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FOREWORD

It is with great pleasure that I present the Proceedings of the International Symposium, held as
part of the 92nd Annual Meeting of the International Commission on Large Dams (ICOLD) at
Bharat Mandapam, New Delhi, from September 29 to October 3, 2024. This esteemed event
has served as a milestone for the global community of dam engineering and water resource
professionals, providing a distinguished platform for experts to share their insights, innovative
solutions, and experiences in the fields of dam construction, management, and safety.

The theme of the symposium, “Dams for People, Water, Environment, and Development,”
directly addresses some of the most pressing challenges in sustainable water resource
management today. It reflects the urgent need for innovative solutions to support both
environmental sustainability and socio-economic development. To guide discussions, papers
were invited on the following key themes:

Dam Engineering and Construction

Dam Rehabilitation and Improvement
Dam Safety Management and Engineering
Dams and Climate Change Adaptation
Dams and People

Dams and Renewable Energy
Environmental and Social Aspects

Evolving with Modern Technology in Dam Construction

A SR BRSO o

Integrated Reservoir Management (Basin Approach)

We are proud to report an overwhelming response to the call for papers. From 80 countries, we received 353 full-text
technical papers from leading dam experts worldwide, and 219 of these papers were presented during 35 technical
sessions. In addition, more than 33 presentations were delivered in parallel workshops that provided in-depth discussions
on specialized topics.

The technical papers featured in this volume reflect the collective expertise and experience of over 400 experts from
around the world, contributing to a rich dialogue on key aspects of dam technology, engineering, and environmental
management. These papers address critical issues such as dam safety, flood management, hydropower development, and
the integration of renewable energy into dam projects, as well as the broader social and environmental implications of
dam development.

This compendium is not just a record of advancements in dam engineering, but also a testament to the power of
global collaboration in tackling the complex challenges of our time—climate change, population growth, and the need
for sustainable water management. As we continue to strive for a future where water security is central to human
development, the knowledge and insights shared through this symposium will serve as an invaluable guide for
policymakers, engineers, and stakeholders alike.

I extend my heartfelt thanks to all the authors for their exceptional contributions and to the reviewers whose efforts have
ensured the quality and rigor of these proceedings. I would also like to express my deepest appreciation to the organizing
committee, sponsors, and our esteemed partners for their unwavering support in making this symposium a resounding
success.

I am confident that these proceedings will serve as a lasting resource for professionals in the field and inspire future
research, innovation, and collaborative efforts in the dam engineering sector.

Warm regards,

A.K. Dinkar
Secretary General, INCOLD






CONTENTS

Dam Engineering and Construction

1 | Numerical Simulation of Funddo Dam using Nors and model — Dr. -Ing. S.S. Nagula, Dr. H. Liu, 3
Dr. H.P. Jostad and Dr. L. Piciullo

2 | Sliding stability of arch dams using FEA and displacement criterion — S.L. Lalli, F. Lopez and M. 9
McKay

3 | Critical Thickness of a Vertical Core earth and Rockfill Dams and its Influence on Slope Stability — 19
R. Khanna, M. Gupta and R. Chitra

4 | Geological challenges faced in construction of concrete dam and their solution - A case study from 29
Punatsangchhu-II (1020MW), Hydro Electric Project, Bhutan — Arun Kumar, Rajesh Chandel, Ajay
Kumar and Thinley Dorji

5 | Geotechnical instrumentation of Haraz Reservoir Dam Performance Analysis: A Comprehensive 40
Safety Study During Construction — Seyyed. Majid. Izadparast, Habib. Niroumand, Hossein. Ak-
bari, Amir. Kazemi Tose, Saeed. Shoara

6 | Sustainable Sediment Management In Dams: Design Guidelines from Selected Case Studies — F. 49
Saba Bonilla, F.G. Besseghini and F. Tognola

7 | Grand Ethiopian Renaissance Dam: Stepped Spillway Performance Under Heavy Operation — G. 58
Pietrangeli, A. Bezzi and G.M. Beltrami

8 | Three Dimensional Limit Equilibrium Stability Assessments — Case Study Analysis and Application 68
to Embankments — R.J. Mulji and P.J. Chapman

9 | Montegrande Project — Main Aspects of Design — A.M. Calcina, S.B. Katereniuk and M.C.L. Carv- 76
alho, C. Abrdo Junior

10 | Effect of Reservoir Level fluctuation on the Slope Stability of Earthen Core Rockfill Dam (ECRD) 86
— Tarun Singhal, Dr. Ajay Kumar and Amit Mishra

11 | Scour Assessment of a Plunge Pool Applying Numerical, Physics-Based and Pressure-Fluctuation 92
Based Semi-Empirical Methods — Fakhreddin Takhtemina and Cameron Fraser

12 | Restoration of destabilized Dam Abutment Slope: A Case Study of Teesta Low Dam Hydro Project 101
— Shrish Dubey, Pradeep Kumar Garnayak and Deepak Verma

13 | Challenges and lessons learned from the delivery of Rookwood Weir — T'4. Williamson, J. Aposto- 107
lidis, N. Hamilton, 1. Gorii and T. Cao

14 | Resurrecting Stalled Partially Constructed Hydropower Project: Evaluation of Problems and Chang- 117
ing the Plan to Match the Current Reality — Vivek Dwivedi, Shrish Dubey, Pradeep Kumar Garnayak
and Deepak Verma

15 | Dam Seat Scanning Through Seismic Tomography and Assessment of Engineering Properties of | 123
Rock mass —M. A. K. P. Singh, S. L. Kapil

16 | Construction of Vishnugad-Pipalkoti HE Project (444MW) in highly adverse geological conditions 131
and very remote location with innovation - A Case Study of Dam Excavation in steep terrain in He-
long area of District Chamoli, Uttarakhand — R. K. Khali, S. Kumar

17 | Design and Practice of Asphalt Concrete Core Rockfill Dam with Full-section Soft Rock of Karot 144
Hydropower Project — YAN Shuanghong, ZHANG Chao, Ms. WEI Zhaoyue

18 | Construction of large Surge Chambers, Surges Shafts and Tailrace Tunnels Outfall Slope in Com- 159
plex Geological Conditions — R.K. Vishnoi, B. Gupta, A. Jain, L.P. Joshi and N. Feknous

19 | Site C Clean Energy Project: Planning, Design and Construction Overview — 4. Watson, M. Clark, 168
R. Whittaker, D. Dowler, P. Finnegan, JF. Lord and D. McEachern

20 | Bold, Innovative and Impressive Solutions for a Large Embankment Dam with Engineering Chal- | 178
lenges: Tehri Dam — M. Gopalakrishnan

21 | Physical Model Study of Novel Deflectors to Increase the Safe Unit Discharge of Spillways — H. J. 192
Wright, A. Bosman and I.C. Brink

22 | What could Tailings Facility Engineering look like in 2030? — C.A. Small, A.D. Witte, A.G. Bjelkevik | 200

23 | Design for Resilient Performance of Hydraulic Structures — P. Wangchuk, B.Pandey and G. Zenz 214




24 | Geotechnical Safety Aspects of Tailings Dams and Ash Bunds : Significance, Overview and Experi- | 224
ences — Tanusree Samanta, J. S. Edlabadkar, Rizwan Ali and R. S. Kankara

25 | Pseudo static and Numerical Analysis for Seismic Assessment of Concrete Gravity Dam of Vishnugad | 233
Pipalkoti Hydro-electric Project, India — R.K. Vishnoi, Bhupender Gupta, Atul Jain, U.D.Dangwal
and Sumedh Nagrale

26 | Seismic Performance Assessment of Tailings Dam in A Geotechnical Centrifuge — P Kumar and | 242
B.VS. Viswanadham

27 | Weak Rockfill in Dam Construction — G.T. Dounias, S.C. Sakellariou, 1.S. Kompogiorgas, M.E. 252
Bardanis and S.G. Patsali

28 | Overcoming challenges and Accomplishing River diversion during Covid 19 pandemic — A case | 262
study of Kiru HEP — Rakesh Kumar Dubey, Ankit Malhotra and Sunit Sharma

29 | Unpacking the Critical Imperatives In Financing Transboundary Hydro Power Projects And Infra- | 270
structure — E.M. Kabwe and S.Z. Mhlanga

30 | Innovative Design of Inlet Transition for a Desilting Basin in Hydro-Power Development — S.K. 276
Mazumder and Shivdayal Sharma

31 | Assessment of Seismic Resilience of Aging Concrete Gravity Dams — Bikram Kesharee Patra, 283
Ashutosh Bagchi and Pramod Narayan

32 | Dyraaba RCC dam slope stability - A case study : Dyraa- | 292
ba dam of Uma Oya Multipurpose Development Project,
Sri Lanka — A. Rahbar Farshbar, A. Noorzad and W.M.L.P. Wijesundara

33 | Planning of hydro-mechanical works in a Hydroelectric Project — A Fresh Perspective — M.K. Singh, | 300
Tanveer Ahmad and Vijay Kumar Jha

34 | Design and Construction of Site C Earthfill Dam — M. Afif, B. Benabdellah, J. Mendieta, G.W. Ste- | 306
venson and A. Watson

35 | Evaluation of Critical Slope and Ground Improvement using Micropile Groups and Slope Drainage | 316
System — Vivek Dwivedi, Shrish Dubey and Suchismita Das

36 | Quality Assurance and Quality Control Process at Tailings Storage Facility Construction of Martabe | 324
Gold Mine — Ira Swara Febyola Manik, Ricardo Karo Karo, Hendra Fachroza, Anggie Hardian,
Prianta Ginting and Aris Tambunan

37 | Utilizing Computational Fluid Dynamics for Assessment of Dissolved Oxygen Downstream of En- | 332
ergy Dissipation Structures — Adhirath Mane, Anurag Chandorkar and Pankaj Lawande

38 | Challenges faced during the construction of rock-fill dam with clay-core in Kol dam HEP —Prashant | 340
N. Gaur, Anubhav and Anup K. Singh

39 | The importance of dam foundation grouting - The case of Tersefanou dam in Cyprus — S.G. Patsali, 348
G.T. Dounias

40 | Importance of FEM analysis in arriving at structural system to deal with large lateral force due to | 357
creeping slope — A case study of Shongtong Karcham HEP (450 MW), India — N. S. Shekhawat, M.
S. Harshitha and A. Suhail

41 | Research on Key Construction Technologies for Concrete Gravity Dams Based on Thin Interlayer | 365
Rock Foundations — Rui Guo, D.T. Yang and Q.H.Gao

42 | Assessing the Brittleness of Tailings — Some Common Pitfalls and Uncertainties — D. Reid, A.B. | 372
Fourie and R. Fanni

43 | Research on Anchor Support Characteristics And Parameter Optimization of Small-Section Tbm | 381
Tunnels — WANG Wei, YANG Guang, REN Taozhe, DU Kenan, LV Fengying, WANG Junjie

44 | Key Construction Technologies for High Composite Geomembrane Panel Rockfill Dams — Y.7. Lj, 392
W.Z.Ma and FY. Zhang

45 | New Fulaij dam, flood protection and groundwater recharge in the Sultanate of Oman — Pierre | 400
Agresti, Alexandre Moy and Youssouf Masood Al Manthari

46 | Challenges in Construction of Large Dams & Hydropower Plants & Their Solutions — H.L. Arora | 411
and S.H. Raut

47 | Simulation Study of a Concrete Gravity Dam in a High-Temperature and Arid Region of West Africa | 419

— Y.L.Cui, Y.Zhang and X.N.Chen




Contents

48 | Liquefaction Susceptibility & Design Optimization of CFRD - A Case of 1000MW Pakal Dul HEP, | 427
J&K, India — Ajay Kumar and R N Sahoo

49 | Fuse Plug Spillway of Proyecto Multiple Montegrande — J.R.M. Almeida, R.Grube, R.E. Bertol and | 436
J.F.P. Machado

50 | A geotechnical appraisal of dam of Pare hydroelectric project (110 MW), Arunachal Himalaya, | 445
India — Rajanish Ranjan & Sukumar Baruah

51 | A Study on the Potential Effects of Spectral Matching on Dynamic Response of Homogenous Em- | 450
bankment Dams — 4. Askarinejad, F. Galster And M. Coté

52 | Challenges in Execution of Concrete Gravity Dam in Complex Geological Setup - A Special Refer- | 458
ence to Kiru HE Project, district Kishtwar, UT of J&K — Ramesh Ojha and Ajay Singh

53 | Grout curtain of Gura Apelor Dam in complex geological conditions — D. Stematiu, 1. lacob and R. 467
Sarghiuta

54 | Seepage Control Measures in Concrete Dam Foundation in Subansiri Lower Project (2000MW) - | 474
India — Rao Mushraf Ali Khan

55 | Numerical Analysis for Orifice Spillway with and without Super Elevation — Sushma Vyas, Sumedha | 481
Kulkarni, M. K. Verma and R. G. Patil

56 | Critical Determinants for Site and Layout Selection in Hydropower Plant Engineering — Aman Shar- | 490
ma and Prateek Jena

57 | Three-Dimensional Stress and Strain Analysis for Defining Planes in Two-Dimensional Stability | 496
Checks — R.P. Sales

58 | Unintended results and lessons learned from Altus Dam Safety Modification — Kent Walker and | 502
Chris Slaven

59 | Prediction of Pore Water Pressure, Surface and Subsurface Deformation for Tailings Storage Facil- | 508
ity Ultimate Design and Compliance Specifications: A Case Study of Martabe Gold Mine Tailings
Dam — Devina Pascayulinda, Anggie Hardian, Prianta Ginting and Aris Tambunan

60 | Study on Excavation and Support of Altered Rock Section of Headrace Tunnel in Yingliangbao | 518
Project — Zhao xiping and Liu Jianhua

61 | Numerical Investigation of Energy Dissipation in Stepped Spillway using Various Multiphase Mod- | 525
els — B.R. Pandey, G. Zenz, M.R. K C and B. Crookston

62 | Management of the Early Impounding Phases of the Grand Ethiopian Renaissance Dam in Ethiopia | 533
— R. Rizzatti de Moraes, O. Jullien, V. Boinay, K. Horo and E. Woledkidan

63 | Discussion on the Limitations of Deformation Control Indicators During the Construction Period | 542
of Embankment Dams - A Case study of the Upper Reservoir Dam of the Jurong Pumped Storage
Power Station in China — Guo Fawang, Yang Guang, Peng Hao and Yu Yuzhen

64 | Calibrated Numerical Modelling of the Stress-Strain Response of the 275 M High Yusufeli Concrete | 553
Arch Dam During First Filling — R.O. Cassells, Q.H.W. Shaw, F.V. Cevik and D. Aydogan

65 | Back Analysis of Runout Mechanism of an Ash Pond Failure in India using HEC-RAS — Ram | 564
Manohar Bishwal and P. S. Kumar

66 | Analysis of the Effect of Different Mix Ratios on the Performance of Concrete Mixtures — R. Guo, 572
W.Z. Ma and Y. You

67 | Enhancing the Sustainability and Efficiency of Trapezoidal CSG Dams: An Innovative approach us- | 580
ing Nonstandard Fly Ash — T Ishida, T. Abe, N. Yasuda, Y. Yamaguchi and T. Suzuki

68 | Study on the Expansion Technology of Gravel System under Sandstone — Ruoyu Zhou 590

69 | Modelling Natural Convection in a Rockfill Dam in Sweden — J. Sundin, S. Johansson and C.O. 599
Nilsson

70 | Implementation of Dry Stack Tailing Facilities (DSTF) in Indonesia — 4. Rinaldi, P. N. Ginting, H. | 609
Jitno and A. F. Firman

71 | Experimental Study on the Compressive and Splitting-Tensile Strengths of Large-Scaled Rock- | 615
Filled Concrete — T. Luo, C.L. Huang, F.L. Li, H.P. Yang and L.Y. Chen

72 | Increasing Storage Volume of Disused Quarries by Dams for Accommodating a 100 MW Glyn | 621
Rhonwy PSP — B. Stabel, T. Clegg

73 | Seepage Analysis for Dam of SR3 Hydro-electric Project founded in Deep Alluvial Deposit — Dar- | 631

shan Babu Adhikari, Mohan Prasad Acharya




Contents

74 | Analysis on the Coupling Evolution Law of Seepage and Deformation of Super—High Arch Dam | 641
During First Impoundment — C.H. Cheng, L.Y. Liu, Z.G. Zhang, Z.Q. Zhou, Y.N. Yang & H.H. Huang

75 | Application of Construction Information Model for RFC Dams (CIM4R) in Yongfeng RFC Arch | 651
Dam — F. Jin, J.Q. Yang, H. Zhou, H.P. Luo and X.X. Zhang

76 | Measures to Control Thermal Cracking in the Riverbed Discharge Facilities of the Asuwagawa Dam | 658
— Shinichi Aoyama, Hiroshi Yamaguchi, Youichi Masai, Tsuyoshi Hiratsuka & Tomoyoshi Shikada,
Tomonori Kawabata

77 | Cloud-based Digital Scour Design at Dam Spillways — E.F.R. Bollaert 667

78 | Development of a Risk-informed Dam Safety Management System for State-Owned Dams in Spain | 677
—D. Sanz, Jiménez, J. C. de Cea Azarniedo and E. Moreno Calle, I. Escuder Bueno, A. Morales Torres

79 | Dyraaba RCC Dam Slope Stability - A Case Study : Dyraa- | 686
ba Dam of Uma Oya Multipurpose Development Project,
Sri Lanka — 4. Rahbar Farshbar, A. Noorzad and W.M.L.P. Wijesundara

80 | Enhancing Generation by Curtailing Head Losses; A Case Study of Walkway Strengthening and | 694
Installation of TRCM at Tanakpur Power Station — G.S. Sikarwar and M.K. Singh

81 | Research and Application of Mass Concrete Mixed with Magnesium Oxide Expansion Agent — S.J. 703
Zhang, WW. Li, X.Y. Li and H.T. Wu

82 | A Study on Challenges related to Roller Compacted Concrete at Diamer Basha Dam Project — Kha- | 713
war Munir, Malik M. Hamza

83 | Hot Water Springs in Concrete Dam Foundation: Impact Analysis and Mitigation Measures — R.K. | 720
Vishnoi, Bhupender Gupta, Sandeep Singhal, U.D. Dangwal and Indu Pal

84 | Subansiri Lower Project: Design and Construction Challenges of the Concrete Cutoff Wall — S. Mal-| 729
let, G. Pereira, S. Arunachalam

85 | Foundation Preparation and Grouting Programs of Kanisib Sam, Northwest of Iran — H. Shafaat-| 738
talab, A. Hafezquran and Ghasem Deravi

86 | A Mesh-Based Critical Slip Surface Locating Method and its Application to Earth Dam Design — Yu | 747

TAN, Yang DAI, Jiesheng MIN and Vinicius Alves Fernandes






