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Abstract
WindowsTM Dam Analysis Modules (WinDAM) is a set of modular software components that
can be used to analyze overtopped earthen embankments and internal erosion of embankment
dams. Sandia National Laboratories’ DAKOTA (Design Analysis Kit for Optimization and
Terascale Applications) toolkit provides algorithms to perform iterative analysis with the help of
built-in algorithms for uncertainty quantiﬁcation with sampling and parameter study methods.
This software integrates Sandia National Laboratories’ DAKOTA software suite with WinDAM.
It provides a user-interface for input and manipulation of parameters and performs various
(centered and multi-dimensional) parameter studies on a wide range of parameters. This software
takes advantage of the various algorithms present in DAKOTA to perform parameter studies on
the various properties of WinDAM and provides users with detailed output on the changes
caused by these variations.
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Chapter 1 - Introduction
This software integrates Sandia National Laboratories’ DAKOTA software suite with
WinDAM. It provides a user-interface for input and manipulation of parameters and performs
various (centered and multi-dimensional) analyses on a wide range of parameters. This software
can be used to automatically generate DAKOTA input files. For parameter studies, the user
indirectly specifies these components through strategy, method, variables, interface, and
response keywords. Then, DAKOTA is invoked to iterate on the WinDAM simulation models.
The integrated development system for water resource site analysis WinDAM+DAKOTA is
designed to fully integrate the simulation models in WinDAM. The current version of WinDAM
only uses the Latin Hyper-Cube Sampling and Monte-Carlo Sampling libraries in DAKOTA to
generate random samples. Thus, the request comes from WinDAM, and random samples are
supplied by DAKOTA. The goal of this project is to allow DAKOTA to drive the simulation.

Iterative Analysis
Analysis model

DAKOTA

WinDAM

Computational model
Figure 1: Iterative Analysis
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In the proposed model based on [1], DAKOTA is given more capability in order to generate data
within the constraints and execute it against on the WinDAM for detailed analysis.

Chapter 2 - Background
WindowsTM Dam Analysis Modules (WinDAM)
WindowsTM Dam Analysis Modules (WinDAM) is a set of modular software components
that can be used to analyze overtopped earthen embankments and internal dam erosion. The
primary purpose of WinDAM B is threefold:


Hydraulically route one input hydrograph through, around, and over a single earthen
dam.



Estimate auxiliary spillway erosion in up to three earthen or vegetated auxiliary
spillways.



Estimate erosion of the earthen embankment caused by overtopping of the dam
embankment.

Since WinDAM B does not include any specific hydrology component, the user must
create the input hydrograph using other software. This allows the user the flexibility to choose
the hydrologic software most suitable for analysis of site conditions; e.g., HEC-HMS, etc.
WinDAM B assumes the embankment of the dam is a homogenous earthen material.
Computation of the discharge through the area of the breach, if any, is unit discharge
based on the effective width. If breach is to be evaluated, the associated erosion is assumed to be
initiated in an area corresponding to maximum unit discharge over the top of the dam.
Following breach initiation, the unit discharge is computed assuming negligible energy
loss from the reservoir to the hydraulic control and critical flow conditions with hydrostatic
pressure at the hydraulic control. The processes that determine the erosion during embankment
breach are dependent on the breach geometry and the breach area discharge. Many different
software packages can be used with WinDAM to generate the input hydrographs that are used by
WinDAM to determine the amount of erosion that results. As shown in Figure 2, these packages
include WinTR-20, Sites, HEC-RAS, etc.
2

Figure 2. WinDAM Software Architecture

In WinDAM, users may select an energy-based or a stress-based model. The energybased model, designated the Temple/Hanson model, is described by Temple et al. [3]. The stressbased model, designated the Hanson/Robinson model, is an adaptation of the model described by
Hanson, et al. [4], These advance rate models reflect different degrees of simplification of the
complex process and have different input requirements. These models are used to predict the
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amount of erosion that results from overtopping or internal erosion. An example of internal
erosion is shown in Figure 3.

Figure 3. Internal Erosion of USDA NRCS Structure

Although WinDAM currently relies on DAKOTA for random samples used in the simulations,
those are the only features of DAKOTA that are used.

Design Analysis Kit for Optimization and Terascale
Applications (DAKOTA):
DAKOTA is a software toolkit developed by engineers at Sandia National Laboratories to
provide a flexible, extensible interface between analysis codes and iterative systems analysis
methods [2]. DAKOTA contains optimization algorithms to help with parameter study
capabilities. It provides an ideal platform for providing iterative analysis on the inputs selected
by a user. DAKOTA currently supports four types of parameter studies:
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1. Vector parameter studies compute response data sets at selected intervals along an ndimensional vector in parameter space. This capability encompasses both single-coordinate
parameter studies (to study the effect of a single variable on a response set) as well as multiple
coordinate vector studies (to investigate the response variations along some arbitrary vector.

2. List parameter studies compute response data sets at a list of points in parameter space,
defined by the user. These points are explicitly specified by the user and are not confined to lie
on any line or surface. Thus, this parameter study provides a general facility that supports the
case where the desired set of points to evaluate does not fit the prescribed structure of the vector,
centered, or multidimensional parameter studies.

3. A centered parameter study computes multiple coordinate-based parameter studies, one per
parameter, centered about the initial parameter values. The centered parameter study executes
multiple coordinate-based parameter studies, one per parameter, centered about the specified
Initial Values. This is useful for investigation of function contours in the vicinity of a specific
point.

4. A multi-dimensional parameter study computes response data sets for an n-dimensional
hypergrid of points. Each variable is partitioned into equally spaced intervals between its upper
and lower bounds, and each combination of the values defined by these partitions is evaluated.
For the project, we have used the Centered Parameter Study and Multi-Dimensional Study for
the analysis.

2.1. Centered Parameter Study:

Centered Parameter Study helps in investigating of a function in the vicinity of a specific point.
Thus, after computing an optimal design, Centered Parameter Study could be used for postoptimality analysis in verifying that the computed solution is actually at a minimum or constraint
boundary and in investigating the shape of this minimum or constraint boundary.
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In order to do Centered Parameter Study method, Dakota input file would require to have
step_vector (list of reals) and steps_per_variable (list of integers) specifications, where the
step_vector specifies the size of the increments per variable (employed sequentially, not all at
once) and the steps_per_variable specifies the number of increments per variable (employed
sequentially, not all at once) for each of the positive and negative step directions.

For example, with Initial Values of (1.0, 1.0), a step vector of (0.1, 0.1), and a steps per variable
of (2, 2), the center point is evaluated followed by four function evaluations (two negative deltas
and two positive deltas) per variable:
Parameters for function evaluation 1:
1.0000000000e+00 d1
1.0000000000e+00 d2
Parameters for function evaluation 2:
8.0000000000e-01 d1
1.0000000000e+00 d2
Parameters for function evaluation 3:
9.0000000000e-01 d1
1.0000000000e+00 d2
Parameters for function evaluation 4:
1.1000000000e+00 d1
1.0000000000e+00 d2
Parameters for function evaluation 5:
1.2000000000e+00 d1
1.0000000000e+00 d2
Parameters for function evaluation 6:
1.0000000000e+00 d1
8.0000000000e-01 d2
Parameters for function evaluation 7:
1.0000000000e+00 d1
9.0000000000e-01 d2
Parameters for function evaluation 8:
1.0000000000e+00 d1
1.1000000000e+00 d2
Parameters for function evaluation 9:
1.0000000000e+00 d1
1.2000000000e+00 d2

Figure 4: Centered Parameter Study
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2.2. Multi-dimensional Parameter Study:
The Multi-Dimensional Parameter Study computes response data sets for an n-dimensional
hypergrid of points. Each variable is partitioned into equally spaced intervals between its upper
and lower bounds, and each combination of values defined by these partitions is evaluated. For
example, let’s consider a two variable example problem with d1 [0, 2] and d2 [0,3] (as
defined by the lower and upper bounds from the variables specification) and with partitions of (2,
3), Then the interval [0, 2] is divided into 2 equal partitions and [0, 3] is divided into 3 equal
partitions which can be represented by the following diagram:

Figure 5: Multi-Dimensional Parameter Study

The above diagram can be described by simply using all points in all dimensions. Such output is
useful to generate multi-dimensional plots of the data for visualization during post processing.
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Chapter 3 - Software for Parameter Study
In the previous software, the integrated development system for water resource site analysis
WinDAM+DAKOTA is designed to fully integrate the simulation models in WinDAM with the
uncertainty quantification, sensitivity analysis, and parameter studies capabilities in DAKOTA.
This environment interactively guides user input, invokes the sampling and simulation models in
the background, and parses the results. This version of the software also allows a user to conduct
parameter studies and specify the inputs to be analyzed based on a list of probability distribution
functions. Twenty-five different types of distributions can be specified [5]. Random samples are
generated using the Latin Hypercube Sampling (LHS) library routines found in Dakota 5.2. In
addition to specifying the types of distributions to be used to generate samples, the user can also
specify the number of instances to be generated and the algorithm to be used to generate those
samples. In particular, the user can select between Monte Carlo and Latin Hypercube Sampling.
With Monte Carlo Sampling, the samples are generated at random. The user can specify a
random number seed to generate the same sequence of random samples. With Latin Hypercube
Sampling, the samples are more evenly distributed across the search space, resulting in better
coverage and fewer samples required [6]. Given below is an instance where a user could request
10 instances (samples) to be generated for a given material's headcut index using a Uniform
Distribution from 0.001 to 0.201. Then, one sample would be randomly generated for each
interval of length 0.02 from 0.001 to 0.201. The generated samples are shown in Figure 5.
@UNCERTAINTY
@OBSERVATIONS
@VARIABLES

10
1

KH(1):
@SAMPLEDATA
1 1

0.178143860112386

2 1

0.114162037013804

3 1

0.153554977141378

4 1

0.184678807170631

5 1

0.140484162236030

6 1

7.696084019646307E-003 <- max erosion

7 1

6.790786373412117E-002 <- mean erosion

8 1

2.112528697716014E-002

9 1

5.711419140612775E-002

10 1

9.154328306156087E-002

<- min erosion

Figure 6. Random Samples Generated
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As in the previous software WinDAM used to drive the analysis, with the current software we
can allow DAKOTA to be used to drive the analysis in an iterative fashion with the capability of
Centered Parameter Study and Multi-Dimensional Parameter Study on the inputs.
With the software, we can analyze the variation of the output by fluctuating the basic
parameters and material properties in WinDAM.

The variation of the properties can be

generated with the help of DAKOTA. The user provides the desired inputs within which
variation of a property is to be analyzed and the randomized sets of data will be generated for the
purpose through DAKOTA. The software has 2 variations that is the Centered Parameter Study
where it takes the initial points, the steps of variation and the number of steps for each variable
though the tool and generate a DAKOTA input file and the required WinDAM Template file. If
Multi-Dimensional Parameter Study is selected, the user will have input an expected lower
bound and upper bound value with the number of partitions for each variable through the tool
and the corresponding DAKOTA input file and WinDAM Template file are generated.
DAKOTA input file is run on DAKOTA and its outputs are recorded. These outputs are
generated by using centered parameter study or multidimensional parameter study are used to
generate multiple input files for WinDAM. After the software builds, DAKOTA input file will
generate all the possible combinations of input values which are parsed to generate WinDAM
input file which are sent to WinDAM for execution. The output files contain all of the execution
results from WinDAM where it compute various required output parameters. The software
parses output files for relevant data such as peak outflow, maximum unit discharge. These parsed
values are collected and the DAKOTA chooses the next set of parameters to continue the
process. The parsed outputs are saved in a file for each run and can be sent to the visualization
software to display the variation using a scatter plot. After having all the possible variations
output, these values can provide us with a fair idea on all of the possible combination of
parameters that could be selected. The plotted graph helps in identifying the maximum
disturbance achieved. If the user would like to test another possible variation, the software will
again follow the same process mentioned and generate output.
The Dakota template file is used for filling all the values and generating the Dakota control
file Dakota_windam.in.
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In the whole model, Dakota has control over the generation of the WinDAM files and parses the
output for required results. Figure 7 describes the data flow of the software.

WinDAM Software

File.WDC

Parameter Study
Software

File.WDT
(Template File)

User Inputs

Dakoa_windam.in

DAKOTA

[Input file to

Software

Dakota]
Dakota_tabular.dat
[Output File]

Graphic Software
[Output Plot]
(Future
Figure 7: Software Data Flow

Development)

Figure 8 shows the control flow of the software. As a separate process, users can execute and
generate WinDAM control files *.WDC files.
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Figure 8: Software Control Flow

The WinDAM control files (*.WDC files) are used as input to the software. The software parses
the WinDAM control file to generate a WinDAM template file (*.WDT file) with tags replacing
the data fields to be used for the parameter study. Then, random parameters are generated by
Dakota and the random samples are inserted into the template file to create an input file that can
be passed to the WinDAM simulator to generate the predicted erosion for the given input
parameters. Finally, the output generated by the WinDAM simulator is parsed to create a results
file that is passed back into Dakota. In this way, Dakota can iterate several times over the
parameters to perform parameters studies and uncertainty analysis. For example, suppose that we
are interested in the highlighted line shown below. It describes the dam erosion model properties.
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Figure 9: WDC Input File

After the WDC file is provided as input with the type of parameter study to be done, a template
file with the extension .WDT is automatically generated by the new software:

Figure 10: WDT Template File
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In the above figure, the parameters on which we are doing our parameter study are replaced by
“{TW}, {KD}, {US}, and {CS}”. These tags identify the parameters’ location in the file for
further processing. The software collects the current values and fills up any one of two panels;
i.e., Centered Parameter Study Panel or Multi-dimensional Parameter Study Panel.
Based on the type of parameter study the user will be performing, the user will have to
provide different inputs for DAKOTA.

Figure 11: Centered Parameter Study Panel
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Figure 12: Multi-dimensional Parameter Study Panel

After entering parameters for the study, the user clicks on run to generate the DAKOTA input
file and run it. If the user selected the centered parameter study then the following file is
generated.
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Figure 13: Dakota Input File

DAKOTA allows the programmer to specify the interface they like to utilize in performing
analysis. The software has its own defined interface system which are defined between line
numbers 19 – 24 in Figure 13. The WinDam.bat script contains a set of commands which would
be invoked to perform the analysis.

Figure 14: WinDam.bat Script File
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These commands helps us to perform the following operations:
1. Read the parameters generated by DAKOTA and parse them into a WinDAM
recognizable format.
2. The preprocessor dprepro does the preprocessing where a new example.WDC file is
generated from the template file and the parameters generated by Dakota.
3. WinDamSim.exe is the WinDAM executable for simulating the erosion generated
when running the example.WDC file.
4. Read the example.OUT file which is the output generated after execution which is
parsed to fetch the required results.

The file parseWinDamIn.pl is a perl script which read the param file and makes them usable for
WinDAM. The parameters generated are converted to a 10-column integer format which can be
used in WinDAM.
The preprocessor dprepro replaces the tags delimited with “{..}”, with the new parameters
generated, in the template file to create a new example.WDC file as shown in Figure 15.

Figure 15: Processed WDC File
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This file is run against WinDAM and the output file example.out gets created. It contains the
output generated by the WinDAM simulation. It contains values about the peak outflow possible
and other relevant details.

Figure 16: Example OUT File

This output file is again parsed by parseWindamout.pl which accumulates all the values we have
specified in the file. All these output values, new input params and the execution instance are all
collected in a tabular format under Dakota_tabular.dat.

Figure 17: Dakota_tabular.dat File
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Dakota_tabular.dat file is the final output. We will use it with graphical software package and
plot the variations. In the above figure, it can be noted that it contains lots of execution instances.
It shows that DAKOTA is taking control over the WinDAM and execute multiple instances of
example.WDC to check the variation in WinDAM output as shown in Figure 1.

Functional Classes:
The whole project has been coded into multiple classes and files. Major classes used are
FileOperation, InternalFrame.java and MyInternalFrame.java. Each one of these files defines a
class that deals with a specific function. InternalFrame.java class helps in running the whole
project. InternalFrame.java class provides a user interface where a user can select a file and
execute the Dakota code. FileOperation class mostly deals with the reading and writing of files
and executing a few commands on the client. MyInternalFrame.java has all the panels for the
user interface where a user can enter his/her inputs and can be used for processing.
InternalFrame.java class contains the main function which will start the execution of the
code.

The

InternalFrame

class

instantiates

an

object

of

MyInternalFrame

class.

MyInternalFrame deals with the user interface and a few functions like setValues,
writetoDakotaFile. InternalFrame class provides a basic menubar which provides a few basic
operations like open a file, save a file and close the frame. It will read a .WDC file selected by
the user and fill up the values in the textboxes for extra input and manipulation. If a user changes
any value then it is parsed by setValues function and check for changes. WriteDakotafile
function plays a vital role where it creates the appropriate input file for execution in Dakota.
Also MyInternalFrame instantiate an object of FileOperations and Output. As a user selects a file
as input, the whole file is parsed over and the parameters appear on input frame.
The Fileoperation class deals with all the basic function required on a file and execution.
It includes functions like readFile which parses the inputs from the file selected by the user.
WriteToFile function deals with the save option provided in the MyInternalFrame action where it
can save it in the same file or create a new file and save the modifications. It also contains
execution of command build() from InternalFrame which takes the Dakota input file and
executes it in its working directory by using the exec function. The output class has 2 vectors
which act as a dictionary for saving the values generated during the execution. It has a labels
field and output field. The labels field contains all the labels corresponding to the WinDAM
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model. The output contains all the different combinations of the values and their respective
output.
After we select an input file, the file is parsed and the values are set in the textboxes
provided on the user interface. Users provide the step size and the number of steps to be taken in
each direction.
When Run + Build is selected, the software takes these inputs and generates a Dakota file
and later executes this file to obtain the output. During the execution, first a template file is
created. For simpler execution purpose, we have named it example.WDT. It’s a template file
similar to the .WDC file with the tags like {AC} being replaced at the place of the value. These
new values based on the type of parameter study are used in generating the input file that can be
processed by DAKOTA. The input file which was created by writeToDakotaFile function looks
like:

Figure 18: Dakota Input File

This file is sent as an input to the DAKOTA. DAKOTA supports interface mechanisms by
which we are able to custom declare the type of processing needed. In the above screen shot, you
will notice that we have defined the analysis drives as the .BAT file which contain the
commands that will be executed. It takes the parameter from param.in file generated by the
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DAKOTA. The below screenshot is the file generated using a windam.bat script during
execution:

Figure 19: WDC File with Parameters

With the help of the analysis driver, we replace the DAKOTA generated parameters in the
template file and executed it against the WinDAM. The output generated are in results.out. This
file is processed to extract a couple of values and save it in Dakota_tabular.dat (Figure 12). It
contains a table like structure which contains the execution run identification, the values of the
parameters used and the output generated and stored in the working directory.
We can use these generated values and use it to plot the various possibilities of parameter values
and understand the variations it may cause which can be avioded and used to avoid any issues
with unforseen circumstances.
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Chapter 4 – Conclusions
WinDAM has been developed over in stages to evaluate the performance of earth dams.
The system provides tools that can be used to better understand the structure, function, and
dynamics of such structures. In this report, I have described the development of a new software
package which links the WinDAM development with DAKOTA for performing a variety of
different parameter analysis studies.
For future work, we plan to incorporate a Graphics Module for plotting the output
generated from the software and WinDAM using visualization software.

.
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