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Learning goals

'-‘"?‘ Gain insight info ORIGEN's purpose and main capabilities

ﬁ Become familiarized with generating and running ORIGEN
- Input for a simple decay problem using Fulcrum
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What is ORIGEN®




Overview of ORIGEN

Oak Ridge Isotope Generation code in SCALE

Iradiation and decay simulation code

Explicit simulation of 2,237 nuclides in database
— 176 actinides

— 1,151 fission products

— 910 structural activation nuclides

Explicit simulation of all pathways from neutron transmutation, fission, and
decay

- Includes all nuclides with half-lives > 1 ms
— Accurately represents the evaluated nuclear data
- Many physics codes track a small subset of isotopes
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ORIGEN's purpose:
Solve for the nuclide inventory as a function of fime: N;(t)

 From the fundamental nuclide inventory result, it is a “unit conversion” 1o
produce decay heat, activity, mass, etc.

* Applications ORIGEN enables a comprehensive isotopic
_ SPenf nuclear fuel characterization characterization of fuel over a Iorge fime
: : : : le, includi it lysis.
- Nuclide concentrations (different units) scale, including repository analysis
« Activifies

« Decay heat

e Radiation emission rates and spectra (heutron and gamma)
— Source terms for accident analyses (operating reactors, spent fuel handling, storage)
— Structural material activation (in-core, ex-core)
- Fuel cycle analysis (material feed and removal processing)
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ORIGEN is a high-performance ODE solver

General ordinary differential equation (ODE) solved for production and loss
rate of a nuclide

Rate of change in

Production rate of J { Loss rate of nuclide

nuclide concentration nuclide
4 N 4 ) 4 ) 4 )
Rate of change Decay into Production of nuclide i Loss of nuclide i through
in nuclide i nuclide i by from irradiation of decay, irradiation, or
concentration other nuclides j other nuclides k other means

dNi S /m s — N :
dt z lijAiN; + @ fikox Ny — (4 + @oy + )Ny + F; (i =1,..m)
Jj=1 k=1
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Representation of ORIGEN input data

The transmutation equation can be written in matrix form:

dN — _

——=A-N() = (A4 @(t)a(t))N(t)
ORIGEN (the =origen sequence) solves for a single material/mixture;
the user is responsible for defining the following data:

N(0) the initial nuclide vector
A(t) the transition rate matrix (stepwise constant in fime)

which has components:

A the decay matrix (constant in fime)

ao(t) the neutron reaction matrix (stepwise constant in time,
changing as the flux spectrum changes)

¢(t) the flux magnitude (stepwise constant, changing as

$OAK RIDGE the flux/power level changes)
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Matrix exponential method (MATREX solver)

« The fransmutation equation can be written in matrix form
(for the homogeneous equation):

’ i : dN
N(t) =A- N(t) where N(t) — E

o Solution for the nuclide vector has the form

N(t) = N(0) - exp[j t]

where

N(0) = vector of initial atom densities

A = fransition matrix containing rate coefficients (s1) for g __ T
radioactive decay, neutron capture, fission, etc. A — A + CDO'
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Matrix exponential solution (MATREX solver)

- Solves the coupled differential equations that result from tracking the
matrix of > 2,200 nuclides

- Method: extremely fast for large systems — it solves the matrix in ~1072
seconds

- Requirements
— Initial nuclide concentrations (user input)
— Neutron flux (user input, derived from input power)
— Irradiation time (user input)
- Nuclear decay data (decay constants 4, etc.)
— Neutron cross sections (probabilities of interaction)
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Hybrid matrix exponential/linear chains (MATREX solver)

Exponential function exp[4 t] is represented as the series expansion

_ > (4 t)m
el = ZT

e Short lived transitions are difficult to solve due to round off
e.g.el0=1-100+ 1002/2! = 1003/3! + ... = 3.72 x 1044

e To prevent loss of numerical accuracy, short-lived nuclides are removed from the matrix, matrix
elements are adjusted, and matrix is compressed

« Removed nuclides are solved outside the matrix exponential, using Bateman chains solved by a
Gauss-Seidel iterative technique

i—1 i—1 . [i—1 o—dit 1i-1 q
N; = N;(0)e™* + z N (0) 1_[ L 1_[ ‘
d, d; — d; dn — d;
k=1 n=k Jj=k n=k
) e
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Chebyshev rational approximation method (CRAM solver)

Maltrix exponential method based on Chebyshev rational approximation
of the exponential functfion

(k /2

e t = a0+2Re Zai(jt+8i1)_1
=1

|l

Fast and accurate, able to handle large systems of nuclides

Overall accuracy almost independent of step lengths

Adjoint solution implemented (Annals of Nuclear Energy 85, .68, 2015)
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https://www.osti.gov/biblio/1185794

Key to accurate simulations is accurate input dato

. . . nuclide
e Littfle numerical error in the solvers distribution N(t,)

e Decay data A are well known and

constant in time
. . new nuclide flux specT’(rum 2
* Reaction coefficient data o depends on:  EEIEE T N \Tea) reaction
. . ‘ coefficients o
— Nuclear cross section and yield data
- Fuel type
— Enrichment

- Burnup
- Assembly design

— Fuel temperatures fime passes, flux

, At magnitude, ¢
— Moderator properties

— Control rod/blade exposure, etc.

* Flux magnitude data ¢ depend on TronsmLiToﬂon
operating history rates, A=A + o¢
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On the ORIGEN species . .

1989

ORIGEN-SANDIA
DOE OCRWM

ORIGEN-RA
(Argonne)

ORIGEN-JENDL (JAEA)
Monteburns, VESTA

RATAF ORIGEN2 )
Rnes (1980) MCODE-MIT
MVP-BURN
MOCUP
ORIGEN N
(1973) o> d . oY
ORIGEN-S ~ SR IR - D
O O & q,'b. Q,b“v &,?' \359 &
S & ¥ & ¥ &F N
KORIGEN Lol S SN G S R o o
(Karlsruhe) ‘-Jo ‘-:O ‘-:o f-_,c’v. ‘70 OQ. 2
ORIGEN-JR sc?LIEIgl%zlgze,)
Notes (JAEA) :
« DOE halted support for ORIGEN2 in 1989 MCU Monteburns
« DOE and NRC continue to support development of ORIGEN-X-GRS MCNP5 (SCK-CEN)
ORIGEN in SCALE OCTOPUS (ECN) MCODE
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Comparison of ORIGEN branches

ORIGEN ORIGEN2
(1982—-present) (1980-1992)

Modern nuclear data v X

Neutfron spectra v X
User-specified gamma v e

and neutron energy groups

Active development v X

QA configuration control v x

Validation Extensive validation None in over 20 years
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Evolution of ORIGEN capabillities

o SCALE 5.1 (2006)
- Included graphical user interface, new ORIGEN libraries for different reactor types
SCALE 6.0 (2009)

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

SCALE 6.1 (2011)
- Included ENDF/B-VII decay data, expanded nuclides, energy-dependent fission yields
- Replaced the old 3-group libraries with 238-group data from JEFF/A-3.0
SCALE 6.2 (2016)
— Completely rewritten modular ORIGEN source code, dynamic memory allocations
— New CRAM solver; rewritten, streamlined input format
- Integrated alpha and beta sources and specira
— ORIGEN API to allow embedding depletion calculation in other codes
SCALE 6.3 (2023)

— Modernized library construction integrated into the ORIGEN sequence instead of externally via
COUPLE

— Sensitivity analysis capability
- OBIWAN command utility for viewing and manipulating ORIGEN binary files
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1 B 5.1. ORIGEN: Neutron activation,
O R | G E N D O C U m e n T O TI O n transmutation, fission product
generation, & radiation source term
calculation

5.1.1. Acknowledgements
. 5.1.2. Version Information
e Section 5.1 of the SCALE 6.3 manudl

5.1.3. Method of solution

5.1.4. ORIGEN Family of Modules

o Examples show some of the commonly

used ca Pa bilities 5.1.5. ORIGEN
5.1.6. ARP
https://scale-manual.ornl.gov/origen/origen-examples.html 5.1.7.OPUS

5.1.8. Examples
5.1.9. Appendices

5.2. OBIWAN: A tool for viewing
and manipulating Origen binary files

5.3. ORIGEN Reactor Libraries

5.4. ORIGAMI: A Code for
Computing Assembly Isotopics with
ORIGEN

https://scale-manual.ornl.gov/origen/

%OAK RIDGE

National Laboratory




References on ORIGEN methods and data
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Publicly-available documents can be accessed via OSTI. See https://www.ornl.gov/scale/references Depletion and Decay
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ORIGEN decay calculations

 Hands-on introduction to ORIGEN
decay input data and input generation
and validation using Fulcrum




A simple decay heat calculation

T conveRTER RADIOISOTOPE
° Problem N FUEL CAPSULE PUWER ?
— Determine the 100-year decay \ \[TENERGE S CARDIAC

heat curve for a radioisotope-powered CONVERTER SYSTEM
pacemaker powered by 1 mg 238Pu \ | PACEMAKER
A II T3 )‘W :
 Approach N

— Clean slate: start with an

empty file and use the autocomplete
capability in Fulcrum

MAJOR DESIGN
SPECIFICATIONS

, . T ELECTRODE
- Name your input “i_heart_pu238.inp LIFETIME: 10 YEARS MINIMUM
» AL
— Include save=yes |JSHUE|_RAA¢|QN ; SIZE: NO DIMENSION TO EXCEED 6 cm.
] . ' ~— SILASTIC COATED WEIGHT: 300 gm
— Open associated F/1 file in Fulcrum S/S CONTAINER L e
FUEL: Pu-

Radioisotope-powered cardiac pacemaker developed
by the Atomic Energy Commission, circa 1967.
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Simple decay calculation: Open Fulcrum

o000 SCALE

e —— * Shortcut fo Fulcrum is

00 T | | usually in the SCALE folder

Fiter on Desktop (on Windows
computer)

¥ OAKRIDCE




Simple decay calculation: Construct a case block

eoe SCALE '
File Edit View Run Help
Reload Save Save as Close tab Print Cut Copy Paste Undo Redo Find
ﬂ @ Navigation i_heart_pu238.inp* |
Filter Processors . document SCALE 6.3.2 Run . View . Edit .
~ i_heart_pu238.inp* 1 =origen
document gcase{ 0 1y o | _I_h
4 ¢ insert case components here Cqse IS O WOyS e
5 ik MU R
6) problem “unit” for each
7 .
s ens ORIGEN calculation
Line: 9, Col: 1 Validation Messages |
%OAK RIDGE
National Laboratory SCALE 6.3.2| Last Updated: September 2024
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Simple decay calculation: Add a lib block

SCALE

File Edit View Run Help

Reload Save Save as

ﬁ @ Navigation

Filter

Closetab  Print | Cut  Cop baste i+ Undo fedo | Find

i_heart_pu238.inp |

.- . document . SCALE6.32 B Run. View. Edit.

v i_heart_pu238.inp
document

%OAK RIDGE
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1 =origen

2 case{

3 §% use ENDF/B=VII.l1l decay library
4 1lib{ file=end7dec }

51}

6 end

7

Line: 7, Col: 1 Validation

e Synfax is:

1lib{ file=filename
pos=file _position }

* Use the special
‘end7dec” library, which
is a decay-only library



Simple decay calculation: Add a mat block for 238Pu

o @ SCALE
File Edit View Run Help | | | Material block has two
Reload Save Save as Close tab Print : Co Cop Paste Undo 2d Find .
OO0  ravgaton rear_pzsainet | components:
Filter ) document SCALE 6.3.2 Run , View , Edit . _ iSO= [ liSt O_F key/value
~ i_heart_pu238.inp* 1 =origen 3
docu?nent p gca:—eise ENDF/B=VII.1 decay library pa:!-r‘S] . .
| List filesendldec ) — units= Concenftration units for
oo orru-zss values iniso array (e.g.,
s | unitssGRAMS GRAMS)

- — Default concentration units
12 are MOLES

Add 1 mg (0.001) of Pu-238

Line: 9, Col: 4 . forigenfcase/mat/f} Validation ~ Messages

%OAK RIDGE

National Laboratory




Simple decay calculation: Add a time block

File Edit View Run Help

Reload Save Save as

ﬂ @ Navigation

Close tab Print CL Paste Undo do Find

i_heart_pu238.inp* |

. document . SCALE6.3.2 Run .  View . Edit .

Filter
~ i_heart_pu238.inp* ;=°ri‘{3en
case
document 3 % use ENDF/B=VII.1 decay library
4 lib{ file=end7dec }
5 mat{
6 % Img of Pu-238
7 iso[ pu238=0.001 ]
8 units=GRAMS
9 }
10 % decay to 1 day
11 time=[1.0]
12}
13 end
14|
Line: 14, Col: 1 . Validation ges
d
% OAK RIDGE
National Laboratory

For now, we'lljust do 1 day

Can use shortcut notation
t=[1.0]
(default units are days)

We'll go back and add the full
time in a moment

Our problem is ready to run!



Simple decay calculation: Validate the ORIGEN input

°ce | e« Remove “S” from “GRAMS”

File Edit View Run Help

Reload Save Save as Close tab Print Cut Copy Paste Undo Redo Find

ﬂ @ Navigation i_heart_pu?SS.inp‘ | . | | ® N O-I-ic e Vq Iid qtion b U-I--I-O n i n
Citer rocessors .  SCALE6.3.2 Run . View< Edit . boﬂ-om r|g h'l- (red Shgde)
~ i_heart_pu238.inp* 1 =origen

document :caze;.[zse ENDF/B=VII.1 decay librar 1
| i s mor/EvI 1 o Click on button to get
5 t{ ° 3 °
§ "% ing of pu-238 validation error details
7 iso[ pu238=0. ]
8 units=GRAM
lg ; decay to 1 day
11 time=[1.0]
12 }
13 end
14
Line: 8, Col: 16 , [origen/case/mat/units/value Validation
%OAK RIDGE
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Simple decay calculation: Find validation errors

00 SCALE
File Edit View Run Help e Validation box shows
Reload Save Save as Close tab Print Paste : Undo Re : Find /

B@ Navigation i_heart_pu:2387i;1;l‘ w|' - - LINE:COLUMN Ond Then G
Filter document SCALE 6.3.2 Run . Viewaﬁ{ meSSOge

~ i_heart_pu238.inp* ;=ori<{;en . .
case
document 3 % use ENDF/B=VII.1 decay library i C“Cklng -I-he meSSOge
4 1lib{ file=end7dec }
5 mati moves the cursor there
6 % Img of Pu-238
7 iso[ pu238=0.001 ]
8 units=GRAM
9 }
10 % decay to 1 da

11 time=[1.0]

line:8 column:5 - Validation Error: units value "gram" is not one of the allowed values: [ "atoms-per-

Line: 10, Col: 19 . [origen/case/comment \zlezlon  Messages |

%OAK RIDGE
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Simple decay calculation: Run calculation

-

[ NON SCALE
File Edit View Run Help
Reload Save Save as Close tab Print Cut Copy aste Undo Find
Q6 Navigation i_heart_pu238.inp
Filter . document | SCALE6.3.2 Run . View . Edi
~ i_heart_pu238.inp ;=ori<{3en
case
document 3 % use ENDF/B=VII.1 decay library
4 1lib{ file=end77dec }
5 mat({
6 % Img of Pu-238
7 iso[ pu238=0.0
8 units=GRAMS
9 }
10 & decay to 1 day
11 time=[1.0]
12}
13 end
14|
15
16
17
18
19
Line: 14, Col: 1 Validation Messages
S
*OAK RIDGE
National Laboratory

__—+ Correct "GRAM" 1o

GRAMS"” and save file
by click on “Save”

Click the “Run” button

Noftice shaded
Messages button

Click Messages to see
code running



Simple decay calculation: Examine messages

SCALE

File Edit View Run Help

Reload Save Save as

Q @ Navigation

Filter

Closetab  Print : Cut  Copy  Paste © Undo  Redo © Find

i_heart_pu238.inp ‘

vocecos | document . SCALE 6.3.2 Run . View . Edit .

~ i_heart_pu238.inp
document

%OAK RIDGE

National Laboratory

1 =origen
2 case{
% use ENDF/B=VII.1 decay library
1lib{ file=end7dec }
mat({
% Img of Pu-238
iso[ pu238=0.001 ]
units=GRAMS

Voo Jo U e Ww

}

10 % decay to 1 day
11 time=[1.0]

12}

13 end

14

15

16

17
10

Mon Sep 30 13:59:02 2024 |

29

30 Now executing origen
31

32 Scale job /Users/gi5/scaletraini 024/fall2024/origen/i_heart_pul38.inp is finished.
33 Output is stored in /Users/gis7/8caletraining/2024/falle024/origen/i_heart_pul38.out
34
B8 Process finished with O return code; ran in 1 secs, finished at Mon Sep 30 13:59:04 202«

Line: 13, Col: 4 , [origenfend Validation

e See sequences
executed

e A “Orefurn code”
means success

SCALE 6.3.2| Last Updated: September 2024
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Simple decay calculation: Open output file

L BN SCALE
File Edit View Run Help
Reload Saveas Close it Cut Copy  Paste Undo  Redo Find
ﬁ @ Navigation i_heart_pu238.inp ‘
Filter ors o document SCALE 6.3.2 Run . View . Edit .
| T— ’

| v_i_heart_pu R

docume
Close

o Easiest way is to right-
click on file name in the

navigation pane and

"/B=VII.1l decay library

ranATAa~ L

Open associated files > i_heart_pu238.out

e % Img of i_heart_pu238.msg
7 iso[ pu238=U0.001 ]
8 units=GRAMS

9 1}

10 % decay to 1 day
11 time=[1.0]

12}

13 end

14

15

Line: 19, Col: 1

Validation

"Open associated files”
-2 I_heart_pu238.out

%OAK RIDGE
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Simple decay calculation: Examine output file

o &} SCALE

o i Ve nn | | e “Concenftration tables” are
00 ot | rerisasi | iesen | printed for each case

103 kkkkkkkkkkkkkkdkkkkkkdkkkkk ko kdkkkkkk ko kkk kA kk ko kkkkkkk ko kkkkkkhkhkkkhkkkhkkkhkkkkkk k%
i_heart_pu238.inp 104 *kkhkkkhkhkkkkkhkkhkk ° B d f I_I_ I

document 195 *kkkkkrkkhhkhkhkhrhhk y e O U ’ O n y g rG I I IS Gre
i_heart_pu238.out 196 *xkkkkskkdkkkkkhokkkkkk Concentration tables o
= = 107 *kkkkkkkkkkhkkkkkkhkk
108 *kkkkkkkkkkhokkkkkkokk prlnTed
199 hkkkkkkhhhk ko hk kAR kKR AR K KA R KK AR AR KR IR KR ARKK AR KRR IR KRR K KRR KRR IR KRRk Rk kR kA KRk kK

200 .
201 .

TP N TPy e Nothing really happens to

B —— —— —— — -~~~ -~ o e e e e e

L]
205 (relative cutoff; integral of concentrations over time > 1.00E-06 % of integral o 238Pl ' In O dOy
e o o

Filter

206 .
207 0.000d 1.000d
208 he-4 .0000E+00 3.6384E-10

B s ooz - Half-life is 87.7 years

210 pu-238
B - - —— - ——————

212 totals 1.0000E-03 1.0000E-03
213

214 .

= O o

Line: 10, Col: 18

%OAK RIDGE
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Simple decay calculation: Add decay fime to 100 years

L N SCALE
File Edit View Run Help
Reload Save Save as Close tab Print Cut Copy Paste Undo Redo Find
ﬂ @ Navigation i_heart_pu238.inp* | i_heart_pu238.out |
Filter OCEessors . document SCALE 6.3.2 Run ., View ., Edit .,
i_heart_pu238.inp* ; =ori?en
case
. hdor(:umeznsta ; 3 ¢ use ENDF/B=VII.1 decay library
I_hearl_puz3ss.ou 4 1ib{ file=end7dec }
5 mat{
6 % Img of Pu-238
7 iso[ pu238=0.001 ]
8 units=GRAMS
9 }
10 $% decay for 100 years
11 time=[20L 365.25 36525]
12}
13 end
14
15
16
17
18
19
Line: 10, Col: 1 . forigen/case Validation  jesszccs |

%OAK RIDGE
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e 100 years is 36,525 days
- Keeping it in days now
for simplicity
* Input shortcut:

— 20L = 20 logarithmically-
spaced intervals
between 365.25 and
36,525 days
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Simple decay calculations:

Examine activity and elemental breakdowns

® @ SCALE
File Edit View Run Help
Reload Save Save as Close tab Print Cu Cop ste Undo edc Find
ﬂ @ Navigation i_heart_pu238.inp* | i_heart_pu238.out |
Filter ) document SCALE 6.3.2 Run . View . Edit .

+ i_heart_pu238.inp* 1 =origen

2 case(
document
. 5] ENDF/B=VII.1 d 1lib
i_heart_pu238.out 2 use / ecay library

4 1lib{ file=end7dec }
5 mat{
6 % 1lmg of Pu-238
7 iso[ pu238=0.001 ]
8 units=GRAMS
9 1}
10 % decay for 100 years
11 time=[20L 365.25 36525]
12 print{
13 nuc{units=[GRAMS WATTS]}
14 ele{units=[GRAMS WATTS]}
15 }
16}
17 end
18
19

%OAK RIDGE
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Line: 18, Col: 1 Validation

|

Use the print block

print block contains
nuclide (nuc) and element
(ele) blocks

Blocks on the left print
activity/mass by nuclide and
element

Add printout of decay heat
(WATTS)



Simple decay calculation:
Save ORIGEN binary concentration file (f71)

SCALE

e

| NN

File Edit View Run Help

Reload Save Save as Close tab Print Cut Paste Undo Redo Find

ﬂ @ Navigation i_heart_pu238.inp* | i_heart_pu238.out |

Filter document SCALE 6.3.2 Run .  View . Edit//

~ i_heart_pu238.inp*

document

i_heart_pu238.out

%OAK RIDGE
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1 =origen

2 case(

3 % use ENDF/B=VII.1 decay library
4 1lib{ file=end7dec }

5 mat{

6 % 1lmg of Pu-238

7 iso[ pu238=0.001 ]

8 units=GRAMS

9 1}

10 & decay for 100 years

11 time=[20L 365.25 3652

12 print{

13 nuc{units=[G S WATTS]}
14 ele{unitss{GRAMS WATTS]}
15 }

16 save=YES|

17}

18 end

Line: 16, Col: 9 , [origen/case/save/value Validation

Messages |

e Use the save=yes tO
generate binary
concentration file

 The save block gives more
control over the exact
data to output

e Run input



Simple decay calculations: Open /1 file

SCALE

e Right-click on

i_heart_pu238.inp

| NON
File Edit View Run Help
Reload Save Save as Close : Cut Copy Paste Undo Redo Find
ﬂ @ Navigation i_heart_pu238.inp | i_heart_pu238.out |
Filter scessors . i document . SCALE6.3.2 Run. View ., Edit ,
W 1 =oriacan
docurll Reload
. Close Y/B=VII.1 decay library
|_heart_pt and7dac 1}
L_heart_puz3s.out
T T % Img of |_heart_pu238.msg
7 iso[ pu2 P EL A
8 units=GRruuo
9 1}
10 % decay for 100 years
11 time=[20L 365.25 36525]
12 print{
13 nuc{units=[GRAMS WATTS]}
14 ele{units=[GRAMS WATTS]}
15 }
16 save=YES
17}
18 end
19
Line: 9, Col: 4 . forigen/case/mat/} Validation  Messages |
%OAK RIDGE
National Laboratory

Open associated files
-2"i_heart_pu238.f71"

SCALE 6.3.2| Last Updated: September 2024
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Simple decay calculation:
Use t71 viewer 1o view concenftration plot (in grams)

@ @ SCALE
File Edit View Run Help

CCCCCCCC

00 wroce RN . ~« First select all states (should

Filter Navigation m Table
i_heart_pu238.f71 State 1 T+0 2 f -|- h f | | M
i_heart_pu238.inp State 2 T+3.15576e+07 e O n y O e O OWI n g
> documen t State 3 T+3.92954e+07 0.001 |- pemeeeemscsiapamuuspssapesss gunnssopiasmnnnnpusssanan g asnessn s nemans s n e smennes
i_heart_pu238.out State 4 T+4.89306e+07 — o8
State 5 T+6.09282e+07 0.0001 ¢ pu W O ys
Qtate R T+7 RRAZRaLNT 105 [ W u234
RIS S —— hea .
Data filtering (via Opus) 106 i ~— th230 - I_ f-I-_ | k d d d
ool I elrT-CliICK dn rag aown
[elements] ra226
[symnuc] 10-8 --+-- Subtotals
= sl - Hold SHIFT and select range
i 10 -10 L
@ g0l 6.56788 , 1.29637e-10 — ( TRL_ A
[symnuc] filter set o
10 -12 L
[libtype] Light elements .
-1 L
2 Actinides 10 .
« Change [plot units] and
nrank 5 2 1015
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Simple decay calculation:
Can change x-axis fime scale to Log or Linear

coe  Right click anywhere on plot and select
“Plot Options”

Close tab

(xY5) Navigation i_helrt_puzss.inp [ i_heart_pui.’i&wt l i_heart_pu238.f71
Filter Navigation Plot Table ° N M .I. .I. 1 X M S I "
Lheart pu23s 71 S avigare 10 Axes>X-Axis>Scale
i_heart_pu238.inp State 2 T+3.15576e+07 o " i e "
document State 3 T+3.92954e+07 0.001 | yemmesememsenpnsgmacgnengonsgunnse s sy s o g oo ooososane d h 'I' L L
i_heart_pu238.out State 4 T+4.89306e+07 e 2; G n C O n g e O 0 g O r I n eq r
State 5 T+6.09282e+07 0.0001 PA
Qtata R T+7 RRA7AA+NT 105 | ; u234
L e e ~— hea
Data filtering (via Opus) 106 F /.'"!‘ —— th230 A
elamerss] 107 | 12226 ([ Plot2D Options
i) 10-8 b Subtotals
" - Totals
7 0 Chart Property Value
5 0 X-Axis
2 1omlL 656788, 1.296376-10 Legend .
[symnuc] filter set g Visible True
102 L Axes .
[libtype] Light elements 5 Label Time (years)
- 108 |
€ Actinides Graphs (7) Label Color Il [0 0, 0] (255)
&) . . 10 -14 L
€4 Fi=sloniprodicts Label Font NFeeTs n...
[nrank] 5 > 105 F Scal | 'S
) 106 | ca e « Log S
[plot units] grams < ol Range Min 1
[sort units] grams ; i i i ; . j Range Max 100
) 15 30 45 60 75 90 105
[time units] years & Time (years) Range Reversed False
Grid Standard
4 .
Tick Label Font A [.AppleSystemUIFon...
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Simple decay calculation:
Experiment with different filtering options

e nrank iS The number of things

oo e SCALE
File Edit View Run Help 'I'O S h OW
CCCCCCCC H H i
0 @ Navigation i_heart_pu238.inp i_heart_pu238.out i_heart_pu238.f71
L] L]
Filter Navigation t - t
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i_heart_pu238.f71 State 1 T+0 s l S
i_heart_pu238.inp State 2 T+3.15576e+07 . .
) documen t State 3 T+3.92954e+07 0.001 | yewmosescsespmiuusgpocagasosgeonnsopossosnpena e g e In -I-he rO n |<I n
i_heart_pu238.out State 4 T+4.89306e+07 e 2;
State 5 T+6.09282¢+07 0.0001 | P
Qtate A T+7 RRA7AR~+NT 105 | TERTTE u24
s P E ~— hed - . .
ata filtering (via Opus) 102 F /, —— th230 * pl O t unl t S IS e U n I S O
-7 L
[elements] L ra226
[symnuc] 08 | ---- Subtotals h _I_h I _I_
- el SNOW OnN Tne PIOo
£ \
g 10-10 | |
) = PRt °
e o Pl elements 10ggles wnhether
[libtype] Light elements “ o
o ol elements or nuclides are
Fission products 101
[nrank] 5 2 101 h
wl SNOWN
[plot units] grams 10
10-7 |
[sort units] grams L | | | 1 | |
0 15 30 45 60 75 90 105
[time units] years Time (years) ([ e p O O e e S OWS e
A

concentration in grams of the
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Simple decay calculation: Export plot as image

® ® SCALE
File Edit View Run Help

Close tab

Navigation i_heart_pu238.inp i_heart_pu238.out i_heart_pu238.f71 M :
g e RIgNT-CliCK On plot an
Filter Navigation Plot Table . "
— select “Save as...” and
i_heart_pu238.inp State 19 T+1.31266e+09 3 [ )
AGEHBIE State 20 T+1.63452+09 Bicthprons .
Fit graphs e
i_heart_pu238.out State 21 T+2.0353e+09 = C O O S e I e e
State 22 T+2.53435e+09 00001} pomove i pu238
State 23 T+3.15576e+09 - Save > PDE u234 5
PNG —— hed .
Data filtering (via Opus) 10-6 | UPGHINE. ... —or—e—" T —— th230 ° PDF Op-l-lon Uses Vec-l-or
——>"" I ISEE
[elements] 102 = —— ra226 L
[symnuc] [ --+-- Subtotals . .
: e graphics—good choice
%]
g 09| ° .
o
5 gl for embedding in a
" 7 w
[symnuc] filter set k. il
[libtype] Light elements 102 | re p O r-I-
Actinides
Fission products 108 F
[nrank] 5 = 1014
[plot units] grams %) 1015 |-
-16 L
[sort units] grams a0 i ;
1 10 100
[time units] years Time (years)
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Simple decay calculation:
Export table for use info another program

o0e SCALE
File Edit View Run Help

Close tab H Copy H
0 @ Navigation i_heart_pu238.inp i_heart_pu238.out i_heart_pu238.f71 °
e Click on the Table Tab
i_heart_pu238.f71 Jrare T T pu238 u234 hed th230 ra226 Subtotals Totals t
i_heart_pu238.inp State 5 T+6.09282e+07
State 6 T+7.58676e+07 0.000000e+00  0.001 0 0 0 0 0.001 0.001

document
State 7 T+9.44701e+07

L]
i_heart_pu238.out " - - "
ey M 1.000000e+00  0.000992127 7.74006e-06 1.32372e-07 1.07539e-11  3.24064e-17 0.001 0.001 Y < | I ( : |< O n 'I'I‘ ] e 'I'O p |e f'l'

State 9 T+1.46477e+08 1245197e+00  0.000990206 9.62858e¢-06 1.6467e-07  1.66634e-11 6.2535e-17  0.001 0.001
State 10 T+1.82393e+08

L] L]
State 11 T+2.27116e+08 1550518e+00  0.00098782  1.1976e-05  2.048e-07  2.5816e-11  1.20659e-16 0.001 0.001 S UOre 'I'O hl hll h'I' O”
State 12 T+2.82804e+08

o 1 T e e 1930698e+00 0.000984856 1.48889e-05 2.54634e-07 3.99881e-11 2.32772e-16 0.001 0.001

State 14 T+4.38491e+08 2.404099e+00 0.000981178 1.85057e-05 3.16479e-07 6.19257e-11  4.4897e-16  0.001 0.001

State 15 T+5.46008e+08

State 16 T+6.79888e+08 2993577e+00  0.000976617 2.2989e-05 3.93165e-07 9.58671e-11 8.65763e-16 0.000999999 0.000999999

State 17 T+8.46594e+08

State 18 T+1.05418e+09 3.727594e+00 0.000970968 2.85433e-05 4.88157e-07 1.48357e-10 1.66898e-15 0.000999999 0.000999999

State 19 T+1.31266e+09 4641589e+00  0.000963979 3.54146e-05 6.05673e-07 2.29479e-10 3.21618e-15 0.000999999 0.000999999 Y

State 20 T+1.63452e+09 -
Stata 21 T+2 N3F2A+00 5.779693e+00 0.000955346 4.39015e-05 7.50822e-07 3.54751e-10 6.19482e-15 0.000999999 0.000999999

. X 7196857e+00  0.000944705 5.43632e-05 9.29746e-07 5.48012e-10 1.19252e-14 0.000999999 0.000999999
Data filtering (via Opus)

8.961505e+00 0.00093162  6.72273e-05 1.14976e-06 8.45795e-10 2.29407e-14 0.000999998 0.000999998
« Can open the other

[symnuc] 1115884e+01  0.00091558  8.29968e-05 1.41947e-06 1.30394e-09 4.40899%e-14 0.000999998 0.000999998

1.389495e+01  0.000895993 0.000102254 1.74883e-06 2.00747e-09 8.46467e-14 0.000999997 0.000999997 p rogrO m (e g MS Exce |)
. (4

1.730196e+01 0.000872187 0.000125657 2.14912e-06 3.08532e-09 1.62287e-13 0.000999997 0.000999997

[symnuc] filter set 2154435e+01  0.000843427 0.000153932 2.63273¢-06 4.73192e-09 3.10623e-13 0.000999996 0.000999996 On d CTRL V 'I'O pOS'I'e
-

[libtype] @ Light elements 2682696e+01 0.000808937 0000187839 3.21269e-06 7.23852e-09 5.93311e-13 0.000999995 0.000999995

9 Actinides 33404856401 0.000767954 0000228127 3.90184e-06 1.10378e-08 113038e-12  0.000999994 0.000999994 C On-l- e n-I-S
@ Fission products 4159562e+01  0.000719813 0.000275451 4.71139e-06 1.67658e-08 2.14688e-12 0.000999993 0.000999993

[rrank] > J 5.1794756:01  0.000864065 0000330252 5.6489¢-06 2.53461e-08 4.06192e-12 0.000999992 0.000999992
[RIoRIIE] grams 6.449467¢+01  0.000600644 0.000392592 6.71549¢-06 3.80987¢-08 7.64947e-12 0.00099999  0.00099999
[sort units] grams 80308576401 0.000530072 0.000461957 7.90243¢-06 568747e-08 1.43246e-11 0.000999988 0.000999988
[time units] Jears 10000000402 0.000453673 0.000537042 9.18749¢-06 8.4211e-08  2.66435e-11 0.000999986 0.000999986
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Solution
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=origen
case({
lib{ file=end/dec }
mat {
iso[ pu238=le-3 ]
units=GRAMS
}
time=[ 20L 1 36525 ]
print{ nuc{ units=[grams watts]
save=yes

}

end

Fo)
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Simple decay calculation: Summary

» |nput file structure is simple for simple decay calculations
- one ORIGEN case block
- use “end’7dec” in lib block
- short material specification (mat block), e.g.
 mat{units=grams iso[u238=1.0]} % single nuclide
 mat{units=moles iso[k=1.0]} % single element
— restis printing in .out file, 71 save options

e Logarithmic interpolation is convenient to create time array, e.g.
time=[5L 1 10]
* Forlong decay times, make sure the time “grid” is refined sufficiently
e.q., fry both time=[5L 1 10]
and
time=[10L 1 10]
and see if your results change significantly
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