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Ensuring Ensuring 
Dam Safety in India

a Science & Technology 
Road Map

Regulation Competence Implementation

 ! +

TODAY

Drivers of 

Dam Safety in India

TODAY

− Challenges

− Assessment and Retrofit

− Implementation
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Hydrological

1
Geological & 
Geophysical

2
Structural & 
Geotechnical

3
Mechanical

4
Electrical

5
Security

6
People & 
Bio-Life

7

Dam Safety
Domains

1 2 3 4

Plan and Design

Construct

Maintain

Operate
Continued Inspection,3 4 5

Surveillance
Continued Inspection, 
Instrumented Monitoring 
& Diagnostics

6
Retrofit

7
Prepare for Disasters

Dam Break Analysis, 
Preparedness

Dam Safety
Stages of Dam

7
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Movement
Geophysics

Settlement
Geology

Fault

Dam Safety
Concerns

Seepage
Geotechnics

Leakage
Material

Dam Safety
Concerns
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Overtopping
Hydrology

Gates
Electrical and/or Mechanical

Dam Safety
Concerns

Stability
Structure

Strength
Structure

Dam Safety
Concerns
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Dam Break Analysis
if for ANY Reason People

Dam Safety
Concerns

Bye-Laws on Land Use

1
The Challenges in India
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Dam Engineering

Planning
Designing
Constructing

i i i1 Maintaining
Retrofitting
Decommissioning

Colleges to teach aspects of Dam Safety 
t f th d t i l

1
FACT

No single Institute has critical number of subject experts
Continued dependence on foreign experts

Education

as part of the mandatory curriculum 

Dam Safety

Site-Specific Hazard Assessment
Dynamic Decision Making to Operate Dams at times
Sustained Field Investigations 

i i i i l i2 Dam Instrumentation, Monitoring & Aging Analysis
Dam Break Analysis
Disaster Management 
Surveillance and Protection

Need a system with Dam Owners to build
t h i l t f it E i

2
FACT

No system in place for assessing Dam Safety

Continuing Education

technical competence of its Engineers
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Dam Studies

State-of-the-Art Technical Software 
Calibration with Field Investigations
Scaled Model Laboratory Investigations 

di i3 Sedimentation
Structural Distress
Safety Standards

Need a holistic effort 
t t d k t f D E i i

3
FACT

No major and comprehensive studies undertaken yet

R&D

to study key aspects of Dam Engineering

Dam Safety 
Standards and Guidelines

Indian Standards revised long back

4 CWC guidelines only on limited aspects
No major dam has undergone the safety evaluation 
as per these Guidelines 

Need dynamic and periodic revision by 
th St d d b di

4
FACT

Norms

the Standards bodies
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Dam Safety Assessment

Certify safety of ~5,500 Significant Dams every 5 years
(~3 dams per day)

with limited available 
h i ll d5 Technically Competent Hands

Advanced technical tools

Need comprehensive plan to comply with 
th D S f t A t 2021

5
FACT

Compliance with safety requirements not demonstrated

Compliance

the Dam Safety Act, 2021

Dam Status

~5,500 Dams in 28 States & Union Territories in India
Documentation of Dam Safety
Current Status Reports6 Review of Status Reports
Health Monitoring
Decision Making and Technical Interventions
Master Dashboards at Dam Owners and CWC

Need a formal IT plan 
t th D ith bj ti it

6
FACT

No comprehensive repository available on Dams of India

Coordination

to manage the Dams with objectivity
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Dam Failures and Accidents

Dam Safety an involved technical and specialized subject

Lessons learnt from losses should be a benchmark for 7 all Dam Owners and Dam Engineers 

Need a formal documentation and 
di i ti l l t

7
FACT

No Dam Failure technical documented & disseminated publicly

Experience

dissemination program on lessons learnt

2
Assessment & Retrofit
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Hydrodynamic
Pressure

Hydrostatic
Pressure

Water 
Temperature

SummerWinter

Solar 
Radiation

Weight

Internal volumetric changes
Creep, Shrinkage, 
Alkali-aggregate reactions,
and Heat of hydration

Ice

Silt

SummerWinter

Crack
Pore 
Pressure 

Uplift
Pressure

Air Temperature

Summer Winter

Snow

Dam-Found.-Res. System

Foundation 
Temperature

Pressure
Earthquake

Loads and deformations affecting Gravity Dams

Sliding along 
Lift Joint

Cracking, 
Sliding and 

Overturning

Deterioration

Thermal Cracking 
Loss of Strength along crack

Cracking
Crushing

Sliding

Cracking
Sliding

Deterioration
Loss of Weight
Loss of Strength

Sliding along contact

Erosion undercuts dam
Loss of Bearing 

Sliding

Potential Failure Modes

Loss of 
Bearing 
Strength Sliding along Discontinuities
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Cracking Response

Lift Joints

Flood

Cracking Response 
Failure Mechanism

Potential Failure Modes

Earthquake Shaking

Zone of 
Cavitation

Likely scooping out 
of concrete

Atmospheric 
Pressure

Hydrostatic 
Pressure

Dynamic 
Pressure

Cavitation

Potential Failure Modes
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2

1
Overtopping

3
2

Cavitation 
and Internal 
Erosion Foundation

and Site

Potential Failure Modes
Summary

Lead to Experience

Communicate
Study
Learn
Disseminate

Failures and Accidents

Correct
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Scaled 
Model

Fi ld St di A l ti l St di L b t St diField Studies Analytical Studies Laboratory Studies 

Holistic Competence needed in all 3

Technology



4 Levels of Analytical Studies

Seismic 
Coefficient

Response
Spectrum

Nonlinear 3D 
Dynamic

Linear 2D 
Dynamic


Simplified Methods Detailed Methods

Coefficient 
Method

Spectrum 
Method

Dynamic 
Method

Dynamic 
Method

Competence abreast with improved tools

Technology
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Added Mass 

Water
Foundation

Detailed Methods

Nonlinear 3D 
Dynamic

Linear 2D 
Dynamic



Nonlinearities

Opening of Joints
Cracks in Dam Body

Creep Stress Relaxation
(Thermo-Mechanical Analysis)

Heat of Hydration & Hardening

Technology

Dynamic 
Method

Dynamic 
Method

Critical Number of Engineers with competence

Geologists
Geophysicists

Seismologists & Seismotectonists
Hydrologists

Sedimentation Specialists
Material Specialists

Snow Specialists
Metrology Specialistsgy p

Biology Specialists 
Environment Specialists

GIS Modelers
Geotechnical Engineers

Hydraulic Engineers
Structural Engineers

Mechanical Engineers
Electrical Engineers

C i E i

For each DAM
30 Competent + Experience

Subject Specialists

Construction Engineers 
Maintenance Engineers

…

p p
60 Competent + Energy
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1 2 3 4
0.33 s 0.13 s 0.09 s 0.06 s

Koyna Dam

Mode Shapes

Analytical Studies
Nonlinear Dynamic Time History Analysis

FIELD E i t l I ti ti lt i t

Structural Safety Evaluation

FIELD Experimental Investigation results as inputs
LABORATORY Experimental Investigation results to validate Analytical Studies

Non‐destructive Testing
Dynamic Properties (T, , {})

Destructive Testing
Core Samples 
Strength 
Modulus of Elasticity

Field Experimental Studies

Dynamic Characteristics
Tuning of Analytical Models
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Non‐destructive Testing
Dynamic Properties (T, , {})

Field Experimental Studies

Dynamic Characteristics
Tuning of Analytical Models

Water

NO waterWater

Lab. Experimental Studies

Two-dimensional dam slice models (Scaled down)
Validating results of Analytical Studies

Dynamic Shake Table Testing



6/17/2022

17

The 3 Errors

Concept
Execution
Intention

3 3rd Party Peer Review of 
Professional CE Services
based on Standards and    
International Documents 

Dam Safety Act, 2021

Competent Engineers

Assessment and Retrofit

Expectations
Penal Provisions3

Actionable Items

Dam Safety Act, 2021

Capacity Development
(New Graduates and Continuing Education)

Competent Engineers

Dam 
Safety

Graduates and Practitioners: Good Practices1 Education

Safety 
Act, 

2021

2 Assessment & Retrofit
Investigations, Inferences, and Interventions

ComponentsSafety Culture3 Communities and Commitment
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Earth
Science

Dam 
Engineering

H V E× ×

Engineering

Bye‐Laws

Risk

H V E× ×
Dam Safety

ITSZ
MCT
MBT
HFT

PSA

D

SD

Probabilistic Approach Needed

Hazard
T

PGA Acceleration
TVTA

T
TD

D0

Displacement
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Detailed 

Detailed
Quantitative

3
4Simple

Quantitative

Rapid
Qualitative

Qualitative

1
2

3

Methods

Vulnerability

3

4

ur

5,000

500

Levels

1

2

Ri
go

u

50

5

Vulnerability
Time
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Failure of a Dam
Failure of  Structure or Operation 

Uncontrolled flow of impounded water 
resulting in downstream flooding

Affecting life and property of people 
(and Ecosystem at large)

Only comparable to a “Nuclear Disaster”Only comparable to a Nuclear Disaster

Exposure

People
Property

Businesses
Finances

Breached Mohne Dam

Exposure

People
Property

Businesses
Finances

Failed Laos Dam
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Safe

U fUnsafe

Prioritisation of Existing Dams
High Risk Dams
Medium Risk Dams 

Retrofit

Low Risk Dams 

New

N

Geo-Membrane
Mitigate Leakage

New Concrete
Mitigate Heal Tension

Old
New

Old

Retrofit



6/17/2022

22

RC Dam with Rock Filling D/S
Mitigate Leakage

U/S Rock-filling of RC Dam
Mitigate Strength Deficiency

OldNewOld New

Retrofit

New

Raising the Height
Increase Reservoir Capacity

NewOld

Retrofit
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Old

Lowering the Height
Reduce Reservoir Capacity

NewNew

Retrofit

New Dam on Downstream side
Decommission, 
Retrofit or

NewOld

Retrofit

Retrofit or 
Increase Reservoir Capacity
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De-silting 
Study effect of Sedimentation on Dynamic Behaviour

Retrofit

Improved Geometry
Rounded Toe and Heal…!!

New Dams
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3
Implementation

Dam Safety 

Far reaching impact and importance
Save people, property & every life form 

in the riverine ecosystem

Consequences of dam failure catastrophicAct, 2021 Consequences of dam failure catastrophic

Effective Implementation of the Act

A gigantic task 
of national importance beyond local boundaries

Historic Legislation



6/17/2022

26

Indep Peer

Competent 
Engineers 

Guidelines

Retrofit

Continuing 
Education

Skilled 
Contractors

Full Scale

New 
Technology

Regulate 
Unsafe Prac

Technical 
Education

Manuals of 
Good Prac.

Typologies 
of Dams

Types Education Safety Practice Policy

Types

Education

Dam Safety 
Act, 2021

Risk 
Indexing

Indep. Peer 
Review 

Safety 
Standards

RetrofitFull Scale 
Testing Safety

Practice

Policy

Academia Industry Govt

Critical

Dam Safety
Competent India

Academia Industry Govt.

100% 
Audit

N
u

m
b

er
 o

f 
D

am
s

5% 
Audit

N

Build 
competency 
all along

Phased Progress

2021 2031

Structural Safety Audit
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Advanced
Dam Safety 
Checks

Advanced
Capacity

Development

Basic
Dam Safety 
Checks

Intermediate
Dam Safety 
Checks

Capacity
Development

2021 20312026

Pragmatic Approach

Owner 

Planner

Designer

Planning Peer Reviewer

Design Peer Reviewer

Independent1
Sound Knowledge
Vast Experience
INTEGRITY

Designer

Constructor

Maintainer

Agency 
responsible for 
Q li  C l

Another Agency 
responsible for 

Q li  A

Design Peer Reviewer

Construction Peer Reviewer

Maintenance Peer Reviewer

2 3

Objectivity

Quality Control Quality Assurance
3

Independent Dam Safety Technical Expert Review Panel
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Field Tests on Dams

Dynamic Characteristics

Test Existing Dams

y
Natural Periods

Natural Mode Shapes 
Damping at Natural Periods

Laboratory Scale-Model Tests
Specimen of up 1:100 – 1:50 scale

Verify analytical results

Build Test Capabilities
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Dam Break Analysis
GIS Model

Inundation and Submergence
Disaster Preparedness

Perform Dam Break Analysis

Details

High
2031

Low 2021
Model

Experience

Macro Mechanistic
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Dam Safety Safety of Dams for 
Protection of Human Lives 

Design and construction
Research and innovation

Hydrological Safety

7 Subject Verticals

Monitoring and maintaining
Lessons and Experience

Engineering, 
Operating and 
Integrating Dams 
into the environment

Hydrological Safety
Geological & Geophysical 

Structural & Geotechnical Safety 
Mechanical Safety 

Electrical Safety
Security

People, Bio-Life & Env. Safety

Safety Culture

Standards and Guidelines

Compliance alone
NOT sufficient

Proactive Leadership and 
Healthy Positive 
Organizational Attitude

ESSENTIALESSENTIAL

Collective & individual behaviour, 
which ensure that issues related to 
dam and public safety receive 
urgent attention

Do not kill the messenger 

Safety Culture

with the bad news
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Quality Assurance

Owner
Designer

C t t

Right Person
Right Place
Right Time 

ESSENTIAL

Contractor
Supervisor

Engineer
Maintainer
Retrofitter

Safety Culture

Retrofit

Commensurate with Risk
Inferred and Consulted
Evidence-based Decisions

Trust but verify

Documented

Safety Culture

Shared
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The URGENT Need

Technical HumanTechnical Human 
Resource Development

Bachelors Degree
Masters Degree
Post-Graduate Diploma
Doctoral Degree

Safety Culture

Central Water Commission
and

State  Governments

D di t d Offi & St ffDedicated Officers & Staff 
to Mainstream 
Dam Safety Act, 2021

Thematic Competence
Coordination with States
Administrative Aspects 

:: NCDS and NDSA

Safety Culture

:: NCDS, and NDSA
:: SCDS, and SDSO
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Analysis Retrofit

Behaviour Maintenance

360º Education

Design Construction

Shortcut

Retirement

College

Employment

Dam 
Safety

Childhood

School

Childhood

Competence Development
Dam Engineers
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Safety Assessment
Analytical Studies
In-Situ Field Assessment of Dynamic Characteristics
Laboratory Experimental Studies

Retrofitting
Documentation
Preparation of Manuals

Institutional Capacity Building

Dam Engineers

Competence Development

Degree Programs
4-year B.Tech. : Introduction to Dam Engineering
2-year M.Tech. : Structural Safety Assessment of Dams
4-year Ph.D. : Earthquake Performance Assessment of Dams

Sensitisation Programs
1-2 week Short Courses

: Analysis, Design & Assessment of Dams

Dam Engineers

Competence Development
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1
2
3

Estimate Demands (Floods, Earthquakes, …)

Track Aging (Body, Foundation, Abutments, …)

3
4
5

Maintain Equipment (Gates, Locks, Sluice Gates, …)

U d t k D i i i

Make Major Modifications 

A Lifelong Crusade…

5 Undertake Decommissioning 

Dam Safety timeline for EXISTING Dams…

In closing…
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Earth

Water

Air

Space

Fire

Space

5 Elements of Nature

Demonstrate Safety
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D

Art in Engineering

Dam 
Engineering

Get into action…
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Tough conditions

Hard work…
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Dam Safety in India

77

The Dream…

Grateful

•Ministry of Jal Shakti, Government of India
– Hon’ble Minister of Jal Shakti 

•Shri Gajendra Singh Shekhawat Sahab•Shri Gajendra Singh Shekhawat Sahab

– Hon’ble Ministers of State

– Officers
•Secretary Shri Pankaj Kumar

•Additional Secretary Smt. Debashree Mukherjee

•Joint Secretary Shri Sanjay Awasthi

•Chairman, CWC Shri R. K. Gupta
– Colleagues of CWC

•Hon’ble Ministers 
of State Governments

Clipart and Photos from Internet
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Thank you!!

Jai Hind !!
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Jai Hind !!


