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Abstract

Sandia National Laboratories (Sandia), a U.S. Department of Energy National Laboratory, has
over 30 years experience in the assessment of radioactive waste disposal and at the time of this
publication is providing assistance internationally in a number of areas relevant to the safety
assessment of radioactive waste disposal systems. In cooperation with the Republic of Taiwan’s
Institute of Nuclear Engineering and Research (INER), Sandia National Laboratories (SNL) has
developed software that provides an interface between a deterministic mass transport code and
GoldSim™ (a commercial software used to conduct Monte Carlo analyses). The SNL developed
software enables INER to perform probabilistic simulations for safety analysis and performance
assessment of geologic disposal of commercial spent nuclear fuel. The following report details
the software design, the steps necessary to use the software, and presents an example application
of the paradigm of coupling deterministic codes to a contemporary probabilistic software
application.
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1. INTRODUCTION

1.1. Purpose

The objective of the INPAGN_ Launcher.DLL User’s Guide is to provide documentation of the
capabilities of the dynamically linked library (DLL) software as well as document the code used
to create the application. The features of the DLL as well as required input and output
information will be presented. An example model is included in Appendix A and should be used

as an aide to using the INPAGN_Launcher.DLL.

1.2. Software Identification

This  user’s guide  documents the  dynamically linked library  software
INPAGN_Launcher v3.DLL. INPAGN Launcher v3.DLL discussed in this manual has been
designated as open-source and is freely available. It can be accessed on a Sandia National
Laboratories website at the following URL: http://www.sandia.gov/icp/. Copyright (2006)
Sandia Corporation. Under the terms of Contract DE-AC04-94AL85000, Sandia Corporation and
the United States Government retains certain rights in this software.

NOTICE:

For five (5) years from June 2006, the United States Government is granted for itself and others
acting on its behalf a paid-up, nonexclusive, irrevocable worldwide license for this data to
reproduce, prepare derivative works, and perform publicly and display publicly, by or on behalf
of the Government. There is provision for the possible extension of the term of this license.
Subsequent to that period or any extension granted, the United States Government is granted for
itself and others action on its behalf a paid-up, nonexclusive, irrevocable worldwide license for
this data to reproduce, prepare derivative works, and perform publicly and display publicly, and
to permit others to do so. The specific term of the license can be identified by inquiry made to
Sandia Corporation or DOE.

NEITHER THE UNITED STATES GOVERNMENT, NOR THE UNITED STATES
DEPARTMENT OF ENERGY, NOR SANDIA CORPORATION, NOR ANY OF THEIR
EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY
LEGAL LIABILITY OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR
USEFULNESS OF ANY INFORMATION, APPARATUS, PRODUCT, OR PROCESS
DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY
OWNED RIGHTS.

Any licensee of this software has the obligation and responsibility to abide by the applicable
export control laws, regulations, and general prohibitions relating to the export of technical data.
Failure to obtain and export control license or other authority from the Government may result in
criminal liability under U.S. Laws.

(End of Notice)
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2. USER INFORMATION

2.1. Introduction

INPAGN_Launcher software has been designed to interface between the commercial software
GoldSim.exe (GoldSim Technology Group LLC, 2006) and INER’s near field radionuclide mass
transport code INPAG-N.EXE (Monitor Scientific, 2000). The INPAG-N code simulates the
source term and near field radionuclide mass transport for waste packages containing
commercial spent nuclear fuel (SNF). The INPAG-N code was coupled with GoldSim™ to
create the framework for a probabilistic model capable of evaluating uncertainties in a potential
SNF repository system. This document is intended as a user’s guide for the INPAGN_Launcher
software and the model file GoldSim™ is needed to execute a probabilistic simulation.

The INPAGN Launcher software is called in the form of a direct link library (DLL) by
GoldSim.exe during an execution of a GoldSim™ model file specifically designed for the

purpose of running INPAG-N for a probabilistic simulation. All related libraries needed by the
DLL are linked with it.

The INAPGN Launcher is programmed in the FORTRAN 90 language, and developed with
Compaq Visual FORTRAN Professional Edition 6.6a and is implemented on the Windows XP
operating system.

2.2. How to Use this Software

This software is called from a GoldSim™ model file. It is simply placed in a directory
accessible to the GoldSim™ model file. Execution control of the DLL is provided by the
GoldSim™ software (GoldSim Technology Group LLC, 2006, Appendix C). It is assumed the
user has a basic proficiency with GoldSim™ and the necessary understanding of the features of
the GoldSim™ code to operate this DLL. The GoldSim™ model file itself should be considered
as part of the model documentation. In addition, a user must understand the features of the
INPAG-N software (Monitor Scientific, 2000).

Since this software is a DLL, there is little direct interaction required between the user and the
software. The GoldSim™ model file supplies the 13 data input blocks necessary for creating an
INPAG-N.EXE input file to the INPAGN Launcher DLL and receives the INPAG-N.EXE
calculation results from the DLL. The user has access to the INPAGN_Launcher inputs and
INPAG-N.EXE flux outputs through the GoldSim™ model. An example GoldSim™ model
discussed in this manual has been designated as open-source and is freely available. The
example model file is included with the report and can also be accessed on a Sandia National
Laboratories website at the following URL: http://www.sandia.gov/icp/.

Figure 1 shows a flow chart of the operations carried out by the INPAGN_ Launcher DLL. The
INPAGN Launcher requires that an array of input parameter values for INPAGN.EXE are
passed from a GoldSim™ model file linked to the INPAGN DLL. The INPAGN Launcher DLL
is capable of running five different versions of the INPAG-N Code (Section 2.3.3). The input
array should be defined using a GoldSim™ model as specified in the Table 1, and discussed in
Section 2.3 Input Specification. When a GoldSim™ model is executed, the input array will be
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passed to the INPAGN_ Launcher DLL. The INPAGN_Launcher DLL will select the appropriate
subroutines to execute based upon the selected version of INPAG-N which is being run. The
DLL parses the input array and writes an INPAG-N input file to the local directory. The DLL
will call the selected version of INPAG-N and execute the code using the generated input file.
After the INPAG-N code has completed its simulation, the DLL will read selected output files
and pass the output back to the GoldSim™ model file where it is loaded into table elements.
These steps are repeated sequentially for each realization for a probabilistic simulation.

GoldSim.exe INPAGN_Launcher.DLL Operations
DLL
External Subroutines Execute Write Subroutine
DLL Link =
ode |
» Selector INPAG-N v
Switch ! '
I Read !
INPAG-NV2 E input file !
(MSCI) 1| [subroutine — ;
E Input File i
Model Input (INER) — il 7y —
File H Insert
INPAG-NH E Uncertain
(LSC) ! Parameter | yrite to Input File
Values
A INPAG-N ! '
: a
Execute INPAGNx and Read Output Files Subroutine
Output REEL INPAG-N
output files| [« EXE- X\
subroutine
I Outpl;t 1
Files

Figure 1: Flow Chart for INPAGN_Launcher



2.3. Input Specification

The inputs to the INPAGN_Launcher DLL come either from the “RN.DAT” file or from the in()
array passed by a GoldSim™ model. The values passed to the DLL via the in() array can be
single values or arrays of data. Table 1 lists the input array in() expected by the DLL.

The input values may be constants or stochastics that will be sampled once per realization during
a probabilistic simulation.

2.3.1. INPAGN_Launcher Input Array: in()

An in() array needs to be defined in the GoldSim™ model file and passed to the
INPAGN Launcher DLL during execution of the code. Figure 2 shows an example DLL
External Element (GoldSim User’s Guide, GoldSim Technology Group LLC, 2006), which is
used in the GoldSim™ model file to define a link between the GoldSim.exe and a DLL. The
external DLL element requires the following inputs: 1) name of the DLL to be called
[INPAGN Launcher v3.DLL], 2) the function being called [launch inpagn], and 3) the input
array [in()]. In addition, three outputs have been defined and are discussed in Section 2.4, Output
Specification.

External Praperties : LALUNCH_INPAG_N

Dechiralicey
Elonvent 10 | EIEEEINTISEENY
i _"_\Fl?fiﬂ'l |
Dsacrigiion:
Defirition
ol INPAGN e rches i (|
O] Lock onto this fie [FlRun in separate process
>’DlLI.‘ Funchion: | bunch_ngagn
m 65 Inguts
LAUNCH_INPAG_N P T s
Lowpes.. | 3oumpues
Swen Baulle
[Tl vishaes 7] Tiews sttt
[ o V[ concw i

Combined Array Defined in Table 1

Figure 2: External DLL Element in GoldSim™ linking in() array to INPAGN_Launcher DLL
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The input array [in()] is defined in GoldSim™ and must contain all of the elements listed in the
“Combined Array” defined in Table 1. The combined array includes all of the input parameters
required for all five versions of INPAG-N. The first three elements in the array include a
parameter that identifies the version of INPAG-N which is to be run, the realization number, and
the number of radionuclides in the simulation. The remaining elements in the array make up the
input parameter values for each of the 13 input blocks required for an INPAG-N input file.
Figure 3 illustrates the 13 input blocks as defined in the example GoldSim™ input file. Each
container in the example GoldSim™ file (shown in Figure 3), contains the input parameters
listed in Table 1.

Ed GoldSim Pro - INPAGN_Launcher_v3_DLL.gsm

File Edt View Graphics Model Run Help
DEHE "B RS E@d<E AY 374 ? ZjQmEE:

i (=] (10 % % Container |\Near_Field_Calcuations\INPAG_NH_INERMNPAG_NH_INFUT_DATA w |

Search Options. ' 0
= iy Model
# §F Materials
= ¥ Near_Field_Calcuations
® L2 INPAG_N
= 1= INPAG_NH_INER
= B INPAG_NH_INPUT_DATA Timestep_Control Geometry
# T Containment
+ T Decays
4 ) Density
+ §J Diffusion
# §§ Flux_Output
# T§ Geometry ® Decays Inventory
+ §3 Inventory
+ B Output_Times
+ i Porosity
+ B0 Solubility :
# i Sorption Density
+ T Timestep_Control
+ B velocity
A LAUNCH_INPAG_N
Mear_Field
fi) MNear_Field_F Diffusion
) Mear_Field_ R Solubility
© L INPAG_NH_MSCI
# 12 INPAG_NVZ_INER
® L, INPAG_NV2_MSCI
%:ans_w _selector

ik Flux_Output Sorption

r
5
5

Containment

2
5
&

Output_Times

o
&

Porosity

&

Yelocity

518
51

% Mumber_of _Radioruchdes

b v
W Conta Wiew |E Class View | < .

JEdit Mode: Press FS to run model. Fiter OFF Edkt Made

Figure 3: Example GoldSim™ model file with 13 Input Blocks needed for INPAG-N input.

The input blocks and parameters are listed in Table 1 in the order that the DLL expects to receive
them. The DLL reads the entire array and selects the values needed for the selected version of
INPAG-N. The DLL accepts a value between 1 and 5 for the version of INPAG-N
(1I=INPAGN.EXE, 2=INPAGNV2.EXE, 3=INPAGNH.EXE, 4=INPAGNV2LEXE (INER
version), and 5S=INPAGNH.EXE (INER version)). The DLL ignores the values in the array that
are not used for a given version of the INPAG-N code. The elements in the in() array that are
ignored by the DLL vary with each INPAG-N version. Table 1 lists how the in() array is read by
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ignored by the DLL vary with each INPAG-N version. Table 1 lists how the in() array is read by
the DLL for each INPAG-N version, elements of the array that are ignored are listed as NULL.
It is important to note that several of the input parameters shown in Table 1 are vectors and
include a number of elements equal to the number of radionuclide species. Thus, the total size of
the input array will change with the number of radionuclides defined in the simulation.

Table 1: INPAGN_Launcher.DLL Input Array
BLOCK | Combined A INPAG_N[MSCI) | INPAG INPAG_HH INFAG 1| INPAG_NH[INER)
WA |mumwum

H
H

I FAIL-TIME Fail_Tims Fal_Time Fail_Time Fail_Time Fail_Time
CONTAINMENT| INV-START-TINE Ine_Stan_Time Iny_Stast_Tima Irre_Stan_Time Irry_Star_Time Irre_Star_Time
ALTER-TIME Allgr_Tame [rmer_Tima Alter_Tima Alter_Tima Alter_Teme

TOLERANCE ! nco o ] "

TERD-CONCALENGTH Zem_Gonc_Longth  [Wull Zoro_Conc_Length  [Zoro_Conc_Length
FRACTURE-SORB-DEFTH lEr-:mr\q Sorb_Depih| Fraciure_Sorb_Depth| Fraciure_Sorb_[Deph |Fraciure_Sarb_Depen
[ BENT-BOT-THICK |Bant Bax_Trick Bent_Bax_Thick
ROCK-BOT-THICK |Fock_Bol_Thick T Rock_Bot_Thick
BOREHOLE-PITCH - Bewehoke Pach B Bovehale Pich
CAN-DIS Ml Can_Dis Can_LDis

Ma_ol_Can Mo _ol_Can

Tunned Flow _Theck Tunned_Flow_Thek

0 WF_Fock_Thick

Speces Inveniory | Species_Imentory
Gap_Fraction |Gap_Fraction Gap Fradion
Canster_Ponos Canisier Porosi Canmster_Ponosi
[Bentonits_Porosity |Benonis Poros Bantonite_Porosi
[EDZ_Porsity  |EDZ Poros EDZ_Porcs
Rull  |Rock Mairix Porosi
ol il i

Tunnl P‘t:uwrr

Species_Imeensary

Elﬁﬂfﬂﬁﬂﬂﬂﬂﬂhﬁﬁtﬁlﬁtﬁﬁﬁﬁaﬁ:E1':h_..-_-.mﬁﬁaﬁﬁﬁlﬁﬂﬁﬁaiﬁlﬁiﬁnmqmu-:_“ .

Note: The in() array index number is scaled for four radionuclides for the example presented in Table 1.
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2.3.2. INPAGN_Launcher RN.DAT Input File

The INPAGN Launcher DLL needs to read a file called “RN.DAT”. The RN.DAT file is a
simple text file that contains a list of the radionuclides included in the simulation. GoldSim™
cannot pass text STRINGS and therefore the radionuclide labels are needed for the DLL to write
the INPAG-N input file. Figure 4 shows an example of a RN.DAT file that contains 40
radionuclide species and 6 stable isotope species. The RN.DAT file should list the radionuclides
in the same order and format (excluding the half life) as the DECAYS input block required by
INPAG-N. The RN.DAT input file must be defined in the order shown in Figure 4. The first
value is the total number of radionuclides, the DLL uses this value to check that the in() array
passed by GoldSim™ is the correct size. The second number lists the number of stable isotope
species to be included in an INPAG-N input file. This feature is only available in the INER
versions for INPAGNV2.exe and INPAGNH.exe. This value should be 0 for simulations without
any stable isotopes defined.
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1) Number of go

Radionuclides / C-14
Cl-36
2) Number of Stable / Ni-59
Isotopes Ni-63

Se-79

Sr-90

Zr-93

Nb-94

Tc-99

Pd-107

Sn-126

1-129

Cs-135

Cs-137

] Sm-151

3)List of Pu-240 U-236
Radionuclides and U-236 Th-232
Daughters Cm-245 Pu-241
Pu-241 Am-241
Am-241 Np-237
Np-237 U-233
U-233 Th-229
Th-229

Cm-246 Pu-242
Pu-242 Pu-238
Pu-238 U-238

U-238 U-234
U-234 Th-230
Th-230 Ra-226
Ra-226
Am-243 Pu-239
Pu-239 U-235
U-235 Pa-231
Pa-231 Ac-227
Se-79S

4)List of Stable Zr-93S

Isotope Species Nb-94S
Pd-107S
Sn-126S
Ni-59S

Figure 4: Example RN.DAT input file with 40 radionuclides and 6 stable isotope species.
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2.3.3. Version of INPAG-N compatible with INPAGN_Launcher

The INPAGN_Launcher DLL is capable of executing with five versions of INPAG-N. The five

versions are listed in Table 2.

Table 2: Versions of INPAG-N that can be run with INPAGN_Launcher

INPAG-N Version

Date

Description

Reference

INPAGN.EXE

04/19/2002

INPAG-N is developed for calculating
radionuclide release rates from the
EBS for the total system performance
assessment of Taiwanese geological
repository of spent nuclear fuel.

(Zhou, 2000)

INPAGNV2.EXE

08/20/2004

Version 2 of INPAG-N with vertical
release into the disposal tunnel, or axial
transport in the cylindrical system.

(Zhou, 2004)

INPAGNH.EXE

09/13/2005

INPAG-NH is a model and computer
program that was developed to
quantitatively assess the performance
of horizontal emplacement repository
for disposal of nuclear spent fuel in
geological media.

(Zhou, 2005)

INPAGNV2I.EXE

12/11/2006

INPAGNV2.EXE
Modified by INER

(INER, 2007a)

INPAGNHI.EXE

05/15/2007

INPAGNH.EXE
Modified by INER

(INER, 2007b)
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2.3.4. INPAGN_Launcher Input Subroutines

The INPAGN_ Launcher DLL is executed using a series of calls to subroutines. The order of
subroutine calls are listed below:

. Containment

. Timestep Control
. Decays

. Density

. Diffusion

. Flux_Output

. Geometry

. Inventory

9. Porosity

10. Solubility

11. Sorption

12. Output_Times
13. Velocity

03N N KW

The subroutines read the input values contained in the in() array passed by GoldSim™. Each
subroutine writes the data to an INPAG-N output file. Because each version of INPAG-N utilizes
different elements in the input array, in(), and requires a unique input file, several subroutines
were constructed that contain functionality unique to the INPAG-N version being used. The
name and usage of each subroutine for each version of INPAG-N are listed in Table 3. The
source code is included in the attached CD ROM, as listed in Appendix A.
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Table 3: Input Subroutine Calls used in INPAGN_Launcher DLL

INPUT SUBROUTINE INPAGN INPAGNV2 INPAGNH INPAGNV2 INPAGNH
(INER) (INER)

Containment X X X X X
Timestep_Control X X X X X
Decays X X X X X
Density NH_NV2M_NH X X X X
Density_NV2I X
Diffusion_NM X
Diffusion_NV2 X X
Diffusion_NH X X
Flux_Output X X X X X
Geometry X
Geometry NV2M X
Geometry NV2I X
Geometry NHM X
Geometry NHI X
Inventory X X X X X
Porosity NM X
Porosity NV2M X
Porosity NV2I X
Porosity NH X X
Solubility X X X X X
Sorption X X X X X
QOutput_Times X X X X X
Velocity NM X
Velocity NV2 X X
Velocity NHM X
Velocity NHI X
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2.4. Output Specification

The outputs from the INPAGN Launcher DLL come from the output flux files created from
INPAG-N. The DLL reads the values from the INPAG-N output file and loads them into the
out() array which comprises a single array of values that is passed to GoldSim.exe at the end of
each INPAG-N model run. Table 1 lists the output array out() passed by the DLL to the
GoldSim.exe. The output values will be passed to GoldSim.exe once per realization during a
probabilistic simulation.

2.4.1. INPAGN_Launcher Output Array: out()

An out() array needs to be defined in the GoldSim™ model file to accept the out() array passed
to the INPAGN_Launcher DLL during execution of the code. Figure 5 shows an example DLL
External Element (GoldSim User’s Guide, GoldSim Technology Group LLC, 2006), which is
used in the GoldSim™ model file to define a link between the GoldSim.exe and a DLL. The
external DLL element requires three 2-D table elements to be defined. The INPAGN_Launcher
DLL passes the following outputs: 1) total radionuclide flux from INPAG-N, 2) the tunnel or
fracture radionuclide flux concentration for INER versions of INPAG-NV2 INPAG-NH
respectively, and 3) the radionuclide rock flux concentrations for INER versions of INPAG-NV2
INPAG-NH.

External Properties : LALUNCH_INPAG_N E
Deefradnny
I8 Ot 1 | NI L._ﬂ‘_""‘"“"'.
Descripkion:
[ichrabicn
T8 INPAGN Junches_v3.dl =
[ Lok onto this File [+ Run in separste process
>fD'LI.; Funchon: | B _npsgn
[wputs.. | 5o
LAUNCH_INPAG_N Lty )
'ﬁnu-:. | Acnepix |
S Reouls
(o vahess \ 7] Time stories
Y |
\

Out() Array Defined in Table 4

Figure 5: External DLL Element in GoldSim™ Linking out() Array
to INPAGN_Launcher DLL
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The output blocks and values are listed in Table 4 in the order that the GoldSim.exe and External
DLL element expects to receive them. The GoldSim.exe calls the METHOD and reads the entire
out() array at each call. The out() array is overwritten for each METHOD call. Refer to the
GoldSim User’s Manual Appendix C (p. 534, GoldSim Technology Group LLC, 2006) for
further details on linking DLLs with the GoldSim.exe.

Table 4: INPAGN_Launcher DLL Output Array

0 Uas aji[w
Method = 2
out(1) [1.0 [DLL Version
Method = 2
out(1) 57+({7*number of RN's) Expected values in the in{) array
out(2) {number of RN's*200*3)+200 |Expected out() array size
Method = 2
out(1) 2.0 Start RN flux (total) output (value of 2 = 2-D table)
out(2) T number of timesteps
out(3) R number of columns
out(4) - ;
out(3+T) Timestep values row labels
out(®) - column labels (integer values between 1 and the total number of
out(*+R) RN number RNs)
out(*) - :
Ut +T°R) RM Concentrations flux values passed by row
out(1) 2.0 Start RN flux (tunnel or fracture) output (value of 2 = 2-D table)
out(2) T number of timesteps
out{3) R number of columns
out(4) - ;
out(3+7) Timestep values row labels
out(*) - column labels (integer values between 1 and the total number of
oul(+R) RN number RNs)
out(*) - ;
oul(+T'R) RN Concentrations flux values passed by row
out(1) 2.0 Start RN flux (tunnel or fracture) output (value of 2 = 2-D table)
out(2) IT number of timesteps
out(3) R number of columns
out(4) - Timestep values row labels
out(3+T)
out(*) - column labels (integer values between 1 and the total number of
Sul(*+R) RN number RNs)
out(®) - :
Ul T°R) RN Concentrations flux values passed by row
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2.4.2. Output Files Read by INPAGN_Launcher DLL
The INPAGN Launcher DLL reads up to three files output by INPAG-N. Table 5 lists the

INPAG-N output files by INPAG-N version. The INPAGN_ Launcher DLL will read one or
three INPAG-N output files, dependent upon the version selected.

Table 5: Versions of INPAG-N output files that can be read by INPAGN_Launcher

INPAG-N Version Output File Description
INPAG-N output that contains the
INPAGN.EXE BASENF.FLX radionuclide concentration for selected

output times.

Version 2 of INPAG-N output file that
contains the radionuclide concentration

INPAGNV2.EXE FLX for selected output times. * = input file
name
INPAG-NH output file that contains the
INPAGNH.EXE * FLX radionuclide concentration for selected

output times. * = input file

Output file that contains the total

* FXN radionuclide concentration for selected
output times. * = input file

Output file that contains the tunnel
INPAGNV2I.EXE *N.FXN radionuclide concentration for selected
output times. * = input file

Output file that contains the rock
*R.FXN radionuclide concentration for selected
output times. * = input file

Output file that contains the total

* FXN radionuclide concentration for selected
output times. * = input file

Output file that contains the fracture
INPAGNHI.EXE *F.FXN radionuclide concentration for selected
output times. * = input file

Output file that contains the rock
*R.FXN radionuclide concentration for selected
output times. * = input file
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2.4.3. INPAGN_Launcher Output Subroutines

The INPAGN Launcher DLL reads the INPAG-N output files using a series of calls to
subroutines. The first call is to execute the specified version of the INPAG-N exe for the input
file generated by the DLL (see Section 2.3 for Input Specifications). Next the output files are
read and the data is passed back to the GoldSim.exe. The order of subroutine calls are listed
below:

1. SYSTEM

2. Read INPAG-N Output Flux files
3. Load out() array

4. Pass out() array to GoldSim.exe
5. Clean-up and exit

The subroutines read the values contained in the output files created by INPAG-N. Each
subroutine writes the data to an array. Because each version of INPAG-N utilizes different
output files, several subroutines were constructed that contain functionality unique to the
INPAG-N version being used. The subroutines are listed by name and an ‘X’ indicates when
they are called for each version of INPAG-N in Table 6. The source code is included in the
attached CD ROM, as listed in Appendix A.

Table 6: Output Subroutine Calls used in INPAGN_Launcher DLL

OUTPUT SUBROUTINE INPAGN INPAGNV2 INPAGNH INPAGNV2 INPAGNH

(INER) (INER)
Execute INPAG-N
SYSTEM X X X | X | X
Read Flux Files
Read_FLX File X X X
Read_FLX_File_NV2I X X
Read_FLX_File_NV2IN X X
Read_FLX_File_NV2IR X X
Load data into out() array and pass back to GoldSim.exe
BASENF_FLX FILE X X X X X
N_FLX_FILE X X
R_FLX FILE X X
Clean-up and Exit DLL (METHOD = 99)
DEALLOCATE X X X X X
CLOSE (*) X X X X X
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2.5. Data Files
Sections 2.3 and 2.4 describe the format of the RN.dat input file and the required output data
files as dictated by the versions of INPAG-N. The INPAGN_ Launcher DLL writes one debug

data file, scratch.txt. This is an ASCI text file that echo’s the input and output arrays and prints
out check points during the DLL execution that can be used to debug the input/output operations.

2.6. Defaults

There are no defaults. The INPAGN Launcher DLL must receive the entire in() array or it will
not run.
2.7. Errors

General error detection is not provided with the DLL. Table 7 lists common error messages
generated by the DLL and the GoldSim.exe and some possible causes. The GoldSim™ program
will be halted and the message displayed by GoldSim™ program to the user.
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Table 7: Common DLL Error Messages

Error Message

Possible Cause(s)

The model cannot be run.

LAUNCH_INPAG_N:
\Near_Field_Calcuations\INPAG_N\LAUNCH_INPAG_N

Could not load the DLL INPAGN_launcher_v3.dll

DLL is not in the Local Directory

RN.DAT specified incorrectly

in() array specified incorrectly

The model cannot be run.

External element
\Near_Field_Calcuations\INPAG_N\LAUNCH_INPAG_N must have at
least 1 output

No output defined in
GoldSim.exe model file for the
DLL external element.

The model cannot be run.

External element
\Near_Field_Calcuations\INPAG_N\LAUNCH_INPAG_N input
arguments do not match; External function is expecting 85 inputs, 86
arguments are defined in GoldSim™

in() array specified with incorrect
number of elements.

The model cannot be run.

Dimensions do not match for output of external element
\Near_Field_Calcuations\INPAG_N\LAUNCH_INPAG_N

The DLL passes a 2-D table to
the GoldSim.exe and the
external element must have the
correct type selected.

\Near_Field_Calcuations\INPAG_NH_INER\LAUNCH_INPAG_N
Win32Exception caught: at address 0x

DLL Error

Visual Fortran run-time error: Forrtl:severe(2): file not found, unit 95,

Rn.dat file is not in local directory

Visual Fortran run-time error: Forrtl:severe(2): file not found, unit 9,

Rn.dat file is not in local directory

Visual Fortran run-time error: Forrtl:severe(2): file not found, unit 12,

*.FLX file not in local directory.

selected version of INPAGN.EXE
did not execute successfully

selected version of INPAGN is
not found in the local directory

Input file did not execute; errors
in input file data

Visual Fortran run-time error: Forrtl:severe(2): file not found, unit 13,

*.FXN file not in local directory.

selected version of INPAGN.EXE
did not execute successfully

selected version of INPAGN is
not found in the local directory

Input file did not execute; errors
in input file data

Visual Fortran run-time error: Forrtl:severe(2): file not found, unit 14,

*.FXN file not in local directory.

selected version of INPAGN.EXE
did not execute successfully

selected version of INPAG is not
found in the local directory

Input file did not execute; errors
in input file data
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2.8. Hardware/Software Environments

The minimal hardware configuration to run INPAGN Launcher DLL is a computer equipped
with a Windows 32-bit or 64-bit operating system (e.g., Windows XP). INPAGN Launcher
DLL is developed as a dynamic link library (DLL) that must be called by another application.
The software, GoldSim.exe (GoldSim Technology Group LLC, 2006), is required to operate the
DLL. In addition, at least one version of INPAG-N (listed in Table 2) is required for the
successful execution of the DLL.
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3. INSTALLATION AND TEST CASES
3.1. Installation

Before installing the INPAGN_ Launcher software, the user must ensure that a Windows
operating system is installed on the target platform (see Section 2.8 Hardware/Software
Specifications). The INPAGN_Launcher software is installed by placing a copy of the DLL on
the hard-drive of a computer. The installation and test cases described herein assume that
GoldSim™ (e.g. GoldSim™ Version 9.21 or later) is installed on the target machine. In addition,
at least one version of INPAG-N (listed in Table 2) must be installed in the local directory to
which the DLL and test cases are executed.

3.2. Test Cases

A test case is provided in Appendix A. Following the steps listed in Table 8 will provide
evidence that the DLL is operating correctly once installed and that the functional requirements
are satisfied. The test looks at the normal or expected operation of the DLL and has been
developed to show a comparison of the resulting tables.

Table 8: Steps for Installation and Testing

Step Description Verification Results

Copy the INPAGN_Launcher_v3.dll,
RN_Daughter.DAT and

1 INPAGN_Launcher_DLLv3_Test_Case.gsm from the Files appears in directory
Appendix A directories on the CD media to a test
directory on a workstation or desktop computer

Copy at least one executable version of INPAG-N
2 (listed in Table 2) on the local computer that contains File(s) appears in directory on the
INPAGN_Launcher_v3.dll and INPAGN_Launcher_ local computer.

DLLv3_Test Case.gsm

3 Rename RN_Daughter.DAT to RN.DAT File appears in directory.
4 Launch GoldSim™ v9.21 (or later) Goldsim™ is launched
5 Open the file INPAGN_Launcher_ File opens

DLLv3_Test Case1.gsm in GoldSim™. pens.
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Table 8: Continued.

Step Description Verification Results

Select the version of INPAG-N by selecting 1-5 for the
6 element “INPAG_N_Selector” in the N/A
INPAGN_Launcher_DLLv3 Test Case.gsm file.

GoldSim™ Run Controller

appears.
7 Run the file by selecting /Model/Run Model from the . )
pull-down menus. D|alog box appears W|th query,
“Starting a new simulation will
destroy your existing results. Are
you sure you want to run again?”
8 Select “yes” to dialog box query. Dialog box appears stating

“Simulation Complete!”

Dialog box disappears. Run

L SOV i Controller may also disappear
9 Click “OK” in dialog box. depending upon GoldSim™
option settings.

10 Verify that the contents of the results tables match the

output for test files included in Appendix A.3. Results match.

11 Repeat Steps 6-10 for each version of INPAG-N N/A

Please note that the values contained in the test case,
INPAGN_Launcher DLLv3 Test Case.gsm, should not be used for any other purpose than as
an example. The values do not necessarily represent a real repository system and are only default
values used in an example model. In addition, the test case is set up for multiple realizations.
Single realizations should be run to compare the results to the results from stand alone INPAG-N
.€Xe runs.
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4. SUMMARY

The objective of this document has been to provide a guide for using the INPAGN Launcher
DLL software package with GoldSim.exe. The test case included in this manual was based upon
a hypothetical performance assessment model constructed by Sandia National Laboratories as
part of a technology transfer program funded by the Taiwan ICP Phase II - Technology Transfer
for Interim Dry Storage and Final Disposal of Spent Nuclear Fuel under a WFO Funds-in
agreement contract between Sandia and Lockheed Martin. This work supports DOE/RW
international leadership in geologic disposal of spent nuclear fuels and radioactive waste and
working item IN-SNL-DD23, “Technology Transfer for Geologic Repository Science and
Performance Assessment”, under the AIT/TECRO Joint Standing Committee for Civil Nuclear
Cooperation. Sandia National has over 30 years experience in assessing radioactive waste
disposal and at the time of this publication is providing assistance internationally in a number of
areas relevant to the safety assessment of radioactive waste disposal systems.

The SNL developed software enables INER to perform probabilistic simulations for safety
analysis and performance assessment of geologic disposal of commercial spent nuclear fuel. The
report guides a user through the steps necessary to use the software and presents a successful test
case demonstrating the paradigm of coupling deterministic codes to a contemporary probabilistic
software application. The effort was the result of a cooperative technology transfer project
between Sandia National Laboratories and the Institute of Nuclear Energy Research (INER) in
Taiwan for the preliminary assessment of a potential SNF waste repository in Taiwan. However,
this software package can be easily modified to model site specific conditions for assessments of
other potential radioactive waste repositories.
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APPENDIX A: SOURCE CODE AND TEST CASES

The source code and example GoldSim™ model file discussed in this document are stored on the
Compact Disc (CD) distributed with this SAND report, and are also available for download at
http://www.sandia.gov/icp/.

A.0 Test Case

INPAGN_ Launcher v3 DLL GSv921 Test Case.gsm

A.1 INPAGN_Launcher_v3.DLL and Source Code

Launch_inpagn v003.f90
INPAGN_Launcher v3.DLL

A.2 RN.DAT Examples

RN No Daughter.DAT
RN _Daughter.DAT

A.3 INPAG-N Test Case Results

BASENF.FLX
inpag_nv2.flx
inpag_nh.flx
inpagn_v2i.fxn
inpag_nv2iN.fxn
inpag_nv2iR.fxn
inpag_nhi.fxn
inpag_nhiR.fxn
inpag_nhiF.fxn
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