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PRESENTACION

Los estudios de Ope;aéién y Seguridad del Sistema de Embalses de Valdesia
fueron ejecuta&os conjﬁntamente por el Instituto Nacicnal de Recursos Hidrauli-
cos (INDRHI) de la Repiblica Dominicana, la Universidad del Estado de Colorado
(CSU) y el Instituto Interamericano de Cooperacidén para la Agricultura (IICA)

a través del Contrato IICA/INDRHI/CSU firmado el 6 de abril de 1984. Los es-
tudios se iniciaron el 6 de agosto de 1984 y finalizaron el 31 de agosto de
1986.

Los estudios fueron financiados por el INDRHI a tra&és del préstamo
1655-D0 del Banco Mundial.

La ejecucidén de los estudios se desarrolld en seis areas:

a) Estudios Hidroldgicos

b) Operacién Mormal

c) Operacidon de Emergencia

d) Inspeccidén, Mantenimiento y Seguridad de Presas

e) Organizacidn para la Operacidén del Sistema de Embalses
f) Entrenamiento y Transferencia de Tecnologia

En este documento se incluye parte del material técnico del Informe Final,

el cual consta de los siguientes volaimenes:

-Resumen

-Estudios Hidroldgicos

-Operacidn Normal

-Estudios de Operacidn de Crecidas

-Estudios de Inspeccidn, Mantenimiento y Seguridad de Presas

-Organizacidén y Funciones para la Operacidon del Sistema de Embalses
de Valdesia.
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-Transferencia de Tecnologia y Capacitacidn.

-Plan de Operacidn de Emergencia para el Sistema de Embalses de
Valdesia. -

-Plan de Operacidn Normal para el Sistema de Embalses de Valdesia:
(1) Riego y Energfa, (2) Control de Crecidas.

-Manuales de Operacidn de Modelos Computarizados para la Operacién
Normal del Sistema de Embalses.

-Manual de Usuario de Modelos de Sistemas Hidrologicos.

L

Santo Domingo, Repiblica Dominicana
31 de agosto de 1986

DR. JOSE D. SALAS DR. AGUSTIN A. MILLAR
Coordinador por CSU Coordinador General
Estudios Embalse Valdesia
(1ICA)

ING. JULIO M. LLINAS
Coordinador por INDRHI
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VOLUME VI
TRANSFER OF TECHNOLOGY AND TRAINING
6.1 Introduction

An essential and unseparable part of the current study is the
qualification of Dominican Republic staff in the use of the analytical
methods ahd adminisérétive‘ procedures developed in the components
described in previous five volumes. This is wusually accomplished
through the active participation of counterpart personnel assigned to
the project in a training program and through a process of effective
transfer of technology developed outside the Dominican Republic. Just
as the objective of the physical water resourcés system is to provide a
high degree of assurance that the water and energy resources planned
will be available when and where needed and with the quality needed, the
objective of a transfer of technology and training program is to’provide
a high degree of assurance that the human resources will be available
when and where needed both to assure the achievement of the underlying
project goals. Lack of sufficient numbers of qualified staff can cause
the failure of a project jut as surely as drought; inadequate storage
capacity or catatrophic event.

In order to provide for the qualification of the professional staff
in the Dominican Republic to meet this long-range requirement, the
transfer of technology and training components of the project consisted
of several activities. As a part of transferring the technology
developed at Colorado State University, almost all the computer models,
designed specifically with consideration to the available computing
facilities in INDRHI/CDE and other agencies, were implemented in the

Dominican Republic. Their use, with examples, were demonstrated during
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several formal training courses conducted by the CSU staff in the
Dominican Republic. Many other supporting material including text
books, users manuals, reports, etc. were also delivered for informal
training of personnel in the Dominican Republic.

A common deficiency of many personnel training plans and systems is
a préoccup;tion with training a specific person for a specific position.
These programs may fail because human beings, taken as individuals, are
not "reliable" in tﬁe sense of always being available to do the assigned
task year in and year out over the life of the system. In order to
avoid this problem as much as possible, formal group training sessions
were conducted in the Dominican Republic ’Qt several stages of the
project. These sessions usually consisted of intensive short courses,
generally two-weeks 1long, and included lectures and work sessions to
demonstrate the wusage . of wvarious techniques and models in specific
topiecs. These were supplemented by informal training through
correspondence. In addition, formal training at Colorado State
University (CSU) was provided to four counterpart engineers who
participated in the project work and/or attended academic courses at CSU
during the training period.

This volume describes in detail the project activities involved
with the components of transfer of technology and training. Section 6.2
outlines the particulars of transfer of technology program whereas
Section 6.3 consists of the details of the formal and informal training
program. Section 6.4 includes some final remarks and recommendations

for further training and transfer of technology.
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6.2 Transfer of Technology
6.2.1 Software Development and Implementation

Computer models have been employed in almost all phases of
hydrologic studies, normal operation studies, and flood operation
studies. Although, many of the computer models employed in these
studies are available readily on main-frame computers, they cannot be
implemented readily at the counterpart institutions in the Dominican
Republic due to 1limited computing facilities. Consequently, a major
effort was undertaken and successfully completed to convert and/or
modify existing computer models and to develop new models which could be
implemented on the microcomputers currently available at INDRHI and CDE.
These software have been implemented in the microcomputers at INDRHI and
they are intended for use in actual opration of the Valdesia system. 1In
fact, many of the workshop sessions carried out during the training
periods were conducted on microcomputers. In addition to the software
implemented on these small computers, many others were also implemented
and used in the IBM System/34 computer at INDRHI.

The software developed for the Hydrologic Studies and the Flood
Operation Studies have been combined into one single, menu-driven
package named "Colorado State University-Hydrologic Modeling System
(CSU-HMS)". This system is already implemented at microcomputers at
INDRHI and IICA. The software includes capabilities for the following:

1. Precipitation Data Analysis (Programs PCMAPS and OPTIM).

2. Flood Event Simulation (Program HEC-1 of U.S. Army Corps of

Engineers).
3. Flood Forecasting (Program SACKW including software for

plotting results).
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VI-4
4. Reservoir Routing (Program ROUTS including software for
plotting results).
5. Hurricane Track Forecasting (Program MCLIPER and softare for

plotting hurricane tracks).

6. Streamflow Forecasting (Program PCKFA).

Many of the above software are to be used either for future
operation studies and/or real time operation of the Valdesia system. A
separate users manual for the package has been prepared and accompanies
the final report.

Software developed for the normal operation studies consist of two

2

major models:

1. A general dynamic programming code for water resources system

optimization (Program CSUDP).

2. A river basin simulation model (Program MODSIM).

Both of the above models were implemented in the microcomputers at
INDRHI. The CSUDP was used for developing optimal monthly operating
rules. Program MODSIM is developed for real time operation. A separate
users manual (in Spanish) prepared for the wuse of above software
accompanies this final report.

In addition to the microcomputer software, the following main-frame
programs have been provided to the counterparts:

1. DCHANl : Dection of changes in annual time series.

2. EXTEl : Ex;ension of data using a simple linear regression.
3. UMOSEl : Univariate seasonal time series modeling.

4. GENSEA : Seasional data generation.

5. DCSSO4 : Detection of changes in seasonal time series.

6. DISPE : Parameter-estimation for dissaggregation model.
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MISA4

MISSé6

EXTE2
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SWM
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Data generation for disaggregation model.

Extension of data using a multivariate
autoregressive model.

Flood Hydrograph Package - U.S. Army Corps of
Engineers.

Basic statistics, empirical frequency distributions,

fitting normal and log-normal distributions.

'Filling in of missing data in annual time series

using multiple regression.

Filling in of missing data in seasonal time series
using multiple regression.' -

Extension of data wusing a multiple 1linear
regression.

Sample autocorrelation function.

NWS (Andersion) version of the Stanford Watershed
Model.

Nonlinear least squares optimization program.
Main-frame version of PCMAPS which account for

elevation effects.

6.2.2 Technical Publications, Reports and Training Documents

During the course of the project, several technical material were

provided to the counterparts. These include:

1.

2.

Text books in Hydrology and Water Resources Area.

Users manual of computer programs.

Various research reports on topics related to the project.

Copies of articles published in technic&al journals.
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5. Specially prepared (both in Spanish and English) lecture notes

for training sessions.
Many of the above material were used for reference during formal
training sessions. A complete 1list of these documents are given in

Appendix 6.A.

6.3 Training
6.3.1 Formal Training in Dominican Republic
Four formal training sessions were organized and conducted in
Dominican Republic by the CSU staff:
1. Special training course on basic comcepts of techniques used
in the project. This was held in March, 1985.
2. First formal training course.
3. Short course on Project Operation in Water Resources using a
Sytems Approach.

4, Second formal training course.

6.3.1.1 Special training course

This two-week special training session was held during March 11-22,
1985. The first week covered the basic concepts of the topics of
hydrology and economics whereas the second week was devoted to an
introduction to systems analysis. Following is a brief description of
different topics covered and other details of the short course.

Hydrology. The major objective of this portion of the March Short
Course was to present to the participants of the Valdesia project, and
to the participants from INDRHI and CDE, the basic 'concepts of

stochastic hydrology and hydrologic modeling. Tﬁe material focussed on
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the techniques to be used for tasks of hydrology, data generation and
emergency operation. This background on basic concepts was deemed
necessary if participants were to continue in the future advanced
training sessions without much difficulty.

Considerable time and effort was spent planning the training
course. Since the medium of instruction which 1is familiar to the
participants 1in the bominican Republic is Spanish, most of the lecture
notes were translated into Spanish. Also, during the short course,
a CSU staff member translated all the lectures and discussions. In our
opinion this was not a hinderance to effective communication in regard
to subject matter. Several computer programs with example data sets on
all the topics covered in the short courses were also prepared. In
addition, copies of several publications, reports and text books were
left at INDRHI for future use by the project personnel.

The course was attneded by 28 participants. Among them were five
civil engineers from CDE, nineteen civil engineers from INDRHI, two
agricultural engineers from INDRHI, a geologist and a programmer both
from INDRHI. The group of participants was excellent and very keen for
learning the relatively new topics that they were exposed to (sometimes
for the first time). The subject of stochastic hydrology in general is
not covered in the undergraduate curricula in many universities, and to
most students who have completed only an undergraduate degree, it is a
relatively new topic. Although many participants had limited past
knowledge of basic probability and statistics, the course was effective
in communicating the basic concepts at a level that they could grasp

without much difficulty.






e B AR B BN B B W B

VI-8

Table 6.B.1 1in Appendix 6.B shows the detailed schedule of the
first week of the training course. Basically, all of the morning
sessions were devoted to lectures on basic concepts, and the afternoon
sessions were exclusively for problems and computer applications. The
entire class was divided into five groups for the problem and computer
terminals. However, this grouping facilitated effective discussion
among participants. The daily sequence of lectures, problem sessions,
and computer sessions wsas very effective for demonstrating the
application of the basin concepts and the utility of computer programs
that were taken to the Dominican Republic.
Normal Operation. During the week of March 18-22, 1985, the second
part of the short course dealing with "Introduction to Systems Analysis"
was presented at INDRHI. The overall goals of the course were to
present the basic concepts of systems analysis and to give the course
participants experience in wusing optimization computer programs. The
short course covered the following topics:
- Concepts of Systems Analysis
- Concepts of Models
- Characteristics and Uses of Simulation Models
- Introduction to Linear, Non-Linear, and Dynamic Programming
Optimization

- Application of Simulation to Develoop Reservoir Operation
Guidelines

- Application of Linear and Dynamic Programming Models to Develop
Reservoir Operating Rules

- Application of Dynamic Programming. to Estimate Reliable Water

~

Yield from a Reservoir
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Economics. The text: "Planeamiento de Proyectos para Economias en
Desarrollo,” by W. W. Shaner was copied and left with INDRHI.
The following topics from the above text were covered:
Conditions in the developing countries (Chapter 1)
Macroeconomic planning (Chapter 1)
Project planning (Chapter 2)
Cash flow analysis (Chapter 3)
Principles of engineering economy (Chapter 3)
Criteria for decision making (Chapter 4)
Multiple alternatives (Chapter 5)
Handling inflation (Chapter 5) Ve
Alternative discout rates (Chapter 6)
Handling uncertainty (Chapter 6)
Shadow pricing (Chapter 7)
Externalities (Chapter 8)
Financial analyses (Chapter 10)
The following problems were assigned and solved:
Solving interest problems
Applying the criteria for decision making
Multiple alternatives
Sensitivity analysis
Shadow pricing
Externalities

Finance
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6.3.1.2 First formal training course

This training course was held during the two week period of July
15-26, 1985. The course was primarily intended for presentation of
specific methods that are being used in the various phases of the -
project. It was attended by fourteen participants from INDRHI, CDE and
IICA. Among them were: (a) seven civil engineers, one economist, and a
programmer from INDRHI; (b) two civil engineers and two electrical
engineers from CDE; and (c) a civil engineer from IICA.

The schedule of the short course is given in Table 6.B.2 in
Appendix 6.B. The participants received hands on experience on many of
the computer models that were being used in’'the project. Most of the
course material covered in the training course were distributed to the
participants. Some of this material was translated into Spanish. The
medium of instruction for the training course was Spanish and assistance

from translators was obtained when necessary.

6.3.1.3 Special short course on project analysis using systems approach

This special course was presented by Prof. J. W. Labadie and Ing.
V. Floris during the week of March 17-21, 1986. The course objective
was to train the supervisory level technicians on techniques of systems
engineering applied to water resources projects analysis and operations.
It was attended by 35 technicians, 21 from INDRHI; 8 from CDE; two from
UNPHU and UCMM; and ghree from IICA. -The course schedules topics

covered are given in Table 6.B.3, Appendix 6.B.
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6.3.1.4 Second formal training course

This training course was held during the period June 12-20, 1986.
The primary objective of this course was to present all the results of
various components to counterparts who will be directly involved with
the follow-up activities of the project. The course was attended by
counterpart technicians from INDRHI, CDE, and IICA. The course content
is outlined in Table 6.B.4 of Appendix 6.B. Several demonstration
sessions of the software developed and implemented in microcomputers at
INDRHI were conducted. Formal and informal discussions held during the
session benefitted both the counterparts and the CSU staff in defining

the modifications and additions to the final products.

6.3.2 Formal Training at Colorado State University

Three engineers from INDRHI (A. Perez, J. Piementel, and M. Roa)
and one engineer from CDE (E. Garcia) participated in the project
activities at Colorado State Univesity (CSU). During their study at CSU
they received training in usage of many of the computer models used for
the project and helped in resolving many issues concerning both normal
and flood operation studies including those related to data.

of Cou arts from IN . As a part of his training,

Mr. Andrez Perez enrolled in three courses offered by the Department of
Civil Engineering at Colorado State University. Following is a list of
the three courses:

(a) Engineering Hyrology

(b) Optimization in Hydrology and Water Resources

(c) Stochastic Processes in Hydrology
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Mr. Perez satisfactorily completed the above courses. During off-
class hours, Mr. Perez spent some time at the Engineering Research
Cetner to receive 1informal training and work with other researchers
involved in the project. He became familiar with several computer
programs that are being used at CSU for this project. Mr. Perez
assisted in the calibration and 1mp1emeﬁtation of computer packages used
for hydrologic and reservoir operation studies of the Nizao basin. 1In
particular, Mr. Perez was involved in: (a) the calibration of HEC-1
flood hydrograph package for Nizao basin; (b) precipitation data
analysis using areal averaging techniques; and (c) running computer
programs in stochastic modeling and data 'generation. He was also
involved in writing a users manual in Spanish for one of the programs.

Mr. Juan Piementel, an engineer from INDRHI also began his training
on dam safety and inspection component of the project. He attended two
courses at CSU: (a) Control of Floods and Droughts; and (b) Risk
Analysis. He also attended a short course on Flood Technology and an
International Hydrology Symposium held at CSU. However, his training
was interrupted because of illness.

During several visits of Mr. Modesto Roa from INDRHI, he received
training and participated in many activities related to normal operation
studies. In particular, he gained a strong familiarity with the
computer model MODSIM and was of considerable assistance in resolving
many issues concerning data.

T .o Count ts om CDE. Mr. Eldon Garcia from CDE
visited CSU and participated in project work during the months of
November and December in 1985. He gained a strong familiarity with the

.~

computer model MODSIM and was of considerable assistance to CSU staff in
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resolving many issues concerning both normal and flood operation studies

including those related to data.

6.3.3 Informal Training

During the‘ period of the project informal training of counterpart
personnel were carried out through visits of CSU staff and through
correspondence.

In particular, during the week of November 19-23, 1984, Dr. D.
Fontane, while visiting with Dr. J. Salas, W. Shaner and Mr. V. Floris,
assisted the counterparts in implementing the computer codes provided
during the early stage of the project. More specifically, the CSUDP was
simplified so that it could be implemented in the IBM System 34 computer
available at INDRHI. Some examples were run and some others were left

for later implementation.

6.4 Final Remarks and Recommendations

Considering the products and activities associated with the
transfer of technology and training, it may be remarked that the
original objectives of this component as set out by the CSU staff were
successfully achieved. The software developed have been specially
tailored to facilities available in the Dominican Republic and
successfully implemented. Adequate technical material and training
documents have been provided to the counterparts for féllow-up work on
technology transfer and training. Several.technicians have been trained
on various aspects of the project and their duty is to train other
counterparts with their new knowledge. The achievement of overall

objectives however, will not be completed unless the counterparts will
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follow up the various activities initiated in this component of the

project. Some specific recommendations in this direction are as
follows:
1. Trained personnel should be assigned to maintain and update

the various computer models installed in microcomputers at
INDRHI.

2. Experience should be gained by counterparts by applying the
computer models to other reservoir systems in the country and
this would be the key to successful implementation of the
models for Valdesia system.

3. The models and other material providéd to counterparts must be
distributed to various agencies involved in water related
activities.

4. The technical publications and training documents must be
compiled and catalogued in one place so that counterpart
personnel have easy access to them in the future. Those
written in English should eventually be translated to Spanish.

5. Formal training courses for other counterparts must be
conducted every year by those who were trained in this project

on the various techniques and the computer models.
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APPENDIX 6.A

List of Technical Publications, Users Manuals and
Training Documents Provicad to Counterparts

-

Bridgeman, S., Dynamic programming in reservoir operation studies. In:
Application of Dynamic Programming to Water Resources Management
(Short Course), Fort Collins, Colordo, 1980. pp. 255-260.

Burnash, R., -R. Ferral, and R. McGuire, A generalized streamflow
simulation system conceptual modeling for digital computers, Joint
Federal-State River Forecast Center, California, 1979.

CSU-HMS, Colorado State University Hydrologic Modeling System - User’s
Manual, developed by J. T. B. Obeysekera, G. Q. Tabios III, J. D.
Salas, and H. W. Shen, Department of Civil Engineering, Fort
Collins, Colorado 80523, 1986. -

Dedrick, A. R. and D. Z. Zimbelman, Automatic control of irrigation
water delivery to and on farm in open channels. Grenoble, ICID,
PP. 113-127, 1981.

Faux, J., R. Lazaro and J. V. Lababie, Optimal operation of complex
water resources projects: U.S.-Phillipine research collaboration,
National Science Foundation, Washington, D.C., December 1983.

Fiering, M. B. and B. B. Jackson, Syntehtic streamflows, Water Resources
Nomograph No. 1, American Geophysical Union, Washingtonm, D.C.,
1971.

Fontane, D. G., Models for 1lake and river analysis, Colorado State
University, Fort Collins, 6 p., 1984.

Labadie, J., Lecture notes on multipurpose reservoir management, (DP
Approach).

Labadie, J. W., Nonlinear programming and search techniques, Colorado
State University, Fort Collins, 9 p., (Lecture #27), 1980.

Labadie, J., Lecture notes on El Programa MODSIM.
Labadie, J., Lecture notes on solving stochastic problems with CSUDP.

Labadie, J. W., Introduction to dynamic programming, Colorado State
University, Fort Collins, 26 p., (Lecture #2), 1980.

Labadie, J. W., Tools of systems analvsis: Simulation, Colorado Staﬁe
University, Fort Collins, 10 p., (Lecture #9), 1980.

Labadie, J. W., Tools of systems analysis: Opfimizacion. Colorado State
University, Fort Collins, 10 p., (Lecture #10), 1980.
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Labadie, J. W., Development of reservoir operating rules, Colorado State
University, Fort Collins, 12 p., (Lecture #14), 1980.

Labadie, J. W., Development of reservoir operating rules, Colorado State
University, Fort Collins, 11 p., (Lecture #15), 1980.

Labadie, J. W., Curso de Operacién de Proyectos de Recursos de Agua: Un
Enfoque de Sistemas, Santo Domingo, Reptblica Dominicana, Contrato
IICA/INDRHI/CSU, 170 p., 1986.

Labadie, J., ed., Scripts for videotape on management of water
resources: A system approach, Colorado State University, 1978.

Labadie, J., ed., Application of dynamic programming to water resources
management, Research Institute of Colorado, June 1980.

Labadie, J. and D. G. Fontane, Development of a methodology to improve
opportunitis for exchange hydropower resources in the western U.S.:
Colorado River basin study, Western Area Power Administration, U.S.
Department of Energy, Golden, Colorado, October 1982.

' .

Labadie, J., "Drought contingency model for water control at Corps
Reservoir in the Ohio River Basin: Cumberland Basin case study,
Reservoir Control Center, Ohio River Basin, U.S. Army Corps of
Engineers, Cincinnati, Ohio, March 1983.

Labadie, J. W., D. G. Fontane, V. Floris and N-F. Chou, Manuales de
Operacion de Modelos Computarizados para la Operacion Normal de
Sistemas de Embalses, Department of Civil Engineering, Colorado
State University, Fort Collins, Colorado 80523, July 1986.

Labadie, J. W., D. G. Fontane and J. D. Salas, Impact of indexed
sequential modeling on hydrogeneration capacity estimation: A
comparative study, Project Cooperation Report to the Western Area
Power Administration, Division of Power Resources - A6300, Golden,
Colorado, July 1984.

Labadie, J. W. and d. Heermann, Esquema éptimo de riego de surcos usando

programacién 1lineal, Colorado State University, Fort Collins,
10 p., 1985.

Labadie, J. and R. Lazaro, Computer simulation results for proposed
Phase I integrated VPP-SCP project, Cypress, Technical Report for
the World Bank, Washington, D.C., February 1983.

Labadie, J., A. Pineda, and D. Bode, Network analysis of row water
supplies under complex water rights and exchanges: Documentation
for program MODSIM3, Technical Completion Report, Colorado Water
Reservoir Research Institute, Colorado State University, Fort
Collins, March 1984.

Neumann, C. J., An alternace to the HURRAN tropical cyclone forecast
system, NOAA Tech. Memo NWS SR-62, 24 pp., 1972.
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Neumann, C. J., Trends in forecasting the tracks of Atlantic tropical
cyclones, Bulletin of the Meteorological Society, Vol. 62, No. 10,

1981.

Neumann, C. J., G. W. Cry, E. L. Caso, B. R. Jarvinen, Tropical cyclones
of the North Atlantic Ocean, 1871-1980, National Hurricane Center,
Miami, 1981. ‘

Neumann, C. J. and J. M. Pellissier, Models for prediction of tropical
cyclone motion over the North Atlantic: An operational evaluation,
Monthly Weather Review, Vol. 109, pp. 522-538, 1981.

Obeysekera, J. T. B., Lecture notes on HEC-1.
Obeysekera, J. T. B;, Lecture notes on flood forecasting.
Obeysekera, J. T. B., Lecture notes on hypothetical floods.

Obeysekera, J. T. B., Continuous streamflow modeling. Washington, D.C.,
International Water Resources Institute, George Washington
University, 93 p., 1983. B

Obeysekera, J. T. B. and F. Pons, Conceptos basico de hidrologia y
procesos estocésticos, Santo Domingo, R. D., Contracto
IICA/INDRHI/CSU, 121 p., 1985.

Pleban, S., J. W. Labadie and D. Heermann, Optimal short term irrigation
schedules, Transactions of the ASAE, 26(1):141-147, 1983.

Salas, J. D., J. W. Delleur, V. Yevjevich, and W. L. Lane, Applied
Modeling of Hydrologic Time Series, Water Resources Publicationms,
Littleton, Colorado, 1980.

Salas, J. D. and R. A. Smith, Computer programs for modeling and
generation of hydrologic time series, Department of Civil
Engineering, Colorado State University, Fort Collins, Colorado,
July 1981.

Shaner, W., Lecture notes on esquema sobre los beneficios del estudio
del embalse Valdesia.

Shaner, W. W., Planeamiento de proyectos para economias en desarrollo,
Lima, Pert, Ministerio de Agricultura y Alimentacién, 325 P., 1984,

Shen, H. W., Lecture notes on risk-based approach to dam safety
assessment. '

Tabios, G., III, J. Salas, Un programa para mapeo hidrolégico
Interpolacién y Promedio areales.

U.S. Army Corps of Engineers, Hydrologic engineering methods for water
resources development, Volumes I to IX_, Hydrologic Engineering
Center, Davis, California, 1971.
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U.S. Army Corps of Engineers, HEC-1 flood hydrograph package user’s
manual, The Hydrologic Engineering Center, Davis, California, 198S.

List of Thecnical Publications Provided to Counterparts

on Dam Inspection and Security

A. Documents

Crhistopolus, George L.; Comp. Guidelines for maintenance and inspection
of dams in Wyoming. Cheyemne, Wyoming; Wyoming State Engineers Offi
ce, 1981, iii, 30 hojas: fotos.

Commonwealth of Pemmsylvania. Department of *Exvironmental Resources. Dam
safety and enchochaments act. Harrisburg, Pennsylvania: Bureau of Dams
and Waterway Management, 1978. 16 p.

Commonwealth of Virginia. State water control board. Proposed ammended
regulations for issuing construction permits and to operate and main-
tain impouding structures and impoundments. Richmond Virginia, 1982.
26 hojas.

Department of the Armmy. Office of the chief of engineers. Report of the
chief of engineers of the Secretary of the Army on the National Pro .-
gram of Inspection of Non-federal Dams. Washington, D.C., 1982. 150 p.

Texas Department of Water Resources. Phases Inspection report National
Dam Safety Program/report prepared by Texas Department of Water Re-
sources Austin, Texas, 1978. vii, 91 hojas: fotos, mapas.

Idaho Department of Water Resources. Dam maintenance standards CH2M Hill,
1981. ca. 108 p.
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McCann, Martin W., Joéeph B. Franzini & Haresh C. Shah. Preliminary safe-
ty evaluation of existing dams. Standford, California: Stanford
University, 1983. 3 v.

(

Mississippi Department of Natural Resources. Bureau of Land and Water Re-
sources. Water laws: Mississippi cod of 1972 as ammended. Jackson,
Mississippi, 1973, 24 p.

4

1

Stanford University. Application of risk analysis techniques in the asses
ment of dam safety. Draft report/Stanford California: Stamford
University/180 hojas.

State Engineer. Manual of rules and regulations: Governing the appropria
tion and use of the surface waters of the State of New Mexico. Santa
Fe, New Mexico, 1953. 39 p.

1

-y . . -

-
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10.

11.

12.

13.
14.
15.

16.
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State Engineer of Colorado. Division of Water Resources. Manual of rules
and regulations for filling dams to water and plans and specificati -
vity for the construction of reservoir dams. 29 p. 1967.

State of Idaho Department of Water Resources Statehouse. Minetailings im-
poundment structures: rules and regulation. Boise, Idaho, 1980. 39 p.

State of Illinois. Department of Transportation. Division of Water Re -
sources. Procedural guidelines for preparation of technical date to
be included in applications for permit for constructive and maintenan
ce of dams. Springfield, 1Illinois 1981. 23 hojas.

Miscellaneous Materials

State Dam regulation questionaire (3 p).

Annual Report FY 1981-82 - Dam Safety Branch (29 p)

Notice of the requirement for emergency preparedness for high hazard dams
(18 p). "

Dam Safety Act. House Bill N° 240 (3 p).
1981 Century Code (4 p).

Preliminary Safety Evaluation of Existing Dams. Vol. II User Manual. May
1983 (54 p).

Preliminary Safety Evaluation of Existing Dams. Vol. II User Manual (Glo--
ssary terms and others) (49 p).

Pressure test requirements for outlets and pipelines in dams (1 p).
Instrumentation of new dams (1 p).

Filter design criteria for chimmey drains, filter blankets and toe drains
(2 p).

Spillway Sizing Policy (1 p).

Changes to the rules and regulations in the Manual of Rules and Regulations
of Reservois Dams (2 p).

Dam construction (2 p).
Inspection and maintenance of nonpower water control projects (12 p).
Use and protection of waters

Earth dam failures (2 p).
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20.

21.

22,

23.

24.

25.

26

27.

28.

29.

30.

31.

32,

33.

34.
35.
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Dam safety branch policies (5 p).

Safety of Existing Dams, Evaluation and Improvement, National Academy
Press, Washington, D.C.

"Georgia Safe Dams Act 1978 and Rules for Dam Safety', Georgia Dept. of
Natural Resources, Atlanta, Georgia.

"Guidelines and Forms of Inspection of Illinois Dams', State of Illinois
Dept. of Transportation, Springfield, Illinois.

Regulation Governing Safety of Water Power Projects and Project Works,
United States of America Federal Energy Regulatory Commission.

Requirements for Dams and Reservoirs, = Texas Water Develoment Board.

"Recommended Guidelines for Safety Inspection of Dams', Department of the
Army, Office of the Chief of Engineers, Washington, D.C.

Safety Evaluation of Existing Dams, Water Resources Technical Publication,
United . States Department of the Interior, Water and Power Resources
Service, Denver Colorado.

Statutes and Regulations Pertaining to Supervision of Dams and Reservoirs
1983, State of California, Department of Water Resources, Division
of Safety of Dams.

"A General Discussion of Dam Breach Analyses,'", Commonwealth of Kentucky,
Department for Natural Resources and Environmental Protection Boreau
of Environmental Protection Division of Water.

Rainfall Frequency Values for Kentucky, Commonwealth of Kentucky, Dept.
for Natural Resources and Environmental Protection Bureau of Envi-
ronmental, Division of Water.

Guidelines for the Geotechnical Investigation and Analysis of Existing
Earth Dams, Commonwealth of Kentucky, Dept. for Natural Resources
and Environmental Protection, Division of Water.

Design Criteria for Dams & Associated Structures, Commonwealth of Kentucky,
Natural Resources and Environmental Protection Cabinet Departmenf for
Environmental Protection Division of Water.

Intense Rainfalls in Kentucky, Commonwealth of Kentucky, Natural Resources
and Environmental Protection Cabinet, Dept. for Environmental Protec-
tion, Division of Water.

Interoffice Memorandum, Texas Dept. of Water Resources.
"Rules and Regulations Governing the Appropriation and Use of the Surface

Waters of the State of New Mexico", Office of the State Enginners,
State of New Mexico. )
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36.

37.
38.

39.

40.

41.
42.
43.
44,

45.

46.

47.

48.

49.
50.
51.
52.

53.

54.

55.
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"Inspection Report on Existing Dam'", Permits Division, Texas Division of
Water Resources.

"Bill enacted by the General Assembly of Georgia', State of Georgia.

Lessons from Dam Incidents, International Commission of Large Dams, 75008
Paris.

American Society of Civil Engineers. Inspection, maintenance and rehabi-
litation of old dams. USA, ASCE, 1973.

American Society of Civil Engineers. Lesson from dam incidents, USA. USA,
ASCE, 1975.

American Society of Civil Engineers. Safety of small dams, USA, ASCE, 1974.
ASCE. Dam safety research: current, planned and future. USA, ASCE, 1983.
""Materials Concerning Dam Safety Inspection Guidelines"

"Safety Evaluation of Existing Dams Program".' -Bureau of Reclamations".

"Preparation of Technical Data Book'". Bureau of Reclamations. April 8,
1981.

Draft: '"Guidelines for Safety Evaluation of Mechanical Equipment". J.A.
Delapp.

"Agreement between OEDC and Power on Inspection and Maintenance of Hydre-
electric Projects Periodic Joint Inspection Program".

Safety of Dams Manual, U.S. Section International Boundary and Water Commi
ssion. J.F. Friedking. May. 1978.

"Federal Agency Questionaire'. Report to Congress. 1975 Vol. I
"Design Review Unit Policies for ISWT and ECD"

"Determination of the Safety and Sufficiency of Dam of Reservoir".
"Main Rivers and Streams Inspection of Dams and Reservoirs.

Maryland: Policy of State... Appropriation or use of waters Reservoirs
and Dams.

Maryland State Dept. of Natural Resources. Rules and Regulations governing
construction of Non Tidal Waters and Floodplains: (1978).

Letter from Jeffrey Smith, State of Maryland, Re: Dam Statute and Regula-
tions.
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56.

57.

58.
59.
60.
6l.

62.

63.

64.

65.

66.
67.
68.

69.

70.

71.

72,
73.
74 .
75.

76.
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Memorandum from Jeffrey Smith, State of Maryland Department of Natural
Resources Water Resources Administration. Re: U.S. Committee on
Large Dam USCOLD "Model Law for State Supervision of Safety of
Dams and Reservoirs". (1970)

"General Guidelines'. Emergency Action Plan Development for Impounding
Structures.

NDI Program Sumﬁary Statistics. Maryland.

State of Michigan Dam Construction Approval Act. (1971).

Attachment: Dam Safety Permit Review Procedures.

Minnesota Code of Agency Rules. Dept. of Natural Resources. '"'Dam Safety"

State of New Jersey. Act. Concerning construction, inspection, Repair
and safety of dams and reservoirs. (3/13/80).

Water Law. New Mexico. -

New Mexico State Engineer Office. Engineering Review Project Check List
(3/23/81).

Estes Flood Blames on Pipe Flaw (Denver Post, 3/3/83).
"Lawn Lake Dam Failure'". Graham and Brown (12/82).

U.S. Dept. of Interior Letter from Robert Lanky (4/1/83).
"Dam Failures in Wisconsin.

Series of Letters written to various Water or Natural Resources Authori-
ties. (Ca. Nov. 1981).

Series of letters from Federal or Interstate Water Commisions, Bureau of
Reclamations, etc.

“Dam Safety: Physical and Legal Aspects'. (CSU) Doehring, Charlie and
Montgomery.

Newspaper articles (6).

General information for owners of dams and reservoirs (1 p.)

Appropriation and use of surface water. Oregon Administrative Rules (8 p).
Flood leaks in Texas (2 p).

Recommendation for maintenance and repair of earthfill dams and appurtenant
works (8 p). .
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78.
79.
80.
81.

82.
83.

84.

85.
86.

87.
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Natural resources and community Development (1 p).

Engineer's certificate of completion of dam projects &l P).

What you need to know about owning a dam (2 p).

Land Quality (2 p).

Maintenance and repair of dams, levees, dikes and floodwalls. (Indiana, 6 p)

Tennesse. Department of Conservation. Division of Water Resources. The sa
fe dams act of 1973. 12 p.

Thonias, Henry A. '"Accidents to large dams" 1In: The engineering of lar
ge dams. New York: John Wiley, 197 - 2 hojas.

United States Committee cfLarge Dams. Committee on failures and accidents to
Large Dams. Lessons form dam incidents USA New York, New York: Ameri -
can Society of Civil Engineers, 1973. 101 p.

Virginia State Water Control Board. Bureau of Water Control Management. Sa-
fety evaluation of small earth dams. Richmond, Virginia, 1982, 20 p.

Walters, Joseph D. Guidelines of the determination of spillway capacity re-
quirements. Arizona water commission, 1974, revisado 1976: 10 hojas.

West Virginia Dam Control Regulations. Department of Natural Resources. Dam
control regulations: Chapter 20, Article 5 D. 26 p., 1981.
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APPENDIX 6.B

Schedules of Training Courses
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Table 6.B.1.
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Schedule of lectures, problem sessions and computer

sessions of March, 1985 Training Course.

Monday, March 11, 1985

9:

10:

11:

11:

12:

:45- 5

:00- 6

00-10:
15-11:
lS-ll:

30-12:

30- 2

:00- 3:

Tuesday,

8:15-10:
10:00-10:

10:30-12:

12:15- 2:
2:00- 3:
3:45- 5:

5:00- 6

00

15

30

30

:00

30

:00

100

March

00

30

15

00

00

00

:00

Inauguration
Dr. Shaner, Economics
Break

Dr. Obeysekera, Basic concepts of Probability theory and
Statitics

Lunch
Problem session: Dr. Shaner, Economics
Problem session, Obeysekera, Pons, Basic Statistics

Computer session, Obeysekera,® -Pons, Ventura, Program
BASIC

12, 1985
Dr. Shaner, Economics
Break

Dr. Obeyserka, Transfer of Information Detection of
Changes Filling In, Extension of Data.

Lunch
Problem session: Dr. Shaner, Economics
Problem session: Obeyserkera, Pons, Detection of Changes

Computer session: Obeysekera, Pons, Ventura, Program
CDSSO4, Program EXTE2

Wednesday, March 13, 1985

8:15-10:00

10:00-10:30

10:30-12:15

12:15- 2:00

2:00- 3:30

3:45- 5:00

Dr. Shaner, Economics

Break

Dr. Obeysekera, Basic Concepts of Stochastic Hydrology
Lunch

Problem session: Dr. Shaner, Economics

Problem session: Obeysekera, Pons, Data Generation
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Table 6.B.2. Schedule for First Formal Training Course, July 15-26,

1985.

A. Week of July 15-19, (Dr. J. Salas, Dr. J. Labadie, Mr. Vinio

Floris)
Day 1: 8:00- 8:30

8:30-10:15

10:45-12:15

2:00- 345

4:00- 5:30

Day 2: 8:15-10:15

10:45-12:15
2:00- 345
4:00- 5:30

Opening

Dr. Labadie

Overview of methods for developing reservoir
operating rules

- Survey of actual practice in U.S.

- Simulation methods

- Optimization methods

Introduction to Program MODSIM

- Network flow concepts

- Data requirements

- How to run MODSIM

Dr. Salas '

Stochastic Modeling and Data Generation

Dr. Labadie, Vinio Floris

Workshop on:

- Hand calculations for network flow simulation

- Introduction to file manipulation and editing
on IBM-PC

- Simple Valdesia problem on PC

- Setup and solution

Dr. Salas
Workshop on
Generation

Stochastic Modeling and Data

Dr. Labadie

Valdesia Reservoir:
MODSIM

- Irrigation demands (ET model)
- Power demands

- Inflows

- Reservoir and power plant

Data requirements for

Dr. Salas .
Stochastic Modeling and Data Generation (cont.)

Dr. Labadie, Vinio Floris

Workshop on:

- Calibration run for Valdesia with MODSIM

- Practice with sensitivity of operations to
changes in priorities and demands

Dr. Salas

Workshop on Stochastic Modeling and Data
Generation (cont.)
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Day 3: 8:15-10:15

10:45-12:15
2:00- 3:30
3:00- 5:00

Day 4: 8:15-10:15

10:45-12:15

2:00- 5:00

Day 5:

B. Week of July 22-26,

Day 1: 8:15-10:15

10:45-12:15
2:00- 3:45
4:00- 5:00

VI- 28

Dr. Labadie

Finding optimal operating rules

- Deterministic dynamic programming (DP)
- Program CSUDP on the PC

Dr. Salas
Precipitation data analysis

Dr. Labadie, Vinio Floris

Workshop

- Running CSUDP on the PC

- Problem setup and solution

- Interfacing with MODSIM to improve operations
for Valdesia Reservoir

Discussion of Technical Report on Normal
Operation

Dr. Labadie
Stochastic Operating Rules
- Stochastic DP

Dr. Labadie

Feedback Control Laws (Feedforward control)
Optimal Control Theory: Program OPTCON
Forecasting and Control

Dr. Labadie, Vinio Floris

Workshop on:

- Running stochastic DP problem for Valdesia
Hand calculations

Review

Informal observations

Questions

Dr. Labadie, Vinio Floris
Visit to Valdesia Dam and Irrigation Area

(Dr. Shen, Dr. Shaner, Dr. Obeyserka, Mr. Pons)

Dr. Shen
Introduction to Dam Safety Analysis

Dr. Shaner

Review of concepts presented in March training
course and introduction to case study

Dr. Shaner
Case study assignment

Dr. Shen

Example for a dam saféty risk analysis (same
used by U.S. Government)
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Day 2:

Day 3:

Day &4:

Day 5:

8:15-10:

10:45-12:

2:00- 3:

3:30- 5:

8:15-10:

10:45-12:

2:00- 3:

4:00- 5:

8:15-10:

. 10:45-12:

2:00- 3:

4:00- 5

8:15-10:

10:45-12:

2:00- 3:

30

30

15

15

45

30

15

15
45
30
15
15

45

VI- 29

Dr. Shen
Dam Safety Inspection and Maintenance
Procedures

Dr. Shaner

Review of the economic situation in the
Dominican Republic with discussion of shadow
prices, etc.

Dr. Shen

Workshop on Dame Safety

(Continuation of Dam Safety Risk Analysis by
U.S. Government) .

Discussion of Technical Report on Emergency
Operationand Dam Safety

Dr. Shaner
Power production and use of additional water
from better operation

Dr. Obeysekera
Workshop on precipitation data analysis:
Program PCMAP

Dr. Shaner
Class assignment on power production

Dr. Obeysekera
Rainfall-runoff modeling
Introduction to HEC-1

Dr. Shaner

Agricultural production and use of additional
water from better operation

Dr. Obeyserkera
Watershed modeling with HEC-1

Dr. Shaner
Class assignment on irrigated agriculture

Dr. Obeysekera
Workshp on HEC-1

Dr. Shaner
Benefits from better flood protection

Dr. Obeysekera
Flood forecasting and reservoir routing studies

Dr. Shaner

Assignment on flood protection and wrap up of
concepts presented
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4:00- 5:30
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Dr. Obeysekera
Workshop on flood forecasting and reservoir
routing studies
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Table 6.B.3. Course Schedule on Concepts of Project Analysis of Water
Resources Using System’s Approach
Dia Lunes 17/03/86
Manana: Conceptos _bisicos de sistemas aplicado a problemas
operacionales en recursos hidriulicos.
- E1 "Efoque de Sistemas" en la solucién de problemas.
- Sistemas computarizados para apoyo al proceso de toma
de decisiones en recursos hidréulicos.
- Desarrollo de reglas de operacién de embalses.
- Modelos y metodologias para la programacién destiego.
Tarde: Introduccién al modelaje de flujo en redes (Network Flow
Modeling) para simular sistemas complejos de recursos
hidrauylicos.
- EJemplo de célculos manuales.
- Uso del programa MODSIM para la IBM-PC.
Dia Martes 18/03/86
Manana: Mejoramiento del desempeno de proyectos de riego e
hidroeléctricos.
- Estudio de casos: Cuenca del rio Alto Pampanga.
. Filipinas.

- Aplicacién del MODSIM.

- Maximizacién de la energia confiable de acuerdo con las
necesidades de riego.

- Reglas de operacién durante sequia.

- Localizacién de deficiencias de diseno y de operacién
en el sistema.

- Importancia de las operaciones integradas.
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Tarde:

Miérc

Manana:

Tarde:

Vi

Manana:

VI- 32

Taller usando el sistema de embalse Valdesia como estudio
de caso:
- Montaje del MODSIM.
- Requerimientos de informacién y calibracién.
- Inc orporacién de objetivos maltiples: Andlisis de
intercambio (Tradeoff). |
s 19/03/86
Uso de 1la Programacién Dindmica para encontrar relgas
éptimas de operaciénm. .
- Problemas de decisiones secuenciales en j:ecursos
hidraulicos. '
- Concepto de "control de retroalimentacién”.
- Introduccién a solucién de las ecuaciones recursivas de
*~ la programacién dindmica.
- Problemas de ejemplo en distribucién de agua y

operacién de embalses.

Introduccién al Programa CSUDP

Cilculos manuales para un ejemplo simple.

Uso del Programa CSUDP.

Estudios de caso del Embalse Valdesia.

Obtencién de Reglas de Operacién que puedan ser usadas
en el MODSIM.
0 6
Funciones objetivo complejas en operacién de sistemas de
recursos hidréulicos.
- Concepto de confiabilidad de energia de suministro de

v

agua.
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- Cémputo de las curvas de intercambio 6ptimo (tradeoff).

- El1 embalse Pozzillo como un estudio de casos.

Tarde: Solucién de problemas multidimensionales de operacién
mediante programacién dinamica.

- Programacién dinimica tipo incremental: aplicacién a la
distribucién de fuentes multiples de agua a demandas
maltiples.

- Uso del CSUDP.

- P.D. tip "reaching" para programacién de riego.

- P.D. tip Espacio-Objetivo en recursos hidr&uiicg;.

Dia Viernes 21/03/86 '
Manana: Riegos e incerteza en 1la operacién de sistemas
hidréulicos

<« Programacién dinamica estocéstica.

- Distribuciones de probabilidad independientes y
condicionales. .

- Ejemplo con célculos manuales.

- Ejemplo de problema para suministro de agua y su
solucién usando el CSUDP.

Tarde: Taller con discusién informal sobre 1la aplicacién de

técnicas de anidlisis de sistemas a problemas

operacionales en Republica Dominicana.
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Table 6.B.4. Schedule of Second Formal Training Session

June 12-13: Hydrology

1. General Introduction

2. Design Storms

3.» Rainfall-Runoff Modeling (HEC-1)

4. Stochastic Modeling and Generation

5. Daily Streamflow Forecasting

6. Streamflow forecasting (Sacramento Model)

June 16-17:

June 18-19:

June 20:

Normal Operation

1.
2.
3.

4,

9.

General Introduction -
Analysis of Water Supply and Water Demand
Monthly Operating Rules (CSUDP)

Weekly Simulation of the System (MODSIM)

Description of Results

Emergency Operation

1.

2.

General Introduction

Flood Routing Model for Valdesia and Las Barias
Results of Flood Routing Studies

Emergency Operating Rules

Forecasting of Hurricane Tracks

Dam Safety and Organization

1.

2.

Visual Inspection of the Safety of Valdesia Dam
Analysis of Valdesia Dam Data

Current Practices on Dam Safety

Proposed Organization for the Operation and Safety
of Vaidesia Dam

Discussion
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