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Outline

e Introduction to ORIGAMI

* ORIGAMI examples

— Decay heat and activity for a typical W15x15 assembly
— Calculate Pu content of a typical W17x17 assembly
— Multicycle simulation with ORIGAMI
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Introduction to ORIGAMI

ORNL is managed by UT-Battelle %OAK RIDGE

for the US Department of Energy National Laboratory




ORIGAMI

 ORIGen AsseMbly Isotopics

* Motivation

— perform many spent fuel calculations
* U.S. Fuel Inventory analysis (200,000+ assemblies)
* NRC Level 3 Probability Risk Assessment (3000+ assemblies)

— SCALE 6.1 GUI (or any GUI impractical)

e In terms of SCALE modules:
ORIGAMI = ARP + ORIGEN w/ hint of TRITON

— ARP to create a specific library
— ORIGEN to solve problem
— TRITONS-style mixture and operating history specification
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ORIGAMI Capabilities

With a narrower scope, many convenient features

* [nput capabilities
— axial moderator density/power distributions

— radial composition/ORIGEN library assignment (enables approximate pin-by-
pin 3D depletion)

— SCALE StdComp integration (e.g. zirc4)

« Output capabilities
— produces complete f71 automatically
— SCALE StdComp mix file
— MCNP materials file

— axial decay heat file
OAK RIDGE
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ORIGEN-ARP Methodology

« Automated Rapid Processing (ARP)

* Developed as a way to use a set of TRITON calculations covering
some space of assembly design/operation to predict isotopics at
arbitrary burnups/decay times

e Could create isotopics "database" and interpolate

 Better to create cross section "database" and re-solve depletion for
the new system (depletion is cheap)
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Relative removal xs for various nuclides vs. burnup
W17x17
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Pu-240 removal xs vs. burnup and enrichment
GE 10x10
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Pu-240 removal xs vs. burnup and moderator density
GE 10x10

250 T T T T T T T T
200 L
€ 0
5 0
1580 F
< 0
i,
; o
LY
[
= 100
2
e
el
i 0.0000e+00 MWI/MTIHM
5o - +—+ 5.2500e+03 MWd/MTIHM |-
{} {:} 1.2750e+04 MWI/MTIHM
Bl :.1500e+04 MWdAd/MTIHM
e F.0R002e4+04 MWA/MTIHM
G 1 1 1 1 1 1

0.1 0.2 0.3 0.4 .5 .6 7 0.8 0.8 10
muoderator density {gfcoch

OAK RIDGE

National Laboratory



ORIGAMI "EXpress Form*”

File Edit View Run Help
Reload origami.inp  Save origamiinp  Save origamiinp as  Close tab  Print  Cut Copy Paste Undo Redo  Find

Mavigation # X | origamiinp [£]

) e ]on * create empty file

arigami.in
9 . c3ash - Criticality safety analysis using KENO V.a ] = =

c3asé - Criticality safety analysis using EKENO-VI O rI am I In
c3as5s - Criticality safetv search using EENO V.a []
starbucs - Rutomated criticality safety analyses using burnup credit
SOUrCerer - 3D criticality safety analysis with hybrid starting source generation
deve — 3D discrete ordinates eigenvalue analysis with Denovo
kmarchs - KENO V.a multigroup post processor for fluxes and reaction rates . ‘ N T L+ S PA‘ E
kmarté - KENO-VI multigroup post processor for fluxes and reaction rates
kenova - Monte Carlo eigenvalue neutron transport module with simplified geometry
kenovi - Monte Carlc eigenvalue neutron transpcocrt module with generalized geometry - - -
t-X3ec — Problem-dependent multigroup cross section processing with material aliasing I n SI e el I I t I e
t-x3drn - 1D discrete ordinates transport seguence
t-depl-14 - 1D discrete ordinance depletion
newt - 2D discrete crdinates transpcort module
t-newt - 2D discrete ordinates transport segquence 11 - -
t-depl - 2D discrete ordinates depletion . Choose O rl al I I I —
polaris - 20 light water reactor depletion with simplified
t5-depl - Monte Carlo depletion using KENO V.a
ta-depl - Monte Carlo depletion using KENO-VI U O 2 r f rm
mavric - Shielding analy3is with Monaco using sutcmated variance reduction exp eSS O
MONaco - Monte Carlo fixed-source neutron and gamma transport

- Depletion module for reactor assemblies
- ORIGEN post processing utility

- 1D sensitivity/uncertainty analysis

- 2D sensitivity/uncertainty analysis

- Depletion, decay, and activation analysis '
02 express form (configurabkle) ‘ O n Ig u ra e

tsunami-3d-k5 - 3D sensitivity/uncertainty analysis using EENO V.a
tsunami-3d-ké - 3D sensitivity/uncertainty analysis using KENO-VI
t3ar - Beactiwvity sensitivity analysis

tsunami-ip - T5UNRMI indices and parameters for walidation

taurfer - TSUNAMI data assimilation tool for wvalidation

sampler - Steochastic uncertainty analysis for any SCALE sequence
sams - TSUNAMI sensitivity analysis module

HIproc - Problem-dependent multigroup cross section processing
medancoff - Monte Carlc Dancoff factor calculation using KENO-VI
shell — Module to access operating system commands
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ORIGAMI "Express Form" (cont.)

Parameters

S « window will appear
* click "Create"
R e click "OK"

yoles 3

umber of Burnup Interpolations per Cycle 4

ling Time ({(daysa) 1825

Power History — Percent Up 95

Power History — RAverage Power (MWH/MTIU) 40

oderator Demnsity (gfcc) 0,7332

l Create I [[‘.reate as new ﬁe] [Parameter set]

Template engine results  Template engine log  Template engine view

L ok J[ conel Jf
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ORIGAMI "Express Form" (cont.)

urigami.inp*@ |

document 'F”SCALEE.F_' * [ Bun «

! —origani e This is a valid
3 title="this-is-my-title" ORIGAMI |nput|
4 options{ mtu=1.0 ft71=all}

3 libs=[ "wl7x17" 1] .

& fuelcomp{ ¢ CIICk Run
7 uox (fuel) { enrich=4.5 }

8 mix (1) { comps=[ fuel=100 ] }

4}

10 modz=[ 0.7332 ]

1 pz=[ 1.0 ]

12 hist][

13 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }

14 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }

15 cycle{ power=40 burn=333.33 nlib=4 down=0 }

16 cycle{ down=1825 }

7 ]

18

18 end

20

21

OAK RIDGE
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Controlling Cross Section Interpolation
(libraries per cycle)

A

Specific
Power
(MW/MTIHM)

Y

cycle 1

cycle 2 : cycle 3

Time
%OAK RIDGE
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ORIGAMI "EXpress Form" (cont.)

Wed Feb 17 17:13:11 2016 Wed Feb 17 17:19:44 2016 @

9. - -
1a * BReactor and Huclear Systems Division -
2 Oak Bidge National Laboratory -
12 - -
13 + http://3cale_ornl._gov *
14 * scalehelp@ornl . gow -
15 - £
16 e ke ke ke ke ok ok ke ke ol ol ol ol ol e ol ol ol ol e ol e ol ol ol ol ol ol ol ol ol ol ol e e e e e ke ke ke ke e o o ol o o e e e e e ol e ol ol e ol ol ol ol ol ol ol ol ol ol ol e e ol ol e e e ke ok o
1'? e ke ke ke ke ok ok ke ke ol ol ol ol ol ol ol ol ol ol ol o o o ol ol ol ol ol ol ol ol ol ol e e e e e ke ke ke e e ol o o o o e o e e ol ol ol o ol ol ol ol o ol ol ol ol ol ol e ol e ol ol ol ol e e ok ok o
1a
15 Job Information
2z mmmmmmm—

21 Job started on PCO0915374 on Wed 177027201 17:15:-44

ZZ Working directory: C:\Users\wwh'\AppData'LocalhTemphacale wwh. 13016

23 Input file name : C:Z\Users'\wwh'\Desktophorigami.inp

24 Cutput £file name : C:Z\Users'\wwh'\Desktophorigami.out

25 SCALE executabkle : C:\S5CALE-¢.Z/binSacale

Za

2'? R AR R drdrdrdrdddd
Z8

25

30 Now depleting axizl zone: 001, pin: 01-01

31

32

33 Scale job C:/Users/wwi/Desktopforigami.inp is finished.

34 Cutput is stored in C:WUsers'\wwh\Desktop'origami.out

35

38 Process finished with 0 return code; ranm im 13 secs, finished at Wed Feb 17 17:13:57 Z201e

ORIGAMI takes a
little while...

» performs by default 10
substeps
— depletion equal length
— decay rule of 3s

* nlib=4 would require 4
cases in ORIGEN

the input to the left is
(4+4+4+1)*10=130
depletion solves

OAK RIDGE
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ORIGAMI "Express Form" (cont.)

SCALE
File Edit View Run Help

Reload origami.inp  Save origami.inp  Save origami.inp as  Close origami.inp  Print Cut  Copy  Paste Undo

Mavigation & X | origami.inp [£J |

- |document ¥ | [sCALE6.2  *|Run ~

l=prigami
2

4 | grigami.in |

¢ docum Reload ) ) . .
Close 3 title="this-is-my-title"
4 options{ mtu=1.0 ft71=a11}
Open associated files  » origami.assm.f1 717" ]

crigarni.fil Ik

origami.msg

}{ enrich=4.5 }
comps=[ fuel=100

origami.out
modz=[ 0.7332 ]
11 pz=[ 1.0 ]
12 hist|
13 cycle{ power=40 burn=333.
14 —_————T1 - [ 5 T T T e ]

 ORIGAMI produces
f71 and .assm.f71
by default

e open .f71
— right-click on
origami.inp in
navigation pane
— open associated files

— origami.f71

OAK RIDGE
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ORIGAMI "Express Form" (cont.)

SCALE

Edit View Run Help
Reload Save Saveas Closetab Print

Navigation

Filter

Cut

& X

Copy Paste | Undo Redo | Find

origamiimp origami. 71 [0

Navigation

origami.f71
4 origamiinp
> document

State1 T+0
State 2 T+7.19993e+06
State 3 T+1.43999e+07
State 4 T+2.15998e+07
State 5 T+2.87997e+07
State 6 T+3.024e+07
State 7 T+3.74399+07
State 8 T+4.46399e+07
State 9 T+5.18398e+07
State 10 T+5.90397e+07
State 11 T+6.048e+07
State 12 T+6.76799e+07
State 13 T+7.48799e+07
State 14 T+8.20798e+07
State 15 T+8.92797e+07
State 16 T+2.4696e+08

Data fittering (via Opus)
[elements] B
[symnud]

T —

libtype]

[nrank] 5 S
ot ]
et
[time units] years =

Plot | Table
el e —_— SO brmmibiim b e
: i
i =138
la144
100000 : e lat40
; ‘ %)
I —. ; Subtotals
L Totaks
\
10000 F
1000 | H .
100 b
5
E i
E
5
El :
5 :
2
s
01f
001 f
0.001
0.0001 |
. . . . . . .
2z 3 4 5 [3 7 8
Time (years)

e .f71 has all
regions, all
times

e .assm.f71
has only fina
time for each
axial zone
and total
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National Laboratory



ORIGAMI Input

ergamire” 3 | « title - set a descriptive
document ¥ | [SCALE6.2 v |Run ¥ .
“E—p— title
=origami
2 - i
3 title="this-is-my-title" e options — various global
4 options{ mtu=1.0 f£t71=all .
3 lEEE=[ f‘wl?xl?" 1 - } Optlons
& fuelcomp{
7 uox (fuel){ enrich=4.5 } ° fue I Comp —_ deCIare
8 mix (1) { comps=[ fuel=100 ] } . . .
s mixtures (single mixture
10 modz=[ 0.7332 ]
e problems use 1)
12 hist[ .
13 cycle{ power=40 burn=333.33 nlib=4 down=16.67 } » modz — axial moderator
14 cycle{ power=40 burn=333.33 nlib=4 down=16.67 } -
15 cicle{ Eower=4{} burn=333.33 nlib=4 down=0 } denSIty
16 cycle{ down=1825 } ]
7] * pz — axial power shape
18
"  hist - operating history
21

OAK RIDGE
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ORIGAMI Input: power history

|:|rig|arr|i.ir||:|= |

document ¥ | [SCALE6.2 v |Run ¥

1l=prigami

2

3 title="this-is-my-title"

4 options{ mtu=1.0 ft71=all}

3 libs=[ "wl7x17" ]

& fuelcomp{

7 uox (fuel) { enrich=4.5 }

8 mix (1) { comps=[ fuel=100 ] }

4}

10 modz=[ 0.7332 ]

11 pz=[ 1.0 ]

12  hist[

13 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }
14 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }
15 cycle{ power=40 burn=333.33 nlib=4 down=0 }
16 cycle{ down=1825 }

7 ]

18

19 end

20

21

TRITON-style
operating history
e cycle

— power assembly-
average specific power

in MW/MTIHM
— burn time in days at
power

— nl1b number of times
to re-interpolate cross
sections to current
burnup

— down time in days of

deca
y OAK RIDGE

National Laboratory



ORIGAMI spatial variation

e power shape - axial & radial 2> p(z) X p(x,y)
e moderator density - axial only 2 m(z)
e fuel composition - radial only =2 c(x, y)

O X X©
p 0006 p(x,y) p(x,y) X p(2)
n Q000 ~ m(z)
¢ O @ O &y c(x,y)
0D 1D 2D
assembly assembly assembly assembly

OAK RIDGE
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ORIGAMI spatial variation

e lImitations

— no time-dependence
— axially-dependent compositions really needed for BWRs

m(z)
c(x,y)

o EI =i

0D

assembly assembly assembly assembly

p(x,y) X p(z)

OAK RIDGE
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ORIGAMI Input: fuel composition

document ¥ | [SCALE6.2 v |Run ¥

title="this-is-my-title"
options{ mtu=1.0 ft71=all}
"wlT7=1T" ]

uox (fuel) { enrich=4.5 }
mix (1) { comps=[ fuel=100 ] }

|:|rig|arr|i.ir||:|= |
1l=prigami

2

3

4

3 libs=[

& fuelcomp{
7

a8

2 1}

0 modz=[ 0.
11 pz=[ 1.0
12 hist][

13 cycle{
14 cycle{
15 cycle{
18 cycle{
7 ]

18

19 end

20

21

7332 ]
1

power=40 burn=333.33 nlib=4 down=16.67 }
power=40 burn=333.33 nlib=4 down=16.67 }

power=40 burn=333.33 nlib=4 down=0 }
down=1825 1}

TRITON-inspired
mixtures

e mix(N)
— N mixture index

— comps array of
composition names and
wt. %

 uox(name){..}

— creates a SCALE
StdComp UO, Mixture

e StdComp has
everything (zirc4,
gd203, etc.)

OAK RIDGE
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ORIGAMI Input: libs

Drigami.inp‘D |

document ¥ | [SCALE6.2 v |Run ¥

1l=prigami

2

3 title="this-is-my-title"

4 options{ mtu=1.0 ft71=all}

3 libs=[ "wl7x17" ]

& fuelcomp{

| uox (fuel) { enrich=4.5 }

8 mix (1) { comps=[ fuel=100 ] }

2 1}

10 modz=[ 0.7332 ]

1 pz=[ 1.0 ]

12 hist][

13 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }

14 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }

15 cycle{ power=40 burn=333.33 nlib=4 down=0 }

15 cycle{ down=1825 }

7 ]

18

19 end

Eﬂ - . . . . . .

21| NOTE: pinmap controls radial distribution of libraries
DEFAULT: pinmap=[1]

ORIGEN reactor library
names in ARPDATA. txt

e libs=["w17x17"]

— declares library 1 to be
"wl7x17", i.e. could be
anything in ORIGEN
reactor libraries

— with radial layout, can
have different libraries
for each radial ("pin")
location

* a single entry Is typical

OAK RIDGE
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ORIGAMI Input: modz & pz

|:|rig|arr|i.ir||:|= |

document ¥ | [SCALE6.2 v |Run ¥
1l=prigami

2

3 title="this-is-my-title"

4 options{ mtu=1.0 ft71=all}
3 libs=[ "wl7x17" ]

& fuelcomp{

7 uox (fuel) { enrich=4.5 }
8 mix (1) { comps=[ fu=el=100
4}

10 modz=[ 0.7332 ]

1 pz=[ 1.0 ]

12 hist]

13 cycle{ power=40 burn=333
14 cycle{ power=40 burn=333
15 cycle{ power=40 burn=333
16 cycle{ down=1825 }

7 ]

18

19 end

20

21

.33 nlik=4 down=16.67 }
.33 nlibk=4 down=16.67 }
.33 nlik=4 down=0 }

axial power and
moderator distribution

e modz

— density in g/cm? of

moderator (used to interpolate
the cross sections for T/H feedback)

— NOTE: not all reactor
libraries have density
variations

® F)ZZ
— axial power shape
(unitless)

— renormalized by default
OAK RIDGE
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ORIGAMI Input: options

Drigami.inp‘@ |

document ¥ | [SCALE6.2 v |Run ¥

1l=prigami

2

3 title="this-is-my-title"

4 options{ mtu=1.0 ft71=all}

3 libs=[ "wl7x17" ]

& fuelcomp{

7 uox (fuel) { enrich=4.5 }

8 mix (1) { comps=[ fuel=100 ] }

4}

10 modz=[ 0.7332 ]

11 pz=[ 1.0 ]

12  hist[

13 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }
14 cycle{ power=40 burn=333.33 nlib=4 down=16.67 }
15 cycle{ power=40 burn=333.33 nlib=4 down=0 }
16 cycle{ down=1825 }

7 ]

18

19 end

20

21

miscellaneous input

* mtu

— metric tons of initial heavy
metal (not just U)

— used to convert to power in
MW

— DEFAULT: 1 MTU

 Tt71

— flag to write f71 file
last/cycle/all

e other options

— stdcomp write SCALE StdComp
blocks

— mcnp write MCNP materials cards
OAK RIDGE
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AXxial Distribution Example

l=prigami

2

3 title="W17x1l7 Assembly wtih Axial Distribution" 5 aX|a| Zones

4 options{ mtu=1.0 ft71=all }

3 libs=[ "wl7x17" 1] ° meshz

8 fuelcomp{

7 uox (fuel) { enrich=4.5 } _ helghts Of zones (Cm)
8 mix(1l){ comps=[ fuel=100 ] }

! e modz

= meshz=[0 50 100 200 300  350] — decreases from bottom to top
2 modz =[ 0.73 0.72 0.71 0.70 0.869 ] f

13 p=z =[ 0.80 0.9 1.00 0.85 0.75 1 of core

14

15 hist] il O V4

16 cycle{ power=40 burn=333.33 nlib=4 down=16.67 } . :

17 cycle{ power=40 burn=333.33 nlib=4 down=16.67 } — peak in middle
13 cycle{ power=40 burn=333.33 nlib=4 down=0 }

13 cycle{ down=1825 }

a ]

21

22 end

OAK RIDGE
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AXxial Distribution Uses

l=prigami

title="W17x1l7 Assembly wtih Axial Distribution”™
options{ mtu=1.0 ft71=all }
libs=[ "wl7x17" ]
fuelcomp {
uox (fuel) { enrich=4.5 }
mix(1l){ comps=[ fuel=100 ] }
}

meshz=[0 50 100 200 300 350]
modz =[ 0.73 0.72 0.71 0.70 0.69 1
Pz =[ 0.80 0.90 1.00 0.85 0.7k 1
hist]|

cycle{ power=40 burn=333.33 nlib=4 down=0 }
cycle{ down=1825 }

NMEERESBREERERRREEE ¢ @8 waowmsww

22 end

cycle{ power=40 burn=333.33 nlib=4 down=16.67 }
cycle{ power=40 burn=333.33 nlib=4 down=16.67 }

» produce axial decay heat
sources

« evaluate impact of
moderator density
variations

* fork detector modeling for
non-destructive assay

OAK RIDGE
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ORIGAMI Disclaimers

* ORIGEN reactor libraries distributed with SCALE are assembly-
averaqge cross sections from 2D TRITON calculations

— axial distributions make sense

— "pin-by-pin" radial distributions really need pin-average libraries (which you
can also get from TRITON!)

* ORIGAMI composition input not checked for consistency with library
— for high-fidelity, must be similar to the original TRITON composition
— similar = not introduce any strong spectral or self-shielding differences

OAK RIDGE

National Laboratory



ORIGAMI Summary

* Short, concise interface to ARP+ORIGEN for spent fuel calcs
» Good default parameter settings for LWR UO,
 Allows axial variations to be investigated (radial, too)

* Produces 71 file automatically
— readily viewed in Fulcrum
— used to seed an ORIGEN calculation
— post-processing with OPUS

OAK RIDGE

National Laboratory



ORIGAMI Examples

Problem description

ORNL is managed by UT-Battelle %OAK RIDGE

for the US Department of Energy National Laboratory




Problem 1 Decay heat and activity for W15x15

e Use Origami express form to calculate radioactivity (Becquerels) and
total decay heat (Watts) for a Westinghouse 15x15 fuel assembly:

— 2.5 wt % U-235 enrichment
— 3 cycles

— 45,000 MWdA/MTU burnup

— 10 year cooling

— 90% uptime

— 32 MW/MTU average power

* Express results at 10 year cooling time

OAK RIDGE

National Laboratory



Problem 2: Pu content of typical W17x17 assembly

 Calculate the Pu content for a typical W17x17 assembly at 15, 30,
and 45 GWd/MTU discharge burnups at O and 10 years cooling time
(6 cases total)

— kg Pu/MTU
— fissile Pu content as weight %(?3°Pu+2*Pu)/Pu

* [nput data:
— enrichment 4.5 wt% 23°U
— power 30 MW/MTU
— keep default for everything else

OAK RIDGE
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Problem 3 Origami multicycle problem

 Assume a W17x17 reactor library
e Fuel enrichment 5.0 wt% U-235
e Initial fuel composition in grams/basis (basis 1IMTU)
U-234 = 445
U-235 = 50000
U-236 = 230
U-238 = 949325
O = 1.34432e5

OAK RIDGE
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Problem 3 Origami multicycle problem (cont.)

e [rradiation history data
— 3 cycles
— Cycle length: 540 days
— Downtime between cycles: 30 days
— Cooling time (after 3d cycle): 10 years
— Specific power (MW/MTU) for each cycle: 20, 19, 18
— Number of libraries per cycle: 2, 2, 1

* Print iIsotopic compositions (in grams/basis) for selected actinides and
fission products at 10 years cooling time

— U-235, Pu-238, Pu-239, Pu-240, Pu-241, Am-241, Cm-244
— Cs-134, Cs-137, Sm-149, Gd-155

OAK RIDGE
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ORIGAMI Examples

Solutions

ORNL is managed by UT-Battelle %OAK RIDGE

for the US Department of Energy National Laboratory




Problem 1 Decay heat and activity for W15x15

e Decay heat = 1724.76 W/MTU at 10 years cooling
 Activity = 1.87e+16 Bg (5e+05 Ci) at 10 years cooling

OAK RIDGE

National Laboratory



Problem 2: Pu content of typical W17x17 assembly

Discharge burnup Cooling time (years)

T N R S S

30

45

5.589 kg/MTU
(85.33% fissile)

9.094 kg/MTU
(76.52% fissile)

11.420 kg/MTU
(68.92% fissile)

5.501 kg/MTU
(85.10% fissile)

8.740 kg/MTU
(75.56% fissile)

10.870 kg/MTU
(67.22% fissile)

OAK RIDGE
National Laboratory



Problem 3 Origami multicycle problem

Nuclide g/MTU

U-235
Pu-238
Pu-239
Pu-240
Pu-241

Am-241
Cm-244
Cs-134
Cs-137
Sm-149
Gd-155

2.193E+04
1.148E+02
6.070E+03
1.711E+03
6.608E+02
4.642E+02
5.275E+00
2.613E+00
8.843E+02
3.494E+00
4.457E+00

OAK RIDGE
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