviation of the mean
samples
N
1 1%
X1, X9, ey XN x=Nin o = NZ(xi_f)Z

- The standard deviation of the mean decreases inversely with respect to the square root
of the total sample size

- The standard deviation for average k4 is given by

1
Op =—0

VN

To decrease the standard deviation of average k4 by 50%, one must increase the

total number of histories (N = [GEN — NSK]x NPG) about by a factor of 4
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Statistical significance

« given k, £ 0, and k, = 0, the difference is
ki —ky 2V (042 + 0,2)

o If k, —k, > (0,2 + 0,2), the result is a statistically significant
difference*

o If k, -k, <V (0,2 + 0,2), the result is a statistically insignificant
difference*

 Small differences can be essentially identical - no conclusion can
be drawn for equivalent answers

*Convention or comfort in what constitutes statistically significant varies;
+ 10,, bounds ~68%
+ 20,, bounds ~95%

XQOAKRIDSE 4 30,, bounds ~99%




KENO input data blocks

READ PARAM parameter data END PARAM (PARM also allowed)

Unsupported data blocks

READ BOUNDS albedo boundary data END BOUNDS in Shift transport
READ START initial source distribution END START E’ll_AOST

- MIXT

- X1DS

- REACTION
READ ENERGY energy group boundaries END ENERGY
READ VOLUME data to control volume calcs END VOLUME
READ REACTION specify CE reaction rate data END REACTION
END DATA
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KENO-VI basics

1. Volumes are built in sections called
UNITS. Each UNIT is independent of all

other units and has its own coordinate Regions inaunit  Shared boundaries
system.

2. Units are built using REGIONS. Regions Intersecting regions
are made using the KENO-VI geometry ‘
shapes. The unit boundary must fully

enclose all defined regions in the unit.

3. Regions may share boundaries and may

intersect. (Not allowed in KENO V.q) Rotated cylinder
4. Regions may be rofafed. (Not allowed in

KENO V.q) > v
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KENO-VI basics (cont.)

5. A HOLE is used to place a unif within a region of a
different unit. The HOLE must be completely
contained within the region and may not intersect
other holes or nested arrays. As many HOLEs as
required may be placed in a unit. Unit Containing

6. An ARRAY is an ordered stack of units. The touching HOLES
faces of adjacent units in an array must be the same
size. Multiple arrays may be placed directly in a UNIT

by placing them in separate regions. Arrays can also @ @

be placed within a unit using HOLES.

/. A GLOBAL UNIT that encloses the entire system must
be specified. All geometry data used in a problem
are correlated by the global unit coordinate system.

Array of units
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KENO-VI Input records

e Three types of records are used to define the volume, position,
and material contents of the regions in a unit

- Geometry record
- Contents record
- Boundary record

 Each unit may have as many Geometry and Conftents records
as needed but must have one and only one Boundary record
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Geometry record

e Specifies the volumes that make up the unit

e Consists of the following components
- Geomertry keyword
- Geometry record label
- Geometry boundary definitions
- Geometry modification data
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Contents records

e Specifies the contents of a volume defined relative to the
Geometry records in that unit

e Consists of the following components
— Contents Keyword ( Array, Hole, Media )
— ID Number ( Array #, Unit #, Mixture # )
— Bias ID Number ( Media only )
— Region Definition Vector (Array, Media)
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Contents records (cont.)

Keyword Contenis Record Input

MEDIA Mixture Number,
Bias ID Number,
Region Definition Vector

ARRAY Array Number,
Region Definifion Vector,

Keyword PLACE followed by the |, J, K element and the X, Y, Z position of the
origin of the unit found in that element

HOLE Unit number,
Keywords ORIGIN and ROTATE, if desired
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MEDIA contents records

e Used to place a mixture intfo a region defined in the current unit

e Consists of the following components
- Keyword (Mediq)
— Mixture ID number
— Bias ID number
— Region Definition Vector
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Geometry modification dato

e These options modify the previous geometric volume and are
always performed in the order listed below:

1. Chord: Truncates the volume with a plane perpendicular to
A Major axis

2. Rotate: Rotates the volume

3. Origin: Translates the volume origin
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Geometry modification keywords

Keyword Input Values

CHORD +X=, -X=, Y=, -Y=, +7=, -1=
ROTATE Al=, A2=, A3=

ORIGIN X=, Y=, [=
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HOLE contents record

e Used to place a unif into a region defined in a different unit

e Consists of the following components
- Keyword (HOLE)
— Unit ID number to be placed as Hole

- Modification data (Origin, Rotate) used to place the origin of the unit
being inserted to the desired position and orientation
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KENO-VI array types

Coo0000OGOMOSNS® O
B T ] [ ]

@ Y [ X
999000000 Y!

Hxagonal Rectangular

= )
R sasise
Rotated hex

Standard hex Dodecahedral
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Defining arrays

o Array block used for array definitions

00000
LG JC )
L J

e« Dimensions (Nux x nuy x nuz), type, and fill

Rows go up

read array
ara=1 nux=5 nuy=3
end fill

typ=square
end array
%géK RIDGE
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ARRAY contents records

e Used to place an array into a region defined in the current unit

« Composed of the following components
- Keyword (ARRAY)
— Array ID Number
— Region Definition Vector
- Keyword PLACE followed by data to position the array in the region
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Array PLACE data

e Data following the keyword PLACE used to position the array in
a region consists of:

- Element i, |, kin the array used to establish the location of the array

- the X, Y, Z coordinates of the origin of that array element, in the
coordinate system of the unit into which the array is being placed

In other words:

PLACE the origin of the unit that is the ijk™" element in the array
at position (X, Y, Z) in the current unit coordinate system
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Boundary record

e Specifies the overall volume of a unit
- One and only one boundary record is required for each unit

— Only the volume defined in the region definition vector of the unit’s
boundary record is contained within the unit

— Ofther specified volumes, outside the boundary record’s region
definition vector, are not included in the unit

« Composed of aregion definition vector
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Boundary conditions

 Any shape can be used as an outer boundary in KENO-VI

 Boundary conditions can be applied with traditional
facecodes for cuboid boundaries

« KENO-VI also allows BODY and SURFACE(i) keywords
« BODY uses a geometry label in the global unit

e SURFACE(i) uses surface numbers as listed in Table 8.1.22 of the
SCALE Manual
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Boundary conditions (cont.)

e Use caution in applying anything other than MIRROR or
VACUUM

e Consider whether the specified boundary condition is actually
possible

e Select appropriate boundary conditions for the model based
on situation being modeled

 Chorded surfaces do not get surface numbers and thus can
only have vacuum boundary conditions
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