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Learning goals

Introduce users to the radiation emission capabilities in ORIGEN
(gamma, neutron, alpha, and beta) and their associated options

Demonstrate how OPUS can be used to visualize decay spectra
calculated by ORIGEN
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Input component: Emission calculations

=origen
bounds {

}

case{

print{

neutron{

spectra=yes

}
}
neutron=yes
fequivalent to
sneutron{
alphan medium=CASE
alphan step=LAST
alphan bins=200
alphan cutoff=0.0

o0 o o° o\° o°

}

end

neutron=[20e6 1le3 1 le-3]

seV

n
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e Emission calculations have 3 parts
(heutron as example)

— define bounds in eV:
bounds—=2neutron

- enable calculation/set parameters:
case—2neutron

— ask for printout:
case—2print—2>neutron

 Neutron and gamma emission
Includes a charged particle
slowing down component
- (alpha,n) component for neutron emission
— B+, B- Bremsstrahlung for gamma emission

 Alpha and beta emissions are pure
sources, i.e., no slowing down!




Nnput component: Neutron

=origen

bounds{
neutron=[1le6 1le3 1] %2-group with 1MeV, 1lkeV, 1leV
%read neutron bounds from file instead
$neutron="scale.rev04.xn252v7.1"

}

case{

neutron/{
alphan medium=CASE %0/U02 for UO2
%1/BOROSILICATE
% for Borosilicate glass
%2/CASE for case-specific
% (DEFAULT)
%use 200 bins for
%alpha slowing down
alphan cutoff=0.0 Scutoff for alpha,n
alphan step=LAST %$step index in this case
} $Salternatively neutron=yes
print{
neutron/{
summary=yes
spectra=no
detailed=no

alphan bins=200

}

end
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e Neutron emission calculation has 3
components

- (alpha,n) neutrons

— spontaneous fission neutrons
- delayed neutrons

* (alpha,n) requires a charged particle
slowing down calculation>dependent
on medium

- medium: UQO,, Borosilicate glass, problem-
dependent

— Problem-dependent compositions taken
from asingle step (alphan step)

— Isotopes with atom fraction or an activity
below cutoff are not considered



Input component: Gamma

=origen

bounds {
gamma=[le6 le3 1] %2-group with 1MeV, 1lkeV, 1leV
%$read gamma bounds from file instead
%gamma="scale.rev1l0.xn27gl9v7.0"

}

case/{
gamma {
sublib=ALL %$LT, FP, or AC - single sublib
$ALL - all sub-libraries
brem medium=UO2 %assume Bremsstrahlung in UO,
immediate=yes %load lines for immediate gamma/x-rays
spont=yes %include photons from spontaneous fission
%and alpha,n reactions
continuum=yes %expand continuum data “lines” into proper continuua
conserve line energy=no %conserve line energy instead of line intensity
adjust for missing=no %adjust photon intensity for missing data
split near boundary=no %lines within 3% of a group boundary are split
%$into two bins
}
print{
% default gamma options
gamma {
summary=yes
spectra=no
principal step=NONE $step index to calculate (NONE to suppress)
principal cutoff=2 %principal emitter cutoff in percent
unbinned warning=no 3%print warning when line not binned
}
}
}
end
%OAK RIDGE
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Gamma emission calculation has 2
types of spectral data

- line data
- confinuum data (e.g., bremsstrahlung)

Bremsstrahlung requires charged
particle slowing down

— Pre-tabulated as a function of beta
energy for UO, & H,O media

- brem medium: UO,, H,O (no
problem-dependent option like for
neutron)

Default calculation options generally
fine except
— brem medium=H20/U02/NONE

— If no option is appropriate, sensitivity
can be assessed by frying each one



Input component: Alpha/beto

=origen
bounds {
alpha=[le6 1le3 1]
beta=[le6c 1le3 1]
}

case{

beta{
sublibs=ALL 3%NONE - no calculation
%$LT, FP, or AC - single sublib
$ALL - all sub-libraries
} %or beta=yes
alpha=yes %or alphaf}
print{
alpha({
summary=yes
spectra=no
}
beta{
summary=yes
spectra=no
principal step=NONE %step index to calculate
%principal emitters
principal cutoff=2 Sprincipal emitter cutoff

end
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« Alpha/beta bounds

- alpha/beta="/path/to/library"
not allowed

— only direct eV input

e Calculation blocks

- alpha block has no options
- beta block only sets sublibs

« Remember alpha/beta are
sources with no slowing down
physics
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Overview

 Decay calculation with neuftron emission
- 1 g 28py
- 5 years decay
— enable neutron calculation
- compare (a,n) options problem specific to oxide matrix
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Clean slate

Y X ) SCALE

File Edit View Run Help

Reload Save Save as Close tab Print u Copy t Undo Find
. . [ ) [ ]
g I e e Start with empty file

Filter - documen t | SCALE6.32 Run. View. Edit.

~ pu238_decay._tutorial.inp* 1 =origen

socumen : e For this tutorial, either

3 % Insert ORIGEN content here

4

5lend - type commands as | do it

— use CTRL+SPACE o
autocomplete

~« Click on "Validation"
button to expand the
validation window

line:1 column:1 - Validation Error: origen has zero of: [ case build_lib ] - at least one must occur

Line: 5, Col: 1 , forigenfend
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Start with a case

Print

SCALE

Cut Copy Paste Undo Redo Find

pu238_decay_tutorial.inp* ‘

Processors document SCALE 6.3.2 Run . View Edit

r -
o0
File Edit View Run Help
Reload Save Save as Close tab
Q@ Navigation
Filter
~ pu238_decay_tutorial.inp*
document
% 0AK RIDGE
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1 =origen

2

3

4 bounds
solver
options

case

line:1 column:1 - Validation Error: origen has zero of: [ case build_lib ] - at least one must occur

Line: 3, Col: 1 ., forigen/case/decl

vali

Messages

Creqate a case
— CTRL+SPACE
— Down arrow 1o case

SCALE 6.3.2| Last Updated: March 2025

10



’ 12 Possibi

File Edit View Run Help

Reload Save Save as Close tab
ﬂ @ Navigation
Filter

Print Cut

lities In a Case

SCALE

Paste Undo Redo Find

pu238_decay_tutorial.inp* ‘

document . SCALE6.3.2 R e i

~ pu238_decay_tutorial.inp*
document
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1 =origen

2

3 case{

4

5 % Insert case components here
6

71

8

9 end

line:3 column:1 - Validation Error: case has 0 "time" occurrences - when there should be a minimum occurrence of 1

Validation

Line: 7, Col: 2 . forigen/case/}

MessagesJ

CTRL+SPACE inside
case gives you

lib
time
flux
power
print
mat
save
neutron
gamma
beta
processing

SCALE 6.3.2| Last Updated: March 2025
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Three are used almost every time

@ (] SCALE
File Edit View Run Help
€ Save as Close tab Print

00w | s | e Letf's fill in the big 3

Filter “son . document .~ SCALE632 Run . View ., Edit.,

= °
v pu238_decay._tutorial.inp 1 >=or:|.gen _ I I b
documen t 2

oo | for decay, just use
5 1ib{ file="end7dec" } ' " "

6 mat{ iso=[pu238=1.0] } | end7dec

7 % 5 years * 365.25 days/year }

8 time=[1826.25] — mQ‘I'

91}

0 | iso array with default
| units

- fime
time array with default
units

« No validation errors!

|

- o Click “Run”
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Side-by-side for input/output

[ J [ SCALE
File Edit View Run Help

. . .
Reload S Saveas Closetab  Print | C. Cop S ¢ Undc Redo : Find | o | E I g | I -I-_C | I C k I I I
t

D @ Navigation pu238_decay_tuto.rial.inp | | pu238_decay_tutorial.out
- - ° °
Filter document . | SCALE 6.3.2 » ¢ N g ‘I'
. : 1 dhhkkhhkhkhkhkhk kb hk kb hkhkhkhkhkhhk bk hkh bk hkhhkhk kb bk hkh kb kb kb hkdkhkhkkhkrhkhkhhkkhkkhk ko | qv‘ q Ion On
pu238_decay._tutorial.inp 1 =origen > * o
document 2 d
L cument st - 3 - SCALE 6.3.2 NP ANa open

4 * e

4 *.oUt & *.m

* —_
5 lib{ file="end7dec" } 2 % 2024-02 oOU . Sg
i so= 238=1.
e Tat{ iso=[pu238 0] 3 7 0* SCALE: A Comprehensive Modeling and Simulat:
7 % 5 years * 365.25 days/year . .
. 8 * for Nuclear Safety Analysis and Desic | k

Mssaake : - « Drag *.out TAB

9} . .

10 10 * Reactor and Nuclear Systems Divis: . .
11 = Oak Ridge National Laboratory 'I' h‘l‘ d f

o right side o
13 ~* http://scale.ornl.gov
1 - Fulcrum to have
15 * o
16 KA A AR A A A A A A A A AR A A A A IR A A A A A A A Ak A A A kA kA A A Ak kA kA hkhkkhkkk*k | T

. ca. 17 LI i i i i i i i i I i S i i i S A i S R i e S i e i S e I R i i i i i Sp I SCreen
Fri Mar 7 16:59:04 2025

18 18 °

R — 15 Input/output

20 e

21 Job started on mac128166 on Fri 2025-03-07 04:5! 20 mmmmmmmmomm—oes .

22  Working directory: /private/var/folders/7m/941_v' 21 Job started on macl28166 on Fri 2025-03-07 04:59:05

23 Input file name :/Users/qvg/test/pu23B_deca,y_tutl 22 Working directory: /private/var/folders/7m/941 vlhs:

24  Output file name : /Users/qv9/test/pul38_decay_tu X —

25  SCALE executable : /Applications/SCALE-6.3.2.80D, 23 Input file name : /Users/qv9/test/pu238 decay tuto:

g 24 Output file name : /Users/qv9/test/pu238 decay tuto:

S — B

lina- @ Aal-2  Iorinanlcacall Validatinn BNV PRSI lina:1 fal-1 |
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Find the history table

SCALE
File Edit View Run Help

Reload S Save as Close C Co Paste Undo o Find
0 @ Navigation pu238_decay._tutorial.inp pu238_decay_tutorial.out

Filter - |

143 .
pu238_decay_tutorial.inp 144 .
document

14 . .
146 = History overview for case 'l' (#1/1)
B e
148 step t0 tl dt t flux fluence power |
149 (=) (d) (d) (s) (s) (n/cm2-s) (n/cm2) (Mw) |
150 1 0.0000E+00 1.8262E+03 1.5779E+08 1.5779E+08 0.0000E+00 0.0000E+00 0.0000E+00 |
151 |
152 step - step index within this case
153 t0 - time at beginning-of-step in input units
154 tl - time at end-of-step in input units
155 dt - length of step in seconds
156 t - end-of-step cumulative time in seconds
157 flux - flux in neutrons/cm”~2-sec (CALCULATED)
158 fluence - cumulative end-of-step fluence in neutrons/cm”2 (CALCULATED)
159 power - power in mega-watts (INPUT)
160 energy - cumulative end-of-step energy released in mega-watt-days (INPUT)
161
162 .
163 .
164 .
165 .
166 .

« SCALE output is very wide! (~120 columns)

e History overview is very valuable for double checking operating history
entry (time/power/flux)

- Use “Find” and search for “History overview”
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Find the concentration table

189 % k% %k % %k k %k Kk Kk %k ok ok kK Kk ok ok ok ok ok ok sk ok k ok ke ke ke vk ke sk ok sk sk ok ke sk sk ke sk K sk ke sk sk ok sk ks ke sk %k sk ok sk ke ke ke ok sk ke sk ok sk ok sk sk ke ke ok sk K sk ke sk ke ok ke ke sk ke ok sk ok ke sk ke ke ke K sk ke sk sk ok ok ke sk ke ke ok sk ke ok ok kb ok sk ok ok ok ok ke ok

190 **x*A* Kk xkkhkhkkhkdhkdhk k& Kk khkkhkkhkKhkkkKh*
191 kkkxkk kX kA kA Xk kXX Kk k% *xkhkk Kk xhkk Kk *kkkx*
192 % % % % % % k % %k % %k % Kk k k %k * k k% Concentration tables * %k k& Kk k Kk & Kk k ok k Kk %
193 *xhkkhxhkkhkhkkhkdhkdhkk* Kk khkkhkkhkKhkkkKh*
194 x k kxkkk Xk kkk kK kkkkk k% | *xkhkk Kk *hkk Kk *kkkx*

195 J kK %k ok %k kS ke k k ok ok ko ke k ok sk ke ok ok gk ok ke ke ko ke ok ok ok ok sk ok ke sk ke ke ke ok ke ok s ok ke ok sk ke ok ok ok ok ok ke Sk sk ok gk ke ke ok gk ok ok ke Sk ok ok ok ok ok ok sk ke ok ke Sk ok ke ok ke ok ke ok s ok ke ok gk ke ok ok ok ok ko ke ke ok ok ok ok ok kb ok ke ke ok ok ke ko

196

197

1 - —
199 = Nuclide concentrations in grams for case '1l' (#1/1)

200 — —
201 (relative cutoff; integral of concentrations over time > 1.00E-06 % of integral of all concentrations over time)
202 |

203 0.000d 1826.250d

204 he-4 0.0000E+00 1.5509E-01

205 th-230 0.0000E+00 6.3330E-05

206 y-234 0.0000E+00 9.0686E+00

207 pu-238 2.3805E+02 2.2883E+02

208 - _______

209 totals 2.3805E+02 2.3805E+02
3 —
211

e Default output table is by nuclide in grams
e Verify 1 mole of Pu-238 = 238.05 grams

 Mass conserved, 0.15509 grams He generated
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Add more detall
Let's go back and make the following

eoe SCALE changes

File Edit View Run Help

— add a title for the case

Reload Save as Close tab Print Undo Find
pu238_decay_tutorial.inp - Odd an |D for The cqase (OXide)
document SCALE 6.3.2 Run , View , Edit , _ Chgnge amount to 1 gram of Pu-238
1 =origen)| (Units=GRAMS)
2 case . . . .
3 title="Pu-238 Neutron Emission in Oxide Matrix" B ‘(‘]dd more”’rlmes eXp“CI.ﬂy (no array ShOI’TCUTS) using
4 1ib{ file="end7dec" } rule of 3s” and start with 1 day
2 T-a? y;jl: [Euéﬁzééoc]:fa;g;;:iRAMs } - save an f71 file with all steps explicitly (no array
7 time=[1 3 10 30 100 300 1000 1826.25] ShorTCUTS) called "fooriqI_pU238_deCQy_OXide.f71"
8 save{ .
9  file="tutorial pu238 decay oxide.f71" * Inspect new output file
10 steps=[(01 2 3 45 6 7 9] )
11} — history
12 }
13 end — default grams output

— compare He with 1 fime step vs. rule of 3 s
e 1 step: 6.5152E-04 g
* Rule of 3s: 6.5152E-04 g

%OAK RIDGE
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Verify in the output

case | case ftitle

Ms==================================i§========== A
147 = History overview for case 'oxide' (#l/l)¢/7/
148 — Pu-238 Neutron Emission in Oxide Matrix
149
150 step t0 tl dt t flux fluence power energy
L (-) (d) (d) (s) (s) (n/cm2-s) (n/cm2) (MW) (MWd)
152 1 0.0000E+00 1.0000E+00 8.6400E+04 8.6400E+04 O0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
153 2 1.0000E+00 3.0000E+0O0 1.7280EH05 2.5920E+05 0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
154 3 3.0000E+00 1.0000E+01 6.0480E+05 8.6400E+05 O0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
155 4 1.0000E+01 3.0000E+01 1.7280E+06 2.5%920E+06 O0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+0O0
156 5 3.0000E+01 1.0000E+02 6.0480E+06 8.6400E+06 O0.0000E+00 0.0000E+00 O0.0000E+00 0.0000E+0O0
157 6 1.0000E+02 3.0000E+02 1.7280E+07 2.5%20E+07 0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+0O0
158 7 3.0000E+02 1.0000E+03 ©6.0480E+07 8.6400E+07 O0.0000E+00 0.0000E+00 0.0000E+00 O0.0000E+00
159 8 1.0000E+03 1.8262E+03 7.1388E+07 1.5779E+08 0.0000E+00 0.0000E+00 O0.0000E+00 0.0000E+0O0
160
161 step step index within this case
162 t0 time at beginning-of-step in input units
163 tl time at end-cf-step in input units
164 dt length of step in seconds
165 t end-of-step cumulative time in seconds
166 flux flux in neutrons/cm”2-sec (CALCULATED)
167 fluence cumulative end-of-step fluence in neutrons/cm”2 (CALCULATED)
168 power power in mega-watts (INPUT)
169 energy cumulative end-of-step energy released in mega-watt-days (INPUT)
1 I R R R R R R EEE—N———————————————————.
171 |
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Verity the F/1 is being written

P4 Bt i S e i i i S i i g i di i S i i i i S g i i i i i e S i i i S i i i e i i i i i i S i i i S i i i S i i i i i i i i i i i S i i i i i i i i i i i i i i i e i i i i i i i i i i i i i S i i i i i i S i i i i Y

229 kK Kk Kk kk kK ok kK okokkkok ok ok KoKk
230 k Kk kkkkkhkkkkhkhkhkkkkkk*
231 K, K Kk kok koK ok ok Kok ok k Kok ok ok Kk
232 kK Kk ok ok ok kK ok ok Kok ok Kok ok ok kK
233 Kk Kk kkkkhkkkkhkhkkkkkk k%

Written F71 File Information

* Kk kK%
*kh kKK
*kh kKK
* ok ok kK
*k kKK

234 kkkk ok kkhhkkhhhkhkhkhxkhkhkhkhhkhkhkhkhkkhkhkhkkkh ok hkhkhhkhkh ko ko khk ko hkk ko hkhkhkhkhkk ok ko hkkkhkh ok k ok hk ko ko ko ko hkhkk ko hkk ok kh ok ok kh ok hkdkkkhhkxkhkhkhkkkh*

235 |
236
237 index time
238 1 0.00000e+00
239 2 8.64000e+04
240 3 2.59200e+05
241 4 8.64000e+05
242 5 2.59200e+06
243 6 8.64000e+06
244 7 2.59200e+07
245 8 8.64000e+07
246 9 1.57788e+08
247 D
248 C
249 G
250 N -
251 A
252 B
% OAK RIDGE
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OO OO OO oo

available positions

power

.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
0.
- state definition present
- concentrations present

- gamma emission spectra present

neutron emission spectra present
- alpha emission spectra present

- beta emission spectra present

00000e+00

O O OO OO o oo

flux

.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00

[oNeoNoNoNoleNoNolNo)

fluence

.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00

eoNoNoNoNeNeNeNeNe]

burnup libpos

.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00
.00000e+00

e e R e e N

case

e e R e

[6)
purt
[0}

o

W ~Joy Ul bW PO

DCGNAB
DC———=")

. content at
each position




Add the neutron calculation

o000 SCALE
File Edit View Run Help

Reload Save as Close tab Print Undo Find

Now let's add neutron calculation
- case>neutron>alphan_medium=UQO2

pu238_decay_tutorial.inp

document SCALE 6.3.2 Run , View , Edit .,

1 =origen ; p—
2 bounds { |neutron="scale.rev13.xn200g47v7 AT} B coseeprm’r%neu’rron%speCTrO—yeS
3 case (oxide) { - bounds—>neutron="scale.rev13.xn200g47v7.1"

4 title="Pu-238 Neutron Emission in Oxide Matrix"

S5 1ib{ file="end7dec" } .
6 mat{ iso=[pu238=1.0] units=GRAMS } ° |HS|OeCT Nnew OUTDUT file
7 % 5 years * 365.25 days/year .
8 time=[1 3 10 30 100 300 1000 1826.25] - History
9 savef _ _ — Default grams output
10 file="tutorial pu238 decay oxide.f71" . .
11  steps=[0123456709] - Compare He with 1 time step vs. rule of 3's
12}
13 print({ o 1 step: 6.5152E-04 g
i | oot spectratyes » Rule of 3's: 6.5152E-04 g
16 neutron{ — Verify F/1 now has neutron data
17 alphan medium=U02
18 }
19} % end of case(oxide)
20 end

21 ' end of ORIGEN calculations
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Verify neutron emission data on F/ 1

I
1243 **k*kkhkkhhkkhkhkdh kK hkhkk*kx
1244 %k, kkhkhhkhhdhkKhkhkk*k*x
L1245 ok ook ok ok ok ok ek ok ek ok ok ke ko Written F71 File Information
1246 * * *x k k k kA Ak k kA k Ak Xk k k kK *k k%
1247 *x *x x Ak Ak kXA AKXk A AKX KK KXk Kk

1248 * k hhk kA hk kA kA kA Ak Ak A A A A kA A Ak A Ak A kA Ak A A A Ak A Ak Ak A A A Ak Ak A Ak Ak h kA ko kA kA A kA kA Ak kA kA hk kA Ak Ak hk kA Ak hkhk kv h bk hhkhkhhhkkhx

1249
1250
1251 jndex time power flux fluence burnup libpos case step DCGNAB
1252 1 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 0 DC-N--
1253 2 8.64000e+04 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 1 DC-N--
1254 3 2.59200e+05 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 2 DC-N--
1255 4 8.64000e+05 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 3 DC-N--
1256 5 2.59200e+06 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 4 DC-N--
1257 6 8.64000e+06 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 5 DC-N--
1258 7 2.59200e+07 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 6 DC-N--
1259 8 8.64000e+07 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 7 DC-N--
1260 9 1.57788e+08 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 1 1 8 DC-N--
1261 D - state definition present
1262 C - concentrations present
1263 G - gamma emission spectra present
1264 N - neutron emission spectra present neUTron dOTO OVO”lee
1265 A - alpha emission spectra present
1266 B - beta emission spectra present
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Create a second case with different medium

L NON SCALE
File Edit View Run Help
Reload Save as Close tab Print Undo Find ® NOW |eTIS Odd O Second Case!
pu238_decay_tutorial_prob_dep.inp
: document SCALE 6.3.2 Run , View , Edit , - Copy_pOSTe (CTRL_C / CTRL_V)
1 =origen .
2 bounds{ neutron="scale.revl3.xn200g47v7.1" } L CreOTe IﬂdepeﬂdeﬂT CCISG
3 case (prob_dep) { " " .
LR entron snission in Grabten-bependent wairin>'COSE(Probdep)” with problem-
5 1lib{ file="end7dec" } .
6 mat{ iso=[pu238=1.0] units=GRAMS ) dependent medium
7 % 5 years * 365.25 days/year
8 time=[1 3 10 30 100 300 1000 1826.25] _ C(:Ise%ﬁﬂe
9 save {
10 file="tutorial_pu238_deca . —
11 steps=[0 1234567 9] - case—~>neutron>alphan_medium=CASE
12 } .
13 print{ - case—>save—>file=
14 t { tra= } 1 . 1
] TR SReChEATES tutorial_pu238_decay_probdep.f/1
16 ne 0T
1y alphan_mediun=CASE e Run I, examine output
19} ¢ d of ( blem-d dent) .
M ana | promoHeReRaEn — find output tables for each case

21 ' end of ORIGEN calculations

— find F/1 summary for each case
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Add OPUS

File Edit View Run Help

SCAl

Reload Save as Close tab Print Paste Undo

pu238_decay_tutorial_prob_dep.inp

document SCALE6.3.2 B Run ., View ., Ec

32 }

33 print{

34 neutron{ spectra=yes }
35 }

36 neutron{

37 alphan medium=CASE

38 }

39} % end of case(problem-dependent)

40 end

41 ' end of ORIGEN calculations

42 >

43 =opus

44 data="tutorial pu238 decay oxide.f71"
45 title="0Oxide"

46 typarams=nspectrum

47 time=years

48 units=intensity

49 end

50

51 =opus

52 data="tutorial puZ238 decay prob dep.f71"
53 title="0Oxide"

54 typarams=nspectrum

55 time=years

56 units=intensity

57 end
]
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e Could copy/paste spectra from
output file to Excel and make @
comparison plot

e Here, we'll use OPUS and Fulcrum
— Create one OPUS case for each {71 file
— Rerun the calculation



Plot manipulation
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Final PDF

—— Prob. Dep.

« Final PDF saved image

for comparison
e O-17 and O-18 make
huge difference in
neutron source due 1o

their (alpha,n)
contribution
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Useful shortcuts

e save=yes Instead of a save block, saves the /1 with all time
steps

* neutron=yes Instead of a neutron block, enables a default
neutron calculation (still need bounds, though)

e gamma=yes INstead of a gamma block, enables a default
gamma calculation (still need bounds, though)
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Questions?e
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Workshop problems:
Radiation emissions with
ORIGEN




Problem 1

« What is the shape of the 2°2Cf spontaneous fission neutron
spectrume

— Assume 1 gram of 2°2Cf
- Decay for 1 day (1 step)
— Calculate the 22Cf neutron source in neutrons/s

o Strategy

- Use neutron group structure (252-grp) from “xn252v7.1"
- Save the ft71 file and use it with OPUS to plot neutron spectrum
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Problem 2

« What is the ®°Co gamma (photon) spectrum?
- Assume 40 mCi °°Co and decay for 1 day (1 step)
- Use gamma group structure (19-gr) from “xn28g19v7.1"

- Calculate the total “Co gamma (photon) source in photons/s and plot
the spectrum

o Strategy

— Save ft71 file and use it with Opus to plot gamma spectra
e use linear scale on x axis and logarithmic scale on y axis
e use xrange 0.1 -4.0andyrange 1.0-1.0el12

- Perform calculation twice to illustrate the impact of bremsstrahlung
inclusion/exclusion on the spectrum in the low energy range
e Q) brem_medium=none
e b) brem_medium=uo?2
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Problem 3

« What are the PuO, neutron and gamma sources and spectrae
- Reactor-grade PuO, fuel (1g Pu + 0.13g O)

- Pu isotopic composition
o 8Py 0.6 Wt %
o 2Py 70.4wWt%
o 240Py 18.0 Wt %
e 24Py 9.0Wt %
o« 242Py 20WHt%

— O natural isotopic composition

« Decay o 1 year (use 5 decay steps)

%OAK RIDGE

National Laboratory




Problem 3 (cont.)
e Strategy

— Use neutron group structure (252-grp) from “xn252v7.1" and gamma group
structure (19-grp) from “xn28g19v7/.1"

— Print neutron and gamma spectra information
« Use “brem medium=none” for gamma spectra
« Use “"alphan medium=case” for (alpha,n) source term
— Save 71 file and use it with Opus to plot at 1 year decay
e Total neutron spectrum
* (alpha,n) neutron spectrum
« Gamma spectrum
- Use the following plot settings

* Neutron spectra: logarithmic scale on x axis and linear scale on y axis, with
xrange 1.0e-4-10.0andyrange 1 - 125

« Gamma spectra: logarithmic scale on x axis and logarithmic scale on y axis, with
xrange 0.01 — 15.0 and yrange 1.0e-3-1.0e11
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Problem 4

« Compare PuC source spectra and PuO, neutron and gamma
source spectra, in particles/s

— Replace O in PuO, fuel from Problem 3 with 0.05 g of C (hatfural
IsotopicC)

- Perform the same type of calculation and plotting as for Problem &
— Compare PuC and PuQO, source specftra
« Compare (alpha,n) source (n/s/g Pu, from output file) and spectra

« Compare total neutron source (n/s/g Pu, from output file) and spectra
« Compare gamma source (photons/s/g Pu) and spectra

- Use plot settings as for Problem &
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Problem 1

What is the shape of the 22Cf
spontaneous fission neutron
spectrum?@

ANSWER: 2.308E+12 neutrons/s

Cf-252 spontaneous neutron spectrum

1011

1010
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100000 F

» 10000
S 1000;
100+
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1 L

01}

001}

3 ‘ — Cf-252 spontaneous neutron spectrum at 1.00 days ‘

0.001+
0.0001 ¢

=origen

o]

% use the built-in 252-group neutron energy bin structure
bounds{ neutron="xn252v7.1" }
case{

lib{ file="end7dec" } % use the ENDF7 decay library
mat{
units=grams
iso=[c£f252=1.0] % 1.0 grams natural C£-252

}
time=[1] % Decay for 1 day (default time unit)
neutron=yes % use default neutron calculation options

save{ file="cf252.f71" steps=LAST }
}

end
=opus

data=" cf252.f71"

typarams=sfspectrum

units=particles

title="C£f-252 spontaneous neutron spectrum"
end

10-12 10-11 10-10 10-9 10-8 10-7 10-6 10-5  0.0001 0.001 0.01 0.1 1 10

Energy (MeV)
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Problem 2

What is the ®°Co gamma (photon) spectrum?

=origen

(o)

% use the built-in 19-group gamma bin structure
bounds{ gamma="xn28gl9v7.1" }

case({ brem medium= Intensiiy
% use the ENDF7 decay library — =
lib{ file="end7dec" } (phoions/sec)
mat{ uo?2 3.027E+09
units=curies
iso=[co60=0.040] % 40 mCi Co-60 none 2.958E+09

}
time=[1l] % Decay for 1 day (default time unit)
gamma{ brem medium=uo2 } % UO2 bremsstrahlung medium
save{ file="co60-uo2brem.f71" steps=LAST }

}

end
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Problem 2 (spectrq)

No bremsstrahlung

UO, bremsstrahlung

Co-60 gamma spectrum (no bremsstrahlung)

Co-60 gamma spectrum (UO2 bremsstrahlung)
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100 100
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Problem 3
« What are the PuO, neutron source spectrae

- Input

=origen
bounds {
gamma="xn28gl9v7.1" $ built-in 19-group gamma bin
neutron="xn252v7.1" % built-in 252-group neutron bins
}
case/{
1lib{ file="end7dec" } % use the ENDF7 decay library
mat{
units=grams
% 1 gHM reactor-grade PuO2
iso=[pu238=0.006 pu239=0.704 pu240=0.18 pu241=0.09 pu242=0.02 0=0.13]
}
time
t=[3L 0.1 1.0 ]
units=years
}
gamma{ brem medium=none } % no bremsstrahlung medium
neutron({
% Use the problem-specific matrix for alpha-n source term
alphan medium=case
% time step for problem-specific alpha,n source matrix
alphan step=LAST
}
save{ file="pu-oxide.f71" steps=LAST }
}

end

=opus

data="pu-oxide.f71"
Ltyparams=nspectrum

units=particles

title="PuO2 total neutron spectrum"
end

=0pus
data="pu-oxide.f71"
Ltyparams=anspectrum
units=particles
title="PuO2 (alpha,n)
end

neutron spectrum"

=opus

data="pu-oxide.f71"
typarams=gspectrum
units=particles

title="PuO2 gamma spectrum"
end
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Problem 3

« What are the PuQO, source spectrae
— Sources at 1 year decay

intensity (per gram Pu)

(alpha,n) 1.491E+02 n/s/g Pu

Spontaneous fission neutron 2.381E+02 n/s/g Pu
Total neutron 3.872E+02 n/s/g Pu

Gamma 1.104E+09 photons/s/g Pu
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Problem 3 (neutron specira)
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Problem 3 (gamma spectrq)

PuO2 gamma spectrum
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Problem 3 (comments on neutron specira)

e Increase in neutron and gamma spectra due to buildup of
Am-241 from Pu-241 decay

e PU-238 and Pu-240 are dominant neutron sources; Pu-238 has
nigh specific SF neutron yield, but Pu-240 usually dominates
oecause of its larger concentration

* The (alpha,n) reaction on oxygen can increase the neutron
dose rate as much as 50% compared to same material in metal
form
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Problem 3 (comments on gamma specirum)

 For reactor grade Pu, the gamma dose rate can be expected
to increase 50-100% in first year due to buildup of Am-241

 Most Pu photons are low energy (as seen in plot)

e PU-238 and Pu-241 are dominant Pu gamma sources
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Problem 4
« What is the PuC source spectrae

— Input

=origen
bounds {
gamma="xn28gl9v7.1" $ built-in 19-group gamma bin
neutron="xn252v7.1" % built-in 252-group neutron bins
}
case/{
1lib{ file="end7dec" } % use the ENDF7 decay library
mat{
units=grams
% 1 gHM reactor-grade PuO2
iso=[pu238=0.006 pu239=0.704 pu240=0.18 pu241=0.09 pu242=0.02 c=0.05]
}
time({
t=[3L 0.1 1.0 ]
units=years
}
gamma{ brem medium=none } % no bremsstrahlung medium
neutron({
% Use the problem-specific matrix for alpha-n source term
alphan medium=case
% time step for problem-specific alpha,n source matrix
alphan step=LAST
}
save{ file="pu-carbide.f71" steps=LAST }
}

end

=0pus

data="pu-carbide.f71"
typarams=nspectrum
units=particles

title="PuC total neutron spectrum"
end

=0pus

data="pu-carbide.f71"
Ltyparams=anspectrum

units=particles

title="PuC (alpha,n) neutron spectrum"
end

=opus
data="pu-carbide.f71"
typarams=gspectrum
units=particles

title="PuC gamma spectrum"
end
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Problem 4

« What is the PuC source spectrae
— Sources at 1 year decay

Intensity (per gram Pu)

(alpha,n) 1.042E+02 n/s/g Pu —26%
Spontaneous fission neutron 2.381E+02 n/s/g Pu (same)
Total neutron 3. 423E+02 n/s/g Pu —10%
Gammo 9.872E+08 photons/s/g Pu (same)
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Problem 4 (neutron specitra)

PUC/PuQO, (alpha,n) spectrum PuC/PuQO, total neutron spectrum

Pu (alpha,n) neutron spectrum Pu total neutron spectrum
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