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® REMARKS

e Hydrograph Method is the preferred
approach for estimating T,

e This is the way how T. is defined in unit
hydrograph applications

e Regression Method must be used with
caution. The origins and application
limitations of these equations should be
clearly understood. Often, the units and
definition of the various parameters in the
equations vary from one to the other

@ e The use of hydraulic calculations appears to
be well founded. However, it may not he
necessarily consistent with the way T, is

defined in unit hydrograph applicatiens
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SEMINAR AGENDA

DETERMINATION OF PROBABLE MAXIMUM FLOOD

ASSOCIATION OF STATE DAM SAFETY OFFICIALS

1. Seminar Agenda
2. General Information
3. Instructor Resumes
Monday
Time Description
4, 8:00 Welcome - Introduction - Announcements

. An Overview

Obijective - To provide a reasonable approach for uniform
application in determining the probable maximum flood (PMF)
hydrograph

PMF Guidelines Section 8-1

5. 8:30 Introduction to Runoff Analysis - The Hydrologic Cycle
(1)  Nature of Runoff Hydrographs
(2) Basin Rainfall
(3) Effective Rainfall
(4) Loss Analysis
6. 9:00 Preliminary Review of Hydrologic Data
PMF Guidelines Section 8-2
[ 9:20 Development of Hydrologic Criteria of the PMF

PMF Guidelines Section 8-3
9:40 COFFEE BREAK
. 8. 10:00 Data Acquisition

PMF Guidelines Section 8-4
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Time Description

. 9. 10:20 Review and Assessment of Data

PMF Guidelines Section 8-5
10. 10:40 Subdivision and Drainage Area

PMF Guidelines Section 8-6
1l 11:00 Approach to Tasks for PMF Development

PMF Guidelines Section 8-7

12. 11:20 Unit Hydrograph Theory - Theory of Unit Hydrograph for
Gaged Watersheds - Assumptions and Limitations

PMF Guidelines Section 8-8

Definition

Base Flow Separation

Duration of the Unit Hydrograph

Computation Time Increments - How Important

AN AN N S
H ON —

12:00 LUNCH
. 13. 1:00 Methods of Calculating Infiltration

a
@

) Uniform Loss Function - Time Index

)  Soil Conservation Service’s Curve Number Method
) Horton Equation

) Green and Ampt Infiltration Equation

(€]
(4
(5) Physically Based Methodology

14. 1:45 Time of Concentration

(1)  Regression Methods
(@) Hydraulic Methods
(8) Hydrograph Method

15, 2:05 Clark Method for Deriving Unit Hydrographs

(1) Conceptual Models of the Unit Hydrographs
(2) Concept of the Instantaneous Unit Hydrograph (IUH)

2:45 COFFEE BREAK
16. 3:05 Flood Hydrograph for Gaged Watershed - Sabrina Example
5:00 Adjourn
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Tuesday

Time Description
17 8:00 Review and Questions
18. 8:30 Synthetic Unit Hydrography Theory for Ungaged Watersheds

(1)  Snyder Synthetic Unit Hydrograph
(2) Soil Conservation Service Dimensionless Unit
Hydrograph

Developing Watershed Parameters for Ungaged Watersheds
(1) Clark Instantaneous Unit Hydrograph

(2) Snyder’s Synthetic Unit Hydrograph
(8) SCS Dimensionless Unit Graph

9:30 COFFEE BREAK
9:45 Continuation of Previous Lecture

19, 10:30 Unit Hydrographs for Sites with Limited Data

PMF Guidelines Section 8-9

(1) Search for Applicable Unit Hydrographs
(@) Regional Analysis
‘ (38) Data Required
(4) Rainfall Analysis
(5) Development of Generalized Regional Relationships
20. 11:00 Introduction to Flood Routing

PMF Guidelines Section 8-11

(1) Hydraulic
(2) Hydrologic
(@) Muskingum
(b) Muskingum Cunge
(c) Reservoir Routing
12:00 LUNCH

21. 1:00 Probable Maximum Flood (PMF) Development

PMF Guidelines Section 8-10

22. 1:30 Data Collection for Ungaged Watersheds - Sensitivity
23. 2:00 Example: Corsorona Rapids
3:00 COFFEE BREAK
. 3:20 Continuation of Example Discussion

5:00 Adjourn
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Wednesday

. Time Description

24. 8:00 Review and Questions

25. 8:30 Ungaged Watersheds - No Data (Bishopsville Example)
9:30 COFFEE BREAK

26. 9:50 Glossary, Terms, and Report Formats

27, 10:10 Review and Questions

28. 11:00 Limitations of Unit Hydrograph Theory

29. 11:20 Hydrology

(1)  Future Models

(2) GIS Databases

(8) Kinematic Wave

(4) New Research Being Developed

12:00 LUNCH

30. 1:00 Example: Austen
3:00 COFFEE BREAK
. 31. 3:20 Special Considerations

(1) Dam Break Parameters

(2) Antecedent Conditions

(8) Start Q at Beginning of Flow
(4) Reservoir Levels

(5) Gate Operations

(6) Sediment

4:00 Summary
4:30 Evaluations
5:00 Adjourn
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RESUME OF

DR. JOHN J. CASSIDY



JOHN J. CASSIDY MANAGER, HYDRAULICS/HYDROLOGY

EDUCATION: B.S., Civil Engineering, 1952
M.S., Civil Engineering, 1960
Montana State University
Ph.D., Hydraulic Engineering, 1964
University of JTowa

SUMMARY: 38 Years: Management, direction and supervision of
hydraulic and hydrologic engineering studies for
hydroelectric projects, thermal power plants, and
water-resource development projects for industrial
and mining fadilities; teaching and research in fluid
mechanics, hydraulic engineering and hydrology-

‘EXPERIENCE:

1985 - Present: As Manager of Bechtel's Hydraulics/Hydrology Group, he manages
and directs the analyses and studies performed by a 40-member team of highly-
trained and experienced hydraulic and hydrologic engineering specialists. The Group
performs a wide variety of tasks related fo water resources development, the design of
hydroelectric and thermal power plants, fisheries, and waste isolation. Capabilities of
the Group include numerical simulation of fluid flow, development of flood
hydrographs, water-resource assessment, and conceptual design and hydraulic
analysis for intake and outlet works, penstocks, spillways, power tunnels, gates,
valves, and surge chambers, and thermal modeling for streams, Tivers, estuaries, and
reservoirs. The Group performs field studies to collect data required for modeling and
installs and monitors instrumentation. Because of their association with field studies,
the Group maintains information files on instrumentation and recommends
state-of-the-art equipment for use on Bechtel monitoring or data-collection projects.
The Group performs general surface water studies to screen sites for potential
developments and assesses the availability and adequacy of hydrologic data for site
screening studies. During the past three years, Dr. Cassidy has served as a member of
the National Academy of Science Committee on Potential Effects of Global Climate
Change on Water Resources.

1975-1979 and 1981-1985: As Chief Hydrologic Engineer, he was responsible for the
conduct of hydrologic studies for water resource hydroelectric and industrial projects.
He directed a group of hydrologjc and hydraulic engineers in field work and analyses
related to water yield, flooding potential, and water conveyance. Studies frequently
included surface runoff, modeling, prediction of erosion as well as sediment transport
and deposition, reservoir operation simulation, development of design floods, and
the analysis and use of basic rainfall and runoff data. Operation studies were
conducted for both small and large hydroelectric facilities to determine capadity,
average annual energy generation, and the probability of various levels of energy
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generation.

Major projects included: the Rio Grande Rositas Project (Bolivia); Sultan
Hydroelectric Project (Washington); Ok Tedi Project (Papua, New Guinea); Setif
Project (Algeria); Quartz Hill Project (Alaska); the PG&E Geyser 21 and 22 Geothermal
Project and the Dinkey Creek Hydroelectric Project (California). He directed
hydrologic, operation, and hydraulic studies for small hydro development at Lake
Redding, California, New Martinsville, Ohio and Barrent River, Alabama. He
monitored, coordinated and reviewed the field data collection efforts for a water
balance study for three large storage ponds in the Weldon Springs waste-isolation site
near St. Louis.

1979-1981: As Director of the State of Washington Water Research Center, he had
technical and administrative responsibility for all water-related research studies
funded through that center. Studies included methodology for assessment of
undeveloped hydroelectric potential and the design and layout of small hydroelectric
plants. He was a consultant with the National Rural Electric Cooperative Association
on the design of small hydroelectric plants and gave several organized short courses
on design and development of mini hydro plants. One of these short courses was
presented to hydroelectric engineers and planners in Quito, Ecuador in 1980. He also
managed several field studies for assessing the impact of the Mt. St. Helens eruption
on water resources.

1974-1975: As Assistant Chief Hydraulic Engineer at Bechtel, he had supervising
responsibility for the daily conduct, conceptual design and hydraulic analyses for
spillways, outlet works, and other structures for water conveyance systems. He
developed and supervised model studies for the spillway design, pump intakes, and
intake structures for hydroelectric plants. |

1972-1974: Dr. Cassidy was Chairman of the Civil Engineering Department of the
University of Missouri and had direct responsibility for the academic and research
‘programs in the department.

1962-1972: During this period, Dr. Cassidy was responsible for teaching and research
programs at the University of Missouri in Hydraulics and Hydrology. Research and
development projects included model studies and analytical studies for flows over
spillways, flow in turbine draft tubes, resistance to flow in pipes subject to aquatic
growth, and local flooding as a parameter for site planning. He spent one year with
the U.S. Bureau of Reclamation in Denver, Colorado, developing methodology to
analyze draft-tube surging in the Grand Coulee III draft tubes.

1958-1962: He served as an instructor in Civil Engineering and in Hydraulics at
Montana State University and the University of Iowa, respectively, while pursuing
graduate studies in hydraulics and hydrology.
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1955-1958: As a Design Engineer with the Montana State Water Conservation Board,
he performed hydraulic and structural designs associated with dams and canals for
irrigation and performed hydrologic planning studies for irrigation projects. He
analyzed several irrigation-district-~owned storage reservoirs for the addition of
mini-hydroelectric plants.

PROFESSIONAL REGISTRATIONS:

Registered Professional Engineer -
Montana, California, Washington, Idaho

MEMBERSHIPS:

Fellow, ASCE
Member, USCOLD, IAHR, ASDSO

AWARDS:
Named a Bechtel Fellow in 1985

ASCE Hunter Rouse Hydraulic Engineering Lecture, 1989
Elected to U. S. National Academy of Engineering, 1994
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JOHN J. CASSIDY PERSONAL RESUME

HOME ADDRESS: 4400 Capitol Court
Concord, CA 94518
TELEPHONE Res: (510) 7984581
Bus: (415) 768-7654
BORN: Gebo, Wyoming, June 21, 1930
EDUCATION: B.S.C.E. Montana State University 1952

M.S.C.E. Montana State University 1960
Ph.D. University of Jowa (Hydraulics) 1964

HONORS: Named Bechtel Fellow 1985
ASCE, Hunter Rouse Hydraulic
Engineering Lecture 1988

REGISTERED PROFESSIONAL
ENGINEER: California, Montana, Idaho, Washington

EXPERIENCE:

Dec. 1985 - Manager, Hydraulics/Hydrology
Present  Bechtel Corporation, San Francisco

July 1981 - Chief Hydrologic Engineer, Bechtel Civil
Dec. 1985 and Minerals, San Francisco, California

Jan. 1979 - Director, Washington Water Research Center and Professor of Civil
July 1981 Engineering, Washington State University, Pullman, Washington

Oct. 1975 - Chief Hydrologic Engineer
Dec. 1978 Bechtel, Inc., San Frandisco, California

June 1974 - Assistant Chief Hydraulic Engineer,
Oct. 1975 Bechtel, Inc., San Frandsco, California

Sept. 1963 - Civil Engineering Faculty, University of
June 1974 Missouri, Department Chairman, 1972 - 1974

Summer NSF Short Course On Electronics, University of North Carolina,
1967 Chapel Hill, North Carolina

Summer Short Course on Analysis of Water-Resources Systems, University of
1970 " Nebraska, Lincoln, Nebraska
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1968 - 1969 Ford Foundation Engineering Resident,U.S. Bureau of Reclamation,
Hydraulics Branch, Denver, Colorado

1960 - 1963 Half-time Instructor and Graduate Student, Department of Mechanics
and Hydraulics, University of Iowa, Towa City, Iowa

Summer NSF Fellow, Summer Fluid Mechanics Institute, Civil Engineering
1960 Department, Colorado State University, Fort Collins, Colorado

1958 - 1960 Instructor and Graduate Student in Civil Engineering, Montana State
University, Bozeman, Montana '

1955 - 1958 Design Engineer, Montana State Water Conservation Board, Helena,
Montana

1953 - 1955 Enlisted Man, US. Army, Construction Inspector, Okinawa and Japan
1952 - 1953 Highway Engineer, U.S. Bureau of Public Roads, Missoula, Montana

1952 Deck Officer, U. S. Coast and Geodetic Survey, Seattle, Washington and
Alaska

Duties at University of Missouri:

Jan. 1972 - Professor and Chairman of Civil Engineering, and
June 1974 Member of Doctoral Faculty :

1963 - 1974 In charge of Hydraulics, Fluid Mechanics, and Water Resources Programs
in Civil Engineering (graduate and undergraduate).

1972 - 1974 Elected Member, Faculty Council on University Policy

1971 - 1972 Initiated teaching of Mechanics of Statics as a self-paced course.

1970 - 1972 As Chairman of Engineering Library Committee, was in charge of
planning complete remodeling of Engineering Library. Wrote and
submitted successful proposal for remodeling funds.

1969 - 1972 Member of University-wide Water Resources Committee.

1968 - 1971 In charge of organizing and instruction in new senior design course. This
course utilized services of consulting firms in Missouri to provide design
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problems and subsequent periodic critiques of student designs during
each semester.

1964 - 1966 In charge of remodeling and redesigning of Hydraulics Laboratory.
Wrote and submitted successful NSF Equipment Proposal. Designed and
supervised construction of new flumes, water tunnel, wind tunnel, and

miscellaneous other equipment.
Duties with Bechtel, Inc.

1974 - 1975 Assistant Chief Hydraulic Engineer, Bechtel, Inc., San Francisco.
Responsible for hydraulic analysis, including model studies, for complex
hydraulic systems for large power plants, hydropower projects, irrigation
projects, and other projects relating to mineral and petroleum
processing.

1975 - 1978,Chief Hydrologic Engineer, Bechtel, Inc. Responsible for hydrologic

1981 - 1985 studies on engineering projects in the United States and foreign
countries. Studies included a wide range of waste-isolation, hydroelectric
and water-resource dams, mine developments and tailings dams,
thermal power plants, flood control, and industrial projects.

1985 - Manager, Hydraulics/Hydrology Group. Responsible for direction of all
Present  studies related to hydraulics and hydrology for Bechtel projects in all
offices.

Duties with Washington State University:
1979 - 1981 Director, Washington Water Research Center and Professor of Civil
Engineering. General development and administration of

water-research program. Teaching graduate courses in hydraulic:
engineering and hydrology.

Professional Activities:
1957 - 1958 Secretary-Treasurer, Helena Branch, Montana Section, ASCE

1967 - 1970 Member of Control Group of Task Committee on Wind Loads in
Structural Division of ASCE

Oct. 1969 Manager, Hydraulics/Hydrology Group. Responsible for direction of all
Delegate to ASCE Conference on Quality Teaching, Oklahoma State
University

1969 - 1970 Second Vice President, Mid-Missouri Section, ASCE
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1970 - 1971 First Vice President, Mid-Missouri Section, ASCE
1971 - 1872 President, Mid-Missouri Section, ASCE

1972 - 1974 Mid-Missouri Section ASCE, Delegate to and Secretary of District 16
Coundil '

Jan. 1972 Mid-Missouri Delegate to ASCE Local Sections Conference, Dallas, Texas

Mar. 1972 Mid-Missouri Delegate to Zone HI Caucus. ASCE, Kansas City, Missouri

Oct. 1972 Moderator for Session on hydraulics and hydrology at St. Louis, National
Meeting of American Water Resources Association

1971 - 1975 Member, Hydraulic Structures Committee, Hydraulics Division ASCE.
In charge of Program Arrangements for two sessions at the 1973 National
ASCE Water Resources Convention in Washington, D.C.

1970 - 1974 Member ASEE Fluid Mechanics Area Committee

1970 - 1974 Member of Education Committee, Consulting Engineers Coundil,
Missouri '

1973 - 1974 Chairman, Missouri Sodiety of Professional Engineers Committee on
Professional Registration '

1974 - 1975 Chairman of ASCE Hydraulics Division Committee on Hydraulic
Structures. Organized sessions on hydraulic structures for Specialty
Conference at Knoxville, Tennessee in August, 1974

1975 - 1978 ASCE Hydraulics Division representative for organizing committee of
joint IAHR-ASCE Symposium on Hydraulic Machinery held at Fort
Collins, Colorado in September, 1978

1976 - 1980 Member of ASCE Hydraulics Division Executive Committee, Chajirman

1978-1979
1976 - Member of USCOLD Committee on Hydraulics for Large Dams
Present
1978 - Chairman and organizer of special short course on the Hydraulics Design

of Cooling Water Systems for Large Thermal Power Plants, Colorado
State University, Fort Collins, Colorado, June 6, 1978
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1978 - 1980 Member of ASCE Technical Council on Computer Practices, Committee
on Coordination within ASCE

1979 - Chairman and Organizer of session on Analytical Techniques in
Hydrology, Symposium on Improved Hydrologic Forecasting, Asilomar,
California, March 19, 1979

1979 - 1981 Director, Washington State Section of American Water Resources
Association

1980 - 1983 Member of ASCE National Task Force on Dam Safety

1980 - Organized and chaired special symposium on environmental and
physical considerations related to Salmon-spawning Gravel, Seattle,
Washington .

1981 - Organized and chaired special symposium on groundwater

considerations in the Pacific Northwest, Spokane, Washington.

1981 - Organized and directed symposium on Indian Water Rxghts Spokane,
Washington

1980 - 1984 ASCE Hydraulics Division Representative to Management Group D,
Chairman 1983

1982 - 1984 Co-Technical Chairman and Proceedings Editor, American Water
Resources Assodation, Symposium on Hydrologic Foreczsting, Seattle,
Washington 1984 ,

1983 - 1984 Member, ASCE Technical Activities Committee

1983 - 1985 Member, ASCE National Water Policy Committee, Chairman 1985

1983 - 1985 Member, ASCE Special Task Committee on International Relationships

1983 - 1986 Member, ASCE Technical Activities Planning Committee

1983 - 1993 Member, San Francisco Section of ASCE, Committee on Water Policy,
Chairman, 1987-88, 1988-89 ]

1984 - Member, Organizing Committee for Waterpower 1985

1985 - Chairman, Committee on Hydraulic Engineering for Dam Safety,
EPRI/FEMA Workshop on Dam Safety Research, Denver, Colorado
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1985 - 1988 Chairman, Local Tour Committee for 16th International Congress on

Large Dams

1985 - 1988 Member; Public Relations Committee for 16th International Congress on

Large Dams

1586 - 1987 Member, Organizing Committee for Waterpower 87.

1986-1988
1987 -
Present

1987 -
Present

1987 -
Present

1988 -

Present
1988 -
1988 -
Present

1988-1991

1988-1992
1990 -

1950 -

1991 -

Chairman, Finance, Steering Committee to Organize the 16th Congress
of the International Commission on Large Dams

Chairman, Committee on Hydraulics for Dams, International
Commission on Large Dams

Chairman, Subcommittee on Vibration of Structures, Committee on
Hydraulics for Large Dams, International Commission on Large Dams

Member, Civil Engineering Department Advisory Committee,
California Polytechnic University, San Luis Obispo, California

Member, Advisory Committee, St. Anthony Falls Hydraulics Laboratory,
University of Minnesota, Minneapolis, Minnesota

Secretary for Question 63, Design Floods, 16th Congress, International
Commission on Large Dams, San Francisco, California, June, 1988

Adjunct Professor of Civil Engineering, Department of Civil
Engineering, University of California, Berkeley, California

Chairman, Task Committee to Develop a Position Paper on Dredging
and Disposal of Dredged Material, San Francisco Section of ASCE, Water
Policy Committee

Elected Member of Board of Directors, U. S. Committee on Large Dams
Elected Vice President, San Francisco Section, ASCE

Convener, FEMA Sponsored Workshop on Probable Maximum
Precipitation and Probable Maximum Flood, Berkeley Springs, Virginia

Chairman, Panel on Water Resources Infrastructure, ASCE Civil
Engineering Research Foundation, Forum on Research Needs,

Washington, D. C.
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1991-1993 Member, Technical Program Committee, Waterpower 1993. Chairman,
Sessions on Research and Development, Geotechnical Engineering and
Hydraulic Design, Nashville, Tennessee

1992-1993 Member, Technical Program Committee, ASCE National Conference on
Hydraulic Engineering, San Francisco, California

Societies:

Fellow, American Society of Civil Engineers

Honor Member, Chi Epsilon (Elected by students of University of
Missouri Chapter, 1968) :

Member, American Water Resources Association

Member, American Geophysical Union

Member, U.S. Committee on Large Dams

Member, International Association for Hydraulic Research

Principal Investigator for Following Sponsored Research Projects:

1964 - 1965 Flow Through a Spillway Flip Bucket, U.S. Army Ehgineers Waterways
Experiment Station, Vicksburg, Mississippi

1964 - 1965 National Science Foundation Undergraduate Equipment Grant,
Washington, D. C.

1965 - 1966 Hydraulic Efficiencies of Grate Inlets, Rowland Engineering Company, St.
Louis, Missouri

1965 - 1966 Analytical Formulation of Flow Over a Spillway Toe Curve, U. S. Ar!hy
Corps of Engineers, Waterways Experiment Station, Vicksburg,
Mississippi

1966 - 1968 River Basin Development, Office of Water Resources Research,
Washington, D. C.

1967 - 1968 Effects of Algae Growth on Flow in Pipes, Missouri Clean Water
: Commission, Jefferson City, Missouri

1967 - 1968 Unsteady Flow in Low-Pressure Pipelines, U.S. Bureau of Reclamation,
Denver, Colorado

1967 - 1968 Motion of Spheres in a Highly Turbulent Field, NSF, Washington, D.C.

1968 - 1969 Draft-Tube Surging, U.S. Bureau of Reclamation, Denver, Colorado
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1969 - 1971 Motion of Solid Particles in a Turbulent Field, National Science
Foundation, Washington, D. C.

1971 - 1972 Reaeration of Water with Turbine Draft Tubes, Office of Water Resources
Research, Washington, D. C.

1972 - 1973 Environmental Problems Due to Urban Development, Department of
- Community Affairs, Jefferson City, Missouri

1973 - 1974 Two-Dimensional Model Study of American Falls Dam Spillway,
Bechtel, Inc., San Francisco, California

1979 - 1980 Assessment of Small Hydroelectric Potential in the State of Washington,
US. Department of Energy, Washington, D. C.

1980 - 1982 Coordination and Review of Research Related to Effects of Mt. St. Helens
Eruption on Water Resources, Office of Water Resources Research,
Washington, D. C. '

Publications:

‘Irrotational Flow Over Spillways of Finite Height", ASCE Journal of the
Engineering Mechanics Division, V. 4591, EM6, December, 1965.

"Aerodynamic Characteristics of Farm Grains", Transactions of ASAE, Vol. 9, No. 1,
1966. .

. "Hydraulic Characteristics of Grate Inlets”, National Research Council, Highway
Research Record, No. 123, Publication 1365, January, 1966.

"Aerodynamic Properties of Black Walnuts; Application in Separating Good from
Bad Walnuts", Transactions of ASAE, Vol. 10, No. 1, 1967. .

"Flow Through a Spillway. Flip Bucket”, ASCE Journal of the Hydraulics Division,
Vol. 6487, No. HY2, March, 1969 (with C. W. Lenau). '

“Experimental Study and Analysis of Draft-Tube Surging”, Report No. HYD-591,
U.S. Bureau of Reclamation, May,1969.

"Designing Spillways for Negative Pressures”, ASCE, Journal of the Hydraulics
Division, Vol. 96, No. HY3, March 1970.

‘Frequency and Amplitude of Pressure Surges Generated by Swirling Flow", Paper

El, Transactions of the 1970 Symposium on Hydraulic Machinery and Cavitation,
International Assodation for Hydraulic Research, Stockholm, Sweden, August 1970.
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"Realistic Civil Engineering Design", Journal of ASEE, Vol. 61, No. 2,
November, 1970, Part 1.

“"Observations of Unsteady Flow Arising After Vortex Breakdown", Journal of Fluid
Mechanics, Vol. 41, Part 4, 1970.

“Five Years of Teaching Civil Engineering Design with the Help of Practicing
Engineers”, Proceedings of the ASCE Conference on Civil Engineering Education,
Ohio State University, March, 1974. ‘ '

(Textbook)
Hydrology for Engineers and Planners, Iowa State University Press, Ames, lowa,

January, 1975 (with A. T. Hjelmfelt, Jr.).

"What the Design Engineer Needs from the Hydrometeorologist", Proceedings of
the Annual Conference, American Meteorological Society, Toronto, Canada,
October, 1977 (with W. P. Henry).

"What the Design Engineer Needs from the Hydrometeorologist, I", Journal of
Applied Meteorology, Vol. 17, No. 10, October 1978 (with W. P, Henry).

"Hydrologic Study for Larona Hydroelectric Development”~, Proceedings of the ASCE
Hydraulics Division Specialty Conference on Conservation and Utilization of Water
and Energy Resources, San Francisco, August, 1979.

"Site Development and Hydraulic Design for Small Hydroelectric Developments",
Proceedings of the International Symposium on Small Hydroelectric Development,
National Rural Electric Cooperative Association, Washington, D. C,, August, 1980.

"State of the Development of Small Hydroelectric Plants", Proceedings of the 2nd
Bonneville Power Administration Conference on Energy Supply, BPA, Portland,
Oregon, October 27, 1980.

"Hydraulic and Hydrologic Computer Applications”, Journal of Technical Councils
of ASCE, Vol. 108, No. TC2, November, 1982.

"Spillways of High Dams”, Chapter 4, Developments of High Dams, Elsevier
Applied Science Publishers, Ltd., London, England, 1984 (with R. A. Elder).

“Labyrinth-Crest Spillway, Planning, Design, and Construction”, Proceedings of the

International Conference on Hydraulic Aspects of Flood Control, BHRA, London,
England, September, 1983 (with C. A. Gardner and R. T. Peacock).
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"Site Development and Hydraulic Analysis", Chapter 4, Small and Mini
Hydropower Systems, McGraw-Hill Book Company, New York, NY, 1984.

"Dams and Reservoirs”, Chapter 5, Small and Mini Hydropower Systems,

McGraw-Hill Book Company, New York, NY, 1984.

Editor, Critical Assessment of Forecasting in Western Water Resource Management
Proceedings of the June 11-13, 1984 AWRA Symposium, American Water Resources
Association, Bethesda, MD., 1985 (with D. P, Lettenmaier).

"Sultan River Hydroelectric Project, Hydrologic Analysis”, Proceedings of the
Symposium, Waterpower 1985, Las Vegas, Nevada, September 1985 (with S. L. Hui).

"Boardman Labyrinth-Crest Spillway”, ASCE Journal of Hydraulic Engineering,
Vol. IMI, No. 3, March, 1985 (with C. A. Gardner and R. T. Peacock).

"Hydrologic Studies for Dinkey Creek Hydroelectric Power Project”, Proceedings of
the Symposium, Waterpower 87, August 1987 (with S. L. Hui). ‘

(Textbook)
Hydraulic Engineering, Houghton Mifflin Company, Boston Mass., 1988 (with

J. A Roberson and M. H. Chaudry).

“Consideration with Regard to the Choice of Recurrence Interval for a Design
Flood", proceedings of the 16th Congress, International Commission on Large
Dams, June 1988, San Francisco (with D. B. Cherry, S. L. Hui, and J. E. Welton).

"Flood Criteria and the Safety of Tailings Dams", proceedings of the International
Symposium on Safety and Rehabilitation of Tailings Dams, ICOLD Executive
Meeting, Sydney, Australia, May 1990.

‘Impact of Artificial Reservoirs on Hydrological Equilibrium”, Keynote Address,
Proceedings International Conference on Water Resources in Mountainous
Regions, Lausanne, Switzerland, September 1990.

“Design Flood for Harriman Dam, a Site Specific PMP and PMF Study”, proceedings
of the Symposium on Dam Rehabilitation, Annual Meeting of the U.S. Committee
on Large Dams, Forth Worth, Texas, April 1992,

“Dams and Extreme Floods - Operation”, invited, “General Report for Session B,
International Symposium on Dams and Extreme Floods”, Executive Meeting of the
International Commission on Large Dams, Granada, Spain, September 1992.

“Flood Data and the Effect on Dam Safety”, invited, Keynote Address, International
Conference on Dam Safety, Grundewald, Switzerland, April 1993.
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“Design Floods and Flood Calculations,” invited, Keynote Address, First Algerian
Congress on Large Dams, Algiers, Algeria, May 1993.

“Hydraulic Design for Replacement of Floor Blocks at Pit 6 Stilling Basin,” First
USCOLD Technical Conference, Denver, Colorado, August 24, 1993.

“A Guideline for the Determination of Probable Maximum Flood for Civil Works,”
Prooeedings of Waterpower 93, Nashville, Tennessee, August 13, 1993.

Oral Pregentations:

‘Spillway Characteristics as a Function of Crest Shape", ASCE National
Environmental Engineering Conference, Chattanooga, Tennessee, May 1965.

"Analysis of Flow Through Spillway Flip Buckets", ASCE Hydraulics Division
Specialty Conference, Madison, Wisconsin, August 1967.

"Proper Hydraulic Design of Sanitary Sewers", Annual Conference Missouri
Water Pollution Control Federation, St. Louis, Missouri, May 1968.

"Design of Grate Inlets for Highway Storm Drains”, National Pﬁghway Research
Board Meeting, Washington, DC, January 1969,

"Frequency and Amplifude of Pressure Surges Generated by Swirling Flow",
International Association of Hydraulic Research, 5th Symposium on Hydraulic
Machinery and Equipment, Stockholm, Sweden, August 1970.

"Faculty Preparation for Teaching Students to Better Meet Employers’ Needs -
Viewpoint of the Teaching Faculty Member”, Invited Paper, National Conference
ASEE, Lubbock, Texas, June 1972.

"Design Considerations for Reservoirs and Spillways", Short Course on
Fundamental Hydraulics and Hydrology of Dam Design. University of Missouri -
Rolla, October 11, 1976; May 15, 1977; June 1, 1978; May 23, 1979; May 23, 1980.

"Hydraulic Design in High Velocity Flow”, A Series of invited lectures presented to
the Engineering and Research staff of the US. Bureau of Reclamation, Denver,
Colorado, June 18-19, 1979.

"Site Development and Hydraulic Design for Small Hydroelectric Developments",
Invited Lecture, AID Symposium on Small-Hydroelectric Development, Quito,
Ecuador, August 18-20, 1980.
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"State of Development of Small Hydroelectric Plants”, 2nd Annual Bonneville
Power Administration Conference on Energy Supply, Portland, Oregon, October 27,
1980. '

"Practical Considerations of the Probable Maximum Flood Concept in Relation to
Dam-Hazard Classification", ASCE Annual Convention, St. Louis, Missouri,
October, 1981.

"Labyrinth-Crest Spillway, Planning, Design, and Construction”, International
Conference on Hydraulic Aspects of Flood Control, London, England, September

1984.

"Hydraulic Studjes for Dinkey Creek Hydroelectric Power Project”, Waterpower 87,
Portland, Oregon, August 1987.

"Hydrologic Engineering Calculations”, a series of lectures and ﬁrorkshops on
Hydrologic Engineering for Hydroelectric Project Design, presented to the Ministry
of Energy (PLN), Jakarta, Indonesia, November-December 1989.

'"Problems and Challenges in the Design of Hydroelectric Projects", Deere Memorial
Lecture, College of Engineering, University of lowa, Iowa City, lowa, April 1990.

“Impact of Artificial Reservoirs on Hydrological Equilibrium”, Keynote Address,
International Conference on Water Resources in Mountainous Regions, Lausanne,
Switzerland, September 1990. :

“Engineering Hydrology From a Project Standpoint,” invited, Keynote Address,
ASCE International Symposium on Engineering Hydrology, San Francisco,
California, July 27, 1993.

Representative Project Experience:

1973 - Conducted hydraulic model study for American Falls Dam. Study
considered the effect on spillway, sluice, and penstock discharge of the
old submerged dam upstream, Bechtel, Inc.

1974 - Discharge measurements and hydraulic analysis of the cooling water
system for Jim Bridger Power Plant, Bechtel Power Corp.

1974-  Hydraulic model study and hydraulic design of modifications for Pit 6
and Pit 7 Spillways, two 60-m high concrete dams in northern California,
Pacific Gas and Electric Co., Bechtel, Inc.

1975 - Hydraulic model study and Field Performance Tests for pump intakes for
Jim Bridger Power Plant in South Wyoming, Bechtel Power Corp.
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1975 -

1975 -

1976 -

1976 -

1977 -

1977 -

1977 -

1977 -

1978 -

1978 -

1978 -

1978 -

1979 -

Hydrology, hydraulic design, and power study for the Rio Grande-Rositas
project near Santa Cruz, Bolivia. A 200-m high multi-purpose earthfill
dam, Bechtel, Inc.

Hydrology and hydraulics of river diversion for the Tara Mine project,
Tara, Ireland, Canadian Bechtel, Ltd.

Hydrology, hydraulic design, and spillway model study for the Boardman
Cooling Water Reservoir, a 35-m high earthfill dam in north central

Oregon, Bechtel, Inc.

Hydrology and spillway design for Coronado Cooling-Water Reservoir, a
40-m high dam in western Arizona, Bechtel, Inc.

Hydrology for water supply for a 10-million ton/year steel mill in
Algeria, Bechtel, Inc.

Hydrology and hydraulics for Lomex Tailings Disposal Dam, an 80-m
high tailings dam in south central British Columbia, Bechtel, Inc.

Hydrology and hydraulic design for two storage dams on the Samarco
Iron Ore Project in Brazil, Bechtel, Inc.

Hydrology for freshwater supply for a large nickel development on Gag
Island, a small nearly uninhabited island in Indonesia, Bechtel, Inc.

Hydrology, yield study, and hydraulic analysis for the Setif project in
eastern Algeria; a large irrigation project involving four new dams up to
100-m in height, and a transmountain pumping scheme, Bechtel, Inc.

Hydrology and yield study for Zayante project near Santa Cruz,
California, a 100-m high earth and rock fill dam for municipal water
supply, Bechtel, Inc. '

Hydrology for a large uranium project in Australia involving seven
small dams to trap and hold possibly contaminated runoff and mill
tailings, Bechtel, Inc.

Hydrology for Black Mountain Tailings Dam, a 60-m high dam, in
western South Africa, Bechtel, Inc.

Analysis of Record Floods in Nevada, city of North Las Vegas.
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1980 -
1980 -
1980 -

1981 -
1982 -

1983 -

1983 -

1984 -
1984 -

1983 - 1985

1985 =
1986 -

1987 -

Hydraulic Engineering Review of a Diversion and Closure Scheme for
the Yacyreta Project between Argentina and Paraguay, Morrison
Knudsen Co. '

Deveiopment of emergency operation plans for dams on the Lewis River
which might be subject to mudflows generated by volcanic eruptions.
Pacific Power and Light Company.

Pre-feasibility hydrologic study for three major dam sites in the
Catatumbo River Basin in Columbia, South America, Cajiao and Gomez

Engineers.

Hydraulic engineering for Sultan River Hydroelectric Project in
Washington, Bechtel, Inc.

Hydrology and hydraulic engineering for the OK Tedi Hydroelectric
Project in New Guinea, Bechtel, Inc.

Hydrology for water supply, flood analysis, instream flow needs for
Salmon spawning, Quartz Hill Molybdenum project near Ketchikan,
Alaska, Bechtel Civil & Minerals, Inc.

Flood analysis for Hope Creek Nuclear Project indluding analysis of wave

.effects, Bechtel Power Corporation.

Hydrologic analysis for several small hydroelectric developments
including Sheldon Springs in New York and Lake Redding in California,
Bechtel, Inc.

Hydrologic analysis and site characterization for several waste-isolation
projects including the FUSRAP sites at Niagara Falls, New York and
Weldon Springs, Missouri, Bechtel National, Inc.

Hydrologic and hydraulic calculations for dam safety studies for several
dams in Oregon, Washington, California, and Montana, Bechtel, Inc.

Hydrologic analysis and water balance study for Stringfellow Acid Pits,
Bechtel National, Inc.

Hydrology, Sediment and Hydraulic Design, Karnali Hydroelectric
Project, Karnali River, Nepal, Bechtel Civil, Inc.

Hydraulic Design, Hydrologic Studies, Dinkey Creek Hydroelectric
Project, King's River Drainage, California, Bechtel Civil, Inc.
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. 1988 - Hydraulic Design, Hydrologic Studies, Sediment Studies for Cowlitz Falls
Hydroelectric Project on the Cowlitz River in Washington, Bechtel Civil,
Inc.

1989 - Investigation of severe cavitation problems with the drculating water
pumps, Shoubrah El-Kheima Power Project, Cairo, Egypt, Overseas
Bechtel, Inc.

1990 - Study of methods for removal of sediment from Rock Creek and Cresta
Reservoirs for Pacific Gas and Electric Company, Bechtel Corp.

1990 - Spillway Design for Lower Larona River Dams, Larona River
Hydroelectric Project, Sulawesi, Indonesia, Bechtel Civil Company.

1991 - Design of Bank Protection and Drop Structures for a 19-mile Reach of the
Whitewater River near Indio, California.

1992 - Operation Studies for the Grayrocks Reservoir on the Laramie River in
Wyoming
1993 - Design of New Floor Blocks for Pit 6 Dam to Resist Failure by Vibration.
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Manager of Water Resources - Hydrology & Hydraulics

Employment
Mead & Hunt, Inc.
Wisconsin Department of Natural Resources

Education
B.S. in Civil Engineering - University of Wisconsin - 1971

Registration
Professional Engineer in Wisconsin and Michigan

Memberships

American Society of Civil Engineers

Wisconsin & National Society of Professional Engineers
Wisconsin Association of Consulting Engineers, Past President
American Consulting Engineers Council

Association of State Dam Safety Officials, Advisory Committee
United States Committee on Large Dams

Hydro Users Group PMP Study, Executive Committee

EPRI PMP Study, Review Committee

FERC-EPRI PMF Standards Review Committee

Committee of Hydroelectric Dam Owners

Experience

Over 20 years of experience in the design, analysis, and development of dams and
hydroelectric facilities, field inspections of structures, and hydraulic and hydrologic
analyses for feasibility studies and dam safety assessments. Developed and renovat-
ed dams and dikes, built new hydroelectric facilities ranging from 400 to 14,000 kW,
and reactivated decommissioned facilities. Conducted economic evaluations and
sensitivity analyses, directed engineering design, coordinated financing, and acted as
owners’ agent to approve pay requests for proposed hydroelectric developments.

Involved in developing new hydrologic approaches to determining the Probable
Maximum Flood (PMF), with involvement in satellite imagery and geographic
information system projects, loss function investigations, and overland flow model-
ing. In the past five years, managed over 30 PMF studies, several of which have been
completed in 1993 using the Wisconsin-Michigan PMP study data and complying
with Chapter VIII of the October 1993 FERC Engineering Guidelines.

Approved by the FERC as an Independent Inspector. Conducted more than 60
FERC Part 12 dam safety inspections and many inspections of non-federal dams.
FERC-regulated dam inspections included physical condition field inspections,
concrete and earthen structural stability evaluations, and spillway adequacy studies.
Developed watershed models to determine the PMF and 100-year flood hydrographs
using HEC-1 and HMR52 computer programs. Performed dam breach and flood
hydrograph routings using HEC-1, HEC-2, NWS DAMBRK, and HEC Gradually
Varied Unsteady Flow Profiles programs.
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Hydrology—Serves on the Review Committee of the Electric Power Research
Institute (EPRI) Probable Maximum Precipitation (PMP) Study. Has managed
many PMF and PMP studies at projects in the upper Midwest regulated by the
Federal Energy Regulatory Commission (FERC). Hydrologic investigations includ-
ed rainfall/runoff analyses, hydrograph determinations, PMF and flood flow-
frequency analyses, urban hydrology, unsteady and steady-state water surface
profiles, and dam break analyses. Has conducted flood routings on major rivers,
including the Mississippi, Illinois, and Wisconsin and on many other rivers and
watersheds in Wisconsin, Minnesota, Illinois, Michigan, Virginia, West Virginia,
Alabama, and Missouri. Has developed many watershed models to determine the
PMF and other design floods using the U.S. Army Corps of Engineers (COE) HEC-
1, and HMR52 models. Is a member of the Wisconsin-Michigan Hydro Users
Group, which is currently sponsoring a re-evaluation of the PMP in the region.
Recently attended the Berkeley Springs FEMA workshop on the PMP and PMF and
was invited to make a presentation there on the project owners' perspective of the
PMF. Is currently helping to develop new approaches to determining the PMF, such
as using geographic information and image processing systems.

1993 and 1994 PMF Studies—Has actively participated in recent programs to
update techniques and data sources used to calculate the Probable Maximum Flood
(PMF), including serving on the review committees for the Wisconsin-Michigan
Probable Maximum Precipitation (PMP) study and the FERC Engineering Guide-
lines for PMF determination.

In March 1994, finished preparing four example studies for FERC and the Electric
Power Research Institute (EPRI), to be included as an addendum to Chapter VIII of
the FERC October 1993 Engineering Guidelines. These examples are adaptations
of actual studies, expanded and modified to show a range of traditional and
mnovative approaches to PMF determinations. Each study was prepared with
FERC and EPRI staff review. Will also be traveling throughout the United States
teaching a seminar on application of the guidelines. During and after development
of the guidelines, performed several PMF analyses that complied with, or anticipat-
ed, the recommended procedures.

Hydraulics—-Has performed many dam breach studies and flood hydrograph
routings using the COE computer models HEC-1 and HEC-2 and spillway adequacy
studies using the National Weather Service (NWS) BAMBRK model. Has alsotaught
short courses in NWS DAMBRK computer modeling, which were sponsored by the
Association of State Dam Safety Officials and the UW-Madison Extension. Has
prepared dam break inundation maps and Emergency Action Plans for many FERC-
regulated and non-federal dams. Projects involved floodplain modeling for flood
insurance studies; floodplain ordinance amendments using the modeling; efficiency
testing; spillway design; gate hydraulics; and turbine intake and outlet hydraulics--
including trashracks, flumes, and draft tubes.
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Design--Has analyzed and designed a diverse range of water resources develop-
ments, including shorewalls, erosion protection measures, fish barriers and ladders,
dams, dikes, and channel improvements. Has directed engineering design and served
as project manager/engineer for multimillion-dollar hydroelectric development
programs in Wisconsin and Michigan and developed operating schemes for the
feasibility and licensing phases, as needed. Applied principals of littoral drift and
wave reflections and refraction in design of breakwater areas. Developed and
managed construction of a fish barrier, trap-and-harvest facility. Managed the
development of a hydroelectric plant using a siphon penstock (with a lift near the
theoretical practical limit of 25 feet) for water conveyance. While with the WDNR,
developed the concept and design of an experimental earth dike using geotextiles for
support, oversaw construction, and monitored the facility.

Turbine Efficiency Testing--Has performed and managed many efficiency tests,
which included performance testing on new and existing turbines taking flow
measurements using either fiber optic or ‘‘Price AA”’ current meters. Calculated
efficiencies of units as well as discharge tables to monitor flow through the plants.
Conducted many feasibility studies based on the efficiency tests, taking hydrologic
and hydraulic aspects into account as well as economics and resource utilization.

Preliminary Design—-Conducted flow duration and power analyses for 16 hydro
feasibility studies.

Geotechnical Work--Has conducted and managed projects involving dike stability
analysis, dike repair and foundation evaluation.

Structural Repair--Has conducted and managed projects mvolving concrete
structure assessments and repair, including structural stability and stress analyses,
rehabilitation of abutment walls, and other concrete structure renovations.

Dam Licensing--Has managed the preparation of seven post-ECPA (Electric
Consumers Protection Act) applications to the FERC, including one original and four
relicensing applications, one amendment, and one additional information report.
Projects involved negotiation with resource agencies for special studies, dispute
resolution with the FERC, subconsultant tracking, and preparing draft and final
reports. Applications included studies of historical and archaeological resources;
low flows; water use and quality--including sediment sampling and analysis; fish,
wildlife, and botanical resources; threatened and endangered species; fish popula-
tions, entrainment, and mortality; recreational resources; and land management and
aesthetics.
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Preliminary Design--Conducted flow duration and power analyses for 16 hydro
feasibility studies.

Geotechnical Work--Has conducted and managed projects involving dike stability
analysis, dike repair and foundation evaluation.

Structural Repair—-Has conducted and managed projects involving concrete
structure assessments and repair, including structural stability and stress analyses,
rehabilitation of abutment walls, and other concrete structure renovations.

Dam Licensing—-Has managed the preparation of seven post-ECPA (Electric
Consumers Protection Act) applications to the FERC, including one original and four
relicensing applications, one amendment, and one additional information report.
Projects involved negotiation with resource agencies for special studies, dispute
resolution with the FERC, subconsultant tracking, and preparing draft and final
reports. Applications included studies of historical and archaeological resources;
low flows; water use and quality--including sediment sampling and analysis; fish,
wildlife, and botanical resources; threatened and endangered species; fish popula-
tions, entrainment, and mortality; recreational resources; and land management and
aesthetics.

Credentials
Presenter at HydroVision ’94 in Phoenix, August 1994, Rainfall-RunoffModeling-
-Extrapolator or Predictor?

American Society of Civil Engineers Conference, Determination of PMF Ongoing
Research, Milwaukee, 1991.

Short courses in NWS DAMBRK Computer Modeling, Asheville, North Carolina, and
Marlborough, Massachusetts, sponsored by Association of State Dam Safety
Officials, 1990; in Madison, Wisconsin, sponsored by the UW-Madison Extension,
1991. ‘

Harvest Facility Protects & Improves Fishery and Collapsible Gate Improves
Recreation on the Wisconsin River, presented at Waterpower, International Confer-
ence on Hydropower, Denver, 1991.

Speaker at FEMA workshop on PMP and PMF, Berkeley Springs, West Virginia,
1990.
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Siphon Penstock Operations and Design of Siphon Penstocks for Low-Head
Hydros, presented at Waterpower, International Conference on Hydropower, Port-
land, 1987.

Fishery Issues Slow Boardman River Redevelopment, presented at Waterpower,
International Conference on Hydropower, Las Vegas, 1985.

Inspection and Evaluation of Safety of Non-Federal Dams, Instructor, Baltimore,
Cincinnati, Kansas City, Sacramento, Albuquerque, Atlanta, and Fort Mitchell,
Kentucky, 1980-81.

Second Tri-State Conference on Dam Safety, keynote address: Inspection of Dams,
Atlanta, 1981.

Bridge Hydraulics, WDNR staff training seminar, instructor, 1975.

Floodway Workshop and Floodplain Hydrauhcs UW-Madison Extension semi-
nars, instructor, 1979.

Drainage Basin Flood Hydrology, HEC-1 and HEC-2 seminar, UW-Madison
Extension, instructor, 1980.

Engineering Foundation Conference, presentation on Floodproofing, 1977.
Seminars/Conferences Attended

Designing and Conducting Studies Using Instream Flow Incremental Methodol
ogy, National Ecology Center, U.S. Fish & Wildlife Service, Fort Collins,
Colorado, 1988.

Special Topics in Hydraulics—Flooding Routing, semester seminar at UW-
Madison, 1984.

National Weather Service seminar on DWOPER and DAMBRK Hydraulic Com
puter Programs, NWS, Minneapolis, 1981.

ASCE Conference on Mathematical and Physical Models in Hydraulic Engineer
ing, 1978.

U.S. Geological Survey course on Statistical Hydrology (Bulletin 17), 1976.

Floodplain Hydrology (HEC-1) and Hydraulics (HEC-2), Department of the Army,
1974.

Other

ASDSO Conference Planning Committee on Dam Safety, 1990 and 1991

Upper Mississippi River Basin Commission Task Force on Flood Plain Manage
ment, while with WDNR, 1976-78.

Great River Environmental Action Team, Mississippi River Floodplain Manage
ment and Dredging Requirement Work Groups, while with WDNR, 1976-77.
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Related Projects

Wisconsin River Probable Maximum Flood Study (PMF).

This study, now being completed for five owners of fourteen dams on the Wisconsin
River and tributaries, uses the following elements of the October 1993 , Chapter VIII
PMF Guideline:

23 subbasins, totalling 7,000 square miles
regional study of unit hydrograph parameters
dynamic (UNET) routing of flood flows through river valley and floodplains
optimization of Probable Maximum Storm for each project site
- detailed (STATSGO) method of estimating losses
- use of Wisconsin-Michigan PMP and WMPMS model

snowpack and snowmelt analysis

Au Sable River PMF Study.

This study, completed in 1992, represented a significant deviation from accepted
procedures for estimating loss functions. Theunique approachused a detailed model
study of a small subbasin of the 1800-square mile Au Sable River drainage to
investigate the spatially distributed losses occurring in very sandy soils with poorly
developed drainage. The runoff model used (the Agricultural Research Service’s
KINEMAT model) had never been used before for a FERC-regulated project. The
study supported the use of very high equivalent average basin loss rates, reducing
the FERC-accepted estimate of the PMF by approximately 50 percent. The study
was accepted by the FERC in September, 1993.

Apple River PMF Study.

This study, currently in progress, is a detailed model analysis of an ungaged, 300-
square mile drainage in western Wisconsin. The Apple River basin was previously
estimated, by the U. S. Geological Survey and others, to contain a drainage area
greater than 500 square miles. A first step in the present Apple River study was to
develop a detailed map of contributing and non-contributing areas as indicated by
standard 7.5-minute quadrangle maps. This analysis has shown that contributing
areas are much smaller than previously estimated. A supplemental pilot study uses
aenal photography to construct a detailed digital elevation model of a portion of the
basin; this model will then be used to develop a more precise description of drainage
patterns. In addition, the Apple River study uses the Corps of Engineers UNET
model to route flows from small subbasins to the basin outlet. This approach has
at least two advantages: first, the dynamic routing model accounts for the extensive
floodplain and wetland storage; and second, the UNET models account for the great
majority of the basin timing with physically-based hydraulic equations instead of
empirically derived unit hydrographs. This study is still in progress and will be
completed in March 1993.

MEAD & HUNT




Terry L. Hampton, P.E.
Manager of Water Resources - H ydrology & Hydraulics

Related Projects

Cooke Dam

AuSable River, Michigan.

Managed a structural stability and stress analysis of an upstream slab of the
spillway. The goal was to better define material properties of the concrete structure
that might have directly affected results of an earlier ultimate strength analysis,
which had indicated that the concrete structure was overstressed in bending and
shear. Involved an extensive literature search and laboratory testing of the concrete
and reinforcement stezl. The study concluded that the concrete and steel reinforce-
ment strengths had been understated in the initial analysis. The integrity of the
structure was found to be adequate, and no remedial action was needed.

Prairie du Sac Dam

Wisconsin River

Managed a project to assess the condition of the pile foundation under the buttresses
and piers of the spillway to determine if the piles were sufficient to withstand the
vertical and lateral forces that could cause spillway instability. Excavations were
made and cores were taken of various pile and wood species in each section.
Determined stability of the powerhouse, lock, and spillway under four different
loading conditions based on dam segment foundation condition. The structures were
found to be stable under the conditions analyzed and no remedial action was
recommended. Made recommendations for regular monitoring of the horizontal and
vertical control and the phreatic surface under the spillway and aprons.

Rhinelander Paper Company
Dike repair; seepage problem, minor material removal.

Sabin Dam
Traverse City, Michigan
Dike repair; unstable section improvement.

Alcona, Loud, Five Channels--Cooke & Foote Hydroelectric Plants
Au Sable River, Michigan

FERC-approved inspector for the five projects. As project manager, supervised
independent consultant’s inspections on these hydro projects, which included
physical condition inspections, stability analyses, and spillway adequacy studies.

La Crosse River Study

La Crosse County, Wisconsin

Performed hydraulic and hydrologic analyses to delineate floodplain. Studied the
effect of highway, bridge, and levee construction and channel realignment.
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Terry L. Hampton, PE.
Manager of Water Resources - Hydrology & Hydraulics

Related Projects

LCO Hydro

Winter, Wisconsin

As project manager, managed the feasibility studies and environmental assessments
and the design and construction engineering for a hydroelectric plant.

Brown Bridge Dam
Boardman River, Michigan
Rehabilitation of abutment wall.

Boardman & Sabin Dams
Traverse City, Michigan
Concrete structure renovations.

Rock River Hydro Plant Relicensing

Janesville and Beloit, Wisconsin, and Rockton, lllinois
Principal-in-charge for the post-ECPA relicensing of three minor hydro projects with
licenses expiring December 1993. The project included special environmental
studies, preparing Exhibit E of the license application, and a minimum-flow study
to determine effects of different flow regimes on stream habitat.

Rothschild Hydro Project Relicensing

Wausau, Wisconsin

Principal-in-charge managing activities for post-ECPA relicensing of a major (less
than 5 MW) project on the Wisconsin River in Marathon County. Activities included
preparning the Initial Consultation Package of the draft and final new license
applications. Also involved in preparing Exhibit E and technical exhibits, working
through a three-stage agency consultation process, and developing special study
scopes. Participated in the FERC dispute resolution process regarding fish
entrainment/mortality and in the negotiation of a joint study scope for investigations
now being conducted with two other river users.
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Msad & Hunt PMF Studies, 1993-1994

‘ Name of Basin Drainage Number of Other model features Status
Area (square | Subbasins

miles)

Peshtigo River 530 2 UNET routing through linear reservoir; | Submitted
(Wisconsin) STATSGO loss rate estimates; unit
hydrograph transfer from adjacent
basin; unlimiting snowpack

Flambeau River 1,880 4 Mixed gaged/ungaged unit hydrograph In progress
(Wisconsin) analysis; UNET routing; STATSGO

loss rates; 100-year snowpack
Sturgeon River 305 11 Gaged basin unit hydrograph analysis; | Submitted
(Michigan) STATSGO loss rate; unlimiting

snowpack
Oconto River 739 1 Gaged basin unit hydrograph analysis; | Submitted
(Wisconsin) : STATSGO loss rate; unlimiting

snowpack
Black River 1,278 1 Gaged basin unit hydrograph analysis; | Submitted
(Wisconsin) STATSGO loss rate; unlimiting

' snowpack

Grand River 1,750 6 Mixed gaged/ungaged hydrograph In progress
(Michigan) analysis; one urban subbasin; UNET

routing; STATSGO losses; 100-year

snowpack
Dead River 150 8 Ungaged basin with SCS unit Submitted
(Michigan) hydrograph analyses; STATSGO

losses; UNET routing through linear
reservoir system; unlimiting snowpack

Boardman River 180 3 Partially gaged basin; STATSGO loss In progress
(Michigan) rates; UNET routing; unlimiting
snowpack
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Arthur C. Miller
Professor of Civil Engineering
The Pennsylvania State University

. OCffice Address Home Address
220 Sackett Building 1825 Woodledge Drive
University Paxrk, PA 16802 State College, PA 16803
(814) 865-1521 (814) 867-8660

Personnel Information:

Birth Date: September 1, 1942

Professional Registration:

1. Registered Professional Engineer
Pennsylvania, PE-022486

2. Registered Professional Land Surveyor
Pennsylvania, SU-000236-A

Education:
B.S. University of Massachusetts 1965
Civil Engineering
M.S. Colorado State University 1967
Hydraulics and Water Resources
Ph.D. Colorado State University 1972
. Hydraulics

Profegsional Historv:

Professor Penn State University 1985 - present
Visiting Scientist U.S. Army Corps of
Engineers Waterways 1984
Experiment Station
Associate Professor Penn State Univ. 1978 - 1985
Assistant Professor Penn State Univ. 1972 - 1978
Instructor Colorado State Univ. 1969 -~ 1972
NSF Trainee Colorado State Univ. 1865 - 1969




Honors and Awards-

National Science Foundation Traineeship for Graduate
Studies (1965-1969)

American Society of Civil Engineers Award as an
Outstanding Faculty Advisor to the Student Chapter of
ASCE for 1575-1976, 1976-77, 1991-92, 1992-93,

Penn State College of Engineering Outstanding Teaching
Award (1989)

American Society of Civil Engineers Award for BRest
Technical Note Given to the Task Committee Members for
writing the paper "Hydrologic Design Criteria for Dams
Safety."

Faculty Service Award of Conference and Institutes
Division, National Education Association for Outstanding
Contributions to Conferences and Institutes or
Residential Continuing Education Programs, 1992.

Professional Activities:

American Water Resources Association

American Geophysical Union

Sigma Xi

Water Pollution Control Federation

State Coordinating Committee for the State Rural Clean
Water Program (1980-81)

Pennsylvania Board of Professional Registration
Developed problems and Graded Transportation,
Environmental, and Water Resources for the Professional
Engineering Examination in Pennsylvania (1978-1980)
American Society of Civil Engineers

University:
(1) Faculty Advisor Student Chapter 1973-1978

(2) Faculty Aévisor Student Chapter 1988-present

Local Section: (Central Pennsylvania Section of ASCE)

(1) Board of Directors (1975-1979)
(2) Newsletter Editor (1979)
(3) Vice President (1980)
(4) President Elect (1961)

(5} President (1982)




7.  American Society of Civil Engineers (con't)
National:

(1) Task Committee on Outlet Controls for
Stormwater Detention Facilities, Member of
Hydraulic Structures Task Committee 1883-1985

(2) Task Committee on Spillway Design Criteria for
the Hydrologic Safety of Dams - final report
submitted 1988

(3) Task Committee on Risk Bage Analysis for
Decision Making - Inactive committee (1985-88)

(4) Task Committee on Bridge Scour - Committee
September 1990-present.,

8. Energy Power Research Institute (EPRI)

(1) Chairman Task Committee on Standards for PMF
for Dam Safety Analysis (1991-present)

Teaching Assignments:

Courses Taught:

Elementary Surveying
Route Surveying

Highway Engineering
Geometric Design

Statics

Dynamicsg

Strength of Materials
Wastewater Management
Fluid Mechanics

Applied Hydraulics
Hydrology

Advanced Hydrology
Stormwater Management
Open Channel Hydraulics
Unsteady Flow in Open Channels
Hydraulic Structures
Erosion and Sedimentation




Research Activities:

Research Projects Completed:

1974-76 -- Atmospheric Inputs to the Upper Great Lakes by Dry
Deposition Processes; EPA - $78,000/15 months; Co-Principal
Investigators -- W.J. Moroz, R. Kabel, A.C. Miller.

1974-76 -- Winter Ice Production for Power Plant Waste Heat
Disposal in Summer in Mid and High Latitudes; Pennsylvania
Power and Light Company; $36,500/18 months; Principal
Investigator.

1974-76 -- Quantitative and Qualitative Implications of Urban
Storm Runoff Abatement Measures; Office of Water Research
Technology and City of Philadelphia; $72,000/24 months; Co-
orincipal Investigators -- G. Aron, D.A. Long, A.C. Miller.
1575-75 -- Resistance to Flow: College of Engineexing Central
Fund for Research; $1500/12 months; Principal Investigator --
A.C. Miller.

1975-77 -- Implementing a Procedure to Predict Sediment Flow
From Highway Construction Sites; PennDOT; $118,802/36 months;
Principal Investigator -- A.C. Miller

1977-77 -- Operational Manual for Systematic River Basin Flood
Plain Study; U.S. Army Corps of Engineers; Vicksburg, MS.,

$7,600/summer; Co-Principal Investigators -- G. Aron, A.C.
Miller.
1977-78 -- Implementing a Procedure to Predict Sediment Flow

Prom Highway Construction Sites; PennDOT; $20,000/6 months;
Increase in Scope of Ongoing Study; Principal Investigator --
R.C. Miller.

1977-78 -- Hydraulic Model Study of Loyalsock Creek;
$62,951/18 months; Principal Investigator -- A.C. Miller.

1979-80 -- Gross Allotment and Source Allocation Policy and
Procedures; PennDER; $30,481/18 months; Co-Principal
Investigators -- R.A. Chadderton and A.C. Miller.

1980-81 -- Improving Curve Number Based Runoff Prediction by
Revamping Antecedent Moisture Classification; Agricultural
Research Service; $9,600/12 months; Principal Investigator --
z.C. Miller.

1960-81 -- Effect of Best Management Practices on Nonpoint
Sources in the Conestoga River Above Lancaster, PA, PennDER
and EPA; $58,000/6 months; Principal Investigator -- A.C.

Miller.




1980-81 -- Loyalsock Movie a Hydraulic Model Study; Federal

Highway Administration; $6,000/12 months; Principal
Investigator -- A,C. Miller.
1980-83 -- Flow Control Structures for Highway Crossings;

Surtron Corporation - A Hydraulic Model Study of Spur Dikes
Configurations; $134,000/36 months; Principal Investigator --
A.C. Miller.

1981-82 -- Antecedent Moisture Content - An Improvement on
Soil Conservation Services Runoff Procedure; Agricultural
Service; $11,600/12 months; Principal Investigator -- A.C.
Miller.

1983-84 -- Floodways Produced from Breached Dams; U.S. Axmy

Corps of Engineers Waterways Experiment Station; Vicksburg,
MS; $42,937/9 months; Principal Investigator -- A.C. Miller.

1984-86 -- Groundwater Modeling an Analysgis of Existing Two
Dimensional Models; Agricultural Research Service; $20,000 for
Student Support for two years; Co-Principal Investigators --
W. Gburek and A.C. Miller

1984-85 -- Military Hydrology; U.S. Army Coxps of Engineers
Waterways Experiment Station; Vicksburg, MS; $72,000/12

months; Principal Investigator -- A.C. Miller.
1984-86 -- Microcomputer Program for Culvert Design anc
Analysis (HY-8); Federal Highway Administration, U.S.

Department of Transportation; $82,382/24 months; Co-Principal
Investigators G. Aron and A.C. Miller

1986-87 -- Data Generation and Analysis; Institute for Land
and Water Resources; $17,639/12 months; Principal Investigator
-- A,C, Miller.

1987-88 -- Research Fellowship Grant for Arthur C. Parola;
U:S. Department of Transportation/Federal Highway
Administration; $13,698/15 months; Principal Investigator -
A.C. Miller

1987-88 =-- Microcomputer Program for Culvert Design ana
Analysis (HY-8) - Hydrology and Energy Dissipators; Federal
Highway Administration, U.S. Department of Transportation;
$55,000/18 months; Principal Investigator -- A.C. Miller.

1987-89 -- Stability of Riprap Streambed Protection Around the
Base of Bridge Piers; Federal Highway Administration, U.S.
Department of Transforation; $25,000/18 months; Co-Principa:
Investigators -- A.C. Parola and A.C. Miller.




1987-90 -- Surface Hydrology, Sediment Transport Dynamics and
Remote Sensing of Disturbed Watersheds in a Humid, Temperate
Region; Department of Energy; $211,843/36 months; Co-Principal
Investigators -- T. Gardner and A.C. Miller.

1988-88 -- Development of Video for Underwater Bridge Safety
Inspection. PennDOT; $29,933/6 months; Principal Investigator
- A.C. Miller

1988-89 -- Development of Methodology for Flood Plain
Delineation; Federal Emergency Management Agency; U.S. Army
Corps of Engineexs; $12,991/6 months; Principal Investigator -
- A.C. Miller.

1988-89 -- A Mathematical Procedure for Interpolating Cross
Sections for Gradually Varied Flow Computer Models; U.S. Army
Corps of Engineers Hydrologic Engineering Center; Davis, CA&;
Principal Investigator -- A.C. Miller.

1988-90 -- Modeling Fluid Dynamics and Dissolved Gas
Concentrations in Flowing Water; U.S. Fish and Wildlife
Service, Wellsboro National Fish Laboratory; $25,000/18
months; Co-Principal Investigator -- D.A. Shellman and A.C.

Miller.

1988-90 -- Hydraulic Design Techniques for Bridges, Culverts,
and Low Water Crossings on Low Volume Roads; RTAP Project #67,

PennDOT; $96,000/18 months; Principal Investigator -- A.C.
Miller.
1989-90 -- Model Study of Wildcat and Tinklepaugh Creeks,

Supercritical Flow Transitions; Pennsylvania Department of
General Services and Department of Environmental Resources;
$49,000/12 months; Principal Investigator -- A.C. Miller.

1990-92 -- Prediction of Bridge Scour Due to Piers; PennDOT;
$149,000/24 months; Principal Investigator -- A.C. Miller.

1960-95 -- The Global Water Cycle; NASA; $6 Million/5 years;
Co-Principal Investigator 10% of Salary for first two years
and then 20% for the next three years. Purpose is to Develop
a Centexr of Excellence for Hydrologic Research.

Publications:

Miller, A.C., Richardson, E.V., "Diffusion and Dispersion in
Rough Flow, " ASCE Journal of Hydraulics, pp. 159-171, January
1974.

Miller, 2.C., "Highway Empbankments, " International
Correspondence School Text, Scranton, PA, 78 pages, 1974.




Miller, A.C., "Highway Drainage, " International Correspondence
School Text, Scranton, PA, 97 pages, 1975,

Miller, A.C., “Culvert Hydraulics," International
Coxrrespondence School Text, PA, 90 pages, 1977

Aron, G., Miller, A.C., "Adaptation of Peak Flows and Design
Hydrographs from Gaged to Nearby Gaged Watersheds," American
Water Resources Bulletin, 1977.

Aron, G., Miller, A.C., Lakotos, D.A., "An Irrigation Formula
Based on SCS Curve Number," ASCE Journal of Irrigation and
Drainage, Vol. 103. No. IR4, December 1377.

Miller, A.C., Daily, D.A., "Rainfall Factors that Affect
Erosion," Transportation Research Board Record 642, 1978.

Miller, A.C., Veon, W.J., "Soil Properties that Affect
Erosion," Transportation Research Board Recoxrd 642, 1978.

Miller, A.C., Chadderton, R.A., Discussion, "Water Rights,
Eminent Domain, and Public Trust,"” American Water Resource

Bulletin, 1978.

Miller, A.C., Chadderton, R.A., and Brown, S., “"Loyalsock
Creek Model Study,* Verification of Mathematical and Physical
Models in Hydraulic Engineering, Proceedings of the 26th
Annual Hydraulics'Division.Specialty'Conference, University of

Maryland, August 1578.

Miller, A.C., Chadderton, R.A., and Brown, S., "Loyalsock
Creek Model Study - Phase II," Conservation and Utilization of
Water and Energy Resources, Proceedings of the 27th Annual
Hydraulics Division Specialty Conference, San Francisco,
California, August 1979.

Chadderton, R.A. and Miller, A.C., vFriction Slope Models for
M2 Profiles," Americar Water Resource Bulletin, April 1980.

Chadderton, R.A. and Miller, A.C., Discussion, "Analysis of
Uncertainty in Flood Plain Mapping, " American Water Resource
Bulletin, May 1980.

Chadderton, R.A. and Miller, A.C., "An Rnalysis of Total
Maximum Daily Load ard Waste Load Allocation Procedures,"
Proceedings of the 16th American Water Resources Conference,
Minneapolis, Minnesota, Octobexr 1980.

Chadderton, R.A., Millsx, A.C., and McDonnell, A.J., "Analysis
of Total Maximum Daily Load and Waste Load Allocation
Procedures, " American water Resource Association, Vol. 17, No.

5, October 1981.




Miller, A.C., Veon, W.J., and Chadderton, R.A., "Comparison of
Prediction Methods for Soil Erosion From Highway Construction
Sites, "Transportation Research Board Record 896, Hydrology
and Hydraulics: Water, Noise, and Air Quality, 1982.

Miller, A:C., "Hydraulic Effects on Streams," Proceedings
Stormwater Detention Facilities Planning, Design, Operation
and Maintenance," Henniker, NH, pp. 94-104, American Society
of Civil BEngineers, August 1982.

Chadderton, R.A., Miller, A.C., and Mcbonnell, A.J.,
"Uncertainty Analysis of Dissolved Oxygen Model, " ASCE Journal
of Environmental Engineering Division, Vol. 108, No. 5,
October, 1982 pp 1003-1014.

Knanbilvardi, R.M., Rogowski, A.S., and Miller, A.C.,
"Modeling Upland Erosion, " American Water Resources Bulletin,
January 1983, pp 29-35.

Miller, A.C., Kerr, S.K., and Speader, D.J., "Calibration of
Snyder Coefficients for Pennsylvania," American Water
Resources Bulletin, August 1983, pp 625-630.

Khanbilvardi, R.M., Rogowski, A.S., and Miller, A.C.,
"predicting Erosion and Deposition on Strip-mined and
Reclaimed Area," American Water Resources Bulletin, August
1983, pp 585-593.

Miller, A.C., Pena, J.A., Urbanski, J.A., Kerr, S.N., "Ice
Pond Cooling System for Power Plants," ASCE Journal of Energy
Engineering Division, September 1983, pp 201-206.

Miller, A.C., Gilbert, D.K., Nesbitt, J.B., and Kerr, S.N.,
"Sanitary Sewer Design," Proceedings of 1st VNational

Conference on Microcomputers in Civil Engineering, University
of Central Florida, November 1983.

Miller, A.C., Kerr, S.N., and Sartor, J., "Physical Modeling
of Spurs,™ River Meandering, pp 996-1007, American Society of
Civil Engineers, 1984.

Miller, A.C., Kerr, S.N., and Sartor, J., "Channel
Stabilization Using Multiple Spurs," Water Resource
Development : Proceedings, ASCE Hydraulics Specialty

Conference, pp 291-295, August 13984.

Brulo, A.T., Kibler, D.F., and Miller, A.C., "Evaluation of
Two-Stage Outlet Hydraulics," Water Resource Development:
Proceedings ASCE Hydraulics Specialty Conference, pp 345-350,
August 1584.




Miller, A.C., Kerr, S.N., James, W., Jourdan, M., "MILHY-A
Microcomputer Model for Hydrologic and Hydraulic ARnalysis of
Streamflow Forecasting," Proceedings of 2nd National
Conference on Microcomputers in Civil Engineering, University
of Central Florida, October 1984.

Urbanas, B.R., et. al (Task Committee Members) "“Stormwater
Detention Outlet Control Structures." Task committee on the
Design of Outlet Control Structures, separate publication, pp.
1-35, American Society of Civil Engineers (1985) .

Davis, J.F., Miller, A.C., "A Microcomputer Program for
Sediment Transport in Open Channels,” Proceedings ASCE
Hydraulics Specialty Conference, August 1985.

Miller, A.C., vcriteria for Spillway Design Floods,™
Proceedings of the American Society of Civil Engineers
Hydraulics Division National Conference on Hydraulic
Engineering and Engineering Hydrology .Symposium, Williamsburg,
VA, pp 514-519 (August 1987).

Traver, R.G., Millex, A.C. "Modeling Unsteady One Dimensional
Open Channel Flow Using the Slope Friction Form of the Saint-
Venant Equations," Proceedings of the American Society of
Civil Engineers Hydraulics Division National Conference on
Hydraulic Engineering and Engineering Hydrology Symposium,
Williamsburg, VA pp 770-775 (August 1987) .

Task Committee of ASCE. "Design Criteria for the Hydrologic
Safety of Dams." 91p separate printing 1989.

Baron, E., et. al. Global Water Cycle. Text book Written by
a consortium of authors funded under the EOS program by NASA
at Penn State University (1990).

Aron, G. and Miller, A., "Stability Problems in Stream Water
Profile Computations," ASCE Hydraulics Specialty Conference,
Baltimore, MD, (August 1992).

Nale, D. and Miller, A., "Digital Elevation Models Utilized in
Flood Plain Hydraulics Using HEC-2,7 Surveying and Mapping,
U.S. Army Corps of Engineers, (September 1992).

Johnson, D., and Miller, A.C., "Bridge Scour Prediction
Methods Applicable to Strezams in Pennsylvania, ASCE Hydraulics
Specialty Conference, San Francisco, CA, (July 1993).

Johnson, D., znd Miller, A.C., "Formulation of a Hydrologic
Model, For Use With Remotely Sensed Data," ASCE Engineering
Hydrology Symposium pProceedings, San Francisco, CA, (July
1993) .




Traver, R.G., Miller, A.C., "Open Channel Cross Section
Interpolation by Geometric Property," American Water Resource
Association. Accepted for Publication. 1993.

. Papers Presented at Technical and Profegsional Meetings:

Miller, A.C. "Prediction of Erosion from Construction Sites."
Presented at the Annual Transportation Research Board Meeting,
Washington, D.C. (January 1976).

Miller, B&A.C., "Capabilities, of HEC-2." Presented to the
Central Pennsylvania Section of American Society of Civil
Engineers, Harrisburg, PA. (April 1977).

Miller, A.C., nSediment Erosion from Highway Construction
Sites." Presented at the Federal Highway Review, Ohio State

University (Septembexr 1977).

Miller, A.C., "Future Highway Research Needs in Hydraulics."
Presented at the Federal Highway Research Review, Ohio State

University (September 1977).

Miller, A.C., "Background Sediment Yields from Construction
Sites." Presented at the Annual Transportation research Board
Meeting, Washington, D.C. (January 1979) .

Miller, A.C., vLoyalsock Model Study." Presented at the
American Highway Association Meeting, Williamsport, PA
(February 1979) .

Chadderton, R.A., Miller, A.C. “An Analysis of Total Maximum

. Daily Load and Waste Allocation Procedures." Presented at the
16th America Water Resourxces association Conference, Water
Resources Issues of the Eighties, Minneapolis, MN (October
1980) . Presented by R.A. Chadderton).

Miller, A.C. ngediment and Erosion Control Aspects of
Stormwater Detention.” Presented at the Third Annual
Symposium on Stormwater Management, Penn State University (May
1982) .

Miller, A.C., °®Calibration of SCS Curve Numbers.” Presented
at the Third Annual Symposium on Stormwater Management, Penn
State University (May 1982).

Khanbilvardi, R.M., Rogowski, A.S., Miller, A.C. "Modeling
Erosion and Sediment Transport in Rills." Presented at the
American Society of Agricultural Engineers, Chicago, IL
(December 1982). Presented by R.M. Khanbilvardi) .

Miller, A.C., Wall, D.J. "Dual-Purpose Detention Facilities."
Presented at the 1983 Advances in Stormwater Management
Syrposium at Penn State University (May 1983).




Miller, A.C., Kerr, S.N., Nesbitt, J.B. "A Microcomputer
Program for the Design and Analysis of Sanitary Sewers." Water
Pollution Control Federation, Annual Meeting, New Orleans, LA
(October 1984) .

Miller, A.C. "Application of Risk Analysis to Dam Safety."
pPresented at the Engineering Foundation Conference on Decision
Making Using Risk Analysis, Santa Barbara, CA (November 1985) .

Miller, A.C., Parola, A.C. "Culvert Analysis." Presented at
the Central Pennsylvania Section of American Society of Civil
Engineers Meeting, Harrisburg, PA (March 1987).

Miller, A.C., Mazid, M.M. “Using Remotely Sensed Information
for Hydrologic Modeling.™ pPresented at the 14th Annual
Conference on Water Resources Planning and Management Division
of Bmerican Society of Civil Engineexs Meeting, Kansas City,
MO (March 1987).

Miller, A.C. nUtilizing Risk Analysis for Spillway Design
Criteria." Presented at the 14th Aannual Conference Water
Resources Planning and Management Division of Rmerican Society
of Civil Engineers Meeting, Kansas city, MO (March 1987).

Miller, A.C. "Information Needs for Dam Safety Analysis and
Evaluation Categories." Presented at the ASCE Hydraulics
Division National Conference on Hydraulic Engineering and
Engineering

Miller, A.C. "Criteria for Spillway Design Floods." American
Society of Civil Engineers National Conference on Hydraulic
Engineering and Engineering Hydrology Symposium, Williamsburg,
VA (August 1987).

Traver, R.G., Miller, A.C. *Modeling Unsteady One-Dimensional
Open Channel Flow Using the Slope Friction form of the Saint-
Venant Equations." American Society of Civil Engineers
National Conference on Hydraulic Engineering and Engineering

Hydrology Symwpeosium, Williamsburg, VA (August 1987) .

Miller, A.C. "Limitations of One-Dimensional Models for
Developing Water Surface Profiles." Presented to the
Hydrologic Engineering Center, Davis, CA (September 1987).

Miller, A.C. "American Society of Civil Engineers Spillway
Design Flood Report: An Academic Perspective." Fourth Annual
Conference of The Association of State Dam safety Officials,
Columbus, OH (September 1987).

Miller, A.C. "Milton Bridge Failure - A Critical Review."
Presented to the Pennsylvania Department of Transportation,
Harrisburg, PA (October 1987) .



Miller, A.C. "Hydrology-Yesterday Today and Tomorrow."
Central Pennsylvania Section of the American Society of Civil
Engineers, Harrisburg, PA (FJanuary 1988).

. Miller, A.C. "Bridge Scour Prediction Methods Applicable to
Penngylvania Streams." FHWA Region 1 Bridge Conference,
Baltimore, MD., (July 1991)

Aron, G., Miller, A.C., "Convergence Improvements in Water
Surface Profile Computations, ASCE Eydraulics Specialty
Conference, Baltimore, MD., (July, 1992).

Miller, A.C., "Terrestrial Hydrologic Model Us ing Remote
Sensed Data" presented to the Hydroelectric User Group,
Madison, WI., (January 1993).

Johnson, D., and Miller, A.C., "Bridge Scour Prediction
Methods Applicable to Streams in Pennsylvania, ASCE Hydraulics
Specialty Conference, San Francisco, CA, (July 1993).

Johnson, D., and Miller, A.C., "Formulation of a Hydrologic
Model, For Use With Remotely Sensed Data," ASCE Engineering
Hydrology Symposium Proceedings, San Francisco, CA, (July
1993) .

Research Reports to Sponsor

Miller, A.C., Rainfall Index for Erosion. Report submitted to
PennDOT (January 1977)

Moroz, W.J., Kabel, R.L, Taheri, M., Miller, A.C., Hoffman,

H.J., Brtko, W.J., custino, T.A. Atmospheric Inputs to the
Upper Great Lakes by Dry Deposition Processes. Report to U.S.
Environmental Protection Agency. CAES 439-76: 98 pp-

(February 1976)

Aron, G., Long, D.A., Miller, A.C. OQuantitative and
Qualitative Implications of Urban Storm Runoff Abatement
Devices. Final report to City of Philadelphia and to U.S.
Department of Interior, Office of Water Resources (December
1976) .

Miller, A.C., Geissler, G., Penna, J.A., Aron, G., Ballestero,
T.B., Uxbanski, J.A. Winter Ice Production for Power Plant
Waste Heat Disposal in Summer in Mid and High Latitudes.
Final report to Pennsylvania Power and Light Company, GPU
Service Corporation and philadelphia Electric Company, 180 pp.
Tnstitute for Research on Land and Water Resources (1977).

Miller, A.C., Chadderton, R.A., Brown, S. Loyalsock Model
study. Final report to PennDOT, 70 pp (May 1979).




Miller, A.C., White, E.L., Veon, W.J. A Procedure to Predict
Sediment Flow from Highway Construction Sites. Design
Procedures. Final report to PennDOT, 45 pp {(June 1979).

Chadderton, R.,A., Miller, A.C., McDonnell, A.J. Wasteload
allocation for Pennsylvania: Bvaluation of procedures. Final
report to Bureau of Water Quality Management, Pennsylvania
Department of Environmental Resources, 230 pp. plus Appendices
(June 1980) .

Miller, A.C., White, E.L., Veon, W.J. A Procedure to Predict
Sediment Flow from Highway Construction Sites. Design
Procedure: Final report to PennDOT, 126 pp- (January 1981)

Miller, A.C., White, E.L., Veon, W.J. A Procedure to Predict
Sediment Flow from Highway Construction Sites. Data report:
Final report to PennDOT, 40 pp. (January 1981)

Miller, A.C., White, E.L., Veon, W.J. A Procedure to Predict
Sediment Flow from Highway Construction Sites. Literature
Review: Final report to PennDOT, 340 pp. (January 1981)

Brown, S.A., McQuivey, R.S., Miller, A.C. Flow Control
structures for Highways in River Environments. Final report
to Federal Highway Administration, Washington, D.C., 154 pp
(June 1981) .

Miller, A.C., Dinkel, R. Improving Curve Number-Based Runoff
Prediction by Revising Antecedent Moisture Classification.
Final report to the Agricultural Research Sexvice, State
College, PA. 42 pp (Rugust 1981).

Miller, A.C. Effect of Best Management Practices on Nonpoint
Sources in the Conestoga River above Lancastexr, PA. final
report to Pennsylvania Department of Environmental Resources
and U.S. Environmental Protection Agency, Washington, D.C. 30
pp (September 1981) .

Miller, A.C., Kerr, S.N., Reams, 4., Pysher, T., Sartor, J.
Flow Control Structures for Highway Stream Crossings. Final
report to Sutron Corporation, Fairfax, VA. 150 pp plus 400
pages of Appendices (August 1983) .

Khanbilvardi, M.R., Rogowski, A.S., Miller, A.C. Rill-
Interrill Erosion and Deposition Model of Stripmine Hydrology.
Final ©report to U.S. Environmental Protection Agency,
Washington, D.C., 175 pp (March 1984) .

Miller, A.C., Kerr, S.N., Jourdan, M., Collins, J. Student
Workbook on Streamflow Forecasting, Report to U.S. Army Corps
of Engineers Waterways Experiment Station, Vicksbury, MS., 324
pp (October 1984).

Miller, A.C., Cross Section Spacing for Water Surface Profile



Computations. Final report to U.S. Army Corps of Engineers
Waterways Experiment Station, Vicksburg, MS., 3B pp (October
1984) .

Kerr, S.N., Miller, A.C. MILHY-Hydrology Manual. Final
report to U.S. Army Corps of Engineers Waterways Experiment
Station, Vicksburg, MS., (December 1985).

Kerr, S.N., Miller, A.C., Microcomputer Program for Military
Hydrology. Computer Model submitted to U.S. Army Corps of
Engineers Waterways Experiment Station, Vicksburg, MS.,
(December 1985).

Millex, A.C., Parola, A.C. HY-8 Culvert Hydraulics. A
microcomputer program to compute the flow through culverts.
Computex program submitted to Federzl Highway Administration,
(December 1986) .

Miller, A.C., Parola, A.C. Final report for Culvert
Hydraulics Microcomputer Program Grant No. HY-8, Version 1.1.
submitted to Federal Highway Administration (January 1987).

Miller, A.C. Milton Bridge Failure. Final report to PennDOT
25 pp (May 1987).

Miller, A.C. Cross Section Location for Water surface Profile
Computations. Fipal report to U.S. Arxrmy Corps of Engineers
Hydrologic Engineering Center, Davis, CA., 22 PP (November
1988) .

Miller, A.C. Underwater Bridge Inspection - PennDOT video for
Training (1989).

Miller, A.C., Glenn, J., Methodology for Flood Plain
Delineation. Final Report submitted to U.S. Army Corps of
Engineers Philadelphia District - Plus Computer Model (1989).
Gardner, T.A., Miller, A.C., Peterson, G., Surface Hydrology.
Sediment Transport Dynamics and Remote Sensing of Disturbed
Wwatersheds in Humid, Temperate Region. Final Report gubmitted
to Department of Energy (1990) .

Miller, A.C., Means, F., Hydraulic Design Techniques for
Bridges, Culverts, and Low Water Crossings on Low Volume
Roads. Final Report submitted to PennDOT, Harrisburg, PA,
85 pp plus computer code (1991).

Gardner, T. and Miller, A., Surface Hydrology, Sediment
Transport Dynamics, and Remote Sensing of Disturbed Watersheds
in a Humid Temperature Region, (Final Report to Sponsor, The
U.S. Department of Energy, Agreemeat No. DE-FG02-87ER60594) .
October 1991.




Shellman, A., and Miller., Modeling Fluid Dynamics and
Dissolved Oxygen Gas Concentrations in Flowing Water, (Final
Report to Sponsor, The U.S. Fish Commission) 1991.

Miller, A.C., Johnson, D., Steinhart, R., Bridge Scour
pPrediction Methods Applicable to Streams in Pennsylvania.
(Final Report Submitted to the Pennsylvania Department of
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Continuing Education:

Dr. Arthur C. Miller has been involved in the Pennsylvania State
University Continuing Education Program since 1973, Over that
period of time he has been the chairman or co-chairman of over 80
one-week short courses. Twelve different water resource courses
have been developed to enhance the technical ability of the
practicing professional engineer. The courses have been a very
successful segment of the Continuing Education Program at Penn
State as evidenced by their longevity and the faculty service award
of conference and institutes division, which Dr. Miller received in

1992,

Dr. Miller has also been involved in teaching courses throughout

the country for the National Highway Institute (NHI). He has
taught over 80 of these courses on topics ranging from fundamental
hydraulics, open channel flow, to hydrologic processes. The

courses contents vary from fundamental theory to hands on computer
application.

COURSE TITLES AND BRIEF DESCRIPTION

i Hydrologic and Hydraulic RAnalysis for Small Watersheds.
The course covers the fundamentals of hydrology and hydraulics
used in the analysis of small watersheds. Topics discussed
include: rainfall estimates, hydrologic abstractions, unit
hydrograph principles, synthetic unit hydrographs, detention
basin design, hydrologic routing, and culvert analysis.

2 Urban_ Hydrology
Thie course covers several computer models. The models

discussed are STORM, TR-55, PSRM, and SWMM. Hands on
application of each of the computer models is accomplished
through workshops where the participants have an opportunity
to compare the differences of each computer model.




HEC-1 Flood Plain Hydrologqv

Course topics include basic principles and practical
applications of hydrology that relate to flood plain studies.
A major emphasis is placed on the U.S. Army Corps of Engineers
computer program HEC-1, which was developed at the Hydrologic
Engineering Center in Davis, California. The course covers:
runoff analysis, unit hydrograph theory, kinematic wave, loss
rate analysis, design storm criteria, hydrologic flood
routing, and basin modeling. The course is presented in a
series of lectures and workshops.

HEC-2 Flood Plain Hydraulics

Basic principles and practical applications of rivexr
hydraulics that are related to flood plain studies are
presented in this 5-day course. A major emphasis is placed on
the U.S. Army Corps of Engineers Computer Program HEC-2 that
was developed at the Hydrologic Engineering Center in Davis,
California. The course covers: water surface profile
computations, data Trequirements for computer mwodeling,
sensitivity analysis, hydraulics of bridge waterways and flood
plain determination.

Advanced Hydraulics for Flood Plain Hydraulics with
Application to HEC-2

This course deals with the advanced problems encountered when
modeling flood plains with a one-dimensional computer model.
Particular emphasis is placed on simulating two-dimensional
flow problems using a one-dimensional model. Topics covered
in the course include: sensitivity analysis of data input,
computational procedures used in flood plain determinations,
flow through bridges, and errors associated with flood plain
delineations.

Flood Flow Prequency Analysis

Topics covered in thie course include: review of statistics
and probability, frequency analysis of gaged watersheds,
statistical treatment of data, expected probability
adjustment, refinements to frequency curve, development of
frequency curves using regional information, and frequency
analysis for ungaged watersheds.




10.

b

12.

Advances in Stormwater Management

This symposium offers a series of technical and nontechnical
lectures, discussion groups, and workshops focused on prokblems
facing the planner and engineer. The emphasis is on recent
advances in the technical and planning aspects of stormwater
management, with discussion of computational methods and
environmental impacts. Workshop seagions deal with: computer
methods utilized in computing runoff and planning aspects of
developing a basin-wide stormwater program.

Computer-Aided Design of Sanitary Sewer Systems

The objective of the course is to introduce the practicing
engineer to the usefulness of a microcomputer in the design of
gravity sanitary sewers. At the conclusion of the workshops
the participants should be able to use the microcomputer,
understand the basis for the theory used in the program, and
be able to modify the program for special problems they may
encounter.

Comparison of HEC-1, TR-20, and PSRM

The objective of this course is to compare the analytical
techniques used in the three programs. The workshops are set
up to develop an outflow hydrograph using the three models and
to relate the differences in the results to the fundamental
theory to the three models.

Analvtical Technigues for Dam-Break Analysis

The course is intended to provide participants with a workable
knowledge of computational techniques for simulating the
creation and movement of dam-break flood waves. The major
foecus of the course is the use of computer programs HEC-1 and
DAMBRK. The course requires that the participants have a
background in open channel hydraulics.

Unsteady Flow in Open Channels

This course presents the basic theory and application of one-
dimensional unsteady flow 1in open channels. The civil
engineering profession is on the verge of sweeping changes
regarding the computational procedures used in everyday
practice for determining the hydraulics of open channels.
Microcomputers and the minicomputers are replacing the
traditional computational procedures for solving problems and
with more accuracy. It is important for engineers to keep
abreast of the newest advances in their profession and to
understand and use these methods in their daily operations.
This course benefits practicing civil engineers involved in
the hydraulics of open channel flow.

water Surface Profiles (WSPRO)

The WSPRO computer model was developed to be used to model
water surface profile computations for one-dimensional,
gradually varied, steady flow in open channels. WSPRO also
can be utilized to analyze flow through bridge and culverts,
embankment overflow, and multiple-opening stream crossings.




Consulting Activities

Ximball Engineering, Inc., Ebensburg, PA - Urban Stormwater
Runoff (1973-74).

. University Area Joint Authority - In Place Calibration of Five
Flow Metering Installations using Lithium Chloride. (1975).

Gwin, Dobson and Foreman, Altoona, PA - Flood Plain Hydraulic
studies (1974-76) .

Penn State Engineering, State College, PA - River
Sedimentation Problems in Moshanon Creek (1975-76) .

Trout Unlimited, Exrie, PA - Reservoir Analysis Study for Flood
Control (1975).

International Correspondence School, Scranton, PA - Develop
Three Texts on Culvert Hydraulics (1974-77).

Centre Citizens Committee, State College, PA -Environmental
Inpact Statement for the 322 Bypass Around sState College

(1975) .

Penn State Engineering, State College, PA - Flood Plain
Hydraulics Study of Allegheny River neaxr Pittsburgh, PA (1975-
76) .

Buchart-Horn Consulting Engineers and Planners, York, PA -
River Modeling (1977).

Meade Corporation, Dayton, OH - Stormwater Runoff for
. Industrial Park (1977).

New Jersey Department of Environmental Protection and NJIT -
Exrosion and Sedimentation Problems in the South Branch of
Rockway Creek (1977-79).

R and R Construction Company, State College, PA - Stormwater
Drainage for Site Layout (1977) .

Parsons, Brinckerhoff, Quade and Douglag, Inc., New York, NY -
Critical Review of Hydrologic Study on the Niagara River
(1978) .

Owens/Corning Fiberglass, Columbus, OH - Stormwater Drainage
on Site (1978).

Pennsylvania Professional Engineering Examination -
Responsible for Water Resources problems on the Pennsylvania
Professional Examination (1878-1980).




GAI Consultants, Pittsburgh, PA - Special Training of the
Hydrology Specialty Group (1978).

Commissioner Brown, Lock Haven, PA - BAnalysis of Bridge
Failure Across Bald Eagle Creek (1979).

The City of Utica, New York - Critique of Stormwater
Management Plan for an Urban Mall (1979).

Wiley Publications, New York, NY - Book Review, "Hydrology and
Water Resources Technology" (1979).

Skelly and Loy Consultants, Harrisburg, PA - Position Paper on
Water Quality Standards for Suspended Sediments Downstream of
Sedimentation Basins (1979).

The Master Group, Ambler, PA -Expert Witness on Flood Plain
Zoning (1979).

Gwin, Dobson and Foreman, Altoona, PA - Stormwater Quality
Modeling (1979).

Echert, Seamans, Cherin & Mellot, Pittsburgh, PA - Expert
Witness Dam Safety Analysis (1980-83).

Maryland Department of Transportation - Position Paper on the
Accuracy of Computer Modeling for Flood Plain Delineation
(1980) .

Stetson and Dale Engineering, Utica, NY - Erosion and Sediment
Problems in Red House Lake, New York (1980).

The Ministry of Natural Resources, ontario, Canada - Training
Program for Hydrologic and Hydraulic Engineers (1980).

C. Raymond Weir BAssociated, Ambler, PA - Flood Plain
Hydraulics Study (1980).

International Coal Refining Company, Allentown, PA - Critical
Review of Synthetic Fuel Plant Site Location in Owensboro, KY
(1980) .

Geo-Science, Inc., Harrisburg, PA - Project Engineer on
Developing a Consulting Proposal for Dam Safety Analysis
(1981) .

EADS, Inc., Altoona, PA - Dam Breach Analysis (1981).

Kerry Uhler and Associates, Bellefonte, PA - Bridge Hydraulics
Problem (1981).

Whitman, Requardt and Associates, Baltimore, MD - Dam Breach
Analysis (1981).




Robbin and Associates, Harrisburg, PA - Hydrologic Studies for
Mining Areas (1981).

Whitman, Requardt and Associates, Baltimore, MD - Bridge
Hydraulics Study (1981).

Schoenagel and Schoenagel Inc., wallenwaupack, PA - Hydrologic
study for Dam Breach Analysis (1982; 1984; 1989 1990) .

Todd Giddings and Associates, State College, PA - Hydrologic
Study for Stripmine Area (1982).

Sanders, Wall and Wrye, State College, PA - Hydrologic and
Hydraulic Study for Tyrone Reservoir No, 2 (1983).

University Area Joint 2uthority, State College, PA -
Calibraticn of Flow Metering Installations (1983).

Novak and Associates, Attorney-at-Law, State College, PA -
Stormwater Management (1983).

Cox and Cox, Attorney-at-Law, Wellsboro, PA - Expert Wwitness
for Hydraulic Bridge Failure (1983-84) .

Todd Giddings and Associates, State College, PA - Dam Breach
Analysis (1984).

University Area Joint Authority, State College, PA - Low Flow
Analysis of Spring Creek a Statistical Study (1984). '

U.S. Department of Transportation, Washington, D.C. - Training
in Hydraulics of Rivers and Bridge Waterway Computations

(1984) .

CIA - Dam Breach Analysis for the Kumgangsan Dam on the North
Han River in North Korea {(1986-87).

FHWA - Instructor in a course entitled Flood Plain Hydraulics
KY, CT, other states.

Schoenagel & Schoenagel, Inc., Dam Safety Evaluation,
Scranton, PA (1987).

Federal Highway Administration Hydrologic and Hydraulic
Problems Associated witk Drainage Problems for Highway
Engineers, Washington, D.C. (1985-present) .

Kidde Consultants, In., - I-195 Bridge over the Patapsco
River, Hydrualic Analysis {1986-88) .

Maryland State Highway Administration - Consulting on
hydraulics bridge waterways, Baltimore, Md (1986-present).

Pennsylvania Attorney General’s Office. Expert Witness on




Drainage From an Interstate Highway System, Scranton, PA
(1987-88) .

U.S. Axrmy Corps of Engineers. Numerical Mcdeling of One-
Dimensional Flow, Hydrologic Engineering Center, Davis, CA
(1987-88) .

Thethys Consultants Inc. Expert Witness, Stormwater Drainage
System Evaluation Upstream of an Interstate Highway (1990).

U.S. Army Corps of Engineexrs. Flood Plain Delineation - A
‘One-Dimensional Model, Philadelphia District, Philadelphia, PA
(1990-91) .

U.S. Army Corps of Engineers. Bridge Hydraulics for Flood
Plains, Philadelphia District, Philadelphia, PA (1992-
present) .

Colorado Springs Utilities Water Authority, Independent Review
Board for the Location of A Watexr Treatment Facility in the
City of Colorado Springs, CO., (1991-1993)

Appleton Paper Company. Establishing Firm Yield for the
Roaring Spring a Water Supply Source. (1992-present)

Bloomsburg County, Developing a Drainage Plan for the
Bloomsburg Fair Grounds, (1992-present)




Home Address:

Telephone:

Birth Place & Date:

Marital Status:
Nationality:

Education:

Honors:

Personal Resume
Samuel L. Hui

328 Trestle Glen Court
Walnut Creek, CA
U.S.A. 94598

Res. (510) 939-6186
Bus. (415) 768-7734

Zhanjiang, Guangdong, China
27 November 1942

Married with two daughters
American

B.Sc. (Eng.) Civil Engineering, with Distinction
Queen’s University, Kingston, Ontario, Canada 1966

M.Sc. (Eng.) Civil Engineering, Hydrology/Hydraulics
Queen’s University, Kingston, Ontario, Canada 1969

Short Course on Statistical Hydrology
Colorado State University, 1978

Business Management Program
Bechtel/Golden Gate University 1979

A course on “Modeling of Contaminant Fate
Transport in Ground Water”, University of California
Extension, Berkeley, 1985

Short Course on “Modeling of Water Quality using
the “QUAL2E” Code, U.S. Environmental Protection
Agency, Athens, Georgia, U.S.A. 1990

National Research Council (NRC) of Canada
Scholar
1968 - 1969




Registered Professional
Engineer:

Experience:

November 1988 - Present

July 1978 - November 1988

November 1975 - July 1978

December 1973 -
November 1975

June 1971 - December 1973

May 1969 - June 1971

September 1967 -

May 1969

May 1966 - August 1967

Summer 1965

Summer 1964

Province of Ontario, Canada
State of California, U.S.A.

Chief Hydrologic Engineer
Bechtel Corporation, San Francisco, CA, U.S.A.

Assistant Chief Hydrologic Engineer
Bechtel Civil Inc., San Francisco, CA, U.S.A.

Engineering Supervisor, Hydrology
Bechtel Inc., San Francisco, CA, U.S.A.

Senior Engineer, Hydraulics/Hydrology Group
Bechtel Inc., San Francisco, CA, U.S.A.

Senior Hydraulic Engineer
Acres Consulting Service Limited
Niagara Falls, Ontario, Canada

Intermediate Hydraulic Engineer
Acres Consulting Service Limited
Niagara Falls, Ontario, Canada

Graduate Student/Research Assistant
Department of Civil Engineering, Queen’s University
Kingston, Ontario, Canada

Junior Civil Engineer
Montreal Engineering Company, Limited
Montreal, Quebec, Canada

Summer Student/Engineer
Ontario Hydro
Toronto, Ontario, Canada

Summer Student/Research Assistant
National Research Council (NRC) of Canada
Ottawa, Ontario, Canada




Duties with Bechtel:

1973 - 1974
1975 - 1978
1978 - 1988

1988 - present

Senior Engineer, Hydraulics/Hydrology Group;
Performed various hydrologic studies and hydraulic
analysis for nuclear power plants and flood control
projects.

Engineering Supervisor, Hydrology;

Supervised a group of hydrologic engineers, as
many as eleven, in performing hydrologic studies
and hydraulic analyses for hydroelectric
developments, nuclear and coal-fired power projects,
flood control and airport drainage works, reservoir
sedimentation and energy production studies for
water resources projects, water supply and
hydrology for tailings dams for mining developments,
wave studies for reservoir design and coastal
structures and the preparation of licensing
documents for nuclear power projects, hydroelectric
and mining developments, hazardous waste
isolation and other industrial projects.

Assistant Chief Hydrologic Engineer;

Responsible for the daily conduct of the Hydrology
Group in San Francisco. This includes planning and
scoping of tasks, work assignments, and technical
supervision and review of all hydrologic analyses
and water resources studies. Studies included a
wide range of chemical and nuclear waste-isolation
projects, hydroelectric and water resources
developments, mine drainage and tailings dams,
flood control, airport projects, coal-fired and nuclear
power plants, and industrial projects.

Chief Hydrologic Engineer,;

Responsible for all hydrologic analyses and water
resources studies on engineering projects in United
States and in foreign countries, including work
assignments performed in all Bechtel Regional
Offices and area offices. '

Assist the Manager of the Hydraulics/Hydrology
Group in the business development for the Group,
which includes the identification of potential target
clients, the marketing of services, and the
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Professional Societies:

Professional Activities:

1981

1984 - present

1985 - 1989

1989 - present

1991 - present

1994

preparation and the presentation of business
proposals to potential clients.

Member , American Society of Civil Engineers

Member, Canadian Society for Civil Engineering

Member , Engineering Institute of Canada

Member, U.S. Committee on Large Dams

Member, International Water Resources Association

Certified Professional Hydrologist, American Institute
of Hydrology

Member of Control Group, American Society of Civil
Engineers (ASCE) Task Committee on Urban
Stormwater Management in Coastal Areas

Member, ASCE Task Committee on Application of
Risk and Reliability Analysis on Design of Hydraulic
Structures

Member, ASCE Technical Committee on Surface
Water Hydrology

Member of Control Group, ASCE Technical
Committee on Surface Water Hydrology;
Chairperson 1987 - 1988

Secretary and Member of Control Group, ASCE
Management Group D (MGD) Task Committee on
Preparation of the Handbook of Hydrology

Member of the American National Standard Institute
(ANSI) Committee 2.13 - Evaluation of Surface Water
Supplies for Nuclear Power Sites

Member of the International Program Committee for
METEOHYTEC 21 - International Conference on
Meteorological and Hydrological Technology and its
Management to be held in Geneva, Switzerland in
May 1995




< 1994

Representative Project
Experience:

1964 -

1964 -

1965 -

1966 -

1966 -

1966 -

1967 -

. 1967 -

Member of the Technical Program Committee for
Water Power ‘95 to be held in San Francisco, U.S.A.

in July 1995

Heat budget calculations using recorded hydro-
meteorological data to determine the feasibility of
keeping open the St Lawrence River for all year-
round navigation;

National Research Council of Canada

Wave refraction diagrams and breakwater model
study for the Codroy Harbor in Newfoundland,
Canada;

National Research Council of Canada

Preliminary structural design of the intake channel for
the Pickering Nuclear Power Station near Toronto,
Ontario, Canada;

Ontario Hydro

Feasibility studies of several hydroelectric
developments in the Province of Alberta, Canada
and foreign countries;

Montreal Engineering Company, Limited

Statistical analysis of the water level of the St.
Lawrence River near Seven Island for the design of the
Gentilly Nuclear Power Station, Quebec, Canada;
Montreal Engineering Company, Limited

Water supply system for the Dawson City, Yukon
Territories, Canada;
Montreal Engineering Company, limited

Preliminary design of the anchored blocks of a
penstock for a hydroelectric power plant in Bolivia;
Montreal Engineering Company, Limited

Cost estimates of the third unit for the Trenton Coal-



1967 - 1969

1969 - 1971

1969 -

1970 -

1971 -

1971 - 1972

1972 -

1972 -

fired Power Station, Nova Scotia, Canada;
Montreal Engineering Company, Limited

Research work in the field of snow hydrology and the
development of a mathematical model of snowmelt
runoff for a typical intermediate drainage basin in
Southern Ontario, Canada;

Department of Civil Engineering, Queen’s University

Study, planning and formulation of a comprehensive
mathematical flood model for the State of Bangladesh
and the development a computer program for reservoir
operations using dynamic programming techniques for
the Karnafuli Reservoir in Bangladesh;

Acres Consulting Services Limited

Hydrologic data analyses for the St John River Water
Quality simulation model in New Brunswick, Canada;
Acres Consulting Services Limited

Developments of a hydro-meteorological data
collection network and the reservoir operating rules,
and the flood forecasting for the Churchill Falls
Hydroelectric Project in Newfoundland, Canada;
Acres Consulting Services Limited

Derivation of the long-term streamflows for the
feasibility study of the Lower Churchill River
Developments in Newfoundland, Canada;

Acres Consulting Services Limited

Development of the long-term streamflows and flood
analyses for the preliminary design of the James Bay
Hydroelectric Project in Quebec, Canada;

Acres Consulting Services Limited

Hydrologic studies for a flood control project in the
Ellicott Creek Basin, near Buffalo, New York, U.S.A.;
Acres Consulting Services Limited

Water resources assessment of the Lost River Basin for
the development of the water supply system for a
mining project near Nome, Alaska, U.S.A;;

Acres Consulting Services Limited




1973 -
1873 ~
1973 - 1977
1974 -
1974 -1975
1974 - 1991
1975 - 1976

Conceptual development of the experimental
equipment to measure the possible mercury fluxes and
migration in an artificial mercury waste-isolation island
in St. Clair River in the Canada/U.S.A. border;

Acres Consulting Services Limited

Water resources review of the Restigouche County,
New Brunswick, Canada;
Acres Consulting Services Limited

Preparation of the Safety Analysis Report (SAR) and the
Environmental Report (ER) for the Boardman, Pebble
Springs, Skagit , Susquenhanna and Limerick Nuclear
Power Projects in Oregon, Oregon, Washington,
Pennsylvania and Pennsylvania, U.S.A., respectively;
Bechtel Power Corporation

Flood analysis for the Iron Gate Hydroelectric Project ,
California, U.S.A. as part of the dam safety
investigation;

Bechtel Incorporated

Hydro-meteorological data collection and analysis,
flood studies and water supply assessment for the Arun
Liquefied Natural Gas Project on the Island of Sumatra,
Indonesia;

Bechtel Incorporated

Flood analyses, sediment transport studies and debris
production estimates for the La Quinta Stormwater
Project, Deep Canyon Stormwater Project, Palm Valley
Flood Control Project, Mid-Valley Flood Control Project,
Thousand Palms Stormwater Project in the Coachella
Valley area, south of Palm Springs, California, U.S.A,;
Bechtel Corporation

Long-term streamflow reconstitution, probable
maximum precipitation (PMP) and probable maximum
flood (PMF) determinations, reservoir sedimentation
evaluation and energy production studies, reservoir
freeboard allowance and riprap estimates for the Rio
Grande-Rositas Multi-purpose Water Resources Project
near Santa Cruz, Bolivia;

Overseas Bechtel Incorporated




1975 - 1977
1976 - 1977
1976 - 1978
1977 -

1977 -

1977 - 1978
1977 -1979
1978 - 1980
1978 - 1981

Hydro-meteorological data collection and analyses, and
water supply studies for a large nickel development on
Gag Island, a small uninhabited island in Indonesia;
Behctel Incorporated

Flood studies for the Samarco Iron Ore Project near
Belo Horizonte, Brazil;
Bechtel Incorporated

Stormwater management studies and flood hydrology
for the access highways, the airport terminal and the
infield areas for the King Khaled International Airport,
Riyadh, Saudi Arabia;

Bechtel Civil & Minerals Incorporated

Hydrology for water supply for a 10-million ton/year
steel mill in Western Algeria;
Bechtel Incorporated

Preparation of the Safety Analysis Report (SAR) and the
Environmental Report (ER) for the Waste Isolation Pilot
Project (WIPP) in New Mexico, U.S.A,;

Bechtel National Incorporated

Flood hydrology, water balance studies and the design
of riprap of the flue-gas desulphurization ponds of the
Jim Bridger Power Project, in Wyoming, U.S.A.;
Bechtel Power Corporation

Flood hydrology and sediment transport studies for the
design of major river crossings of the water supply
pipeline for the Palo Verde Nuclear Power Project near
Phoenix, Arizona, U.S.A;;

Bechtel Power Corporation

Energy production and power studies for the Wanapum
and Priest Rapids Hydroelectric Projects in the Mid-
Columbia River, Washington, U.S.A;

Bechtel Civil & Minerals Incorporated

Probable maximum precipitation (PMP) and probable
maximum flood (PMF) determinations, reservoir
sedimentation evaluation, reservoir yield studies and




1978 - 1981

1979 -

1979 -

1979 -

1980 -

1980 - 1982

1981 -

1981 -

cross drainage analysis for the Setif Project in the
interior of Algeria; a large irrigation development
involving four dams and a transmountain water
conveyance scheme;

Bechtel Civil & Minerals Incorporated

Long-term streamflow reconstitution, energy production
studies and hydrologic analyses for environmental
permit applications for the Henry Jackson (Sultan River)
Hydroelectric Project in Washington, U.S.A.;

Bechtel Civil & Minerals Incorporated

Water supply assessment for the long-term planning
study of the Chuquicamata Copper Mining Project near
Calama, Chile;

Bechtel Civil & Minerals Incorporated

Water supply analysis for the Matam Perimeter Study in
Senegal, Africa;

Bechtel National Incorporated

Preparation of hydrologic design criteria for the
Chevron Kosti Oil Development Project in Sudan,
Africa;

Bechtel Incorporated

Water supply studies and stormwater management
evaluation for the Creston Coal-fired Power Project
near Spokane, Washington, U.S.A;;

Bechtel Power Corporation

Flood studies and water supply evaluation of the Chase
Creek drainage basin for the Morenci Mines in Morenci,
Arizona, U.S.A;;

Bechtel Civil & Minerals Incorporated

Stormwater management evaluation of the coal ash
disposal area for the Kaiser Aluminum & Chemical
Plant near Gramercy, Louisiana, U.S.A;

Bechtel Power Corporation

Energy production studies for the Lake Chukachumna
Hydroelectric Development in Alaska, U.S.A;;
Bechtel Civil & Minerals Incorporated




1981 -

1981 -

1981 - 1983

1982 -

1982 - 1983

1982 - 1984

1983 -

1983 -

1983 -

Flood and drainage analyses for the Chuitna Coal
Project in Alaska, U.S.A;;
Bechtel Civil & Minerals Incorporated

Energy production studies for Milner hydroelectric
development on the Snake River, Idaho, U.S.A. for
Idaho Power Company;

Bechtel Civil & Minerals Incorporated

Hydrology for hydroelectric development, water supply
and tailings disposal for the OK Tedi Mining Project in
Papua New Guinea;

Bechtel Civil & Minerals Incorporated

Flood and drainage evaluation for the development of
Zhungeer Coal Field in Inner Mongolia, China;
Bechtel Civil & Minerals Incorporated

Hydrology for flood analysis, water supply, site drainage
and instream flow requirements for environmental
conservation for the Quartz Hill Molybdenum Project
near Ketchikan, Alaska, U.S.A.;

Bechtel Civil & Minerals Incorporated

Flood studies and hydrologic characterization of the
U..S. Department of Energy (DOE) Formerly Used Sites
Remedial Action Prpgram (FUSRAP) sites at Niagara
Falls, New York and Weldon Springs, Missouri, U.S.A,;
Bechtel National Incorporated

Flood analysis for the Hope Creek Generation Station,
New Jersey, U.S.A,, including wave effects;
Bechtel Power corporation

Hydrology for environmental impact evaluations of the
Jamsboro Power Project in Pakistan;
Bechtel Environmental Incorporated

Hydrology for the Parachute Creek Oil Shale
Development Project in Colorado, U.S.A,;
Bechtel Incorporated
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1983 -
1983 -1984
1983 - 1986
1983 - 1986
1984 -1986
1985 -
1985 -
1985 -
1985 -1986

Modeling of surface runoff, erosion and contaminant
transport for the FMC Richmond site in California,
U.S.A;

Bechtel Environmental Incorporated

Rainfall analysis, field infiltration tests and site drainage
design for the King Fahd International Airport near
Damman, Saudi Arabia;

Bechtel Civil & Minerals Incorporated

Environmental assessment and hydrologic
characterization of candidate sites for the U.S.
Department of Energy (DOE) Office of Nuclear Waste
Isolation (ONWI) salt repository program;

Bechtel National Incorporated

Developments of Probable maximum flood and dam
break analyses for dam safety studies for several dams
in the States of Montana and Washington for Montana
Power Company;

Bechtel Civil & Minerals Incorporated

Flood hydrology and water balance study for the
Stringfellow Acid Pits Hazardous Waste Remedial
Project near Riverside, California, U.S.A;;

Bechtel Environmental Incorporated

Water supply studies for the Chisumbanje Irrigation
Project in Zimbabwe, Africa;
Overseas Bechtel Incorporated

Energy production study for the New Martinsville
Hydroelectric Project on the Ohio River, West Virginia,
US.A;

Bechtel Civil & Minerals Incorporated

Modeling of surface runoff, erosion and contaminant
transport for the FMC Dublin Road site in New York,
US.A;

Bechtel Environmental Incorporated

Surface water hydrologic analyses for the California
Low-level Radioactive Waste Disposal Project;
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1985 -1986
1985 - 1986
1986 -
1986 -
1986 -1987
1986 - 1989
1987 -
1987 -

Bechtel National Incorporated

Flood analysis and energy production studies for the
Sheldon Springs Hydroelectric Project in Vermont,
US.A;

Bechtel Civil & Minerals Incorporated

Flood analysis and water balance study for a landfill
containing hazardous wastes near Monterey Park,
California, U.S.A;;

Bechtel Environmental Incorporated

Energy production studies for the feasibility
investigation of small hydroelectric developments on
the Friant-Kern canal in Central Valley of California,
U.S.A;

Bechtel Civil & Minerals Incorporated

Energy production studies for the Fieldcrest
Hydroelectric Project on the Chattahoochee River in the
Alabama/Georgia border, U.S.A.;

Bechtel Civil & Minerals Incorporated

Development of the probable maximum flood for the
Skookumchuck River Basin, Washington, U.S.A., as
part of the dam safety investigation;

Bechtel Civil & Minerals Incorporated

Hydrologic studies for the Cowlitz Falls Hydroelectric
Project in Washington, U.S.A., including development of
probable maximum flood, sediment routing
computations and detailed operation study to estimate
annual energy;

Bechtel Civil Incorporated

Flood hydrology and energy production studies for the
Dinkey Hydroelectric Project in the Kings River Basin in
Central California, U.S.A.;
Bechtel Civil Incorporated

Hydrology for the feasibility study of the Mount Hope
Pumped Storage Project, New Jersey, U.S.A;
Bechtel Civil Incorporated
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1987 -1988

1987 -1988

1987 -1988

1987 -1988

1987 - 1991

1988 -

1988 -

1988 -

1988 - present

1989 -

Drainage design for the Ground-Based Laser Facility in

New Mexico, U.S.A;;
Bechtel National Incorporated

Modeling of storm runoff for the Union Oil refinery at
Rodeo, California, U.S.A
Bechtel Environmental Incorporated

Hydrologic analysis and dam break studies for the
Peace Dam Project on the Han River in South Korea;
Overseas Bechtel Incorporated

Flood hydrology and reservoir system operations and
energy production studies for the Naranjito
Hydroelectric Project in Honduras, Central America;
Overseas Bechtel Incorporated

Site selection, and hydrologic characterization of and
permit application for the selected Butte site for the
Central Interstate Compact Low-level Radioactive
Waste Disposal Project in Nebraska, U.S.A,;

Bechtel National Incorporated

Water management study for the entire Larona River

Basin in Indonesia for energy generation enhancement;

Bechtel Civil Incorporated

Hydrology and energy production studies for the
Rodgers Crossings Hydroelectric Project on the Kings
River near Fresno, California, U.S.A;;

Bechtel Civil Incorporated

Review authority for the drainage design for the
McCarran International Airport in Las Vegas, Nevada,
US.A;

Bechtel Civil Incorporated

Flood hydrology for the Bay Area Rapid Transit (BART)
Extension Project in the San Francisco Bay Area,
California, U.S.A.;

Bechtel Civil Incorporated

Hydrology for the Chevron Chemical Company Pond
Closure Project, Richmond, California U.S.A.;
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1989 -

1989 -

1989 -1990

1989 -1990

1989 - present

1990 -

1990 -1991

1991 -

1991 -

1991 -

Bechtel Environmental Incorporated

Review of the flood hydrology for the Santa Ana River
Project for the U.S. Army Corps of Engineers;
Bechtel Corporation

Modeling of the storm runoff for the Chevron Chemical
Fertilizer plant in Richmond, California, U.S.A;
Bechtel Environmental Incorporated

Study of methods for the removal of the accumulated
sediment from the Rock Creek and Cresta Reservoirs
and the analysis of their potential environmental
impacts for Pacific Gas & Electric Company;

Bechtel Civil Incorporated

Review of the water quality modeling of the Santa Clara
Valley Area for the Santa Clara Valley Water District,
Bechtel Corporation

Consultant to the State of Wyoming on the development
of the North Platte River Simulation Model;
Bechtel Corporation

Modeling of storm runoff for the Shell Oil Company
refinery in Martinez, California, U.S.A.;
Bechtel Environmental Incorporated

Flood hydrology and dam break analyses for PAR Pond
and L Lake Dams in the U.S. Department of Energy
(DOE) Savannah River Site, South Carolina, U.S.A,;
Bechtel Savannah River Incorporated

Drainage design for the Scrugrass Co-generation
Project in Pennsylvania, U.S.A;;
Bechtel Power Corporation

Modeling of storm runoff for the Tosco Oil Company
refinery in Avon, California, U.S.A;
Bechtel Petroleum, Chemical & Industrial Incorporated

Drainage study for the Vasco Road Relocation Project in
Contra Costa County, California, U.S.A;
Bechtel Civil Incorporated
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1991 -
1991 -

1991 - present

. 1992 - 1994

i
?
1992 - 1993
\
i

1992 - present
1992 - 1993
1993

1994

1994 -

Hydrologic characterization study for the storm water
outfalls in the U.S. Department of Energy (DOE)
Savannah River Site, South Carolina, U.S.A;;
Bechtel Savannah River Incorporated

Preparation of engineering manual on hydrologic
engineering requirements for flood damage reduction
projects for the U.S. Army of Corps of Engineers;
Bechtel Corporation

Design of bank protection works for a 30-mile reach of
the Whitewater River in Coachella Valley, Southern
California;

Bechtel Civil Company

Development of guidelines for the determination
Probable Maximum Floods sponsored by Federal
Energy Regulatory Commission, managed by Electrci
Power Reseach Institute;

Bechtel National, Inc.

Development of a drainage master plan for a 4-sg. mi.
area near the proposed Dublin BART station;
Bechtel Civil Company

Operations studies for the Grayrocks Reservoir on the
Laramie River in Wyoming;
Bechtel Civil Company

Review authority for hydrologic analyses for two flood
control dams near Copiapo, Chile;
Bechtel Corporation

Drainage studies for an aluminum refinery near Corpus
Christi, Texas;
Bechtel Corporation

Dam Break analyses for six dams on the Mokelumne
River in California for Pacific Gas & Electric Company;
Bechtel National, Inc.

Hydrologic analyses for the feasibility study of the
Maheshwar Hydro Project in India;
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Bechtel Civil Company

1994 - Hydrolgic studies for the design of a 50-mile toll road
near Shenzhen, China;
Bechtel Civil Company

1994 - Review authority for hydrologic studies for flood control
works for the Southern Peru Copper Project near
Toquepala, Peru;
Bechtel Corporation

Publications:

“Sultan River Hydroelectric Project, Reservoir operations studies”, Proceedings of the
Symposium, Waterpower ‘85, Las Vegas, Nevada, U.S.A,, September 1985 (with J.J.
Cassidy)

“Hydrologic Studies for the Dinkey Creek Hydroelectric Power Project”, Proceedings of
the Symposium, Waterpower '87, Portland, Oregon, U.S.A., August 1987, (with J.J.

Cassidy)

“Consideration with Regard to the Choice of Recurrence Interval for a Design Flood",
Proceedings of the 16th Congress, International Commission on Large Dams, San
Francisco, California, U.S.A., June 1988 (with J.J. Cassidy, D.B. Cherry and J.E. Welton)

“Hydrologic Simulation of the Rio Grande, Bolivia”, Proceedings of the Symposium on
Hydrology and Water Management of the Amazon Basin, Manus, Brazil, August 1990,
(with V. Yucel)

“Design Floods and Flood Calculations” published in Proceedings of the Algerian
National Congress on Large Dams, Algiers, Algeria, May 1993 (with J.J. Cassidy)

“Dam Break Study for Large Floodplain Area - A Case Study” published in the
Proceedings of the ASCE Second International Symposium on Engineering Hydrology,
San Francisco, California, July, 1993 (with J.S. Wang, R. Baysinger)

“A Guideline for the Determination of Probable Maximum Flood for Civil Works”
published in the Proceedings of Waterpower ‘93, Nashville, Tennessee, August 1993,
(with J.J. Cassidy, J.W. Gotzmer and D.I. Morris)

“Development of Rainfall Intensity-Duration-Frequency Data for Eastern Province, Saudi

Arabia” published in the Proceedings of ACSE Saudi Arabia Section First Regional Civil
Engineering Conference, Bahrain, September 1994. (with J.J. Cassidy and V.Yucel)
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“Problems Encountered and Solved in the Application of SWMM” published in the
Proceedings of Urban Hydrology Workshop sponsored by the U.S. Army Corps of
Engineers, Davis, California, September 1994. (with J.S. Wang and K.Y. NQ)

Many other job related technical reports on hydrologic studies and water resources
evaluations on feasibility investigations, preliminary and final designs.

Oral Presentations:

Expert witness on surface water hydrology testifying on behalf of the Puget Sound Power
& Light Company before the U.S. Atomic Safety Licensing Board for the Skagit Nuclear
Power Project, 1975

Lectures on “Hydrologic and Water Resources Engineering”, presented as part of the
Civil Engineering Review Course to the Candidates of the California Professional Civil
Engineers Examination; University of California Extension, Berkeley; 1979 - 1991

Lectures on “Hydrologic and Water Resources Engineering”, presented as part of the
Civil Engineering Review Course to the Candidates of the California Professional Civil
Engineers Examination; Bechtel Corporation In-house Education Program in San
Francisco; 1979 - present

Expert witness on surface water hydrology tesfying on behalf of the Washington Water
Power Company before the Washington State Thermal Power Siting Evaluation Council
for the Cresta Power Project, 1980

“Sultan River Hydroelectric Project, Reservoir Operations Studies”, Waterpower ‘85, Las
Vegas, Nevada, U.S.A., September 1985

“Review of the Flood Hydrology for the Santa Ana River Basin”, Hydraulics/Hydrology
Seminar, 1988

“Hydrologic Simulation of the Rio Grande, Bolivia”, Symposium on Hydrology and Water
Management of the Amazon Basin, Manus, Brazil, August 1990

“A Guideline for the Determination of Probable Maxium Flood for Civil Works” presented
in Waterpower ‘93, Nashville, Tennessee, August 1993

“Development of Rainfall Intensity-Duration-Frequency Data for Eastern Province, Saudi
Arabia”, ASCE Saudi Arabia Section First Regional Civil Engineering Conference,
Bahrain, September 1994.
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8-1

Chapter VIII

Determination of the Probable Maximum Flood

Introduction’

This chapter of the Engineering Guidelines is primarily intended to provide procedures for
the development of the Probable Maximum Flood (PMF) for use in the analyses of proposed
and existing dams and other water impoundment civil works structures. However, the
procedures may also be used for other facilities requiring a PMF determination.

For about the last 40 years, the PMF has received general acceptance as the design flood for
dams in the United States whose failure would pose a threat to public safety [Myers 1967].
More recently, the PMF has received acceptance as the design flood for large dams in many

other countries as well [ICOLD 1991].

Precisely when the concept of the PMF was first proposed to the engineering community is
somewhat obscure. Daniel Mead referred to a "probable maximum flood-flow" in his 1908
book on hydroelectric design [Mead 1908]. In 1914, A.E. Morgan referred to a "maximum
possible event" in a discussion of regional peak discharges [Morgan 1914]. The details of
using storm transposition to determine a "maximum probable precipitation” were discussed
by G. Hathaway in 1939 [Hathaway 1939]. Bailey and Schneider proposed the PMF to
determine spillway capacity in 1939 [Bailey and Schneider 1939]. Initially it was referred
to as the "maximum possible flood," although the technical meaning was the same. Many
variations of the definition of the PMF exist, but the definition in Chapter 2 of the FERC
Engineering Guidelines is:

...the flood that may be expected from the most severe combination of critical
meteorological and hydrologic conditions that are reasonably possible in the
drainage basin under study.

A PMF is generated by the PMP, which has been defined in Chapter 2 of the FERC
Guidelines as:

...theoretically, the greatest depth of precipitation for a given duration that is
physically possible for a given size storm area at a particular geographic
location at a certain time of year.

This chapter of the Engineering Guidelines was developed under a contract with the Electric Power

Research Institute (EPRI) and co-funded by the Federal Energy Regulatory Commission (FERC).

Caution: The intent of these guidelines is to provide consistency in PMF determinations. They are

. not a substitute for good engineering judgment and experience when available data clearly call for a departure
from recommended procedures. Therefore, the recommended procedures should not be rigidly applied in place
of other, justifiable analytical solutions.
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Developing a PMF hydrograph for a dam safety evaluation generally involves two steps,
which are respectively hydrologic and hydraulic in nature:

Modeling of runoff through the project basin to produce an inflow PMF at the project
site.

Routing of the inflow PMF through the project reservoir to obtain the outflow PMF
and the maximum reservoir elevation.

These steps involve considering several coincident or sequential events, each of which may
have a strong effect on the resulting PMF. This chapter attempts to address those events and
yet avoid an unreasonable compounding of probabilities that would make the resulting PMF
hydrograph excessively conservative.

8-1.1 Objectives

There is little chance that hydrology will ever become the precise science that
designers, owners, and regulators would like to see. So many parameters define the
basin characteristics and hydraulics of runoff that the hydrologic engineer will always
need to rely on experience and good judgment. This chapter is intended to provide
systematic procedures that will consistently produce a realistic PMF hydrograph and
appropriate flood levels for project safety.

While keeping the inherent uncertainty of hydrologic calculations in mind, the overall
objectives of this chapter of the Guidelines are:

o To recommend a preferred method for developing PMF hydrographs.

o To present procedures which, if implemented by two or more qualified and
experienced hydrologic engineers, would result in close estimates of the PMF.

o To make recommendations regarding the assumptions that must normally be
made in developing a PMF hydrograph for gaged and ungaged sites.

. To produce an approach that will minimize the total effort and cost of
required studies, while ensuring that the developed hydrograph is reasonable
and prudent for use in the design or safety analysis of civil works.

o To provide guidelines for choosing appropriate hydrologic and hydraulic
parameters.
. To provide greater consistency nationally for procedures used in PMF

developments, while recognizing the wide variety of hydrologic conditions
that exist across the United States.
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8-1.2 Overview
. The PMF is the reasonable upper limit of floods that can occur; however, its average
annual exceedance probability is not known. Because it is the responsibility of
owners of non-FERC-licensed dams to ensure the safety of their projects using the
best available technology, the procedures recommended in this chapter to determine
the PMF for FERC projects assume that all non-FERC-jurisdictional dams in the
basin upstream of the project will not fail during floods up to the PMF. In other
words, the PMF at the project site will not be a combination of the naturally
occurring flood and the flood resulting from a failure of a dam not within the FERC’s
jurisdiction.

Instead, the PMF at the site is the result of routing the PMF through upstream dams
assuming they remain in place. Of course, the procedure described above does not
preclude FERC dam owners from considering the failure effect of upstream

non-FERC dams in PMF evaluations.

Previously accepted PMF studies are not required to be reevaluated in accordance
with the new Guidelines, unless it is determined that a reanalysis is warranted.
However, all new PMF studies are to comply with the requirements of the
Guidelines.

As PMF determinations are completed using the new Guidelines for a project with
non-FERC-jurisdictional upstream dams, the FERC will advise the appropriate State

. Dam Safety Office (State) of the PMF study. The State will be informed that a new
PMF study has been done for the FERC-jurisdictional dam, assuming all upstream
dams do not fail and that the PMF study is available to the State for its review and
information at the FERC Regional Office. The State will also be advised that reports
on previous PMF studies for other dams under FERC jurisdiction might also be
available in the Regional Office. States ensure the safety and adequacy of such dams
under their own criteria and regulatory authority.

This chapter proposes the use of unit-hydrograph theory as the runoff model in the
preferred method for developing an inflow PMF hydrograph. The development of
the unit hydrograph is of primary importance in the ultimate development of the PMF
hydrograph, because its use will determine both the temporal distribution and peak
rate of runoff. The use of the U.S. Army Corps of Engineers (COE) computer
program HEC-1 Flood Hydrograph Package [HEC 1990] is recommended because
of the widespread use and experience with that program. However, many United
States water resource agencies have developed material for their own regional use in
developing hydrographs for gaged and ungaged basins, including dimensionless unit
hydrographs, expressions for lag times, parameters for shaping unit hydrographs, and
runoff models. This chapter recommends that any applicable special methods be
located and evaluated.

o Appendix VIII-A includes a flow chart that summarizes this chapter.
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Section 8-13 contains a glossary that defines technical terms used herein,
which are part of the professional language of hydrologic engineering but may
have slightly different meanings depending on the user.

Cautionary statements have been provided throughout the text where care
should be taken in the use of the recommended procedures, or where there
are limitations to their application. These statements appear throughout the
text in izalics.

A "gaged" basin is defined herein as one for which available hydrologic data
recorded at stations in the basin. are adequate to enable accurate computation
of an inflow PMF hydrograph.

Appendix VIII-B includes Probable Maximum Flood Study Report Outlines
for gaged and ungaged basins.

An "ungaged" basin is defined herein as one for which no hydrologic data

have been recorded within the basin, or the available data is insufficient to
enable accurate computation of an inflow PMF hydrograph.

Development of unit hydrographs for both gaged and ungaged basins is
discussed in this chapter. The inherent uncertainties in developing PMF
hydrographs are significant even for locations where quality data are
available; ungaged basins, of course, involve even more uncertainties. Final
review of a PMF hydrograph should include a sensitivity analysis for
parameters having significant effect on the inflow hydrograph.

Appendix VIII-C presents a detailed explanation of the application of
STATSGO (State Soil Geographic Database) data as recommended in Section
8-10.3.2 for use in determining infiltration rates.

Appendix VIII-D presents reports on four hypothetical PMF studies:

- Example 1, Sabrina Dam - A gaged basin with "detailed method"
loss rate calculations.

- Example 2, Bishopsville Hydro - An ungaged basin using synthetic
unit hydrographs (SCS method) in the absence of local or regional
streamflow information.

- Example 3, Corsorona Rapids - A multi-subbasin, ungaged basin
with a regional unit hydrograph study.

- Example 4, Austen Hydro - A basin with unusual hydrology and data
limitations, justifying a deviation from the procedures recommended
in these guidelines.
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8-1.3 Limitations

Drainage Basin Size. This chapter of the Guidelines covers drainage basins up to
10,000 square miles, although the size of the drainage area is not necessarily a
limiting factor. Consideration has also been given to PMFs produced by local storms
that would cover only part of a large basin, or all of a small one, and to general
storms that could cover an entire 10,000-square-mile basin. The upper limit to basin
size is arbitrary but was made to cover conditions applicable to many dams while still
including basins requiring subdivision for analysis. This chapter applies to most
basins with multiple FERC-licensed projects; however, procedures for very large
drainage basins—such as the lower Missouri or the Columbia Rivers—cannot be
easily generalized, since even general storms may not cover the entire basin.

Probable Maximum Precipitation. In writing this chapter, the preparers assumed that
complete details of depth-area and duration of the PMP are available and no attention
has been given to development of the PMP. However, references are made to
developing the isohyetal pattern of the PMP and its use. Often this information can
be obtained from the National Weather Service (NWS) Hydrometeorological Reports
(HMRs). Because of the storm and flood data they include, the HMR series are
important references, but other site-specific PMP studies may also be available.
Figure 8-1.1 shows the geographic regions to which each HMR applies. Also
included is a site-specific regional PMP study for the Wisconsin/Michigan area.

Hydrograph Development. Ranges of recommended values of parameters that must
be assumed for developing hydrographs are given throughout the text. These
parameters were taken from available material developed by government agencies and
other organizations. However, the material cited or quoted does not represent an
exhaustive search of the literature, and each section suggests potential sources of
additional data, such as unit hydrographs or infiltration rates. The methods
recommended were chosen from those widely recognized and accepted by the
hydrologic engineering profession and for which considerable information is
available.

Because the state-of-the-art in hydrology is constantly changing, the procedures
suggested herein may require future changes. Therefore, this is a "dynamic"
document—one subject to review and change as the state of hydrologic engineering
is refined or improved.

Where there are limitations to the recommended procedures, or where care should be
taken in their use, cautionary statements are provided throughout the text.
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Appendix VIII-A

Determining the Probable Maximum Flood for Civil Works Flow Chart
The flow chart shows the sequence of decisions and analyses required in determining the PMF for
gaged and ungaged basins. PMF studies should follow the procedures specified in the flow chart,

unless departures are justified in the study report. Chapter and section references are shown for each
flow chart element.
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DETERMINING THE PROBABLE MAXIMUM FLOOD FOR CIVIL WORKS
(. FLOW CHART

Collect and Review
Preliminary Project
and
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Sec. 8-2.1 -8-2.2 3
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Sec. 8-4
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Sec. 8-5

Sec. 8-3
-
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PMF DEVELOPMENT
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(Gaged Basins)

Determine Basin
Average Rainfall

for Floods Selected
Sec. 8-8.2

Is
Cold-Season
an Important
Consideration?

Establish Parameters
for

Baseflow Separation
Sec. 8-8.4

v

\,

Each Gaged Basin/Subbasin

Estimate Al
Time of Concentration
and
Clark’s Storage Coefficient
for

Sec.8-85

v

Prepare Input
Rainfall Sequence for
Each Recorded Storm

Sec. 8-8.6

8-A4

October, 1993



PMF DEVELOPMENT
(Gaged Basins)
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for Unit Hydrograph
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PMF DEVELOPMENT
(Gaged Basins)
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PMF DEVELOPMENT
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PMF DEVELOPMENT
(Gaged Basins)

Select Baseflow
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!
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9 END
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PMF DEVELOPMENT
(Ungaged Basins)
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PMF DEVELOPMENT
(Ungaged Basins)
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II. NATURE OF RUNOFF HYDROGRAPHS
A. Unit hydrograph approach for modeling the rainfall-runoff

process

TIME

RAINFALL 4
INTENSITY

DISCHARGE ¢

Runoff hydrograph usually consists of a fairly regular lower portion
that changes slowly throughout the year and a rapidly fluctuating
component that represents the immediate response to rainfall.

The lower, slowly changing portion of runoff is termed base flow.
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