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1
OVERVIEW

This workshop is part of a series of workshops being sponsored by the Federal
Emergency Management Agency (FEMA) and administered by the ARS/NRCS of the
USDA. The workshop was a 3-day workshop on “Issues, Resolutions, and Research
Needs Related to Embankment Dam Failure Analysis,” held in Oklahoma City, OK,
June 26-28" 2001. The product of this workshop is the written report documenting the
results of the workshop. The report will be included in FEMA’s National Dam Safety
Program Act Report Series.

The workshop consisted of convening and facilitating a group of experts with respect to
dam safety associated with embankment dam failure analysis. The objectives of this
work were:

1. To document, in the form of a final report, a state of practice concerning
embankment dam failure analysis;

2. To identify short-term (immediate) and long-term research needs of the
federal and non-federal dam safety community; and

3. To recommend a course of action to address these needs.

By research needs we understood the interest of the National Dam Safety Program to
encompass both short-term (i.e. immediate) and long-term research including areas of
development and technology transfer. These may include such areas as the following:
a vision for the future of computer modeling of embankment breaching processes and
flood routing, basic research of embankment overtopping and breach processes, and
tools to conduct forensic studies. There were 14 areas of research identified and
prioritized by workshop participants. The workshop was a successful undertaking that
produced open communication among a wide range of experts in the field and identified
research and development opportunities that could significantly improve the state-of-
the-practice in the field.



2
OUTLINE OF THE WORKSHOP AGENDA

A group of 35 individuals were assembled for a three-day workshop on Issues,
Resolutions, and Research Needs Related to Dam Failure Analyses. The group
consisted of invited experts, facilitators, and the FEMA Project Officer for the workshop.
The workshop participants were selected to provide broad representation of individuals
in the topic area. Participants included 15 representatives of 7 different U.S. federal
agencies, 5 representatives from 5 different state dam safety agencies, 9
representatives of 8 different consulting companies, 3 university professors, and 1
representative from a hydropower organization. The group included individuals from 15
different U.S. states and 4 other countries (Canada, United Kingdom, Norway, and
Finland).

The first day and a half was devoted to exchange of information through presentations
by the participants and discussions of embankment dam failures.
Presentations included:

1. Classification and case histories, including the human and economic
consequences, of dam failure.

2. Overview of presently used tools for assessing risk, time to failure, dam
failure processes, outflow hydrograph, and flood routing.

3. State assessment criteria, experience, and case examples.
A tour of the ARS Hydraulic Unit research facilities at Lake Carl Blackwell, OK was
conducted in the afternoon of the second day. The tour included research projects
covering:
1. Apparatus and procedure for measuring erodibility of cohesive materials in
concentrated flow environments (i.e. earthen spillways, streambeds,
streambanks, and embankments).

2. Riffle-pool rock chutes model for a specific application of stream stabilization
on Sugar Creek, OK.

3. Performance studies of vegetated and bare earth on steep channels.
4. Embankment breach discharge model study.

5. Large-scale embankment breach failure study.



The first half of the third day was devoted to presentations and discussions on research
and new technology related to risk assessment, embankment dam failure, and flood

routing. The afternoon of the third day was devoted to discussions prioritizing research
needs.



3
SUMMARY OF WORKSHOP PRESENTATIONS

The broad scope of the workshop presentations demonstrates the wide range of
perspectives represented and the importance of the subject to the various entities
involved. The material presented covered the spectrum from addressing concerns with
developing solutions for specific immediate problems to identification of knowledge
deficiencies that impede development of generalized tools, and from concerns related to
the breach process itself to those related to the impacts of the resulting floodwave
downstream. However, the presenters did an excellent job of focusing on the goals of
the workshop and, together, these presentations present a relatively clear picture of the
present state of the science in this area. This section provides a very brief overview of
the material presented in the workshop, those presentations that included papers are
referred by number to appendix B of this report.

3.1 Dam Failures

3.1.1 Classification and Case Histories of Dam Failures — Martin McCann,
National Performance of Dams Program

This presentation focused on an overview of the National Performance of Dams
Program (NPDP). The NPDP acts as a public library of dam performance. The NPDP
has several priorities: facilitating reporting of dam performance, providing access to
basic information, data compilation and presentation, and research. Dr McCann gave
an incident summary for the last 10 years related to total number of incidents, type of
dam, type of incident, hazard classification, and height of dam. Dr. McCann also
discussed the challenges in data collection and archiving of dam incidents/failures. The
information is a resource to support dam engineering, dam safety, and public policy.

3.1.2 Human and Economic Consequences of Dam Failure- Wayne Graham,
USBR (B-1)

Mr. Graham'’s presentation focused on 13 dam failures in the U.S. Included was every
U.S. dam failure that caused more than 50 fatalities. The presentation included a
discussion of dam characteristics, cause of dam failure, dam failure warning (if any),
evacuation, and human and economic losses. Loss of life from dam failure can vary
widely. In 1889, the 72-foot high earthfill South Fork Dam near Johnstown, PA. failed,
killing about 2,200 people. This can be contrasted to the period, 1985 to 1994, when
hundreds of smaller dams failed in the U.S. and less than 2% of these failures caused
fatalities. Many of the dam failure images in Mr. Graham’s presentation are proprietary
and not in the public domain. As such, dam failure images used in the presentation are
not included in these proceedings.



3.2 Present Practice for Predicting Dam Failures

3.2.1 Will a Dam Failure Occur?- Risk Assessment USBR Perspective. —
Bruce Muller, USBR (B-2)

Mr. Muller presented that the Bureau of Reclamation is developing a program to: 1)
guantify the risk of storing water, 2) monitor aspects of performance that indicate
potential for some form of failure mode to develop, and 3) take action to reduce the
likelihood of dam failure. The USBR risk management responsibility comes out of the
Dam Safety Act of 1978 which authorizes the Department of Interior to construct,
restore, operate, maintain, new or modified features of their dams for safety purposes.

3.2.2 Will a Dam Failure Occur?- Risk Assessment USACE Perspective. —
David Moser, USACE (B-3)

Mr. Moser discussed why the U.S. Army Corps of Engineers is interested in risk
assessment and what their objectives are. The Corps of Engineers has approximately
570 dams, 64% of their dams are over 30 years old and 28% are over 50 years old.
Approximately 10% of these dams are categorized as hydrologically or seismically
deficient based on present Corps Criteria. The cost to fix these deficiencies is several
billions of dollars. The Corps traditional approach to handling risk assessment has been
meeting standards and criteria (i.e. design based on Probable Maximum Flood).
Because of the current interest around the world, the Corps Major Rehabilitation
Program, and a need for consistency with other agencies the Corps has a renewed
interest in risk analysis for dam safety. Their objective is to develop methodologies,
frameworks, and software tools necessary for the USACE to proactively manage the
overall level of human and economic risk from their inventory of dams.

3.2.3 Methods Based on Case Study Database. — Tony Wahl, USBR (B-4)

Mr. Wahl focused his discussion on embankment dam breach parameter predictions
based on case studies and the uncertainty of these parameters. This discussion was
based on an evaluation of a database of 108 dam failures. The breach parameters
evaluated were breach width, failure time, and peak outflow. The uncertainty of breach
parameter predictions is very large. Four equations were evaluated for breach width,
five equations were evaluated for failure time, and 13 equations were evaluated for
peak outflow. There is room for improvement in determining these breach parameters
and the uncertainty.

3.24 Directions for Dam-Breach Modeling/Flood Routing — Danny Fread
(Retired National Weather Service). (B-5)

Dr. Fread concentrated his discussion on models he has been involved with at the
National Weather Service as well as other types of models that are used in dam-breach
prediction and flood routing. The dam-breach modeling involves the development of
the breach as well as the peak outflow that would be used in flood routing downstream.



He also discussed research needs to improve these models such as; 1) prototype
embankment experiments; 2) Manning’s n and debris effects; and 3) risk or probabilistic
approaches to dam failures.

3.2.5 RESCDAM-Project — Mikko Huokuna, Finnish Environment Institute (B-
6)

Mr. Huokuna’s presentation focused on Finland’s dams and reservoirs and the
RESCDAM project. Finland’s dams and reservoirs have been constructed mainly for
flood control, hydroelectric power production, water supply, recreation, and fish culture,
as well as storing waste detrimental to health or the environment. At present, there are
55 large dams in Finland and based on Finnish dam safety legislation 36 dams require
a rescue action plan. The RESCDAM project is meant to improve the dam safety
sector. The activities of the RESCDAM project embrace risk analysis, dam-break flood
analysis, and rescue action improvement. Recommendations for further research
based on the dam break hazard analysis of the RESCDAM project include
determination of breach formation, determination of roughness coefficients for the
discharge channel, and the effect of debris and urban areas on floodwave propagation.

3.2.6 Hazard Classification — Alton Davis, Engineering Consultants Inc. (B-7)

Mr. Davis presented and discussed “FEMA Guidelines for Dam Safety: Hazard Potential
Classification System for Dams.” The FEMA guidelines specified three hazard potential
classifications: 1) low hazard potential, 2) significant hazard potential, and 3) high
hazard potential. The definitions of each hazard potential and selection criteria were
provided in the presentation. Factors such as loss of human life, economic losses,
lifeline disruption, and environmental damage affect classification.

3.3 Current Practice

3.3.1-5 State assessment Criteria, Experience and Case Examples —

John Ritchey, Dam Safety Section State of New Jersey (B-8)
Ed Fiegle, Dam Safety Section State of Georgia (B-9)
Matt Lindon, Dam Safety Section State of Utah (B-10)

David Gutierrez, Dam Safety Section State of California
Cecil Bearden, Dam Safety Section State of Oklahoma.

These presentations focused on state assessment criteria, experience and case
examples in relationship to dam failure analysis. This not only included their states but
also information related to states in their region. Current assessment criteria practiced
at the state level for dam failure analyses is variable. Several states conduct in house
assessments, some states require the dam owner to hire a licensed professional, and
some allow the dam owner to conduct the assessments. The analyses are preformed
for the purpose of determining hazard classifications, spillway design floods, flood
zoning, and for establishing inundation areas for use in Emergency Action Plans. The
methods accepted for dam failure analyses vary from state to state. Typical models that



are used for conducting dam failure analysis and downstream flood routing are HEC-1,
HEC-RAS, DAMBRK, FLDWAV, NWS Simplified DAMBRK, NRCS’s TR-61, WSP2
Hydraulics, and the TR-66 Simplified Dam Breach Routing Procedure. There were
several research needs mentioned in these presentations including; 1) establishment of
a forensic team, 2) refinement of breach parameters, 3) training on present technology,
4) aids for determining Manning’s n values, and 5) refining and understanding actual
failure processes.

3.3.6-9 Federal Assessment Criteria, Experience, and Case Examples-

Wayne Graham, USBR (B-11)
Bill Irwin, NRCS (B-12)
James Evans and Michael Davis, FERC (B-13)

These presentations focused on the federal assessment criteria, experience, and case
examples. The USBR, NRCS, and FERC each have a portfolio of dams that they have
ownership of, partnership in, or regulatory responsibility over. These agencies conduct
embankment dam failure analysis and inundation mapping to assign hazard
classification, develop evacuation plans, assess risk, and evaluate rehabilitation needs.
The criteria are agency specific with a recognized need for inter-agency coordination.
There are several recognized uncertainties that require more investigation including; 1)
failure analysis for different types of failure (i.e. overtopping, piping, and seismic), 2)
breach characteristics, 3) Manning’s roughness characteristics, 4) allowable
overtopping, 5) consequences of failure, and 5) quantifying risk.

3.3.10-13 Owners and Consultants Assessment Criteria, Experience, and Case

Examples-

Derek Sakamoto, BC Hydro (B-14)
Ellen Faulkner, Mead & Hunt Inc. (B-15)
Catalino Cecilio, Catalino B. Cecilio Consultants (B-16)

John Rutledge, Freeze and Nichols.

Mr. Sakamoto, representing BC Hydro, presented an overview of the Inundation
Consequences Program for assessing the consequences resulting from a potential dam
breach. The key focus of this program is to provide an improved tool for safety
management planning. This program will provide decision makers with realistic
characterizations of the various situations. It will provide investigators with the ability to
determine effects of parameters such as dam breach scenarios and temporal variations
related to flood wave propagation. This will also provide a powerful communication tool.

Engineering consultants throughout the United States perform dam safety assessments,
which must be responsive to the needs of dam owners and to the requirements of state
and federal regulatory agencies. The purpose of these studies is hazard classification,
emergency action plan, or design flood assessment. Each dam failure study involves
identification of a critical, plausible mode of failure and the selection of specific
parameters, which define the severity of failure. These parameters include ultimate
dimensions of the breach, time required to attain dimensions, and the depth of
overtopping required to initiate failure. The choice of these parameters is influenced by



what is reasonable to the engineer and also acceptable to the regulatory agency. The
models used for dam safety assessment are based on what the regulatory agencies
consider acceptable.

3.4 Research and New Technology
3.4.1 Risk Assessment Research- David Bowles, Utah State University

Dr. Bowles discussed the ASDSO/FEMA Specialty Workshop on Risk Assessment for
Dams and some requirements for failure modes analyses for use in Risk Assessment.
The workshop scope was to assess state of practice of risk assessment, technology
transfer/training, and risk assessment needs. The outcomes of the workshop followed
four major application areas in current risk assessment practice: failure modes
identification, index prioritization, portfolio risk assessment, and detailed quantitative risk
assessment.

Dr Bowles also discussed requirements for failure mode analysis for use in risk
assessment which included: understanding how the dam will perform under various
stresses, improving capability of predicting failure, incorporation of uncertainties, and
application over a range of site specific cases.

3.4.2 Research at CSU Related to Design Flood Impacts on Evaluating Dam
Failure Mechanisms - Steve Abt, Colorado State University (B-17)

Dr. Abt’'s presentation focused on current dam safety research efforts being conducted
at Colorado State University. The research at CSU has focused on dam embankment
protection including: hydraulic design of stepped spillways (i.e. roller compacted
concrete), hydraulic analysis of articulated concrete blocks, and design criteria for
rounded rock riprap.

3.4.3 Limited Overtopping, Embankment Breach, and Discharge - Darrel
Temple and Greg Hanson, USDA-ARS (B-18)

Mr. Temple and Dr. Hanson discussed research being conducted by the ARS Plant
Science and Water Conservation Laboratory on overtopping of vegetated
embankments. This research includes limited overtopping of grassed embankments,
breach processes, and breach discharge. Long duration flow tests were conducted on
steep vegetated and non-vegetated slopes. The embankment overtopping breach tests
have been conducted on soil materials ranging from non-plastic sandy material to a
plastic clay material. The vegetal cover and soil materials have a major impact on the
timing of breach processes.



3.4.4 Dam Break Routing - Michael Gee, USACE (B-19)

Dr. Gee gave an overview of HEC models for dam break flood routing. The USACE
Hydrologic Engineering Center provides a program of research, training, and technical
assistance for hydrologic engineering and planning analysis. The future additions to the
suite of HEC models includes dam and levee breaching (i.e. overtopping, and piping).
The HEC-RAS 3.1 release will be available fall of 2001. Dr. Gee presented some
examples of floodwave routing through a river system and the graphic output from HEC-
RAS computations.

3.4.5 Overview of CADAM and Research - Mark Morris, HR Wallingford. (B-20)

Mr. Morris provided an overview of the CADAM Concerted Action Project and the
IMPACT research project. Both of these projects have been funded by the European
Commission. The CADAM project ran between Feb 98 and Jan 2000 with the aim of
reviewing dambreak modeling codes and practice, from basics to application. The
topics covered included analysis and modeling of flood wave propagation, breaching of
embankments, and dambreak sediment effects. The program of study was such that
the performance of modeling codes were evaluated against progressively more complex
conditions.

The IMPACT project focuses research in a number of key areas that were identified
during the CADAM project as contributing to uncertainty in dambreak and extreme flood
predictions. Research areas include embankment breach, flood propagation, and
sediment movement.

3.4.6 Embankment Breach Research - Kjetil Arne Vaskinn, Statkraaft Groner.
(B-21)

Mr. Vaskinn discussed embankment breach research in Norway. The issue of dam
safety has become more and more important in Norway during the last years and much
money has been spent to increase the safety level of dams. Dam break analysis is
performed in Norway to assess the consequences of dambreak and is a motivating
factor for the dam safety work. Norway has started a new research project focusing on
improving the knowledge in this field. The objectives of this project are to improve the
knowledge of rock fill dams exposed to leakage and to gain knowledge on the
development of a breach. There is overlap between the Norway project and that of
IMPACT (discussed by Mr. Morris) so they will be coordinating their research efforts.
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DAM FAILURE ANALYSIS RESEARCH AND DEVELOPMENT
TOPICS

Process

Potential research and development ideas were compiled in a brainstorming session
with the workshop participants divided into several small groups. The ideas from all the
groups were then listed on flip charts and posted on the wall. As a group, the
participants grouped and merged the ideas where possible. After all the topics were
listed, the participants were asked to cast votes using three different criteria: Probability
of Success, Value, and Cost. The aggregate score for each topic is based on the
arithmetic sum of votes that topic received in each of the three voting categories.

Each participant was given three sets of 10 colored stickers with which to vote. Each
participant was allowed to cast more than one vote per listed topic as long as the
participant’s total number of votes in each category did not exceed 10. The entire list of
research and development topics and the results of the voting are shown below in Table
1.

TABLE 1 - RESEARCH AND DEVELOPMENT TOPICS AND VOTE TOTALS

NUMBER OF VOTES

TOPIC
NUMBER RESEARCH / DEVELOPMENT TOPIC(S) )
Probability of value Cost
Success

Update, Revise, and Disseminate the historic data set /
database of dam failures. The data set should include

1 . ) . : . 16 16 6
failure information, flood information, and embankment
properties.
Develop forensic guidelines and standards for dam

2 safety experts to use when reporting dam failures or 16 24 14

dam incidents. Create a forensic team that would be
able to collect and disseminate valuable forensic data.

Produce an expert-level video of Danny Fread along
3 the lines of the previous ICODS videos from Jim 13 7 9
Mitchell, Don Deere, etc.

Identify critical parameters for different types of failure
modes.




oPIC NUMBER OF VOTES
TOPI

NUMBER RESEARCH / DEVELOPMENT TOPIC(S)
Probability of

Value Cost'
Success

Perform basic physical research to model different dam
parameters such as soil properties, scaling effects, etc.
5 with the intent to verify the ability to model actual dam 15 21 4
failure characteristics and extend dam failure
knowledge using scale models.

Update the regression equations used to develop the
6 input data used in dam breach and flood routing 2 7 11
models.

Develop better computer-based predictive models.
7 'This would preferably build upon existing technology 14 13 7
rather than developing new software.

Develop a process that would be able to integrate dam
8 breach and flood routing information into an early 0 0 0
warning system.

Make available hands-on end-user training for breach
and flood routing modeling that is available to

9 . . " 11 6 13
government agencies and regulators, public entities
(such as dam owners), and private consultants.

10 \Validate and test existing dam breach and flood routing 0 1 1

models using available dam failure information.

Develop a method to combine deterministic and
11 probabilistic dam failure analyses including the 5 2 3
probability of occurrence and probable breach location.

Using physical research data, develop guidance for the
12 selection of breach parameters used during breach 16 20 16
modeling.

Send U.S. representatives to cooperate with EU dam

- - A 10 7 13
failure analysis activities.

13

14 Lobby the NSF to fund basic dam failure research. 0 2 2

A higher number in the cost category indicates a lower cost.




The break down of the individual topics by probability of success is shown if Figure 1.
and Table 2.

TOPICS

1 - Assimilate historic
data set
2 - Forensic standards
3 - Produce Danny
Fread video
4 - Critical failure
mode parameters
5 - Basic research
6 - Update regression
equations
7 - Develop improved
computer models
8 - Integrate models with
early warning systems
9 - Develop hands-on
end-user training
10-Validate existing
models
11-Combine deterministic/
probabilistic analysis
12-Breach parameter
guidance
13-U.S. reps @
European activities
14-Lobby NSF

© 00 N o g b~ W N P
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o
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Number of participant votes

Figure 1. Probability of success

TABLE 2 - RESEARCH TOPICS RANKED BY PROBABILITY OF SUCCESS

TOPIC

NUMBER RESEARCH / DEVELOPMENT TOPIC(S) NUMBER OF VOTES

Update, Revise, and Disseminate the historic data set / database.
1 The data set should include failure information, flood information, and 16
embankment properties.

Develop forensic guidelines and standards for dam safety experts to
use when reporting dam failures or dam incidents. Create a forensic

2 team that would be able to collect and disseminate valuable forensic 16
data.
12 Using physical research data, develop guidance for the selection of 16

breach parameters used during breach modeling.




TOPIC

RESEARCH / DEVELOPMENT TOPIC(S)

NUMBER OF VOTES

NUMBER

Perform basic physical research to model different dam parameters

5 such as soil properties, scaling effects, etc. with the intent to verify 15
the ability to model actual dam failure characteristics and extend dam
failure knowledge using scale models.
Develop better computer-based predictive models. Preferably build

7 o : 14
upon existing technology rather than developing new software.

3 Produce an expert-level video of Danny Fread along the lines of the 13
previous ICODS videos from Jim Mitchell, Don Deere, etc.
Make available hands-on end-user training for breach and flood
routing modeling that is available to government agencies and

9 ; » ; 11
regulators, public entities (such as dam owners), and private
consultants.

13 Send U.S. representatives to cooperate with EU dam failure analysis 10
activities.

4 Identify critical parameters for different types of failure modes 5
Develop a method to combine deterministic and probabilistic dam

11 failure analyses including the probability of occurrence and probable 5
breach location.
Update the regression equations used to develop the input data used

6 . : 2
in dam breach and flood routing models.

8 Develop a process that would be able to integrate dam breach and 0
flood routing information into an early warning system.

10 \Validate and test existing dam breach and flood routing models using 0
available dam failure information.

14 Lobby the NSF to fund basic dam failure research. 0




The break down of the individual topics by value of the item is shown if Figure 2. and
Table 3.

TOPIC

1 - Assimilate historic
data set

2 - Forensic standards
3 - Produce Danny
Fread video

4 - Critical failure
mode parameters

5 - Basic research
6 - Update regression
equations
7 - Develop improved
computer models
8 - Integrate models with
early warning systems
9 - Develop hands-on
end-user training
10 - Validate existing
models
11 11 - Combine deterministic/
probabilistic analysis
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12 12 - Breach parameter

13 guidance
13-U.S.reps @

14 European activities

14 - Lobby NSF

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Number of participant votes

Figure 2. Value of research topic

TABLE 3 — RESEARCH TOPICS RANKED BY VALUE

TOPIC
NUMBER RESEARCH / DEVELOPMENT TOPIC(S) NUMBER OF VOTES

Develop forensic guidelines and standards for dam safety experts to

2 use when reporting dam failures or dam incidents. Create a forensic 24
team that would be able to collect and disseminate valuable forensic
data.
Perform basic physical research to model different dam parameters

5 such as soil properties, scaling effects, etc. with the intent to verify 21
the ability to model actual dam failure characteristics and extend dam
failure knowledge using scale models.




TOPIC

RESEARCH / DEVELOPMENT TOPIC(S)

NUMBER OF VOTES

NUMBER

Using physical research data, develop guidance for the selection of

12 - : 20
breach parameters used during breach modeling.
Update, Revise, and Disseminate the historic data set / database.

1 The data set should include failure information, flood information, and 16
embankment properties.

7 Develop better computer-based predictive models. Preferably build 13
upon existing technology rather than developing new software.

3 Produce an expert-level video of Danny Fread along the lines of the 7
previous ICODS videos from Jim Mitchell, Don Deere, etc.
Update the regression equations used to develop the input data used

6 . . 7
in dam breach and flood routing models.

13 Send U.S. representatives to cooperate with EU dam failure analysis 7
activities.
Make available hands-on end-user training for breach and flood
routing modeling that is available to government agencies and

9 : " . 6
regulators, public entities (such as dam owners), and private
consultants.

4 Identify critical parameters for different types of failure modes 3
Develop a method to combine deterministic and probabilistic dam

11 failure analyses including the probability of occurrence and probable 2
breach location.

14 Lobby the NSF to fund basic dam failure research. 2

10 \Validate and test existing dam breach and flood routing models using 1

available dam failure information.




TOPIC

NUMBER

RESEARCH / DEVELOPMENT TOPIC(S)

Develop a process that would be able to integrate dam breach and
flood routing information into an early warning system.

Research/Development Topics

TOPICS
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1 - Assimilate historic
data set
2 - Forensic standards
3 - Produce Danny
Fread video
4 - Critical failure
mode parameters
5 - Basic research
6 - Update regression
equations
7 - Develop improved
computer models
8 - Integrate models with
early warning systems
9 - Develop hands-on
end-user training
10-Validate existing
models
11-Combine deterministic/
probabilistic analysis
12-Breach parameter
guidance
13-U.S. reps @
European activities
14-Lobby NSF
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Figure 3. Cost of research topic (the more votes the lower the cost).

TABLE 4 — RESEARCH TOPICS RANKED BY COST

TOPIC

NUMBER

RESEARCH / DEVELOPMENT TOPIC(S)

NUMBER OF VOTES

NUMBER OF VOTES




TOPIC
NUMBER

RESEARCH / DEVELOPMENT TOPIC(S)

NUMBER OF VOTES

12

Using physical research data, develop guidance for the selection of
breach parameters used during breach modeling.

16

Develop forensic guidelines and standards for dam safety experts to
use when reporting dam failures or dam incidents. Create a forensic
team that would be able to collect and disseminate valuable forensic
data.

14

Make available hands-on end-user training for breach and flood
routing modeling that is available to government agencies and
regulators, public entities (such as dam owners), and private
consultants.

13

13

Send U.S. representatives to cooperate with EU dam failure analysis
activities.

13

Update the regression equations used to develop the input data used
in dam breach and flood routing models.

11

Produce an expert-level video of Danny Fread along the lines of the
previous ICODS videos from Jim Mitchell, Don Deere, etc.

Develop better computer-based predictive models. Preferably build
upon existing technology rather than developing new software.

Update, Revise, and Disseminate the historic data set / database.
'The data set should include failure information, flood information, and
embankment properties.

Identify critical parameters for different types of failure modes

Perform basic physical research to model different dam parameters
such as soil properties, scaling effects, etc. with the intent to verify
the ability to model actual dam failure characteristics and extend dam
failure knowledge using scale models.

11

Develop a method to combine deterministic and probabilistic dam
failure analyses including the probability of occurrence and probable
breach location.




TOPIC
NUMBE

R RESEARCH / DEVELOPMENT TOPIC(S) NUMBER OF VOTES

14

Lobby the NSF to fund basic dam failure research. 2

10

\Validate and test existing dam breach and flood routing models using
available dam failure information.

Develop a process that would be able to integrate dam breach and
flood routing information into an early warning system.

Priorit

ization of Research Topics

After the votes were tabulated, each research topic was ranked according to the
aggregate total of votes cast. The rank of each topic in Table 5 and Figure 4 is a
reflection of the combination of value, cost, and probability of success, based on equal
weighting, as determined by the participants. Based on all the input by the participants,
it is the author’s opinion that the following topics were the leading research and

develo

1.

pment ideas identified in the workshop.

Develop forensic guidelines and standards for dam safety representatives and
experts to use when reporting dam failures or dam incidents. Create a forensic
team that would be able to collect and disseminate valuable forensic data. (Topic
#2)

Using physical research data, develop guidance for the selection of breach
parameters used during breach modeling. (Topic #12)

Perform basic physical research to model different dam parameters such as soil
properties, scaling effects, etc. with the intent to verify the ability to model actual
dam failure characteristics and extend dam failure knowledge using scale
models. (Topic #5)

Update, revise, and disseminate information in the historic data set / database.
The data set should include failure information, flood information, and
embankment properties. (Topic #1)

Develop better computer-based predictive models. Preferably these models
would build upon existing technology rather than developing new software.
(Topic #7)



6. Make available hands-on end-user training for breach and flood routing modeling
which would be available to government agencies and regulators, public entities
(such as dam owners), and private consultants. (Topic #9)

7. Record an expert-level video of Danny Fread along the lines of the previous
ICODS videos from Jim Mitchell, Don Deere, etc. (Topic #3)

8. Send U.S. representatives to cooperate with EU dam failure analysis activities.
(Topic #13)

The participants ranked the previous eight topics the highest overall when the three
different criteria were averaged. The listing of the top 8 here is purely an arbitrary cut-
off by the author.

Overall, there were fewer votes cast for cost than for the other two ranking criteria. This
is probably due to the fact that cost is more difficult to estimate than the value or
probability of success. Because of this, the topics above may be in a slightly different
order if cost is not considered as a ranking criterion.

It is interesting to note that only fourteen topics were identified during the workshop.
Previous workshops on different subjects identified a substantial number of topics, and
then their ranking method narrowed their priority list down to a manageable number.
This is not necessarily an indication that there is less to accomplish in the area of dam
failure analysis, it is more an indication that this particular workshop attempted to
combine many tasks into one research topic. It is the author’s opinion that many of the
identified priority items can be broken down into several distinct sub-topics, and doing
S0 may make it easier to cooperatively address the research needs listed here.

In-order to identify short-term research versus long-term research items the votes cast
for cost were plotted against value for each of the 14 research topics and the plot was
broken into 4 quadrants (Figure 5). The upper left quadrant corresponded to those
items that the participants deemed were of high value and low cost to accomplish. They
were therefore labeled low hanging fruit and could be looked upon as short-term
research items. Items 2 and 12 fell into this quadrant, which were the top two in the
overall score. The upper right were items that based on relative comparison were high
value but also high cost. This quadrant was labeled ‘strategic plan’ indicating that the
items falling in this quadrant would be long-term research items. Items 1, 5, and 7 fell
into this quadrant. These items were also ranked 3 — 5 in the overall scoring. The
lower left quadrant was labeled ‘do later’ and based on relative comparisons contained
research items that were low cost and low value. Items 3, 6, 9 and 13 fell into this
guadrant, 3, 9 and 13 were also ranked 6 — 8 in the overall ranking. The lower right
guadrant was labeled ‘consider’ and based on relative comparisons contained research
items that were low cost and low value. Research items 4, 8, 10, 11, and 14 fell into
this quadrant. This comparison may be found useful in determining the most effective
use of limited resources.



TOPICS

Research/Development Topics

1 - Assimilate historic
data set

2 - Forensic standards
3 - Produce Danny
Fread video
4 - Critical failure
mode parameters
5 - Basic research
6 - Update regression
equations
7 - Develop improved
computer models
8 - Integrate models with
early warning systems
9 - Develop hands-on
end-user training
10 - Validate existing
models
11 - Combine deterministic/
probabilistic analysis
12 - Breach parameter
guidance
13-U.S.reps @
European activities
14 - Lobby NSF
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Aggregate Score

Figure 4. Research topic ranked by aggregate score

of probability of success, value, and cost.

TABLE 5 - RESEARCH TOPICS RANKED BY AGGREGATE SCORE

TOPIC AGGREGATE
NUMBER RESEARCH / DEVELOPMENT TOPIC(S) SCORE RANK

Develop forensic guidelines and standards for dam safety experts to use when

2 reporting dam failures or dam incidents. Create a forensic team that would be 54 1
able to collect and disseminate valuable forensic data.

12 Using physical research data, develop guidance for the selection of breach 50 2
parameters used during breach modeling.
Perform basic physical research to model different dam parameters such as soil
properties, scaling effects, etc. with the intent to verify the ability to model actual

5 . o . . 40 3
dam failure characteristics and extend dam failure knowledge using scale
models.




TOPIC AGGREGATE
NUMBER RESEARCH / DEVELOPMENT TOPIC(S) SCORE RANK

Update, Revise, and Disseminate the historic data set / database. The data set

1 should include failure information, flood information, and embankment 38 4
properties.
Develop better computer-based predictive models. Preferably build upon

7 o . 34 5
existing technology rather than developing new software.
Make available hands-on end-user training for breach and flood routing

9 modeling that is available to government agencies and regulators, public 30 6
entities (such as dam owners), and private consultants.

13 Send U.S. representatives to cooperate with EU dam failure analysis activities. 30 7
Record an expert-level video of Danny Frease along the lines of the ICODS

3 . : . 29 8
videos from Jim Mitchell, Don Deer, etc.

6 Update the regression equations used to develop the input data used in dam 20 9
breach and flood routing models.

4 Identify critical parameters for different types of failure modes 14 10

11 Develop a method to combine deterministic and probabilistic dam failure 10 11
analyses including the probability of occurrence and probable breach location.

14 Lobby the NSF to fund basic dam failure research. 4 12

10 \Validate and test existing dam breach and flood routing models using available 2 13
dam failure information.

8 Develop a process that would be able to integrate dam breach and flood routing 0 14

information into an early warning system.
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A

AGENDA

AGENDA FOR WORKSHOP ON ISSUES, RESOLUTIONS, AND RESEARCH
NEEDSRELATED TO DAM FAILURE ANALYSES

TUESDAY, June 26

Morning
Introduction to Workshop

Introductions

Presenter
(Darrel Temple)

Purpose (where workshop fits into scheme of workshops.) (Gene Zeizel)
Dam Failures

Classification & Case Histories of Dam Failures

(Martin McCann)

Human and Economic Consequences of Dam Failure (Wayne Graham)
Present Practice for Predicting Dam Failures

Overview of Presently Used tools
a  Will aDam Failure Occur?

i. Risk Assessment — USBR Perspective (Bruce Muller)
ii. Risk Assessment — USACE Perspective (David Moser)

0730
0745

0800
0830

0850
0910

b. Timeto Failure, Dam Failure Processes, Prediction of Dam Failure Discharge; Peak

Discharge and Outflow Hydrograph.

i. Methods Based on Case Study Database. (Tony Wahl)
Break
ii. Some Existing Capabilities and Future (Danny Fread)
Directions for Dam-Breach Modeling/
Flood Routing
c. Ultimate Use of Peak Discharge and Outflow Hydrograph.
i. RESCDAM -project (Mikko Huokuna)
ii. Hazard Classification (Al Davis, ICODS)
Lunch Break
Afternoon

Current Practice
State Assessment Criteria, Experience, and Case Example

Break

New Jersey
Georgia
Utah
Cdifornia
Oklahoma

(John Ritchey)
(Ed Fiegle)

(Matt Lindon)
(David Gutierrez)
(Cecil Bearden)

Federal Assessment Criteria, Experience, and Case Example

Bureau of Reclamation
NRCS
FERC

(Wayne Graham)
(Bill Irwin)
(James Evans and Michael Davis)

0930
1000

1015

1045
1115
1145

1300
1320
1340
1400
1420
1440

1500
1520
1540



WEDNESDAY, June 27
Morning
Current Practice (cont.)
Private Experience and Case Example

Owners
BC Hydro (Derek Sakamoto)
Consultants
Mead &Hunt Inc. (Ellen Faulkner)
Catalino B. Cecilio Consult. (Catlino Cecilio)
Freeze & Nichols (John Rutledge)
Break
Group Discussions (Nate Snorteland)
Lunch Break
Afternoon

Tour of ARSHydraulic Laboratory

THURSDAY, June 28
Morning
Resear ch And New Technology
Risk Assessment Research (David Bowles)
Overtopping and Breach Research
Research at CSU Related to Design Flood Impacts
on Evaluating Dam Failure Mechanisms (Steve Abt)

Limited Overtopping, Embankment Breach

and Discharge (Temple and Hanson)
Break
Dam Break Routing (Michael Gee)
Overview of CADAM and Research (Mark Morris)
Embankment Breach Research (Kjetil Arne Vaskinn)
Lunch Break
Afternoon

Group Discussions (Nate Snorteland)

0740
0810
0830
0850

0910-0930
0930

1200

1300-1500

0800

0830

0900
1000
1020
1050
1120

1150

1330-1600
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Ed Fiegle
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