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CHAPTER 1 

Introduction 

Project Description 

The DSS-WISE Project is focused on developing an integrated decision 

support environment for water infrastructural security that allows a detailed 

evaluation of the consequences of a catastrophic flood based on two-

dimensional realistic, reliable numerical simulations. The organizational 

structure of the proposed decision support environment for water 

infrastructural security analysis is depicted in Fig. 2.1. A state-of-the-art 2D 

numerical model, CCHE2D-FLOOD, and a collection of GIS based decision 

support tools constitute the two-principal components of the DSS-WISE 

environment. 

 

The first principal component of DSS-WISE is a two-dimensional state-of-

the-art numerical code to route dam/levee break/breaching floods, and/or 

fluvial floods over complex topography. This numerical flow model, 

CCHE2D-FLOW, solves 2D shallow-water equations using a very robust, 

shock-capturing finite-volume scheme that accepts both regular DEM-based 

or triangular unstructured grids. The numerical model provides information 

about the extent of the flooded area, spatial distributions of flood depth and 

flood velocities in two horizontal directions, arrival time of the flood, and its 

duration at each point of the computational domain. To carry out the 

simulation, the model receives information from various sources. The 

topography is supplied from Digital Elevation Maps (DEMs). The data on the 

water infrastructure to be analyzed is retrieved from a special database. In 

addition, the information is provided on protection and mitigation measures, 

if any, that need to be taken into consideration during the analysis. These 

measures can be structural or nonstructural. Structural measures aim at 

modifying the flood flow by building engineered structures such as channel 

modifications, diversions, reservoirs, levees, dikes, etc., whereas 

nonstructural measures aim at reducing vulnerabilities in flood prone areas by 

means of land acquisition and voluntary relocation, flood proofing, flood 



October, 2008 

DSS-WISE PROJECT FINAL REPORT 9 

warning systems, public awareness programs, etc. The hazard scenario to be 

analyzed, such as storm surge, flash flood, or dam/levee break/breaching (due 

to extreme hydrologic conditions, structural failure, or terrorist attack) is also 

supplied. 

 

 
 

Fig. 2.1  Organizational structure of DSS-WISE, which is a decision support environment 

for water infrastructural security analysis based on two-dimensional realistic, reliable 

numerical simulations. 

 

CCHE2D also provides a capability that allows representation of linear terrain 

features that cannot be captured at the resolution of the DEM to be taken into 

account during computations using a two-sided cut-cell methodology. A 

special version of cut-cell method also allows carrying out coupled 1D-2D 

simulations that are particularly useful to simulate levee overtopping 

scenarios. 

 

The second principal component of DSS-WISE is a GIS-based decision 

support environment, which is composed of a collection of GIS based 

decision support tools that work in tandem with the CCHE2D-FLOOD model. 

The entire decision support component is written as an add-on extension to 

ArcGIS, which is a commercially available and widely used GIS platform. 

 

The two-dimensional flow simulation results computed by CCHE2D-FLOOD 

are imported into ArcGIS by converting them into raster layers. The 

numerical results are then interfaced with various types of socio-economic 

data, such as census-block data, classified land-use to carry out analyses of 

loss of life, urban damage, rural and agricultural damage, and risk and 

vulnerability. 
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Decision support modules can also be used in evaluating efficiency of 

emergency response plans, structural and nonstructural flood protection and 

mitigation measures, etc. Engineering alternatives for flood control and 

management, emergency response, etc., can be comparatively evaluated and 

ranked using recently developed Spatial Compromise Technique, which takes 

into account spatial variations of the relative efficiency of the alternatives. To 

carry out these tasks, the GIS decision support toolbox needs complementary 

information regarding the nonstructural measures, various geospatial 

information, such as land use, census data, infrastructure data, urban data, 

agricultural data, economic data, etc. The damage relationships for different 

structure types and crop types, rules and regulations to be considered in 

evaluating the efficiency or adequacy of engineering solutions are taken from 

a knowledge base that needs to be established. The stochastic module supplies 

probability distributions for hazard scenarios, uncertainties for various 

parameters, event trees, etc., in order to take into account the uncertainties 

during the analyses and decision making process. 

 

The GIS-based system also offers a data preparation and treatment platform. 

The DEM data can be treated and prepared to be used directly as 

computational mesh. Tools are also provided to estimate the bathymetry of 

the reservoir from surrounding topography and user supplied information, to 

create rotated computational domains, to project linear terrain features onto 

the computational mesh and create associated input files that allows them to 

be included in the computations using the cut-cell method. 

 

 

Landscape Assessment 

In the USA, Homeland Security Presidential Directive 7 of 5/7/2007 

classified dams and levees among the 17 critical infrastructure and key 

resource sectors
1
 ñthat require protective actions to prepare for, or mitigate 

against, a terrorist attack or other hazards identified.ò These 17 critical sectors 

are summarized in Fig. 2.2.  

 

Failure of dams and levees may lead to highly dynamic catastrophic floods 

that can cause significant loss-of-life, and bring considerable socio-economic 

hardship by damaging property and infrastructures. Floods, be it fluvial or due 

to failure of control structures (such as dams or levees), have the potential to 

affect one or more of these critical sectors. Moreover, pollution caused by 

cascading failure of hazardous chemical production and/or storage centers 

may also lead to environmental disasters and affect the ecosystem. 

                                                 
1
 Later ñManufacturingò was added to the list as the 18th critical infrastructure and key resource sector. 
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Fig. 2.2  Diagram showing the 17 critical infrastructure areas originally listed in the USA, 

Homeland Security Presidential Directive 7 of 5/7/2007. Floods, be it fluvial or due to 

failure of control structures (such as dams or levees), have the potential to affect one or 

more of these critical sectors. 

 

Issues regarding the safety and security of Dams 

The database of the National Dam Performance Program (NPDP, 2008a) lists 

a total of 1019 dam failures of varying importance since 1850 (see Fig. 2.3). 

A total of about 4,000 lives were lost during these incidents (Fig. 2.4). The 

majority of these failed dams are earthfill embankments. As shown in Fig. 2.5 

(NPDP, 2008b), the principal cause of dam failures is the overtopping due to 

extreme hydrologic events. The second important cause is the piping. 

 

US National Inventory of Dams (NID, 2008) currently lists about 80,443 

dams in the USA, including those in Guam and Puerto Rico. Fig. 2.6 shows a 

pie chart regarding the ownership of these dams. As it can be seen, only about 

5% of these dams are owned by the federal government. The majority of the 

remaining dams are privately owned and they are under the responsibility of 

the states. This leads to the important conclusion that the dam safety and 

security is not only a federal, state, or local issue, but it also requires 

collaboration of private dam owners. This peculiar situation, where the 

responsibilities are divided among numerous stakeholders, requires an 

extremely careful approach to dam safety and security. 
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Fig. 2.3  Cumulative number of dam failures on record in the NPDP database

2
. 

The dashed red line shows the cumulative number of failures excluding the 

many small dams that failed during the 1994 Georgia floods. 

 

 
Fig. 2.4  Cumulative number of fatalities due to dam failures during the 

period 1850-2005 (adapted from NPDP, 2008b). 

 

                                                 
2
 http://npdp.stanford.edu/npdphome/Historic%20Performance%20of%20Dams.pdf 
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Fig. 2.5  Causes of all dam failures that occurred during the period 1975-2001 

(adapted from NPDP, 2008b) 

 

 
Fig. 2.6 Pie chart showing the ownership of the dams in the United States. 

 

In the United States, all dams are classified into three hazard levels based on 

the vulnerabilities downstream and the expected impact of a failure, rather 

than the quality of their structure and/or the probability of their failure: 

 A High Hazard (or Category I or Class C) dam is a dam whose failure may 

cause loss-of-life, serious damage to homes, industrial or commercial 

buildings, important public utilities, main highways, or railroads. 

 A Significant Hazard (Category II, or Class B) dam is a dam whose failure 

poses no threat to life, but may cause significant damage to main roads, 

minor roads, or cause interruption of public utilitiesô services. 

 A Low Hazard (Category III, or Class A) dam is a dam whose failure 

would at most result in damage to agricultural land, farm buildings 

(excluding residences), or minor roads. 

 

Although federal guidelines exist (FEMA, 2004a), hazard potential 

classification for dams is ultimately under the responsibility of states. 

Therefore, small variations should be expected from one state to the other. 
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Table 2.1  Number of dams in  

high- (H), significant- (S) and low-hazard (L) categories listed by state. 
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Out of the 80,443 existing dams, 11,768 are classified as high hazard and 

13,578 as significant hazard dams. The remaining 55,097 dams are low-

hazard dams. Table 2.1 lists the number of dams in each category by state 

based on the information contained in the NID. 

 

In principle, all high hazard dams are required to have an Emergency Action 

Plan (EAP). Federal guidelines for dam safety published by FEMA (2004b) 

define EAP as ña formal document that identifies potential emergency 

conditions at a dam and specifies preplanned actions to be followed to 

minimize property damage and loss of life.ò The EAP also contains 

inundation maps as well as the procedures and information to assist the dam 

owner/operator in issuing early warning and notification messages to 

responsible downstream emergency management authorities. 

 

An analysis of the data in the NID reveals that 5,035 high hazard dams and 

6,013 significant hazard dams do not yet have an EAP. This is a serious 

situation, which requires immediate attention, especially considering potential 

loss-of-life.  

 

In Figs 2.7 and 2.8, the EAP status of high hazard and significant hazard dams 

is plotted based on height and age of the dam. It is observed that 1,858 high-

hazard dams and 2,533 significant hazard dams were built before 1940, and 

thus have probably reached the end of their useful life. It can also be seen that 

a large number of high hazard dams that do not have an EAP fall into the 

category of small dams with a height less than 49 ft. This is in fact the 

category for which most of the dam failures have been observed. 

 

The situation is in fact probably more serious than it appears from these 

statistics based on the public portion of the NID. The first issue concerns the 

validity of the existing EAPs. The public version of the NID, unfortunately, 

does not list the date of establishment for the existing EAPs. Some of the 

existing EAPs may be very old and not reflect the true vulnerabilities 

downstream. The new developments at the downstream of the dam may even 

necessitate a reclassification of some of the dams. The second issue is the 

quality of the EAP. Not all the EAPs follow the standard guidelines set forth 

by FEMA or by the states. In some extreme cases, the EAP can be just a sheet 

containing a list of telephone numbers to call in case of emergency. 

 

To remedy this situation, there is an urgent need to develop efficient, robust, 

and accurate numerical tools that can be reliably used for performing risk and 

vulnerability studies for dams by making use of the recent developments in 

GIS and remote sensing technologies. The DSS-WISE Project made a step 

forward in this direction by developing a simulation, a decision-making 

environment that facilitates the studies regarding the safety and security of 

dams, consequences of flood due to dam/levee break/breaching failures, and 

preparation of EAPs. 
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Fig. 2.7 Classification of ñHigh Hazardò dams in the USA by height versus EAP Status 

(left) and by age versus EAP status (right), based on the entries in the National Inventory 

of Dams (9/28/2008). Legend for EAP status: Y= Yes, EAP exists; NR= EAP not 

required; and N= No, EAP does not exist. 

 

  
Fig. 2.8 Classification of ñSignificant Hazardò dams in the USA by height versus EAP 

Status (left) and by age versus EAP status (right), based on the entries in the National 

Inventory of Dams (9/28/2008). Legend for EAP status: Y= Yes, EAP exists; NR= EAP 

not required; and N= No, EAP does not exist. 

 

Review of current practice of dam break flood modeling 

The estimation of the consequences of floods and the risk analysis are 

generally performed using either the HEC-FDA (USACE, 2000) program, 

developed by the Hydrologic Engineering Center of the US Army Corps of 

Engineers, or Flood Component of HAZUS-MH software developed by 

FEMA (2007). HEC-FDA uses a risk-based analysis method to integrate 

hydrologic, hydraulic, and economic relationships. The two primary outputs 
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from HEC-FDA include expected annual damage estimates and project 

performance statistics. This program has a very primitive user interface and 

does not offer any GIS capability. The flood component of HAZUS-MH 

includes methods for assessing both riverine and coastal flooding and damage 

assessment for all classes of structures and infrastructures based on damage 

data bases of FEMA and the U.S. Army Corps of Engineers. It also includes 

modules to estimate damage to utility lifelines, agricultural areas and facilities, 

debris generation and shelter requirements. It takes into account flood 

warnings and flood velocity effects. HAZUS-MH is a GIS-based tool and is 

now the standard software used in the USA for flood loss analyses. 

 

With the current practice of flood simulation, both of these models are 

generally driven by flood maps that are obtained from one-dimensional steady 

or unsteady numerical flood simulations carried out by H&H (Hydrology and 

Hydraulics) specialists, who are often engineers with a background in 

hydrology and hydraulics. One-dimensional simulation results are converted 

into two-dimensional maps by rather crude interpolations between 1D model 

cross sections, based on digital elevation maps. Despite the considerable level 

of expertise acquired by the engineering community in their use over a long 

period of time, the use of one-dimensional models has the following 

drawbacks: 

1. The procedure for the development of two-dimensional flood plans from 

one-dimensional simulation results is quite involved (see Fig. 2.9), takes a 

relatively long time and involves engineering judgment calls; 

2. The interpolation inaccuracies in case of highly dynamic floods resulting 

from failure of dams and levees may be quite important. Moreover, the 

mass conservation is violated; and 

3. One-dimensional models can only be used for cases where a channelized 

flow exists and the underlying assumptions for 1D models hold. In case of 

highly transient flood flows, such as dam and levee break floods, the one-

dimensional approach can no longer be used reliably if the terrain is flat 

and the flow is spreading in a two-dimensional manner. This is shown in 

Fig. 2.10. 

 

At the moment, despite their obvious advantages, two-dimensional models are 

rarely used and there are no commonly accepted procedures for the use of 

two-dimensional modeling in flood simulation and/or consequence analysis. 

 

The main objections to the use of two-dimensional models were threefold:  

 long computational times 

 requirement for topographic mesh generation, which can be quite time and 

effort consuming, and  

 lengthy input data preparation. 
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Fig. 2.9  Steps for converting one-dimensional simulation results into two-dimensional 

flood delineation maps (adapted from FEMA, 2003). Flood elevations between adjacent 

sets of cross-sections are calculated by interpolation based on the topography. Flood 

elevations for tributaries are calculated by carrying out backwater calculations. 

 

 
Fig. 2.10  Frames showing the propagation of the flood wave due to failure of Malpasset 

Dam, France, in 1959. In the earlier stages, in the two leftmost frames, the flood front 

advances in a relatively narrow valley. One-dimensional modeling can be assumed to 

hold while the flood is in the valley. In the later stages, in the two rightmost frames, the 

flood propagates on a relative flat terrain. One observes an important lateral expansion. In 

this case, the underlying assumptions for one-dimensional model no longer hold. A two 

dimensional approach may be more appropriate to capture the correct dynamics of the 

flow with arrival times and flow depths. 

 

It can be confidently argued that the above objections to the use of two-

dimensional models for flood studies are no longer valid. Recent scientific 

and technological developments have completely changed the outlook: 

 Developments in conservative numerical solutions of hyperbolic equations 

with shock capturing capability have permitted the development of robust 

numerical codes to solve shallow water equations for mixed regimes over 

a realistic topography. 

 Developments in computer hardware (processor speed, storage capabilities, 

parallel and/or cluster computing, networking, etc.) allow large storage 

space and superior computational speeds. Modeling of even relatively 

large areas, say 75km by 75km, at a resolution of 50m, can be 

accomplished in a few hours. 

 Recent developments in remote sensing and measuring methods and GIS 

technologies have enormously facilitated the collection, treatment, storage, 
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and retrieval of enormous amounts of geospatial data (topography, land 

cover, roughness, etc.) needed by the 2D numerical codes for realistic 

simulations. 

 

Closing the scientific and technological gaps 

The time has, therefore, come to choose the right type of model for the type of 

the problem at hand and the amount of data available, rather than trying to 

adapt the problem at hand to the available modeling capabilities. 

 

Moreover, numerical modeling of flood propagation for different what-if 

scenarios is no longer sufficient. One also needs to answer ñso-what?ò 

Namely, the model results should be used to calculate the consequences of 

flood events. 

 

The Department of Homeland Security (DHS) and Federal Emergency 

Management Agency (FEMA), recognize an ñAll Hazards Approachò to 

crises management, which considers the ñcrisis managementò and 

ñconsequence managementò as a ñsingle integrated function,ò and requires a 

careful planning of emergency management operations by considering four 

basic components of ñdomestic incident management activities,ò including 

floods: 

 Analysis of vulnerabilities; 

 Planning and preparedness; 

 Resource development; and 

 Information management and sharing. 

 

It is, therefore, necessary to adopt a comprehensive ñsystems approachò to 

flood protection and management, which requires quantitative assessment of 

not only the vulnerabilities to floods, but also the efficiency and 

socioeconomic impact of mitigation measures. The systems approach relies 

on: 

 geospatial and remote sensing technologies; 

 telecommunication technologies; 

 database technologies; 

 numerical models that can simulate a large number of what-if scenarios to 

allow the decision makers to visualize and quantify the performance of 

alternative engineering solutions and emergency plans; and 

 decision support tools that can evaluate the impact of a flood event on the 

socioeconomic context. 

 

Fig. 2.11 schematically summarizes the thinking behind the approach that led 

to the DSS-WISE Project. On one side one has the ñDisruptive Eventsò which 

can be natural (extreme atmospheric events such as rain, hurricane; 
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earthquakes; etc.) or man-made (malevolent actions, negligence, human error, 

etc.). On the other side, we have Human systems that rely on a built 

environment, which includes the interdependent critical infrastructure 

network and the natural environment that sustains us. Disasters occur when 

disruptive events interact with human systems and the built and natural 

environment that sustains them. 

 

Built

Environment

Natural

Environment

Human Systems

Manmade
(Accident, Failure or

Malevolent Act)

Natural

Disruptive Events Disaster

DSS-WISE

Development of robust, 

realistic, validated numerical 
models to describe the physical 
world during a hazard scenario

Development of decision 

support tools that can interface 
numerical model results with 

socio-economic data.

Tracking of cascading failures.

Retrieval of existing socio-

economic data stored as GIS 
and Remote sensing layers.

(also needs Social profiling for 

behavioral studies)

 
 

Fig. 2.11  Systems approach adopted by DSS-WISE. 

 

The approach adopted by DSS-WISE is to develop an environment that 

allows creating disasters on a computer before they occur and study their 

nature and consequences in order to be better prepared in our response. Given 

a realistic hazard scenario with a probability of occurrence, numerical models 

are needed to calculate in a reliable manner the physical world during this 

hazard event. The human systems are represented by geospatial data layers, 

such as census block layer, urban and agricultural assets layer, building stock 

layer, infrastructure layer, etc. The consequence analysis is carried out by 

interfacing the numerical model results with the geospatial socioeconomic 

data with the help of a collection of decision support tools that can evaluate 

potential loss-of-life, urban damage, agricultural damage, etc. These analyses 

are based on models describing loss-of-lif e during a flood event, damage to 

the buildings, etc. The aim is to answer the following questions: 

 What are the consequences (loss of life, property damage, infrastructure 

damage, health concerns, economic and environmental impact) of a 

potential flood threat? 

 What are the risks and vulnerabilities involved? 

 What can be done and what are the available options concerning the 

actions ñto preventò, ñprepare forò, ñrespond toò and ñrecover fromò 

floods? 

 What are the associated tradeoffs in terms of costs, benefits and risks? 

 What are the impacts of current decisions on future options? 

 

The principal ideas behind the risk and vulnerability analyses should be: 
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 Make accurate and unbiased estimates of probability of flooding and of 

exposure, and communicate findings. 

 Acknowledge uncertainty associated with project performance, and 

quantify, expose, and communicate that information. 

o Discharge-frequency and uncertainty; 

o stage-flow and uncertainty; 

o geotechnical and structural performance and uncertainty; 

o operational uncertainty; 

o and other. 

 Emphasize residual risk (probability and emphasize consequence of 

project capacity exceedance) - conduct specific analysis, document, and 

communicate findings. 

 Prepare Emergency Action Plans (EAPs) for Water Control Infrastructures. 

 

DSS-WISE software can be used for accomplishing many of the tasks 

described above. 
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CHAPTER 2  

Project Team, Project 
Organization and Contact 
Information 

Project Team 

The DSS-WISE (Numerical Simulation-Based Decision Support System for 

Water Infrastructural SEcurity) Project is a highly multidisciplinary project. 

It required expertise in a number of areas that can be listed as follows. 

 

 Dam and levee safety from the point of view of civil and geotechnical 

engineering. 

 Stochastic aspects of the safety of water infrastructures such as dams and 

levees and the methods for taking into account the natural and 

epistemological uncertainties. 

 Numerical modeling of shallow water flows in one and two dimensions, 

 GIS (Geographical Information Systems) and geospatial data collection, 

treatment, storage and retrieval. 

 Application programming within Arc-GIS commercial programming 

software using special GIS objects. 

 Socioeconomic aspects of dam and levee safety and the flood hazards 

related to failure of critical water infrastructures. 

 Statistical and operations research aspects of management of disasters and 

emergencies related to flood hazards. 

 

The DSS-WISE Project team was, therefore, composed of researchers from 

the different areas of expertise listed above. From the beginning of the project, 

three visiting scientists from European countries were included in the project 

in order to complement the in-house researchers of the National Center for 
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Computational Hydroscience and Engineering (NCCHE), the University of 

Mississippi. 

 

In addition, a large number of experts from the USA and foreign countries 

were invited to take part in the DSS-WISE Project as external experts. These 

experts helped to ensure that the project remains at the cutting-edge of science 

and technology, and the project deliverables are based on state-of-the-art 

knowledge and methodologies. The involvement of external experts from 

European and Asian countries were helpful in bringing in new ideas and 

methodologies from these countries into the DSS-WISE Project. 

 

Project Organization 

Fig. 3.1 shows the potential project team organization and the key personnel 

as listed in the original proposal and approved by the final task order, which 

was signed by UT-Battelle, LLC (Company) on 1/31/2007. The final 

organizational charge is given in Fig. 3.2. 

 

Dr. Mustafa S. Altinakar from UM-NCCHE is the Principal Investigator of 

the DSS-WISE Project. He oversees the general project planning, 

coordination, and execution tasks. Under his leadership, the project was 

organized under three basic tasks: 

1. Computational Flow Model Development 

2. GIS-Based Decision Support Tools Development Team 

3. Data and Knowledge Base Development and Model Testing Team 

 

The submitted list of experts included the following names: 

1. Haibo Wang, Ph. D. / Assistant Professor of Decision Science / Division 

of International Business and Technology Studies, Texas A&M 

International University, Texas 

2. Nezih Altay, Ph.D. / Assistant Professor of Operations Management / 

Robins School of Business / University of Richmond / Richmond VA 

3. Suleyman Tufekci, Ph.D. / Director / Emulated Flexible Manufacturing 

Laboratory, University of Florida / Gainesville, Florida 

4. Professor Yves Zech / Université catholique de Louvain / Civil and 

Environmental Department / Louvain-la-Neuve, Belgium 

5. Prof. Kun-Yeun Han / Dept. of Civil Engineering / Kyungpook National 

University / Daegu, Republic of Korea 

6. Dr. Joanne Nigg / Interim Director, Disaster Research Center / Professor, 

Department of Sociology, University of Delaware / Newark, Delaware 

7. dr hab. Artur Magnuszewski / Zaklad Hydrologii WGSR UW, Warszawa, 

Poland 

8. Prof. Nobuyuki Tamai / Graduate School / Kanazawa Gakuin University / 

Kanazawa-shi, Japan 
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POTENTIAL TEAM WITH LEADS  

 

The projectôs P.I.: 

Mustafa S. Altinakar, Ph.D. 

Research Professor and Associate Director for Applied Research, National Center for 

Computational Hydroscience and Engineering (NCCHE) 

 (Project planning, coordination, and execution) 

 

Leader, Computational Flow Model Development Team: 

Xinya Ying, Ph.D. 

Research Assistant Professor, NCCHE 

 (Computational flow model development) 

 

Leader, GIS-Based Decision Support Tools Development Team: 

Dalmo Vieira, Ph.D. 

Research Scientist, NCCHE 

 (Decision support system and GIS application development) 

 

Leader, Data and Knowledge Base Development, and Model Testing Team: 

Sam. S.Y. Wang, Ph.D. 

Frederick A.P. Barnard Distinguished Professor and Director, NCCHE 

 (Database development and Model testing) 

 

Research Scientists: 

Weiming Wu, Ph.D. 

Research Associate Professor, NCCHE 

 (Database development and Model testing) 

 

Yan Ding, Ph.D. 

Research Assistant Professor, NCCHE 

 (Technology Transfer) 

 

Yaoxin Zhang, Ph.D. 

Research Assistant Professor, NCCHE 

 (Grid generation and computational geometry) 

 

Honghai Qi, Ph.D. student (expected to finish in December, 2006) 

Post-doc, NCCHE 

 (GIS and decision support system programming) 

 

Expert Consultants 

To be identified and employed if and when necessary.  
 

Fig. 3.1  Project team organization and the key personnel as listed in the original proposal. 
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Fig. 3.2  Final organizational chart of DSS-WISE Project. 

 

As the project evolved, a number of changes need to be made in the project 

organization by redefining the principal tasks in order to achieve a more 

efficient management. It is also important to underline that, due to departure 
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of various project members and/or their reassignment to other projects within 

NCCHE, new members had to be recruited to execute various tasks. Fig. 3.2 

summarizes the final project organization and lists all project team members 

together with their principal responsibility areas. Changes in personnel for 

different activity areas are also shown in Fig. 3.2. 

 

The Principal Investigator, Dr. Mustafa Altinakar, from UM-NCCHE, 

assumes the responsibility of general project planning, coordination and 

execution and oversees all activity areas. The PI establishes the interaction 

with the SERRI Director Mr. Warren C. Edwards via Project Coordinator Mr. 

Benjamin Thomas Jr. Contractual issues are handled via the Office of 

Research and Sponsored Programs of the University of Mississippi. The 

Accounting Office at the University of Mississippi submits quarterly financial 

reports to the SERRI Director. Equipment purchase and travel costs, and 

compliance with the Small Business Subcontracting Plan are handled by the 

Procurement Services of the University of Mississippi. The PI interacts with 

the External experts from USA and abroad. The research and development 

tasks are handled under five principal activity areas. 

 

I. Computational Flow-Model Development is responsible for the 

development of the one- and two-dimensional numerical codes. Originally, 

Dr. Xinya Ying was assigned to lead this task. Later, Dr. Ying was 

assigned to another project. Dr. Wang Ge, who joined the NCCHE in 

April 2007 as a part-time member, was assigned to replace Dr. Ying. Dr. 

Wang Ge left NCCHE in April 2007. Dr. Jaswant Singh from (UM-

NCCHE) has assumed the leadership for this task. The Computational 

Flow-Model Development activity area has five sub-activity areas: 

1. Dr. Edie Miglio, a visiting scientist from The Department of 

Mathematics at the Politecnico di Milano, Milano, Italy, was given the 

task of developing the cut-cell algorithm that can be implemented in 

the existing two-dimensional flood simulation model CCHE2D-

FLOOD. 

2. Dr. Gokmen Tayfur, a visiting scientist from the Department of Civil 

Engineering at the Izmir Institute of Technology, Izmir, Turkey, was 

given the responsibility of developing a 1D flood simulation model 

that can be integrated with CCHE2D-FLOOD. 

3. Dr. Yaoxin Zhang from UM-NCCHE assumed the responsibility of 

grid generation, projection of linear terrain features onto regular grids 

and generation of associated data files, and various aspects related to 

computational geometry. 

4. Mr. Marcus McGrath, graduate student at UM-NCCHE, has converted 

the preliminary version of CCHE2D-FLOOD written in Fortran 77 

into Fortran 90, refined the code for better efficiency and improved 

speed, redefined data files, developed a hot-start option and carried 

out the coordination of the overall coding of the program. 



October, 2008 

DSS-WISE PROJECT FINAL REPORT 27 

5. Mr. Yavuz Ozeren, who joined the DSS-WISE team in May 2008, has 

implemented the modules for computing the overtopping discharge for 

cut-cell boundaries that may represent linear terrain features and one-

dimensional river model. Following the departure of Dr. Tayfur at the 

end of June 2008, he also finalized the coupling of one- and two-

dimensional numerical codes for coupled simulation of levee 

breaching problems. 

II.  The development of the ñGIS-Based Decision Support Toolsò was 

originally assigned to Dr. Honghai Qi. Unfortunately, Dr. Qi has left 

NCCHE in April 2008, shortly after the beginning of the DSS-WISE 

Project. Ms. Ewa Fijolek, a visiting scientist from Poland who specializes 

in GIS programming, has assumed the leadership of this activity. She was 

aided by Mr. Hamzeh Omari, a graduate student at UM-NCCHE, who 

assumed the task of collecting and classifying various types of geospatial 

data as well as testing the different modules of the decision support 

system. Ms. Fijolek left NCCHE on August 2008 to return to Poland. She 

was replaced by Dr. He, who assumed the completion of the tasks under 

this activity area. 

III.  Originally the ñData and Knowledge Bases and Model Testingò efforts 

were to be led by Dr. Sam Wang, the Director of NCCHE. He was going 

to be aided in this task by Dr. Weiming Wu. Due to Dr. Wangôs heavy 

workload, Dr. Wu was assigned to lead this task assisted by Dr. Yunghee 

Kang. 

IV.  The development of Operations Research Applications is led by Dr. 

Bahram Alidaee. Dr. Alidaee was aided in this task by Dr. Haibo Wang, 

who is an external expert from TAMIU, TX. 

V. Finally, the coordination of the efforts in the area of ñTechnology Transfer, 

Education and Outreachò were led by Dr. Yan Ding from UM-NCCHE. 

Dr. Ding was assisted by Dr. Chris Mullen from the Department of Civil 

Engineering at the University of Mississippi. Dr. Mullen has helped with 

the contacts with different agencies. 

 

Contact Information 

The contact information (phone number, email address) regarding the 

researchers who worked on the DSS-WISE Project are given in Fig. 3.2 
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CHAPTER 3  

Project Description and Tasks 

Water infrastructures such as dams, levees, water control structures, etc. are 

critical infrastructures whose incapacitation/destruction may have a serious 

negative impact on our nationôs security. Catastrophic floods resulting from 

the failure of water infrastructures or extreme hydro-meteorological events 

can paralyze the economy and social life of large populations for rather long 

periods of time due to likely cascading failures/incapacitation provoked in 

other critical infrastructures, businesses, agriculture, food production, and 

health systems. The level of flood hazard does not depend solely on exposure 

to flood waters, but also on various technical and socioeconomic factors such 

as population at risk, the awareness, presence and degree of protection 

measures, early warning systems, etc. Efficient and reliable protection 

measures, early warning systems, emergency response and recovery plans that 

are needed to protect populations and properties during such events are 

complex engineered systems. Their optimal design can only be achieved by 

studying their performance under all possible operating conditions. In this 

respect, numerical models can play a unique role by aiding the decision maker 

to visualize and quantify the performance of engineering solutions and 

emergency plans. 

 

The present project, therefore, aimed at the development of a new ñsystems 

approachò for carrying out threat-risk-vulnerability analysis of water 

resources and water-related infrastructures based on robust, state-of-the-art, 

realistic two-dimensional (2D) numerical simulations. The proposed approach 

yields spatial variability of solved variables and various criteria computed by 

2D numerical models, and thus eliminates the deficiencies of the currently 

used one-dimensional approach, which is neither sufficiently reliable nor 

provides enough information for a detailed damage analysis. The present 

proposal also involves development of innovative spatial risk and uncertainty 

analysis methods and procedures making use of the rich level of spatial 

information provided by two-dimensional approach. Using this system, the 

decision maker will have an overall operational view of the entire emergency 
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response system, the dynamic interactions between its various components, its 

long- and short-term impact on the environment and other systems. 

 

A set of state-of-the-art 2D numerical models constitutes the core of the DSS-

WISE (Simulation-Based Decision Support System for Water Infrastructural 

Security) environment. The numerical flood propagation model, CCHE2D-

FLOOD, solves 2D shallow-water equations with a very robust, shock 

capturing finite-volume scheme that accepts regular DEM-based 

computational grids. The numerical model CCHE2D-FLOOD is accompanied 

by a series of GIS-based decision support tools that are programmed as an 

add-on extension to the commercially available program ArcGIS. These 

decision support tools evaluate loss-of-life, agricultural and urban property 

damage, scenario generation, optimization, and decision making modules. 

Most of these modules have preliminary versions that are operational and can 

be adapted to DHS use easily and cost effectively. They can be classified at a 

Technology Readiness Level of TRL 5 or 6. The research and development 

effort is planned under two tasks carried out almost in parallel. Task 1 

involves adapting existing models to DHS applications and improving their 

realism, robustness, and computational speed. Task 2 integrates numerical 

models with evaluation, decision making and optimization modules as well as 

GIS and Remote Sensing tools, and tests the integrated system using realistic 

real-life cases. The developed technology is then transferred to DHS 

personnel. 

 

 

Objective of the Project 

The objective of the research and development work carried out within the 

framework of DSS-WISE (Simulation-Based Decision Support System for 

Water Infrastructural Security) Project is to develop a set of integrated 2D 

computational models and GIS-based scenario evaluation, optimization and 

decision making tools that can be used by homeland security personnel for 

risk and vulnerability analyses, with uncertainty consideration, of critical 

water infrastructures (dams, levees, control structures, etc.) and emergency 

response planning for threats due to natural causes or terrorist attacks. The 

project focuses specifically on eliminating scientific and technological gaps 

that are identified in the current practice of flood simulation and flood 

damage evaluation practice 

 

The ultimate aim of DSS-WISE Project is, thus, to reconcile the practice of 

flood simulation and flood damage analyses with the currently available state-

of-the-art numerical methods, GIS and remote sensing technologies, data and 

knowledge base type information systems. In this respect, the DSS-WISE 

software radically changes the practice of dam and levee breach analysis, and 
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offers cost-effective simulation and analyses capabilities with unprecedented 

realism and robustness. 

 

 

Relevance to DHS Mission 

Probably the most frequent and widespread of all natural disasters, floods 

continue to cause every year loss of life and extensive property damage 

despite considerable advances in science and technology. Fig. 4.1 shows the 

evolution of the total and insured economic losses in the world due to floods 

from 1950 to 2003. The dollar values are adjusted to 2003. The increasing 

trend of both insured and uninsured losses are evident in this plot. 

 

 
 

Fig. 4.1  Increasing trend of total and insured economic losses due to floods
3
. 

 

Floods do not only cause economic damage but may also lead to loss of life. 

In fact, Fig. 4.2 shows that the floods occupy the second rank among the 

causes of weather related loss-of-life. The loss-of-life caused by floods are 

plotted In Fig. 4.3. 

 

The activities of the Department of Homeland Security regarding the flood 

hazard and its consequences include following the activities: 

                                                 
3
 Taken from the presentation of Avinash Tyagi, WMO, at ICHARM Commemorative Symposium, United 

Nations University/PWRI, Tokyo, Japan, 14 September, 2006 
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 Protecting populations, property, infrastructures against flood hazards 

 Increasing the level of preparedness and awareness of populations against 

flood hazards 

 Helping to build riverine and coastal societies that are resilient against 

natural and man-made hazards, such as floods 

 Providing scientific, procedural and legal basis for determination areas 

with hazard risk and the needs related to flood insurance 

 

 
 

Fig. 4.2  Statistical information on the loss-of-life due to different types of 

weather related hazards. 

(taken from http://www.nws.noaa.gov/om/hazstats.shtml). 
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Fig. 4.3  Loss-of-life in the USA due to floods based on the data available at 

the web site www.flooddamagedata.org/data/national.xls. 

http://www.flooddamagedata.org/data/national.xls
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The DSS-WISE (Simulation-Based Decision Support System for Water 

Infrastructural Security) project focuses on the security of water control 

infrastructures, such as dams and levees, whose failure may lead to a special 

class of highly dynamic, catastrophic floods. As it was already pointed out in 

Chapter 2, the dams and levees are among the 18 critical infrastructure sectors, 

and ñtheir incapacitation or destruction would have a debilitating effect on 

security, national economic security, public health or safety, or any 

combination thereof.ò
4
 Protecting and ensuring the continuity of the critical 

infrastructure and key resources (CIKR) of the United States are essential to 

the nation's security, public health and safety, economic vitality, and way of 

life, and is one of the main mission areas of DHS. 

 

The DSS-WISE project aims to develop an integrated environment composed 

of a GIS-based decision support system and a state-of-the-art numerical 

model for two-dimensional routing of floods due to failure of dams and levees. 

This integrated environment is intended for use by homeland security 

personnel for risk and vulnerability analyses, with uncertainty consideration, 

of critical water infrastructures (dams, levees, control structures, etc.) and 

emergency response planning for threats due to natural causes or terrorist 

attacks. 

 

The relevance of DSS-WISE project to the DHS mission is, therefore, twofold: 

 risk and vulnerability assessment for water infrastructures, such as dams 

and levees, and 

 protecting population, property and infrastructure against flood hazards. 

 

Fig. 4.4 shows the relationship between the DSS-WISE Project and the focus 

areas of SERRI (http://www.serri.org/). DSS-WISE Project can be considered 

to be at the intersection of ñInfrastructure/Geophysicalò sector with the 

activity areas of ñInformatics, Modeling, and Analysisò and ñEducation and 

Outreachò. 
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Fig. 4.4  The relationship between DSS-WISE Project SERRI Focus areas 

                                                 
4
 http://www.dhs.gov/xprevprot/programs/gc_1189168948944.shtm 

http://www.serri.org/
http://www.dhs.gov/xprevprot/programs/gc_1189168948944.shtm
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Project Tasks and Deliverables 

The specific research tasks to be carried out within the framework of the 

proposed project are planned under four principal tasks (see also Fig. 4.5): 

 

Task 1 involves improving and refining the existing CCHE2D-FLOW model 

to adapt it to DHS use. Additional capabilities need to be developed to allow 

its application under realistic terrain conditions for DHS purposes. The 

subtasks can be listed as: 

Task 1.1 aims at implementing a novel cut-cell boundary method to take 

into account linear terrain features such as roads, railroads, levees, 

which cannot be easily resolved at the resolution level of the 

computational mesh. Often higher than the surrounding terrain, such 

features may constitute boundaries for the flow and affect the spread of 

the flood. 

Task 1.2 aims at implementing a one-dimensional dynamic flow model that 

can be run interactively with the two-dimensional CCHE2D-FLOOD 

model. This feature is particularly useful for simulating river flow and 

levee breach events using a regular DEM grid. 

 

Task 2 involves improving and refining the existing GIS-based decision 

support tools to adapt them to DHS use. The existing preliminary versions of 

the modules for analyzing loss of life, urban damage, and alternative 

evaluation/ranking with ñSpatial Compromise Programmingò will  be further 

improved and refined. Agricultural damage analysis, and risk and 

vulnerability analysis modules will be newly developed to complete the GIS-

based decision support toolbox. 

 

Task 3 focuses on integrating numerical models with GIS-based decision 

making modules, various data and knowledge bases, and GIS and Remote 

Sensing technologies. Testing and validation of individual modules, and the 

integrated system using real-life cases will also be carried out under this task.  

 

Task 4 concerns the transfer of the developed technology to DHS personnel 

and other interested parties indicated by DHS. This will be carried out by 

means of userôs manuals, technical reports, scientific publications, as well as 

workshops during which the use of the integrated environment for numerical 

simulation-based decision support system for water infrastructural security 

will be taught with hands-on experience using case studies. 

 

Research and development activities carried out under these tasks are 

described in detail in the following chapters of this report. In addition, several 

volumes of technical and usersô manuals provide detailed information on the 

use of the software products developed within the framework of the DSS-

WISE project. The executable code of the software is also provided separately. 

 



October, 2008 

DSS-WISE PROJECT FINAL REPORT 34 

 

 
Fig. 4.5  Four task areas of the DSS-WISE Project and their subtasks. 
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CHAPTER 4  

Task 1: Improving and Refining 
the Existing CCHE2D-FLOW 
Model to Adapt It to DHS Use 

One of the main components of the DSS-WISE system is the CCHE2D-

FLOOD, which is a state-of-the-art two dimensional numerical model for 

simulating floods, especially those resulting from failure of water 

infrastructures, such as dams and levees. These highly unsteady catastrophic 

floods are characterized by mixed flow regimes and flow discontinuities and 

pose considerable challenges to numerical modelers. Special numerical 

methods based on conservation form of shallow water equations need to 

simulate mixed flow regimes and capture flow discontinuities, such as 

standing or moving hydraulic jumps, bores, surge waves, etc. 

 

CCHE2D-FOOD is based on a previously developed CCHE2D-DAMBREAK 

code, which is in use by the Engineering Research and Development Center 

(ERDC) of the Army Corps of Engineers since 2004. Within the framework 

of this project, the numerical code was refined, improved and adapted for use 

by dam safety personnel of DHS and other federal and state agencies. 

 

In this chapter the numerical model implemented in CCHE2D-FLOOD is 

briefly described. Verification of the model using analytical solutions is 

presented. A few examples of benchmark test cases that were carried out to 

validate the model using laboratory and field data are also given. Finally, 

some simulations of hypothetical breaching of three dams in the State of 

Mississippi are presented as real-life problem solving examples. More 

information on the use of the numerical model can be found in the various 

usersô manuals and technical reports that accompany this Final Report. 
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Description of the CCHE2D-FLOOD Numerical 
Model 

Consider the overland flow over a complex topography as depicted in Fig. 5.1. 

The horizontal plane is defined by x  and y  coordinates, and the z  

coordinate points in the vertical direction. The bottom elevation, bz , and the 

water surface elevation, Z , are measured with respect to an arbitrary common 

reference datum. The water depth at any point at any time is defined as: 

 

),(),,(),,( yxztyxZtyxh b  (5.1) 

 

As it can be seen, the water surface elevation and depth are functions of time 

whereas the bottom topography does not change with time. 

 

 
 

Fig. 5.1 Definition sketch or two-dimensional overland flow. 

 

Two-dimensional shallow water equations, or Saint-Venant equations, which 

describe the unsteady non-uniform overland flow on complex topography, 

can be written as: 
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where : u  = local velocity in x  direction 

 v  = local velocity in y  direction 

 g  = gravitational acceleration 

 C  = Chezy coefficient of roughness 

 

Eq. 5.2a represents the conservation of mass, whereas equations 5.2b and 5.2c 

represent the conservation of momentum in x  and y  directions respectively. 

The discharge per unit width in x  and y  directions are defined as follows, 

respectively: 

 

uhQx  and vhQy  (5.3) 

 

Using these definitions, the shallow water equations, eq. 5.1 to 5.3, can be 

rewritten as follows. 
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For convenience, Eq. 5.4 can be cast in a vector form as follows: 

 

S(U)
G(U)F(U)U

yxt
 (5.5) 

 

where : U  = vector of conserved variables 

 F(U)  = vector of flux terms in x direction 

 )(UG  = vector of flux terms in y direction 

 S(U)  = vector of source terms 

These vectors are defined as follows: 
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Shallow water equations form a system of nonlinear hyperbolic partial 

differential equations. The equation 5.5 is written in conservative form. In 

developing shallow water equations, the vertical accelerations are neglected, 

the water surface variation is assumed to be small and the pressure 

distribution is assumed to be hydrostatic. Although these conditions are not 

strictly satisfied in case of flows with discontinuities (for example, a 

hydraulic jump), shallow water equations are assumed to hold even for these 

cases. However, in order to be used for solving problems with discontinuities, 

eq. 5.5 should be cast in an integral (or weak) form.  

 

 
Fig. 5.2  Solution domain x-t, and the control volume used for integration of 

Eq. 5.5. 

 

CCHE2D-FLOOD uses finite volume method to discretize eq. 5.5 on a 

structured, rectangular grid as shown in Fig. 5.2. In order to obtain the 

integral (or weak) form that accepts discontinuous solutions, the governing 

equation, eq. 5.5, must be integrated over the control volume 
1

2/12/12/12/1 ,,, nn

jjii ttyyxx , which is shown as a parallelepiped in 

Fig. 5.2. First, eq. 5.5 is integrated over the spatial domain described by a 

single computational cell 2/12/12/12/1 ,, jjii yyxx  as follows: 
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Applying Greenôs theorem to eq. 5.8 and integrating also along the time, 
1, nn tt , the following equation is obtained: 
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 (5.9) 

 

Note that the mesh size in x  and y  directions and the step size are defined as: 

 

2/12/1 iii xxx  ; 2/12/1 jjj yyy  ; nn ttt 1  (5.10) 

 

The following definitions of the terms in eq. 5.9 will be adopted: 

 

Integral average of tyx ,,U  at time t = t
n
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Integral average of tyx ,,U  at time t = t
n+1
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Integral average of flux )(UF  at x = xi-1/2 
1

,,2/1,2/1

n

n

t

t

iji dttyxUFF  (5.11c) 

Integral average of flux )(UF  at x = xi+1/2 
1

,,2/1,2/1

n

n

t

t

iji dttyxUFF  (5.11d) 

Integral average of flux )(UG  at y = yj-1/2 
1

,2/12/1,

n

n

t

t

jji dttyUGG  (5.11e) 

Integral average of flux )(UG  at y = yj+1/2 
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1

,2/12/1,

n

n

t

t

jji dttyUGG  (5.11f) 

Integral average of tyxS ,,  at time t = t
n
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The conserved variables, U ,and source terms, S(U) , are defined at the center 

of computational cells and represent the average values for the cell. Fluxes 

along x  direction, F(U) , are defined along the west and east cell boundaries 

whereas fluxes along y  direction, )(UG , are defined along the south and 

north cell boundaries. 

 

By inserting definitions of eq. 5.10 in eq. 5.9 and rearranging the terms, the 

discretized finite volume form of eq. 5.5 defined over a regular rectangular 

mesh can be obtained as follows: 

 

n

ijjiji

j

jiji

i

n

ij

n

ij StGG
y

t
FF

x

t
UU 2/1,2/1,,2/1,2/1

1  (5.12) 

 

Referring to Fig. 5.3 (see also Fig. 5.2), the above finite volume discretization 

yields an explicit equation for calculating the vector of conserved variables in 

the cell (i,j) at the time step 1n  based on the values at the current time step 

n : 

 

i i+1i-1

j+1

j

j-1

ji ,2/1Fji ,2/1F

2/1, jiG

2/1, jiG

j+1/2

j-1/2

i-1/2 i+1/2

 
 

Fig. 5.3  Computational grid in CCHE2D-FLOW and the definition of 

variables in eq. 5.12. 
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It should be noted that so far the derivation of Eq. 5.12 did not involve any 

approximations. Assuming that the mesh has uniform grid size, the following 

definitions are introduced: ixx  and jyy .Being in integral (or weka) 

form, this discretized, integral form of governing equations accepts 

discontinuous solutions. 

 

In order to be able to use eq. 5.12 to solve shallow water equations, the 

intercell fluxes, i.e. jiF ,2/1 , jiF ,2/1 , 2/1, jiG , and 2/1, jiG , must be defined 

in terms of known cell center values nijU . This step is extremely crucial in 

obtaining an oscillation-free, well-balanced scheme that captures and 

preserves the discontinuities. 

 

In CCHE2D-FLOOD the intercell fluxes are computed using the first order 

upwinding: 
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Let us now take a look at the source term. The Chezy coefficient of friction, 

C , will  be expressed in terms of Manningôs roughness coefficient, n , as 

follows: 

n

h
C

ij

6/1

 (5.15) 

 

The source term on the right hand side of eq. 5.12, is expressed as: 
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where 
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 (5.17) 

 

The model handles dry bed condition by maintaining a very small water depth, 

which is chosen sufficiently small not to cause any noticeable change in the 

propagation speed of the wet/dry front. When a wet cell and dry cell share a 

common edge, only mass flux is permitted into the dry cell. 

 

The numerical code resulting from this discretization is stable, oscillation-free 

near discontinuities, robust, and it rigorously conserves mass and momentum. 

 

CCHE2D-FLOOD uses the explicit formula expressed by eq. 5.12 and the 

accompanying definitions (eqs 13, 14, 15, 16, and 17) to solve for the 

unsteady non-uniform flow of water over a regular grid of complex 

topography as shown in Fig. 5.4. 

 

The computation grid is assumed to have xn  columns and yn  rows. The 

origin of the coordinate system is located near the lower left corner. The 

columns are numbered from 1 to xn  and the rows from 1 to yn . In order to be 

able to impose the boundary conditions, the entire perimeter of the 

computational domain is surrounded by a layer of boundary cells. Taking into 

account these boundary cells, the columns are numbered from 0 to 1xn  and 

the rows from 1 to 1yn .  All variables defined at the cell centers, ijh , iju , and 

ijv  are stored in arrays of size 11 ...0...0 yy nn  whereas intercell values, 

such as the intercell fluxes jiF ,2/1 , jiF ,2/1 , 2/1, jiG , and 2/1, jiG , are stored 

in arrays of 22 ...0...0 yy nn . 

 

The CCHE2D-FLOW allows three types of boundary conditions at the 

boundaries: 

 Fully reflecting impervious solid boundary. This type of boundary is 

achieved simply by setting the elevation of the cell to a very high value. It 

represents a wall. Normal to the flow, the velocity becomes null. The 

value of the depth is computed from the equations. 

 Open boundary is a nonreflecting downstream boundary which lets the 

flow go out of the computational domain freely. It is assumed that the 

outgoing flow is only affected by the flow condition inside the domain. 

There is no effect transmitted into the computational domain from outside. 

The velocity and depth at the boundary are computed by the program. 
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 The stage-time boundary allows the user to define the water surface 

elevation (stage) at the boundary as a function of the time. The velocity at 

the boundary is computed by the program. 

 

 
 

Fig. 5.4  Regular Cartesian mesh used by CCHE2D-FLOOD. 

 

Since the CCHE2D-FLOOD code uses an explicit scheme to solve the 

shallow water equations, it is subjected to Courant-Friedrichs-Lewy (CFL) 

condition for stability and convergence. This condition states that during a 

time step the wave (or a perturbation) should not travel a distance longer than 

the smallest cell size. Given a mesh size, the CFL condition places an upper 

bound on the time step as follows : 

 

1)(),(Max ghv
y

t
ghu

x

t
NCFL  (5.18) 
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The time step can be either automatically selected by the program based on 

the consideration of the CFL condition or directly specified by the user. 

 

When a dam of height H  breaks suddenly and completely, the tip of the flood 

front advancing over a dry terrain has an initial velocity: 

 

gHV f 2  (5.19) 

 

The automatic time step selection is based on this formula. The program 

searches for the deepest initial water depth in the computational domain and 

uses it as the dam height in eq. 5.19. This may or may not be a good choice 

for the entire duration of the computation. The user has the responsibility of 

making sure that the time-step is chosen in accordance with the appropriate 

CFL condition. 

 

Input files needed to run CCHE2D-FLOOD and all the available options are 

described in detail in the usersô manual accompanying this Final Report. Data 

preparation is facilitated by various pre-treatment modules that allow the user 

to manipulate, treat, and prepare DEM files on the ArcGIS platform. These 

data preparation modules are an integral part of the GIS-based decision 

support system. Detailed information on the use of these pre-treatment and 

data preparation tools can be found in the manual of the decision support 

system, which also accompanies this Final Report. These manuals describe in 

detail how to prepare the input data, run the program and analyze the results. 

 

 

Improvement and Refinement of the Numerical 
Model 

CCHE2D-FOOD can be considered as a highly improved version of a 

previous numerical code called CCHE2D-DAMBREAK (Ying, 2005), which 

had been originally developed for the Engineering Research and Development 

Center (ERDC) of the Army Corps of Engineers in 2004, with a funding from 

the United States Army Research Office (US-ARO). 

 

CCHE2D-DAMBREAK had been in use at ERDC for various civil and 

military applications since April 2004. It was used to support planning and 

preparedness efforts in Iraq. The model has been applied to many of the large 

dams along the Euphrates and Tigris Rivers and their tributaries within Iraq 

(see Fig. 5.5) in order to provide greater awareness of potential flood 

inundation areas and to increase the general preparedness in the event that 

evacuations and humanitarian assistance are needed due to flooding from one 

of these dams. 
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Fig. 5.5  Dams in Iraq Modeled by ERDC-CHL using CCHE2D-

DAMBREAK (taken from Jorgeson et al., 2005). 

 

Another example of a study by ERDC-CHL using CCHE2D-DAMBREAK 

model is the simulation of dam break of the Falcon Dam located on the Rio 

Grande River along the border between the United States and Mexico some 

240 kilometers upstream of the mouth of the river (see Fig. 5.6). 

 

1. The original code in FORTRAN 77 was converted into FORTRAN 90-95 

2. All data structures were rewritten for greater computational and storage 

efficiency. Dynamic array allocation was implemented, which gave the 

user greater flexibility in defining the problem at hand. 


