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ORIGNATE - PC INPUT PROCESSOR FOR ORIGEN-S

Stephen M Bowman
Oak Ridge National Laboratory

P.O. Box 2008
Oak Ridge, Tennessee 37831-6370

615/574-5263

ABSTRACT

ORIGNATE is a personal computer program that serves
as a usei-friendly interface for the ORIGEN-S isotopic
generation and depletion code. It is designed to assist an
ORIGEN-S user in preparing an input Gle for execution
of light-water-reactor fuel depletion and decay cases.
Output from ORIGNATE is a card-image input Gle that
may be uploaded to a mainframe computer to execute
ORIGEN-S in SCALE-4. ORIGNATE features a
pulldown menu system that accesses sophisticated data
entry screens. The program allows the user to quickly set
up an ORIGEN-S input file and perform error checking.

INTRODUCTION

ORIGEN-S1 is a powerful and flexible computer
code for performing isotopic generation and depletion for
many applications, including light-water-reactor (LWR)
spent fuei analyses. Its design is general in nature, which
contributes not only to its flexibility, but also to its
difficulty to use. To provide the program with a user-
friendly interface which would be easy to learn and useful
for most applications, an input processor named
ORIGNATE has been developed. ORIGNATE is a
program designed to assist an ORIGEN-S user in
preparing an input file for execution of LWR fuel
depletion and decay cases within the SCALE-4 code
system.2 The most significant limitation in ORIGNATE
is that it is restricted to the use of binary libraries only.
The ability to use card-image libraries was not
incorporated because these libraries contain data which
are only appropriate for very general scoping calculations.

PROGRAM DESCRIPTION

The ORIGNATE program is written in
Microsoft BASIC 7.13 and runs on an IBM-compatible
personal computer (PQ. Output from ORIGNATE
is a card-image input file that may be uploaded to a
mainframe computer to execute ORIGEN-S in
SCALE-4. ORIGNATE features a pulldown menu
system similar to those used in many commercial PC
software products. The menu system organizes the
major command categories as menu titles and
pulldown commands, and may be used with either a
keyboard or a mouse.

When an option is selected from the menu
system, a sophisticated data entry screen or series of
screens is displayed. Each Geld an a screen has a help
message associated with it which may be displayed by
pressing a function key. The message gives a brief
description of the input parameter and occasionally
refers to a section in the SCAIJ5-4 manual2 for more
detailed information. This minimizes the amount of
time a user must spend searching through the
documentation when setting up an ORTGEN-S input
deck. Depending on input options selected, the
program protects other Gelds which are not needed for
those options. ORIGNATE performs extensive error
checking for each input screen and displays
appropriate warning and error message boxes when
applicable.

Some fields have a multiple choice menu
associated with them. When a multiple choice menu



is displayed, the user may use a cursor key or a mouse to
select the desired choice. These menus minimize the
possibility of input errors by providing a complete list of
valid choices for given parameters.

When ORIGNATE generates the QRIGEN-S
card-image input ffle, it saves a group of binary Sles that
contain the input data. This input data may be retrieved
later by ORIGNATE for modification. The program can
also generate job control language (JCL) input for
executing an ORIGEN-S input file on an IBM mainframe
computer.

There are four major input options provided on
the ORIGNATE pulldown menus: (1) Compositions, (2)
Neutron/Gamma Groups, (3) Depletion Cases, and (4)
Decay Cases. Each of these options wiil be discussed
briefly.

The Compositions option allows the user to
specify the appropriate initial concentrations of the
nuclides to be analyzed. If the initial conditions for the
current jab are to be taken from an ORIGEN-S restart
dataset previously generated, the I/O unit number for that
dataset is input. For new cases, the user specifies each
nuclide by selecting the element from an alphabetized
menu and then typing the isotope [e.g., selecting "U(92)"
and typing "235" for U-235 or selecting "Xe(54)" and
typing "135m" for Xe-135 metastable]. The program
checks the isotope number to ensure it is valid for the
element selected. To obtain the natural abundances of an
element in the ORIGEN-S light-element library (e.g.,
boron), the user may input "Nad" for the isotope. If the
specified nucJide appears in more than one of the
ORIGEN-S master libraries (light element, actinide, or
fission product), a menu is provided of the available
libraries. If only one library is valid, the program
automatically fills the field with the appropriate library.
The concentration is then input in the units selected
(grams, gram-atoms, or curies). The concentration that is
input for each nuciide determines the "basis" of the
problem (e.g., fuel assembly, metric ton of uranium, etc.).

The Neutron/Gamma Groups option allows the
user to specify the energy group structure for neutron
spectra edits and gamma spectra edits for individually
selected time steps in the decay cases. Multiple choice
lists of energy group structures of commonly used neutron
and gamma cross-section libraries are provided.
ORIGNATE is supplied with the energy group structures

for these libraries and inserts the selected structures in
the ORIGEN-S input file. The user may choose one
of these or input his own group structure by selecting
"Other." IE these edits are not desired, the user may
select "None."

The Depletion Cases option provides three
input screens for each depletion case: (1) the
depletion case input, (2) the I/O options, and (3) the
depletion library specifications. Each depletion
consists of a maximum of ten time steps. (Ten output
columns is. the maximum that will fit on one
ORIGEN-S output page.) The beginning time, which
is defaulted to zero, and the ending time for the case
are specified first. The power and the cumulative time
are entered for each time step. The power should be
related to the basis for the calculation (e.g., a fuel
assembly) as determined by the input concentrations.
To specify downtime during or at the end of a case,
the user must input zero for the power. For periods
greater than 100 days, a separate decay case is
recommended ORIGNATE checks that the
cumulative time for each step is greater than that
provided for the previous step. If the time step
increment exceeds 100 days or the number of time
steps is less than three, the program prints a message
an the screen and automatically inserts additional steps
up to the maximum of ten steps per case. This feature
allows the user to specify only the times where the
power level changes or output is desired and let
ORIGNATE determine any remaining steps needed to
ensure accurate results. The user can modify the steps
generated by ORIGNATE by simply editing the fields.
An option to write restart data for any time step is
also provided.

The I/O options screen for depletion cases
provides a concise list of options to select. This list of
options must be edited and saved for the first
depletion case. The options remain in effect until
they are changed in subsequent cases.

The depletion library screen specifies the
binary depletion library for each case. In order to
ensure that an appropriate library is chosen,
ORIGNATE requires the user to edit this screen for
each case. The user has the option of specifying the
I/O unit number for a user-supplied library previously
generated with SAS2* or selecting one of the SCALE-
supplied LWR libraries (available in SCALE-4.1) that



Table 1. SCALE-suppiied library parameters

Enrichment
(wt % 35U)

2.4
2.8
3.2
3.6
3.9
4.2

1.9
2.3
2.7
3.1
3.4
3.8

Pressurized Water Reactor (PWR)a

Maximum buraup
(MWd/MTU)

25,000
30,000
35,000
40,000
45,000
50,000

Boiling Water

20.000
25.000
30.000
35,000
40,000
45,000

Number of cycles

3
3
4
4
5
5

Reactor (BWR)b

3
3
4
4
5
5

Burnup per cycle
(MWd/MTU)

8,333
10,000
8,750

10,000
9,000

10,000

6,667
8,333
7,500
8,750
8,000
9,000

^Specific powers of 18, 28. and 40 MW/MTU.
''Specific powers of 12. 20. and 30 MW/MTU.

were generated for the proposed revision to NRC
Regulatory Guide 3.54 an radioactive decay heat.5'6. The
SCALE-supplied libraries are categorized by (1) reactor
type (PWR or BWR), (2) enrichment, (3) power, and (4)
burnup range. The selections available for each of these
is shown in Table 1. ORIGNATE provides these as four
interrelated multiple choice menus. For some fuel cycles,
it may be necessary tobreak up the cycle into two or more
cases to match the burnup ranges of the depletion
libraries.

The Decay Cases option provides three input
screens for each decay case: (1) the decay case input.
(2) the decay case I/O options, and (3) element fractions.
Each decay case consists of a maximum of ten time steps.
The rerammended maximum initial time step is 100 days
(0.3 years), and the cumulative time for subsequent steps
should be <3.3 times the cumulative time for the
previous step. Because the nuciides decay exponentially,
this factor ensures accurate results. This is commonly

known as the "Rule of 3's." If the time step
increments are larger, ORIGNATE prints a message
on the screen and automatically inserts additional steps
up to the maximum of ten steps per case. This allows
the user to specify only the times at which output is
needed and let ORIGNATE determine any remaining
steps needed. The user can modify the steps
generated by ORIGNATEby simply editing the fields.
Options to write restart data and to produce neutron
and gamma source spectra edits for any time step are
also provided.

The I/O options screen for decay cases is
similar to that for depletion cases. It contains a
concise list of options that are available in ORIGEN-S
specifically for decay cases. The default (a,n) source
spectrum of UO2 may be overridden by selecting
borosiiicate glass for problems involving high-level
waste. This screen must be edited and saved for the
first decay case and is optional for subsequent cases.



The element fractions screen is an optional screen 2.
which gives the user the capability to keep or remove all
or part of ten or less elements from the previous case.
This permits the user to isolate part of the problem being
modeled, such as the endfittings of a fuel assembly.

Two additional options on the pulldown menu
system are: (1) Insert Case and (2) Delete Case. These
options present dialog boxes which allow the user to 3.
insert or deiete a case from the existing set of cases. This
feature gives the user the flexibility to modify the analysis
from a set of cases that have been previously created for 4.
a slightly different set of conditions (e.g., adding or
deleting a cycle from a fuel assembly's buraup history).

ORIGNATE wiil be demonstrated during the
session using the data from two fuel assemblies whose
decay heat rates have been measured.6 One is from the
Cooper Nuclear Station bailing-water reactor (BWR), and
the other is from the Turkey Point Unit 3 pressurized-
water reactor (PWR). The pertinent design and
operating history data for the two assemblies are given in
Tabies 2 and 3, respectively. These two sample cases are 5.
distributed with ORIGNATE by the Radiation Shielding
Information Center at Oak Ridge National Laboratory.

SUMMARY

In summary, ORIGNATE provides an ORIGEN-S
user the power to quickly and easily set up an
ORIGEN-S input Qle and perform error checking. In this 6.
way, the program can significantly enhance the user's
productivity and reduce the chance of errors.
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Table 2. Data far Cooper BWR assembly CZ205

Cycle
no.

1
2
3
A*

5*
6
7

Power
(MW/ass'y)

2.427
4.608
3.464

0
0

1.118
1.520

Operating history data

Burnup
(MWd/MTU)

10,298
7,414
2,987

0
0

1,864
2.781

Cycle length
(days)

807
306
164
370
399
317
348

Outage length
(days)

59
31
35
_
—
48
—

Total 25,344

'Assembly was out of care during this cycle

1942

Average power = 25,344 MWd/MTU /1942 days = 13.05 MW/MTU
Fuel loading = 0.1902 MTU
Initial uranium isotopics: ^ U wt% = 0.022 ^ U wt% = 2.500

:26U wt% = 0.012 ^ U wt% = 97.466

Cooling times (days):
Measured heat (watts):

857 871 886 892 899 946
324.0 343.5 331.8 327.5 311.4 317.1

Table 3. Data for Turkey Point 3 PWR assembly D-15

Cycle
no.

2
3
4

Power
(MW/ass'y)

13.771
13.603
13.040

Operating history data

Burnup
(MWd/MTU)

9,480
9,752
8,920

Cycle length
(days)

314
327
312

Outage length
(days)

58
62

Totai 28,152 953

Average power = 28,152 MWd/MTU / 953 days = 29.54 MW/MTU
Fuel loading = 0.4561 MTU
Initial uranium isotopics: :S*U wt% = 0.023 ^ t wt% = 2.557

:236U wt% = 0.012 ^ T J wt% = 97.408

Cooling times (days): 962 1144 2077
Measured heat (watts): 1423 1126 625


