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NEW APPROACHES
FOR A NEW ERA

Abstracts of HYDRO 2007 Papers

As the theme of HYDRO 2007 suggests, hydropower development worldwide has entered a new era, -
in which projects are planned with greater sensitivity for the environment, and with increased
involvement of local stakeholders. The past year (2006-07) has seen far more major developrments
move ahead in Africa, Asia and Latin America, as well as in some of the original ‘hydro pioneering
countries’ of Europe and North America. In some cases, inhospitable sites in remote areas need to be
tackled, and in all cases efforts must be made to maximize investments and protect hydro assets.

The HYDRO 2007 papers represent a unique compilation of expertise from all parts of the world.
The broad range of topics cover all practical aspects of hydropower development: reviewing needs and
development policies; tackling challenging sites; managing large-scale projects; innovation in small-
scale hydro schemes; prospects for marine energy; the role of pumped storage; refinements in
machinery design; new approaches to financing; responsibility in planning; environmental protection;
upgrading and refurbishment; system management, and contractual issues.

More than 300 papers were submitted this year, and the Organizers together with the Steering
Committee have selected 170 for presentation at the Conference. Full papers, including some accepted
for publication only, are available on the accompanying CD. This volume of Abstracts provides an
overview of the contributions to HYDRO 2007.
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Session 1: Activities, Needs, Challenges and Plans

1.01:
1.02:

1.03

1.04:
1.05:
1.06:

1.07:

1.08:

1.09

The hydro development programme of Iberdrola - B. Navalon Burgos, Iberdrola, Spain
Dams and Hydropower — Prof Luis Berga, President, International Commission on Large
Dams, Spain

Capacity building: a critical issue for the African region — Adarma Nombre, Vice President,
Tf'Q." n pil‘l'IP‘lrl:-l ‘F'mn

Fal g

China’s hydro development programme and update on the Three Gorges scheme in China —
China Three Gorges Corporation

Power sector in Vietnam — Potential and hydropower plan — Lam Du Son, EVN, Vietnam
The Rio Madeira scheme: a model for hydro development in Brazil — E. Nunes da Cunha,
J.D. Cadman and E. de Freitas Madeira, Ministry of Mines and Energy, Brazil; S. Alam,
Consultant, France

Potential for hydropower in Guinea: a better opportunity for sustainable energy development
for the country and western Africa - X Guilavogui, Ministére de I'Hydraulique et de
IEnergie, Rep. of Guinea

Considerations on electrification of Africa, with emphasis on the APP region and the hydro
potential in Lesotho — P. Johannesson, Palmi Associates, USA and S. Tohlang, Lesotho

Highland Commission, Lesotho
The power situation in Nigeria: Progress, problems and prospects I Ekpo, Federal Ministry

of Water Resources, Nigeria

Session 2: Hydraulic Machinery - Modelling and Research

2.01:
2.02;
2.03:

2.04:

2.05:

2.06:

2.07

-2.08

2.09:
2.10:

2.11:

2.12:

2.13:

Best practices in model turbine testing —P. Leroy, P. Pépin and M. Couston, Alstom Power
Hydro, France

Numerical prediction of flow induced dynamic load in water turbines: recent developments
and results — M. Sick, S. Lais, P. Stein and T. Weiss, VA TECH Hydro Switzerland

Francis runner dynamic stress calculations - 4. Couty and C. Monette, GE Energy, Canada;
O. Velagandula, GE Global Research Centre, US4

Transient numerical sinmlation of a horizontal shaft tubular bulb turbine —

H. Benigni and H. Jaberg, Technical University of Graz, Austria; J. Lampl and E. Franz,
Kassler GmbH, Austria .
Measurement and simulation of the 3D free surface flow in a model Pelton turbine —

S. Riemann, W. Knapp and R. Schilling, Technical University of Munich, Germany; R. Mack
and W. Rohne, Voith Siemens Hydro Power Generation, Germany

Unsteady CFD prediction of von Karman vortex shedding in hydraulic turbine stayvanes —
B. Nennemann and Thi C. Yu, GE Energy Hydro, Canada; P. Ausoni, M. Farhat and F.

" Avellan, EPFL, Switzerland

Lagrangian particle tracking: a powerful tool in designing silt erosion resistant hydro turbine
profiles — V. K. Pande, Voith Siemens Izjad'ro Power Generation, India

Investigation of unsteady friction losses in transient flow simulation for large hydropower
powerlants — 4. R:as:, Farab Co, Iran; A. Nourbakhsh and M. Raisee, University of Tehran,

Iran
Numerical study of draﬂ tube of a bulb hydraulic turbine — J.G. Coelho and A.C.P.P. Brasil

Junior, University of Brasilia, Brazil

Efficiency and runaway characteristics of a Pelton turbine — Zk. Zhang and J. Miller,
Oberhasli Hydroelectric Power Company (KW0), Switzerland

Verification of a flow 3D mathematical model by a physical hydraulic model of a turbine
intake structure of a small hydropower plant and the practical use of the mathematical mode!
— 8. Voijak and J. Mlacnik, Institute for Hydraulic Research, Slovenia

The pumerical simulation of the inadvertently opening and closing of wicket gates during load
rejection tests in one of the operating power plants — P, Akbarzadeh, Farab Co, Iran

A linear characteristic of Francis turbine and its application — Linming Zhao and Xiachong
Wang, Hebei University, China; Haiyan Wang, Anyang Institute of Technology, China



Session 3: Project Finance - New Approaches Bearing Fruit?

3.01:
3.02;
3.03:

3.04:
3.05:

3.06:

3.07:

Forget BOOT: It should be BOSS: An alternative approach to hydropower financing -

C.R. Head, Chris Head Associates, UK,

World Bank hydro project financing — J. Plummer, South dsia Energy and Infrastructure
Unit, The World Bank

African Development Bank support to the hydropower sector — R M. Gaillard, African
Development Bank, Tunisia

EIB financing of hydropower projects — . Alario, European Investment Bank, Luxembourg
Financing approach for a new era of development in Pakistan — 2, Majeed, Hydro Planning
Organization, WAPDA, Palistan

The Clean Development Mechanism: an opportunity to attract private funds for hydro projects
—X. Kitzinger, EcoSecurities, UK

Carbon credit experience in Honduras: Additionality issues — E.E. Paz Macias, INVERSA,

Honduras

Session 4: Maximizing Potential by Upgrading

4.01:

4.02

4.03:
4.04:
4.05:

4.06:

4.07:
4.08:
4.09:

4.10:

Feedback on refurbishment of the Stadsforsen and Grundfors turbines, Sweden J. Bremond,
A. Dumoulin and P, Eberle, Alstom Power Hydro, France

Lessons to be learnt from the Drin river cascade rehabilitation project in Albania —

J. Gummer, Hydro — Consult Pty Ltd, Australia; H. Obermoser, Colenco Power Engineering
Ltd Switzerland '

Refurbishment and upgrading of the Chancy-Pougny hydropower plant —

L, Thareau and B. Brusa-Pasgué, Compagnie Nationale du Rhéne, France

New technical solution for the refurbishment of hydropower plants —

K. Chiba, JPower, Japan

Consideration to refurbish five large hydro units in an opcratmg powerhouse based on Guri
experience — D. Flores, CVG EDELCA, Venezuela .

Rehabilitation and completion works at Bumbwma Falls HEP: a case of interrupted and
continued implementation activities - B. Petry, UNESCO-IHE, The Netheriands and A. Bezzi,
Studio Pietrangeli, Italy ' '

Adding a 60 MW pump to an existing 240 MW hydropower station —

B. Leyland, Consultant, New Zealand

Rehabilitation of the Dokan and Derbendikha hydro plants and dams —

H A. Hawramany, Ministry of Electricity, Iragq
Upgrading multipurpose hydroelectric schemes: Enhancing the assets of Tavropos HEP -

J. Thanopoulos, PPC, Greece
Increasing the reliability of a pumped-storage powerplant by the implementation of anew
control system ~ J. Debor and W. Hérger, Voith Siemens Hydro Kraftwerkstechnik GmbH &

Co. KG, Germany; with Scottish and Southern Energy PLC

Session 5: Dam Safety - Innovative Approaches to Monitoring and

5.01:

5.02:

5.03:

Refurbishment

Deformation monitoring of earth dams using laser scanners and digital imagery —

A. Berberan and J, Marcelino, National Laboratory for Civil Engineering, Portugal;

P. Hildrio and J. Boavida, LandCOBA, Portugal

Methodology for assessment and refurbishment of buttress dams — F. Lopez and J. Bosler,
GHD Py Ltd, Australia

Paradela dam: hydraulic-operational safety assessment and the design of appropriate measures
— M. Sousa Oliveira and J. Sarmento Gongalves, EDP Producdo — EDP Group, Portugal




5.04:

5.05:
5.06:

5.07;
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5.10;
5.11:

5.12:

5.13:

5.14:

Rehabilitation of St Mare dam: model studies for the spiltways — M. Leite Ribeiro,

J-L. Boillart and S. Kantoush, EPFL, Switzerland; C. Albalat, F. Laugier and A. Lochu, EDF-
CIH, France

Structural data remote aquisition system for dam safety - D. Cruz, EDP, Portugal

A dam safety project in Brazil — R. de Abreu Menescal, D.S. Perini, A. Nenes de Miranda and
E. da Silva Pitombeira, Ministry of National Integration, Brazil

Safety improvement of Kayrakkum dam and hydro plant, Tadjikistan —

A F. Gurdil, Temelsu International Engineering Services Inc, Turkey

Analysis of parameters as a basis for the safe impounding of the Enguri hydro reservoir —

M. Kalabegishvili, Georgian Technical University, Georgia
Repairing concrete structures at 95 m water depth vsing a floating bulkhead at Simén Bolivar
(Guri) dam - J. C. Conde Villasana CVG EDELCA, Venezuela

Grouting as a dam safety measure at the Ile-Ife dam project, Nigeria —

E, Ekpo, Federal Ministry of Water Resources, Nigeria

Four projects using manually released stoplogs: simple and reliable equipment —

S. Maunier, Hydro-Québec, Canada

The importance of Zagros master blind faults in seismic hazard evaluation Changuleh dam
case study —H. Samari, Islamic Azad University, Iran; A. Mobini, Tamavan Consulting
Engineers, Iran

Innovations which were done in the construction process of Iran’s Reis Ali Delvari dam —
M Amint and M 4 Varzandian, Mahab Ghodss Consulting Engineers, Iran

1D numerical modelling of the water flow in a low height retention structure provided with
seven spillway gaps in case of an accidental high waters — Gh. Lazar, M. Ion, S.V. Nicoara,
A.T. Constantin, A.I Popescu-Busan, and M A. Ghitescu, University of Timisoara, Romania

Session 6: Hydraulic Machinery - Design, Manufacture and

6.01:
6.02:
6.03:
6.04;
6.05;
6.06;
607

6.08:

6.09:

6.10:

6.11;

Operation

Design optimization of a Francis runner — E. Flores, D. Bazin, L. Ferrando and F. Mazzouji,
Alstom Power Hydro, France

Francis turbmes working with a wide range of head variation — L.E. Félez Gutiérrez, ENDESA
Generacion; C, Aguerre Telleria, Voith Siemens Hydro, Spain

Karahnjitkar hydroelectric project mechanical equipment — $.1. Olafsson, ¥5T Cansultzng
Engineers, Iceland

Von Karman frequency excitation caused cracking of the Karun I Francis mnner —

A, Aliabadi, IFPC Iran and A. Shamekhi, University of Tehran, Iran

Mechanical behaviour of the operation ring of the Francis turbines in Simon Bolivar (Guri)
power station — J.C, Conde Villasana, CVG EDELCA, Venezuela

Innovation in main shaft seal design for low to medinm head reaction turbines —

D. Edwin-Scott and G. Elliott, James Walker Group, UK

A new 3D CFD based design system for water turbine design — R. Hothersall, Hydroworkr
Ltd, New Zealand; I, Huntsman, CWF Hamiiton & Co Ltd, New Zealand

The development of similar welding consumable for weldmg steel grades

GX4CiNiMo 16-5-2 — N. Friedrich, F. Winkler and J, Tésch, Bihler Welding Austria GmbH,
Austria

Radial and axial lubricated bearings: experience and development — Y. Bouvet and

J-F, Berfea, Alstom Power Hydro, France

20 years of experience with PTFE-faced tilting pad bearings operating at 11 MPa thrust load —
$.B. Glavatskih, Luled University of Technology, Sweden; G-A, Paramonov, Energozapchast
JSC, Russia

Influence of deviation from axial flow symmeiry on stream energy conversion in typical
ducting of hydraulic pipe turbines — J. fwan, Gdarisk University, Poland; Z Krzemianowski,

The Szewalski Fluid-Flow Machinery Institute, Poland



Session 7: Hydro and Society - Responsibility and Sensitivity in
Planning

7.01:  Developing better hydro schemes: Recent experiences and future challenges in Lao PDR —
Somboune Manolom, Lao Holding State Enterprise

7.02: Innovative approaches to improving stakeholder involvement in envitonmental and social
planming: Lessons from projects in Lao PDR and Vietnam — G. Morgan and C. Mejia,
The World Bank

7.03:  Integrating and optlmmmg social and environmental aspects in technical
planning — 8. Sparkes, Muiticonsult/Norplan AS, Norway

7.04:  Small scale hydro projects contribute to poverty eradication in rural areas of Honduras: A case -
study — E.E. Paz Macias, INVERSA, Honduras

7.05:  Hydropower and public acceptance in Nepal — D.B. Singh, HM Govemment of Nepal

7.06:  Designing for stakeholders: the case of a 140 MW scheme in an Australian national park —

' Paul Caplen, Sinclair Knight Merz, New Zealand

7.07:  Social and environmental assessment of the Bujagali hydropower project, Uganda, under IFC
Performance Standards and the Equator Principles — B. Ogilvie, Tonkin & Taylor
International, New Zealand

Session 8: Small Hydro: Technology Update and Development
Opportunities

Small and low-head hydro equipment

8.01:  Choice of equipment for small hydro — /. Brekke, Emeritus Professor NTNU, Norway

8.02:  Application of CFD methods for flow analysis through chosen types of hydraulic turbines for
small hydro power plants — M. Kaniecki, Polish Acadenty of Sciences, Poland

8.03:  Micro hydropower system for irrigation canal — 7. Nakazawa, J-Power (Electric Power
Development Co Ltd), Japan

8.04: Contreras II hydro plant: Smaller turbine, bigger output — J. Navarro Torrijos, J. Lépez Nieto
and J.C. Elipe Salamdor, Iberdrola 84, Spain

8.05: Hydroelectric schemes for ultra-low heads — 4. Choulot, R. Cgebak and

V. Denis, MHyLab, Switzerland
B.06: A new turbine for very low head applications and low environmental impact — M. LecIerc

MJ2 Technologies Sarl, France

World perspectives for small hydro

8.07: Development perspectives for small hydro in Burkina Faso — 4. Nombre, Burhna Committee
on Dams, Burkina Faso
8.08:  Small hydro in Argentina: promoting economic development and quatlity of life —
: C. Avogadro, Consultant, Argentina )

~

Session 9: Civil Engineering Challenges

Tunnels and challenging gronnd conditions

901:  The use of TBMs for tunnel construction at hydro projects — R. Grandord, Seli, Italy

9.02: Challenges during the construction and completion phase of the Kérahnjiikar project, Iceland
— G. Pétursson, The National Power Compary of Ieeland

9.03:  Evaluating the hydraulic roughness of unlined TBM-bored water conveyance tunnels:
Kirahnjtikar headrace — K. M, Hakonardottir and G. G. Tomasson, VST Consulting Engineers,
Iceland; B. Petry, UNESCO- IHE, The Netherlands; and B. Stefansson, Landsvirkjun, Iceland

9.04: Headrace tunnel for the Renun hydro project, Indonesia, constructed with unprecedented
groundwater ingress —~ H. Kanai, Nippon Koei Ltd, Japan
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8.05:
9.06;

9.07:

Challenges in tumnelling at the 2000 MW Subansiri lower hydro project in India — B. Das and
J. Kurian, Soma Enterprises Lid, India; A. Garg, NHPC, India

Two inclined pressure shafts driven by a 5 m hard rock doubie shield TBM at Parbati -

W. Giitter, Jager Bau GmbH, Austria

Péribonka dam, Canada: A dam made possible by modern ground engineering techniques —
S.Balian, Bauer Spezialtiefbau GmbH, Germany

Design, construction and site management

9.08:
9.09:

9.10:

9.11:

9.12:
9.13:
9.14:

9.15:

Numerical analysis and design of the Péribonka powerhouse concrete turbine/generator block
— A. Daly, Tecsult Inc, Canada

Design and construction of the first Piano Key Weir spillway at the Goulours dam, France —
F. Laugier, EDF-CIH, France

Sloped layered method of roller compacted concrete: cases of Brazilian dams based on
scientific research — N. Goulart Graga, A. de Pddua Bemfica Guimardes and R S. Machado
Bittencourt, Furnas Centrais Elétricas S_A, Brazil

Information management on large hydro construction projects — A, Hodgkinson,

SoftXS GmbH, Switzerland; M, Smith, Matrics Consult Lid, UK, E, Assion,

Assion Electronic GmbH, Germany

Moving materials by rope supported conveyors and cableways —

P. G. Graziano, G. Zannotti, and A. Contin, Poma, Italy

Challenges of construction planning and management in remote areas —

N. Raghavan, D. K. Sharma and K. XK. Gupta, Larsen & Toubro Ltd, India

Unique application of stoplegs at KArahnjikar project, Iceland C.K Sehgal, H. Saxena, and
H Perez, MWH Americas, Inc., US4

Free surface and pressurized flow regimes in a large water conveyance tunnel: The case of the
Jokulsé tunnel for the Kédrahnjiikar HEP in Iceland — 4. Baumann and G. Soubrier, Péyry
Energy Ltd, Switzerland; G.G. Tomasson, Reykjavik Umver‘suy, Iceland; B. Stefansson,

Landsvirkjun, Iceland

Session 10: Pumped Storage - Recent Deveiopm'ents

Machinery and project design
10.01: Enhanced energy balancing and grid stabilization through 3-machine-type variable-speed
pumped-storage units — R. Bucher, Lahmeyer International GmbH, Germany
10.02: Modem design of large pump-turbines — P. Nowicki, Andritz VA TECH Hydro, Germany;
M Sallaberger and P. Bachmann, Andritz VA TECH Hydro, Switzerland
10.03: Recent experiences with single-stage reversible pump turbines at GE Hydro —J.T. Billdal,
A. Wedmark, GE Energy, Norway
10.04: Operation of pumped-storage systems using system dynamics: experience at Ilam —
M.R. Jalali, R. Afzali and E. Efiekhar Javadi, Mahab Ghodss Consulting Engineers, Iran
10.05:  Analysis of fast pumped-storage schemes by hydraulic medelling - R. Xlasinc and
M Larcher, Technical University of Graz, Austria; A. Predin and M. Kastrevc, University of
Maribor, Slovenia
10.06: Selection of double stage pump-turbines for the Yang Yang 817 m head scheme in Korea -
Sang-Yong Lee, Yang Yang PSPP, Komipo, Korea; J-M. Henry, Alstom Power Hydro, France
10.07: Design of La Muela IT 840 MW pumped-storage scheme in Spain ~ J M. Gaztafiaga and
J. Cervera, Iberdrola, Spain; I. Oliden and J. de Bias, Iberinco, Spain
10.08: The Lima pumped-storage development project in South Africa — F. Louwinger, ESKOM,
South Afvica; T. Basson, BKS, South Afiica; B. Trouille, MWH, USA
10.09: Design of Upper Cisokan: the first pumped storage plant for Indonesia — S. Yarmaoka, Newjec

10.10:

10.11:

Inc, Japan; N. Mulyanto, PT PLN (Persero), Indonesia

Possible locations for pumped-storage hydropower plants in the Republic of Macedonia —
I Andonov-Chento, Macedonian Committee on Large Dams, Rep.of Macedonia
Hydraulic model research of the lower intake of the pumped storage power plant Avée —

P. Rodid, Institute of Hydraulic Research, Slovenia



Session 12: Small Hydro in Europe

12.01:

12.02:
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12.04:

12.05:
12.06:

12.07:

Status of small hydropower policy framework and market development in the old and new EU
Member States and selected EFTA countries — C. Sdderberg, Swedish Renewable Energies
Association, Sweden; P. Punys, Lithuanian Hydropower Association, Lithuania
Implementation of the WFC in Italy and experimental studies on reversed flow — S, Gollessi
and G. Valerio, APER (4ssociazione Produttori di Energia da Fonti Rinnovabili), Italy

Teenl: r of o g paan v
Evaluation of the profitability of a small hydso cascade — Estimation of upgrading and dam

safety costs and economical viability — .J. Laasonen, Fortum Hydropower Services, Finland;

T. Kortelainen, Fortum Power and Heat Oy, Finland

Varaiable speed operation and control of low head nun-of-river SHP plants: European research
—J.1 Pérez, J. Fraile-Ardanuy, J.R. Wilhelmi, J. Fraile-Mora, P. Garcia-Gutiérrez,

J.A. Sdnchez and J I, Sarasia, Technical University of Madrid, Spain

Micro hydro in water supply systems — H. Ramos, Instituto Superior Técnico, Portugal;

M. Mello, Hidropower Compony, Portugal

Is the smallest the best? — L. Papetti and C.O. Frosio, Studio Frosza Studio Associato
d'ingegneria, ltaly

Realization of small hydro electric power plants in existing abutmcnts of irrigation dams in
Greece — S, Rontiris, PPC Renewables S4, Greece

Session 13: Managing Sedimentation

13.01: Sedimentation management at the run-of-river Madeira river project in Brazil —
E. Nunes da Cunha, J.D. Cadman and E, de Freitas Madeira, Ministy of Mines and Energy,
Brazil; Sultan Alam, Consultant, France

Research and modelling

13.02: The effect of turbulence on the sedimentation process in settling basins — P. Boeriu and
D. Roelvink, UNESCO-IHE, Netherlands; Tuan Dobar, Yos Firdaus Simanjuntak, Indonesia

13.03: Modelling of sediment flushing from reservoirs — S. Tigrek and B. Yilmaz, Middle East
Technical University, Turkey

13.04: Turbine abrasion and desilting chamber design — C. Ortmanns, dlstom Power Gydro,
Switzerland: S. Prigent, Alstom Power Hydro, France

13.05: Sediment management at hydre powerplants in the Himalayas — E. Lesleighter and
R. Naderer, SMEC Group of Companies, India

13.06: Sedimentation in some Iranian reservoirs — M R. Rahmanian and M. Jamaladeh, Mahab
Ghodss Consulting Engineers; M.A. Bsanikashemy and P. Badiee, University of Tehran,

13.07: Study on a new low-level sediment venting system for Dez dam — A. Khosronejad and
M A. Mohammad Mirzaie, Mahab Ghodss Consulting Engineering; K. Gheazemfari,
University of Guilan, Iran

13.08: Sedimentation study of Poechos reservoir: Analysis and solution of the problems —
B. Zdravkovie, Sindicato Energetico SA, Peru

13.09;: SPSS Sediment remover at the Cuyamel pressurized sand trap, Honduras — T. Jacobsen,
GTO Sediment AS, Norway

13.10: Different dredging systemns and features to handle sedimentation problems in power dams ~

P.E. WM, Anssems, Damen Dredging Equipment BV, The Netherlands




Session 14: Maintaining Hydro Assets

14.01: Integrated vibration, process monitoring at the Momina Klisura hydro plant — M. Hastings and
. A. Schiibl, Brilel & Kjeer Vibro, Denmark

14.02: On-line condition monitoring of the hydro units at Iron Gates I: Possibilities for predictive
maintenance — L. N, Bleier and D.M. Novac, Hidroelectrica 5.H. Portile de Fier, Romania;
Fl. Keck and V.A. Meienhofer, VA TECH Hydro AG, Switzerland

14.03: Development of a hydroelectric plant data acquisition system — 7. Yokoyama, J-Fower,
Japan

14.04: Underwater robotic intervention - M. Blain, J. Beaudry and F. Mirallés, IREQ
Institut de Recherche d'Hydro-Québec, Canada

14.05: Impact of rapidly cbanging technology on maintenance management practice at hydropower

 plants in Kenya— F. Makhanu, Kenya Electricity Generating Co Ltd
14.06: A study for improving equipment maintenance management for hydropower plants —
. Tae-Jin Park and Ki-Won Kim, Korea Water Resources Corporation (Kwater), Korea

14.07: Making valve maintenance easier: introducing simple methods with great advantages —
A.. Cafiellas, IMS 54, Spain

14.08: Bemposta hydroelectric repowering project — M.E. Resende, A. Carvalho and ¥ Ribeiro,
EDP Gestdo da Produgdo de Energia S.A.Portugal

-14.09: Implementation of the benders decomposition in hydro generating units maintenance

scheduling — I. Kuzle and H. Pandzic, Faculty of Electrical Engineering and Computzng,
Croatia; M. Brezovec, Hrvatska Elektroprivreda, Croatia

14.10: On-line monitoring of the hydro imits Iron Gates 1: Possibilities to implement predictive
maintenance — I.N. Bleier and D.M. Novac, Hidroelectrica S.H. Portile de Fier, Romania;
H. Keck and V. A. Meienhofer, V4 TECH, Switzerland

Session 15: Environment

Planning environmental management 7

15.01: How an environmental management system can bring about concrete improvements in
environmeéntal performance - D. Gray, Hydro Québec, Canada '

15.02: Environmental incidents: zero risk —J. Ldpez Nieto, J. Riesco Canela and E. Enrique Sola

Alvarez, Iberdrola S4, Spain
15.03: Environmental challenges for a sustainable water and energy future — V. Hobbs, US Army

Corps of Engineers, USA

Fish protection
15.04: Basin-wide monitoring of survival and fine scale behaviour of acoustically tagged salmon

smolts at hydropower dams in the Columbia river basin, USA - B. H. Ransom, T.W¥. Steig,
M.A.Timko and P.A. Nealson, Hydroacoustic Technology, Inc, USA

15.05: Environmental assessment of Baixo Sabor hydropower project: Compensatory and mitigation
measures — N. Portal and J. Mayer, EDP, Portugal

‘Experience
15.06 Using flushing flows to control the excess of macrophytes in the lower Ebro river. -An

appraisal of a five-year experience — 4. Palau and 4. Meseguer, ENDESA; R. Batalla and
D. Vercat, University of Lleida, Spain
15.07: Importance of designing regional environmental assessment in the influence area of large
dams in Mexico - I'C. Lecanda. Comisién Federal de Electricidad, Mexico; M.A. Gémez and
F.P. Saldafia, Instituto Mexicano de Tecnologia del Agua; S. Contreras, Universidad
Auténoma de Guadalajara, Mexico; and L.E. Gutiérrez, Comision Nacional del Agua, Mexico
15.08: Implementation of catchment area treatment at Uri power station, J&K, India: post-
construction assessment and performance evaluation — U. Bhat, S. Ali Khan and G. Kumar,
NHPC, India ‘
15.09: The touristic potential of dams — M. Jakob, University of Geneva, Switzerland




15.10: Environmental impacts of downstream discharges of dams — B. Khodabakhshi, Mahab -
Ghodss Consulting Engineering Co., Iran

15.11:  ViSegrad HPP impact on ViSegrad and GoraZde cities riparian zone — S. Prokié and
N. Popovié, Jarosiav Cerni Institute for Water, Serbia; G. Milanovié, EPI or Repubhc Srpska,

Bosnia and Herzegovina

Session 16: New Opportunities for Hydropower

' 16.01: World potential for tidal power — F. Lempériére, Hydro-Coop, France

: 16.02: Development apportunities for tidal current and in-stream energy conversion technologies —
N.M. Nielsen, Kator Research Services, Australia

16.03: Progress in wave power technology — J. We:lepp, Voith Siemens Hydropower Generation
GmbH & Co Kg, Germany

16.04; The prospects of using instream flow techno]ogy to capture water energy spilling over
existing low head dams in the USA - A. Tseng, Orenco, USA
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Abstract

A mathematical model for hydropower estimation and operational management of the Djerdap (Iron
Gate) 1 HPP and Pjerdap 2 HPP was developed during the 2004-2006 period at the Jaroslav Cerni
Institute, in collaboration with the Centre for Information Technology, the University of
Kragujevac/Faculty of Mechanical Engineering. It was commissioned by PP Djerdap, a company
which operates within the scope of the Electric Power Industry of Serbia, The objective of the
mathematical model is to ensure efficient utilization of the Danube's hydropower potential, to address
the demand of Serbian and Romanian elecirical power systems which differs in terms of power and
time, and to comply with a number of constraints at various control profiles of the Danube, which are

defined in bilateral agreements.
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The Serbian-Romanian hydropower system ‘Djerdap’:
Mathematical model

Dejan Divac Nenad Grujovié
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Jaroslav Cerni Institute for the University of Kragujevac,
Development of Water Resources Faculty of Mechanical Engineering
Jaroslav Cerni Street, 80 Sestre Janjic Street, 6

Belgrade, Serbia Kragujevac, Serbia

1. Introduction

A mathematical model for hydropower estimation and operational management of the Djerdap (Iron Gate) 1
HPP and Djerdap 2 HPP was developed during the 2004-2006 period at the Jaroslav Cerni Institute, in
collaboration with the Centre for Information Technology, the University of Kragujevac/Faculty of Mechanical
Engineering. It was commissioned by PD Djerdap, a company which operates within the scope of the Electric
Power Industry of Serbia. The objective of the mathematical model is to ensure efficient utilization of the
Danube’s hydropower potential, to address the demand of Serbian and Romanian electrical power systems which
differs in terms of power and time, and to comply with a number of constraints at various control profiles of the
Danube, which are defined in bilateral agreements.

2. Description of the Djerdap 1 and Djerdap 2 HPP system

The Djerdap 1 system was built on a stretch of the Danube (rkm 943+000) which is shared by Serbia and
Romania. The main structure (dam) is 1280 m long and is symmetrically divided into its Serbian and Romanian
portions, each of which is comprised of: a navigation lock; non-overflow earth dam, a hydro power plant (HPP)
with 6 power units, and the respective portion of a gravity concrete dam with 14 spillways (25 m clearance).
The major characteristics of the dam are: net head 15.4 - 31 m, total installed discharge 9,800 m?/s, and total
installed power 2,165 MW. The Djerdap 1 Reservoir was formed in a complex river system comprised of the
Danube and its tributaries: the Tisa, Sava, Velika Morava, TamiS, Nera, Mlava, Pek and Porec¢ rivers. An
important characteristic of the Djerdap 1 Reservoir is its variable length, extent of backwater and volume, as a
function of the flow rate and HPP operating modes. The volume of the reservoir under average hydrologic
conditions is 3,500 million m".

Fig. 1 Djerdaplan

d jerdap 2 danms.

The Djerdap 2 system is the downstream part of a cascade and its operation is coupled with that of the Djerdap 1
system. Two HPPs, with 8 power generating units each, are located on the dam at rkm 862+800 of the Danube’s
main stream, along its left bank. At mid-section, there is an overflow dam with 7 spillway fields, and closer to
the right bank there is a Serbian navigation lock and an additional HPP with two power generating units. The
Romanian navigation lock is located in a channel running through the Island of Mare. The dam on the Gogos
Arm of the Danube (rkm 875) has a spillway at mid-section with 7 spillway fields, and an additional Romanian
HPP with 2 power generating units, adjacent to the right bank of the river arm. The HPPs are equipped with
horizontal encapsulated power generating units whose installed power is 27 MW each, making up a total of 540
MW. The total installed discharge is 8,500 m*/s. Gross head varies from 2.5 m to 12.75 m, depending on the
flow of the Danube. The Djerdap 2 Reservoir is an 80 km long stretch of the Danube’s channel. At maximum
water levels, the volume of the reservoir is 820 million m*. No significant tributaries empty into this reservoir.



3. Model scope and objectives: Optimum management of the system of HPPs

The mathematical model can simulate and optimize the operation of the complex Djerdap 1 and Djerdap 2
hydropower system based on pre-defined individual facility performance levels, Serbian and Romanian electrical
power demand, water level and discharge constraints at control profiles, and initial and boundary conditions,
whereby it can address various scenarios of initial data and required outputs. This allows for efficient daily
management decision-making with regard to appropriate operating modes.

Namely, water is evacuated by both Romanian and Serbian facilities (each drawing on its portion of the
potential), via respective power units and dam spillway fields. The system is managed in such a way as to
ensure optimum utilization of the Danube’s hydropower potential, provide for unhindered navigation, and ensure
that riparian lands are not threatened [1], [2]. It is especially noteworthy that the upstream portion of the Djerdap
1 Reservoir stretches over lowland and that the riparian lands of the Djerdap 2 Reservoir also lie relatively low.
As a result, bilateral agreements impose water level restrictions at characteristic flow profiles, implicitly
determining HPP operating modes.

In compliance with Djerdap 1 and Djerdap 2 Operation Regulations [18], daily production plans for the current
day and following days are generated and synchronized by the Romanian and Serbian parties. The daily plan
defines: daily average water levels, daily average discharges, water evacuation modes for the dams, amounts of
water to be evacuated, total available energy, maximum/minimum HPP power, and overflow magnitude
expressed by means of overflow energy. The daily plan is adjusted if daily plan reviews, previous day analyses,
and updated forecasts of the Danube’s flow rate indicate that water levels will exceed set constraints, which
cannot be tolerated.

Therefore, the basic task of the mathematical model is to determine the sequence and dynamics of power unit
engagement (and of spillways, as needed), relative to predicted inflow rates and pre-defined hourly output plans,
or pre-defined hourly production priorities for each Serbian and Romanian HPP, while complying with pre-
defined constraints and striving to minimize any departure from plan and minimize water consumption (i.e.
maximize hydropotential utilization).

4. Spatial decomposition of the system, theoretical background and general logic of the

mathematical model

The model addresses water flow and power generation in the entire Djerdap 1 and Djerdap 2 system. The entry
of water into the system is represented by the flow rates at river system profiles upstream from the reservoir (the
main stream of the Danube and all of its tributaries). On the other hand, it has to cope with user demand
(Serbian and Romanian electrical power demand as a function of time) and prescribed constraints. As a result,
the model includes all relevant types of linear flow: morphology-based flow in natural watercourses and flow
through facilities (HPPs, dam spillways, dam outlets, navigation locks, and the like). Additionally and very
importantly, modeling includes the variation in flow conditions as a function of time, due to management
decisions. The model has been developed for an hourly time-step environment.

In view of the spatial and functional complexity of the system, the modeled area has been broken down into
various elements which can be used to simulate different types of water flow, both natural and artificial (Fig. 3)
[3].

The basic element of the river network is a river reach which is used to model a portion of open flow between
the junction, bifurcation and man-made hydropower assets. The model which describes the complex river system
is obtained by joining river reaches which define open flow, introduce tributaries, create river islands, locate
hydropower assets, and hydraulically link such assets within an integrated model [4], [16], [17]. The complexity
of the system, from both the modeling and numerical solving perspective, results from a large number of
bifurcations, of which the most important is the Gogos-Djerdap 2 loop. In this portion of the system there are
two HPP dams in two parallel branches, so that internal conditions dictated by hydropower system management
have to be met, in addition to the necessary compliance with constraints at the initial bifurcation and the point
where the river arm ultimately re-joins and the main stream.

The dam structure (which includes both the HPP and spillway fields) has been modeled using internal boundary
conditions. The flow through the HPPs and over the spillways is a function of the headwater and tailwater, as
well as other parameters which define the operating modes of these facilities. Headwear and tailwater levels are
recorded at each time step, as are other parameters which affect the operation of an HPP or spillway. The
discharge is determined based on the obtained values and functions which describe the operation of an HPP or
spillway. This discharge is set at one or both boundary nodes of the dam structure. Such an approach to HPP and
spillway modeling allows for the definition of non-analytical forms, such as a number of decision-making
methods and the inclusion of various parameters which might affect HPP or spillway operation [10].

In the above context, it should be noted that an HPP asset constitutes a set of individual power generating units
which are engaged in accordance with the criterion which requires minimization of the total flow through the
HPP. The transformation of gross head and discharge into energy, or the definition of the required discharge for
a certain level of power relative to the current net head, is performed at every step, for each power unit based on



its characteristics, or turbine hill charts (power — net head — discharge), taking into account losses in the inlet-
outlet tract (whereby losses are time-dependent parameters) [5]. Consequently, the number of engaged power
units is defined for each time step of the simulation, based on the minimum water consumption criterion and
with the aim of achieving the required electrical power output. The spillway facility constitutes a set of
individual spillway fields with their respective characteristics (overflow curves: water level — clearance —
discharge), which are engaged if water evacuation through the HPPs cannot respond to all the prescribed
constrains.

lau

Fig. 2. Representation of the dam, including HPPs and spillway, as an internal boundary condition.

In general, flow simulation is based on a one-dimensional model of unsteady flow which is used to solve basic
equations of mass conservation and momentum conservation laws [6], [7]. Approximate numerical integration
of 1D unsteady-unconfined flow equations was performed by implementing the ,.four point™ method. Four
points in the x-t plane are used to define the area in which these equations are (approximately) integrated, in
order to obtain a system of algebraic equations for the reach. The weighted trapezoidal rule [8] was applied in
the model.

The defined equations describe the laws of discharge and water level variation within an open flow network.
Once the system of equations is formed, all equations must be solved simultaneously. Unknown variables of the
system include discharges and water levels for a given simulation time step. Upon completion of calculations for
a time step, computed values become initial values for the next time step. Once the characteristics of the entire
model for a given time step have been determined, the system of non-linear equations is solved iteratively,
applying the Newtonian method. Since there are active hydropower facilities (dam with HPP and spillway),
whose functioning depends on current headwater and tailwater levels, it is also necessary to adjust discharges
through the given facilities. Using such adjusted values, the entire equation solving procedure is repeated until
the convergence criterion has been achieved.

S. Optimization within the mathematical model

A very important aspect of the mathematical model developed for the Djerdap 1 and Djerdap 2 HPP system is
the solving of operation optimization problems, whereby different objectives may be encountered in practice.
For example, the objective may be to achieve maximum utilization of the hydropotential based on pre-defined
hourly production priorities. The objective may also be minimal variation from the pre-defined production plan.
In both cases, the number of engaged power generating units is also optimized based on the minimal water
consumption criterion. All of these optimizations have to adhere to prescribed constrains (generally water level
restrictions at characteristic flow profiles).

In most cases, this type of problem is solved by evolutionary algorithms [11], [12], dynamic programming [13]
and the augmented Lagrange multiplier method [14]. In the present model, satisfying imposed constrains is a
complex problem since there can be a time lag between the cause and the actual violation of a constraint. The
time interval between the occurrence of the cause and its effect has not been uniquely defined, since it depends
on a large number of other system parameters and on the flow of the simulation itself. In a view of the
complexity of this problem, the model employs a genetic algorithm mechanism which will be described using an
example involving a problem related to the optimum operating regime of all facilities of the system, based on
pre-defined hourly production priorities.

The priority plan is given for two complete systems (Serbian and Romanian), in tabular form and such that
preference is defined by priority level instead of the weight coefficient for every hour. The priority structure is
entered into target programming and the assumption is made that constraints are primary criteria which have to
be met and they are, therefore, given the highest priority. The task is addressed by the weight coefficient method,
which is the most frequently applied method in multicriteria optimization. This method introduces weight
coefficients w; for all criteria functions fi* ,i=1,...,n, and the vectorial optimization problem is reduced to scalar
optimization max> w;PAt, i=1,...,24, where P;At is the generated energy E during time interval At.

The target function for production optimization in terms of pre-defined hourly priorities has the form of
max{>>w;;P;; },i=1,...,n, j=1,...m , where w;; are priority levels for the j‘h HPP facility in the ith step, and P;; is
the power achieved by the " facility in the i"" step.



"UeIGIaS U] ‘31EAY0S [eUIBLO WOl USYE] SUDReXSN]] 210N — S

JsuaeIRYd
pjay Aempds
xoq Bojelg

ey 1y auiguny
oq Bojeiq

avyo03g

4/ 5
S3)es MOYU|
xoq Bojelg

[

— 121em Peay s ddH
uoneas|? ajyoud jonuo) xoq bojerg
xoq bojeig

Fig. 3 Schematic representation of the model.

uejd uonanpoid ddH uonanpoud un Jamogd ] \eassany @—
JUNLINYLS WA SNdH . d¥ay3rg, xoq bojeiq ¥oq Bojelq il puafia




In order to improve algorithm efficiency, solutions which violate constraints, or lie outside of the feasible space,
are also addressed and the proposed plan assessed with regard to the intensity of the potential constraint
violation. This is achieved by an internal addition of a penalty term to the target function X2 |gi(z)|, k=1,...,q,
I=1,...,r. Functions g|(zy) represent a numerical value which describes the number and intensity of violations of
the I"" constraint at the K" flow profile. To achieve better convergence of the algorithm, a separate weight
coefficient is added to each constraint. It should be noted that a solution is acceptable if, and only if, the sum
Yoy |gi(z)|=0, since in that case there is no violation of any system constraint. However, even though the basic
objective is to comply with all constraints, the introduction of this factor allows for the evaluation of solutions
which violate any of the constraints, but in such a way that the next step favors the proposed adjustment which
was closest to satisfying the imposed system constraints. Weight coefficients o; allow for preference to be given
to particular internal terms of the fitness function.

Unit commitment is implemented on an hourly basis, during which time a particular HPP facility is engaged
based on the proposed HPP output and the power generating units are engaged based on minimum consumption.
The solution, in the form of hourly production plans for individual power generating units, is coded into the
binary gene. The process results in one or more genes which, in effect, represent the optimum hourly plan for a
particular power generating unit and the extent of any achieved optional overflow. Genetic algorithm
performance improvements, in terms of maintaining a favorable exploration/exporation ratio during the entire
optimization process, were achieved by introducing fuzzy logic controllers which were used to adapt genetic
algorithm parameters [15]. The adaptive genetic algorithm approach is such that at every n generations, applying
the proposed fuzzy rules, the mutation probability (p,,) is determined on the basis of its value in the previous
generations and the achieved best individual fitness (f,) improvement.

6. Software structure

Major software modules are: a user interface, a module which simulates unsteady flow in the open-flow network
and optimizes operation of hydropower facilities, and a database [21].

User interface. A user-friendly, modern, graphically oriented interface has been developed, which interactively
guides the user through all simulation model application stages: database search, handling of input data and
model object parameters, initiation of the simulation/optimization process, handling of output data, and creation
of reports.

Simulation/optimization module. This module activates implemented numerical analysis methods and
optimization algorithms which were described earlier in the text. The module provides two-way communication
with the user interface (problem definition and output review/analysis).

Database. The database integrates required data with an appropriate record structure, and is based on existing
hardware platforms and types of databases used within the system. The database contains diverse data:
comprehensive system configuration information (e.g., hydrographic network, facilities, monitoring sites, and
riverbed morphology), comprehensive facility performance data (e.g., turbine hill charts, spillway-field
discharge characteristics, etc.), constraints, history of measured reservoir water levels, history of measured HPP
electrical and non-electrical parameters (e.g., power, discharge, net and gross head, power output, spillway field
discharge), and the like.

The software has been designed for a Windows platform and developed using a three-layer model, which makes
a clear distinction between functional units: a presentation layer, a business logic layer, and a data layer. The
portion of the application which interacts with the user is referred to as the presentation layer; it is implemented
via Windows forms. The business logic layer has been implemented as a code within the forms. The data layer
represents any database which is supported by the .NET environment (in this case the Microsoft SQL Server),
and communicates with the business logiccentral layer via ADO.NET objects [4].

7. Parameter estimation and accuracy verification

In addition to experimental data relating to the performance of all system components (e.g., overflow curves or
turbine hill charts) or riverbed morphology, the database includes ,,model parameters* which cannot be
determined by observation or direct measurement of flow characteristics [20]. These include Manning
coefficients of roughness, which vary as a function of the physical position along the flow and the flow rate.
Model parameters have been estimated through optimization, with the goal of achieving the best possible match
between computed and measured water levels at control profiles. Based on known inflow and outflow data, the
computed value is obtained through an iterative process (simulation, assessment, comparison, correction, and
repeated simulation). The previously-described evolutionary algorithms are also included in the estimation
procedure. The target function of the evolutionary algorithms is minimum deviation of computed water levels
from corresponding measured water levels.

The roughness coefficient estimation process encompasses a wide range of total flow rates to the reservoir, from
2500 to 10000 m*/s, including both quasi-steady flow periods and periods of sudden flow rate variation. Figure 4



is a graphical representation of a comparison between measured and simulated values for the dam and the most
important control profile, reflecting an arbitrary historic period of 7 days.
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Fig. 4 Measured vs. simulated values: Dam profile and control profile.

Even though historic data contained a certain degree of inaccuracy (e.g., dam discharges and, particularly,
estimates of natural flow to the reservoir), their careful interpretation and the application of the described
parameter estimation procedure resulted in sound mathematical model calibration, and it is, therefore, possible to
re-compute an episode from history to a desired level of accuracy.

8. Application of the mathematical model

When applying the mathematical model, the first step is to define its spatial and temporal framework, model
performance levels and parameters, constraints which have to be complied with, input flow time series, and the
functional mode (which determines the simulation/optimization procedure for solving a specific problem), along
with relevant energy requirements [19]. The next step is pre-processing, or numerical computation of the initial
status of the system. Then, based on the initial status and given incoming flow rates and electrical power
demand, hydraulic/hydropower simulations and system operation optimization are conducted based on pre-
defined management criteria.

Management criteria are primarily defined by the model’s functional mode, as well as by selection of relevant
attributes depending on the type of analysis being conducted. In the widest sense, there are three mathematical
model functional modes:

Mode 1: Review and adjustment of a specified production plan

This functional mode of the mathematical model is used to check and modify the existing (daily) production plan
and to define the needed spillway field discharge regime (as required), with the goal of complying with
constraints and minimizing any departure from the proposed plan. This, of course, implies that system inflow
forecasts, initial water levels and the production plan are available.
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Fig. 5 Energy at the Djerdap 1 HPP: Serbian side
(a: Input data — given production plan; b: Smulation output, adjusted production plan).



Mode 2: Optimum operation in the absence of a specified production plan

The second mode is used to solve problems which do not include a pre-defined hourly production plan. The
hourly production plan is replaced with set hourly priorities, which give preference to particular periods during
the day. Priority plans are specified for all HPPs included in the configuration, in tabular form, with preference
defined by the priority level for each hour. The priority level is represented by an integer which, in the general
case, can be from 1 to 24 in a 24-hour time step sequence. The goal of this mode is to arrive at an hourly plan of
power unit engagement (and an overflow plan, as needed), based on specified hourly priorities which do not
violate constraints and maximize power output. This, of course, implies that system inflow forecasts and initial
water levels are available.
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Fig. 6 Energy at the Djerdap 1 HPP: Serbian side
(a: Specified priority plan - input data, b: Smulation output).

Mode 3: Explicit setting of power unit/spillway field operational parameters

This mode, which explicitly specifies operational parameters for the power units and spillway fields (e.g., power
unit discharge, spillway field discharge, or individual power unit output and gate clearance of individual spillway
fields), is used to repeat historic periods and to check the operation of HPP and spillway facilities, as well as to
perform supplemental estimations of mathematical model parameters.

9. Conclusion

The mathematical model for hydropower estimation and operational management of the Djerdap 1 and Djerdap 2
HPP system is a complex software product which has been designed to simulate and optimize operation of
Djerdap 1 and Djerdap 2 HPPs, based on pre-defined facility performance levels, initial/boundary conditions,
electrical power system demands, and prescribed constraints at control profiles and facilities.

This software is expected to provide daily management support and is a means by which the outcomes of
operational planning within different hydrologic, economic, legal and other frameworks can be assessed. The
development and application of this software is a step toward the strategic goal: the creation of conditions for
optimum water resource management and the resolution of existing and potential conflicts in the region with
regard to any mis-alignment of stakeholder interests.
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