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Indian Water Resources Scenario

(Source: CWC and NRSC combined reassessment study report (2019))

Share in World Resources

Land(2.4%) Water(4%) Human (17%)
Total Precipitation 3880 BCM
9
Total water availability 1999 BCM
¥
Total Utilizable Water Resources 1137
BCM
Surface Water 690 BCM é rsund Vi 871390
9 9

Current Utilisation 450 BCM Current Utilisationi243 BCM




Spatial & Temporal Variation of Rainfall

B ' Average Annual Rainfall

@ Precipitation during June to September 3000 BCM (75%)
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LARGE DAMS

As per National Register of Large
dams (2019)*, India has....

5334 existing large dams

411 dams under construction

*NRLD 2023 released this month
wherein existing large dams have
Increased. (6138/143)
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LARGE DAMS : WORLDWIDE




NO. OF DAMS AS PER NRLD 2019
State/UT .
Constructed Under Construction

SPECIFIED DAM

Maharashtra 2117 277
e : : - Madhya Pradesh 899 7
A specified dam in Dam Safety Act is classified as Gujarat 620 12
one with a maximum height of more than 15 ,
meters from its deepest foundation to the crest. Chhattisgarh 249 9
Karnataka 230 2
: . Rajasthan 204 8
A dam between 10 and 15 meters in height from Odisha 200 4
its deepest foundation, provided it complies with
one of the following conditions : Telangana 168 16
a) length of crest of the dam is not less than 500 LU Sl 149 17
meters or Tamil Nadu 118 0
. . . Uttar Pradesh 117 13
b) capacity of the reservoir formed by the dam is anlr S
not less than one million cubic meters or K:"ak"; . 61 0
: . . J 55 24
c) the maximum flood discharge dealt with by War Ban | o 0
the dam is not less than 2000 cubic meters est Benga
per second or Bihar 24 2
d) the dam has specially difficult foundation Himachal Pradesh 19 1
problems, or Uttarakhand 17 8
e) the dam is of unusual design Jammu and Kashmir 15 2
Punjab 14 2
Other States/Uts 28 7

Total 5334 411




1 Storages already created
2 Projects under construction
Per capita storage
£ 7000 7 6103
@ 6000
© 5000
& 4000
S 3145
@ 3000 1964
5 2000 T —
&S 1000
- 210
& O 1 1 1 1 1 1

Russia brazil

USA China South India

Africa

253.388 BCM
50.959 BCM

< 25 YEARS
941 Nos.

> 100 YEARS

23 To a0
YEARS

3042 Nos.

a0 To 100
YEARS

948 Nos.




Sector-wise Future Demand Scenario (BCM)

Sector Probable Water Demand as Projected by
NCIWRD (1999)

2025 2050
Irrigation 611 807
Domestic 62 111
Industry 67 81
Energy 33 70
Others 70 111
Total 843 1180 *

* Against utilizable water resources of 1121 BCM




CLIMATE CHANGE WILL INCREASE THE NEED OF STORAGES

« As per UN World Water Development Report 2020,
Climate change will affect the availability, quality and
quantity of water for basic human needs

« Climate change will make extreme events more
severe by altering the timing, intensity and duration of
their occurrences

» The alteration of the water cycle will also pose risks
for energy production, food security, human health,
economic development and poverty reduction

What is needed ?

Storages are needed to increase resilience to impacts of Climate Change

\/U-N\NATER mE

ulnerability Index

Very Low
Low
Medium 5

Vulnerability of agriculture
to climate change



Key Benefits Large Storage Small Storage ArRe/RWH
Flood Moderation Yes Little or none None
Spatial variability Yes Little or none None
Temporal Variability Yes Little or none Little
Cost per unit storage Medium High/ Medium Low
Land per unit storage Moderate High/ Moderate Low
Evaporation Loss (%) Low High -
Irrigation benefits 2 or 3 crop 1 crop --
Hydropower Yes No None
Drought Resilience High Little Little
Support for e-flows Yes Little None
Infrastructure & employment Yes Little None
Navigation Yes None None
Recreation/ fisheries Yes Little None
Expected Life 150-200 years 10-50 years --




Dam Design- Change in Approach |

A. Earlier Approach — “Design Life Approach”

This approach assumes a finite project life and gives superficial attention (if
any) to what will happen to the dam at the end of its life. This results in

substantial environmental, social, economic and safety considerations being
left to subsequent generations.

B. Earlier Approach — “Life Cycle Management Approach”

This approach advocates sustainable use, where the major functions of the

dam are maintained, through good management and maintenance
practices, in perpetuity.



ARE AGEING WATER STORAGE INFRASTRUCTURE
REALLY A THREAT ?

Lifespan with no maintenance
and inexistent dam safety
management

Designed Life-span

Enhanced Life-span after Dam
Safety Management
Interventions

Regular Dam Safety
Management Interventions
(Rehabilitation Measures,
Good practices of O&M,
monitoring, emergency
preparedness, risk
management)

Dam Age

Potential Dam Failure

Designed life-span
(e.g. 50 years)

\%

Dam Safety Management and risk
mitigation practices enhance the
life of dams — what we design and
construct today can serve people
of our world for many, many
generations

Improved life-span
(e.g. 200 years)

n
L

Cumulative Operational/Service Life-span

Source: UN Report



‘ ———> Failed within 10 years

Decade-wise number of dam failures in India
14

12

10

Upto 1950 1951-1960 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-till now

Institutional Mechanism Uniform dam safety procedures across the country



Machhu dam disaster of 1979 in Gujarat Uttrakhand Dam Disaster
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Reported failure of dams in India by States/DSOs (Year wise)

State

Madhya Pradesh
Maharashtra
Madhya Pradesh

Madhya Pradesh
Rajasthan

Uttar Pradesh
Rajasthan

Rajasthan
Rajasthan

Rajasthan

Madhya Pradesh
Rajasthan
Gujarat

Name of
Project

Tigra
Ashti
Pagara

Palakmati
Dakhya
Ahrura
Girinanda

Anwar
Gudah

Sukri

Nawagaon
Dervakheda
Kaila

Type

Masonry
Earth
Composite

Earth
Earth
Earth
Earth

Earth
Earth

Earth

Earth
Earth
Earth

Max. Year of Year of
Height(m) Completion Failure
Up to 1950
24.03 1914-17 1917
17.70 1883 1933
27.03 1911-27 1943
1951-1960
14.60 1942 1953
N.A 1953 1953
22.80 1953 1953
12.20 1954 1955
12.50 1956 1957
28.30 1956 1957
N.A N.A 1958
16.00 1958 1959
N.A N.A 1959
23.08 1955 1959

Cause of failure

Overtopping followed by slide.
Slope failure.

Overtopping followed by breach.

Sliding failure.
Breaching.
Breaching.

Overtopping followed by breaching.
Breaching.
Breached due to bad workmanship.

Breached by leakage through
foundation.

Overtopping leading to breach.
Breaching.

Embankment collapsed due to weak
foundation.



14
15
16

17

18

19
20

21

22

23

24

Maharashtra
Maharashtra
Rajasthan

Rajasthan

Madhya Pradesh

Madhya Pradesh

Uttarakhand

Gujarat

Tamil Nadu

Gujarat

Gujarat

Panshet
Khadakwasla
Galwania

Nawagaza

Sampna

Kedarnala

Nanaksagar

Dantiwada

Kodaganar

Machhu-II

Mitti

1961-1970

Earth 53.80
Masonry 60.00
Earth N.A

Earth N.A

Earth 21.30
Earth 20.00
Earth 16.00

1971-1980

Earth 60.96
Earth 12.75

Composite 20.00

1981-1990
Earth 16.02

1961
1875
1960

1955
1956

1964
1962

1965

1977

1972

1982

1961
1961
1961

1961
1964

1964
1967

1973

1977

1979

1988

Piping failure leading to breach.

Overtopping.

Breaching.

Breaching.

Slope failure on account of
inappropriate materials.

Breaching.

Breached due to foundation
piping.

Breach on account of floods.

Breached on account of

floods.

Overtopping due to floods.

Overtopping leading to breach.



25

26

27

28

29

30

31

32

33

34

35

36

37

Madhya Pradesh
Telangana

Rajasthan

Gujarat
Madhya Pradesh

Orissa

Maharashtra

Madhya Pradesh
Rajasthan

Telangana

Madhya Pradesh

Rajasthan

Karnataka

Chandora
Kadam

Bhimlot

Pratappur
Jamunia

Gurilijoremip

Nandgavan

Piplai
JaswantSagar

Palemvagu dam

Chandiya

Gararda

Ankhamanhal

Earth
Composite

Masonry

Earth
Earth

Earth

Earth

Earth
Earth

Earth

Earth

Earth

Earth

1991- 2000

27.30
22.50

17.00

2001-2010
10.67

15.40

12.19

22.51

16.73
43.38

13.00

22.50

31.76

21.29

1986
1958

1958

1891
1921

1954-55

1998

1998
1889

u/c

1926

2010

1988

1991

1995

2001

2002

2004

2005

2005

2007

2008

2008

2010

2010

Breach.

Over topping leading to breach.

Breached due to inadequate spillway
capacity.

Breached on account of floods.
Piping leading to breaching.

The abutment structure along with wing
and return walls got undermined with
foundation scouring.

Excessive rain causing water flow over
the waste weir.

Breach

Piping leading to breaching.
Flash flood resulting in overtopping of
the earth dam

Breach.

Examination for cause of failure by state
authorities in progress.
Overtopping by wave action and slip



38

39

40

41

42

Kerala Peringalkuthu
Maharashtra Tivare
Telangana Sarala Sagar

Andhra Pradesh Cheyyuru
(Annamaya)
Project

Madhya Pradesh Karam dam

Concrete &
Masonry

Earth

Earth

Earth

Earth

2011-2022

51.8

28.00

12

25

52

1957

2004

1959

2001

2022

2018

2019

2020

2021

2022

During first filling.



THE DAM SAFETY ACT, 2021 - PREAMBLE

An Act to provide for\

survelllance, Inspection,
operation and maintenance
of the specified dam for
prevention of dam failure
related disasters and to
provide for Institutional
mechanism to ensure their
safe functioning and for
matters connected therewith
or incidental thereto.

?wﬁ‘mvﬁmﬂﬁm?%ﬁ%ﬁaﬁaﬂwm?m#ﬂmmﬂ#

is given te this Part in order that it may be filed as a

separate compilation.

{Legislative Department)

MINISTRY OF LAW AND JUSTICE

i
[13:&@#&!5\
An Act to provide for surveillance, inspection, operation and mamtenance of the

specified dam for prevention of dam failure related disasters and to provide
for institutional mechanism to ensure their safe functioning and for matters

connected therewith or incidental thereto.

/

IT EXTENDS TO THE WHOLE OF INDIA



MULTI-TIER INSTITUTIONAL MECHANISM

Natlonal Dam Safety Authority

National Committee on Dam Safety
At National Level

A

State Committee on Dam Safety

At State/UT Level

State Dam Safety Organization
Dam Safety Unit } Owner



THE ACT DEALS WITH THE SAFETY OF.....

DAM or BARRAGE or WEIR STRUCTURE WATER CONDUITS AND LOW LEVEL

Wy

SPILLWAYS, ENERGY
DISSIPATION AND RIVER
TRAINING STRUCTURES

HYDRO-MECHANICAL
EQUIPMENT
(GATES, VALVE, HOIST,
ELEVATORS ETC.)

e

Life and property of the people,
upstream & downstream of the dam,
and the environment including flora,

| fauna and riverine ecology

Any other structure acting
integrally with the dam
or its reservoir or reservoir rim.



COMPREHENSIVE DAM SAFETY EVALUATION

Comprehensive Dam Safety Evaluation shall consist of, but not limited to;

+ J\_ DataAnalytics Review and analysis of |-_—' Evaluation of
@ namene | AVailable  data  on p‘Q inspection
.cincl:si:_):sal:oztthat design Construction u — rocedures
Hn information. ] ) —
+

O&M and performance

2 Investopedia

Evaluation of
operation &
maintenance
procedures

General assessment of
hydrologic& hydraulic
condition with review
of design floods

| | Evaluation
- Gfener_a | assfessmef\nr: conditions
m e e of seismic sa ety_ W|t_ hazardous to
site-specific seismic integrity of the
parameters structure




HYDRAULIC SAFETY EVALUATION OF DAMS

1. Overview of hydraulic safety of dams

2. Dam and the reservoir, approach channel

3. Spillway, their control structure and conveyance structure

4. Outlet works, intake and conveyance structure

5. Energy dissipation arrangement, plunge pool and exit channel

6. Other appurtenant works



» Approach or inlet channel and log boom:
It conveys water from the reservoir to the inlet structure or to the control structure if there 1s no inlet structure.
Also, in some dams there is provision for retention and handling of floating debris (tree trunks, trash, other) to
avoid obstruction.

» Inlet structure:
It conveys water from the approach channel to the control structure and is intended to improve approach
flow conditions to the control structure.

» Control structure:
A crest structure or grade control sill, with or without hydro-mechanical elements viz. Gates, Bulkheads or Stop
logs along with associated operating equipment. The hydraulics of the control structure establishes the discharging
capacity for the spillway.

» Conveyance features (Chute, conduit, sluice, tunnel or in combination):
It conveys water from the control structure to the terminal structure. The conveyance features may include
combination of elements such as chutes with both mild and steep slopes, combinations of conduits, tunnels, and
chutes.

» Terminal structure (Energy dissipator such as a hydraulic jump stilling basin, flip bucket etc.):
This structure dissipates most of the kinetic energy associated with moving water and leads waters to the exit
channel.

» Exit channel:
Such channels are provided in some dams especially where the spillway is located in one of the flanks and not in the
river bed to convey water from the terminal structure to the river or stream in the downstream.



Various hazards/defects and their adverse responses/effects on hydraulic safety of dam
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Various hazards/defects and their adverse responses/effects on hydraulic safety of dam
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Hazard (Hydraulic Loads)
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|
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Human error :
|
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Poor concrete quality
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Response and Hydraulie Sn{'éry
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DAM AND ITS RESERVOIR



All types of defects or hazards that may be present in the reservoir falls into
the following main effects:

1. Effects that result in loss of reservoir storage by sediment driven by the river.
2. BEtfects that result in loss of reservoir storage by massive landslides
3. Effects that make the reservoir loose freeboard, such as waves, wave run up, etc.

4. Effects that make the spillway/ outlet/ intakes to loose discharge capacity, due
to blockage by debris of diverse type.



Dam and its Reservoir related hazards

1 | Reservoir Instability/ Bank Shding Geology/seismic/ Reservoir Operation

2 Rim Erosion Waves, Reservoir Operation /Drawdown,

3 | Reservoir Sedimentation Sediment production m the river basin

6 | Bank Storage Banks Geology

7 | Reservoir Induced Sersmucity Seismic/geological

8 | Back water flooding Back water due to terrain landmarks

9 | Ice Low temperatures

10 | Wind induced waves/Wave run up Wind

11 | Reservoir Operation Policies/manmade errors

12 | Rapid Reservoir Drawdown Policies/ manmade errors

13 | Reservoir Sedimentation/Delta formation Sediment production in river basin

14 | Reservoir Sedimentation/Bottom Deposits | Sediment production in river basin

15 | Floating Debris Debris production in the River Basin

16 Int.low Flood accommodation i the reser- | Poor gstimation of Freeboard / Reservoir
volr Operation

17 | Shde Bank Erosion Bank instability/Seismic effect




Vajont Dam, ltaly — Left bank sliding

Spencer Dam, USA — Gate operational problem due to ice




Lessons learnt - Spillway clogging due to floating debris

Palagnedra dam, Switzerland — Floating debris

LESSON LEARNED
Debris and floating log, are capable of obstructing spillways, leading to dam overtopping

1 during a flood scenario.
Some measures can be taken to prevent overtopping, for example, keeping a large bay

2 | width between spillway piers, removal of spillway bridge to provide a free passage for de-
bris and logs to flow down the spillway along with flood waters.

3 Setting spillway piers about 12m apart, in order to keep reasonable free width for passing of
flow with debuis in a flood situation

4 Analysis of vegetative typologies of forestry practices in the watershed to understand and
assess potential of the river watershed to produce debuis loading

5 Pier spacing of the spillway should be at least 80 % of the maximum size of trees moved by
the water current

6 | Closed conduits are more vulnerable to clogging than open conduits

7 | In free surface spiltways, avoid flow contractions, sharp bends and rough walls

8 | Drum, sector and flap gate should be preferably used to avoid gate clogging

9 Lift gates should be avoided unless there are a large number of openings due to the danger
of trees being drawn below their lower edge during closure

10 | Considering large size of water passages, for provision for large tree and other debris
It is usually impossible to remove all floating debris during a flood event because of the

11 | large volumes. In addition, if the dam spillway is activated, a partial discharge of floating
debris via the dam spillway can hardly be prevented.

12 Increase hydraulic capacity of tunnels spillway to 5,000-yvear design flood with a minimum 5

~ | m runnel diameter.

13 Use open conduits when possible. If there are closed conduits, use smooth walls, no con-
tractions or obstructions and no sharp bends

14 Concentrate the intake structure in one opening and make the invert of the intake as low as
possible

15 | Use radial gates in spillways; avoid vertical lift gates.

16 | Avoid trash-racks at spillways as they compromise the design flood capacity

17 | Ty to intercept debris upstream of a reservoir, e.g. debris basins, debris retention posts

13 Use physical models in the design of spillways with high esposure potential to large

amounts of floating debris




Hazards/Adverse response/Causes connected with Dam reservoir, Approach
channel, Control section, Gates and valves

Haarlin bee B epos c | Sauses ’ Hazard/Adverse Response ‘ Causes

I Reservoir Sedimentation 1. Reservoir Sediment Inflow : 1 : :
2. Bank Sliding I Overtopping of dam 1. Blockage due to floating debris
3.  Wind Induced Waves 2. Blockage due to ice

4. Wind Run Up

5. Reservoir Operation II Gate / Valves Malfunction- = 1. Gate Vibration (in spillways)
6. Rim Erosion ing
7. Reservoir rapid drawdown 2. Gate Vibration (in sluice)
i Formaﬁo‘n 3.  Gate / Valve Jamming by Ice
9. Bottom Deposits

10. River Basin Deforestation

4.  Gate / Valve Impact by floating

1I Dam Overtopping | 1. Wave Run Up Ak

2. Reservoir (jpeTration

= 5. Gate / Valve operation by hu-

main error

3.  Accommodation of Inflow Flood

4, Bloi‘k«ge due to ﬂatmg debris - 111 Concrete Damage 1. Cavitation

5. Blockage due to ice

6. Insufficient spillway capacity e bmwon
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Hazards/Adverse response/Causes
connected with Energy dissipator

Hazards/Adverse response/Causes
connected with Conveyance structure

Hazard/Adverse Response

Causes

Hazards/adverse responses

Bed Erosion

Causes l

Energy dissipation inefficient

Degradation in downstream reaches

‘ ‘ | I Undermining of Energy Dissi- | 1. Poor protection at spillway toe
I Wall Overtopping 1. Increase in discharge e | 2. Bank instability
| 3.  Asymmetrical flows
2. Flow bulking 4. Flow circulation
3. Perturbed free surface 2 gy
2 | 6. Poor geology
1II Chute Cavitation 1. Poor concrete quality | 7. Poor construction practices
f 8. Low tail water
2. Flow VelOCity 9. Fﬁp bucket design
| 3. Low boundaries pressures | 19 lacHicatcacey disupation
‘ 11. Poor construction practice
4. Pressures Pulsation | I Cavitation : 1. Poor P_ro_jgct lgzout
| o : 2. High velocity flow
5. Poor ventilation (Sluice) 3, ' PHlsili s
III  Chute abrasion 1. Sediment / Debris laden flow 4. Flow unitability
: 5. Macro turbulence
2. Side rock falling | 6. Due to retum flows
II1 Abrasion 1. Material in basin
- L 2. Sediment laden flow
IV Concrete Chute Jacking 1. Poor construction practice _
i ' IV Overtopping | 1. Increase in discharge
' 2. Drainage system deficient s
3 ih gh velocity flow [v Concrete Jacking | 1. Poor construction _P_ractices
/ (Stilling Basin) ' 2. Sweep out of hydraulic jump
[ VI Tailrace Channel -Bank and | 1. Poor protection of bank/bed
7 3 4
3.
| 4.

Flow circulation
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Poringalkuthu Dam (India)
before, during and after the overflow.

Concrete overtopping protection for Santa Cruz Dam



Structural and non-structural mitigation measures to take care of the increase
in design flood in a dam

Structural Mitigation Measures

Raising the height of the dam to provide for
freeboard necessary above the higher MWL.

Raising the height of gates by lowering the
spillway crest.

Constructing one or more additional (auxiliary)
spillways, fuse plugs with breaching section, flush
bars, etc.

Provision of a solid parapet wall on the upstream
at the dam top (where not available) provided that
it is able to provide for the revised freeboard
requirement.

Strengthening the crest and down-stream face of
the embankment to al-low for some overtopping.

Non-structural Mitigation Measures

Improve methods of collecting data to give
advance warnings of adverse conditions and to
monitor the response of the dam and reservoir

Improve operation of the reservoirs by lowering
the reservoir level to increase flood control volume

Modifying river basin flood characteristics by
building flood detention devices or building an
upstream dam

For reservoirs in cascade, use upstream reservoir
capacity to reduce flood peaks downstream.

For cascade reservoirs, integrate operations of
reservoirs.




MEASURES FOR INCREASING THE RESERVOIR STORAGE

Mask beam used to raise by 2m the reservoir
of Tucuri Dam, Brazil (Erbiste, P, 2004)

/

Bottom heightening of the Castro Dam
radial gates, Spain. (Erbiste, P, 2004)

.....

Spillway crest heightening at Cachoeira
Dourada Dam, Brazil (Erbisti, 2004)
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| Top heightening of Furnas Dam, Brazil.




SPILLWAY



BROAD CLASSIFICATION

Based on how the waters are carried to the downstream river
- Surface spillways
- Tunnel spillways

Based on the type of hydraulic control
- Controlled
- Uncontrolled

Based on the location

-On the surface with free discharge with/without gates
-Submerged at Intermediate level

-At the bottom

Based on the function
-Service spillway
-Auxiliary Spillway
-Emergency Spillway




£

wl

Service spillway, on left abutment

Service spillway, Control structure -
of an embankment dam

Morning glory and special weir



Service and auxiliary spillways located in dam and emergency spillway
(fuse plug) located far away from the dam in reservoir rim
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Bottom outlet in concrete dam Wilson Dam, Alabama. Orifice spillway Typical bottom outlet in overflow dam section

Spiltway Opening

N° Design Specific
Project Lo ¢ W D Discharge Dii chargg Cd
Peyt) (m) (m) (m3/s) (m3/s/m)

1. Chamera I 30 8 10 12.8 20376 254.7 0.84
2. Chamera ITT 37 3 12.5 | 165 11400 304 0.78
3. Dhauliganga 38 2 6 10 2560 213.3 0.8
4. Kurichu 28 5 10.5 14 12200 232.4 0.83
5. Nathpa Jhakri 37.5 5 7.5 8.5 5660 150.9 0.88
6. Nimobazgo 28 5 7 9 4500 128.6 0.84
7. Pandoh 21.6 5 12 13.5 9939 165.7 0.73
8. Parbati -IT 33 3 6 9 1850 102.8 0.77
9. Parbati -I1T 32 2 7.2 14 3300 229.2 0.74
10. | Sewa-II 29.5 4 7 10.8 4020 143.6 0.76
11. | Subhansiri Lower 60 9 11.5 14 3,500 338.2 0.8
12. | Tala 43 5 6.5 | 132 10,490 322.8 0.89
13. | Teesta-V 24 4 9 11.4 4,850 134.7 0.81
14. .| Un-II 24 4 9 11.4 4,850 134.7 0.81 . .
15. | Myntdu 30.5 7 8 | 12 | 10440 186.4 0.78 Select Orifice splﬂways
16. | Pare 29.2 3 104 | 14 5,000 160.3 0.78
17. | Punatsangchhu-II 46 1 8 13.2 16,023 286.1 0.82
18. | Devasari 29 5 8.5 [ 125 6,969 163.9 0.77
19. | Mangdechhu 45 4 10 16 8,500 212.5 0.72




NON-CONVENTIONAL SPILLWAYS

JFuse plug (erodible embankment or dyke)
dLabyrinth weir
dPiano Keys weir (PKW)

JFuse gates

JFuse plug (concrete blocks)

JOvertopping of dam with protected section
d Unlined channels




Core

Sand Filter
Sand and gravel
Slope Protection

Gravel Surfacing

PILOT CHANNEL Compacted rock fill

Typical fuse plug section
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Labyrinth spillway layout
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Piano Key Weir — Typical layout and section Key Weir types with overhang and without them.
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Piano Key Weir — Van Phnog Dam, Vietham Piano Key Weir on a Morning glory weir



Overtopping of dam with protected section

Suberitical flow Supercritical flow | Supercritical flow

Subcritical flow

Increasing velocty and | Increasing velocity and | Constant velocity
decreasing depth decreasing depth and depth

Critical depth [Polential subatmospheric
20ne

Reservoir

Theoretical nappe
profile

Embankment

Normal depth

Turbulent flow

Hydraulic jump
[ on slope

Hydraulic jump—
attoe of slope

Td e
Y 5
oF
'

— Fprap

Cuto¥ ard Dedang

Existing embankment

L"\?"’ pce _)'-.."""

Typical hydraulic conditions during
embankment’s overtopping (USBR, FEMA).

Typical Section: RCC overtopping protection (FEMA).

-STEPPED CHUTE SPILLWAYS

- GATES FOR SPILLWAYS




OUTLET WORKS

A dam appurtenance that provides release of water from a reservoir.



Intake classification

Based on purpose

** Flood control

Irrigation intake
Hydropower intake
Water supply
Environmental flow
Sediment management
Reservoir depletion

L 4

e

*

e

*

J/
0’0

e

*

e

*

J/
0’0

Based on its location within the dam:
*»» Surface intake,

s Bottom intake

s Intermediate intake

Based on the characteristics of the Intake:

s Submerged intake
** Intake Tower or Multilevel Intake

Based on the discharging point/location:
*%* River outlet
%* Canal Outlet

Based on flow regime:
** Free surface flow
** Pressure flow

< Mixed flow
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Vortex at intake of hydropower plant
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Schematic illustration of air entraining intake vortices.



ENERGY DISSIPATORS



Two main aspects of particular importance in hydraulic
performance of terminal works are:

a) Dealing with flow with high velocity and turbulence and high

energy content.

a) Restoring the flow to the river without causing damages to the
dam, and to close-by hydraulic works, river/ watercourse and
to the nearby environment.

Typical flow with high energy content



REHABILITATION MEASURES TO IMPROVE THE HYDRAULIC SAFETY OF SPILLWAYS

Hydraulic

Action

Obstruction in approach
channel by floating debris

Adverse response of hydrau-

lic or structural element
Loss of hydraulic area and
increase of energy losses in
approach channel

Hydraulic
Action
inlet |

lic or structural element

Adverse response of hydrau-

' Obstruction of inlet work
by tloating debuis, around
piers and radial gates

Loss of hydraulic area at the
inlet. Potential damages and
clogging of gates and hoist

qu@pment.

Ice blocking against radial
gates

Loss of hydraulic area at the
inlet. Potential damages, ob-
struction and limited move-
ment of gates. Ditficulty to
operate hoist equipment.

Obstruction of approach
channel by shipped mate-
rial from banks

Loss of hydraulic area and
mncrease of energy losses in
approach channel

Non unifornuty of flow
n approach channel and

Reduction of effective length

of spilway. Vortex formation.

Deterioration of concrete
surface at inlet and con-
trol structure

Separation zones and turbu-
lence. Reduction of effective
length of spillwway

Lack of rehability of gates
due to structural, me-
chanical or electrical 1s-
S0ES

Operati—ve vu].nerabiﬁty. Lack

of spill capacity. High potential

hazard for the dam and spill-

way

fi Hfgher floods. Limited

capacity of spillway.

Operative vulnerability. Sigmif-

icant hazard for the dam
and/or spillway




Rehabilitation measures for improving hydraulic safety of conveyance structure

More discharge to be
conveyed (for any option
of upgrading the control
structure)

Adverse response of hydraulic or

structural element
Overtopping of chute’s walls,
Erosion of backfill, Instability of
wall, Erosion and undermining of
wall and slab - resulting in failure of

chute, eventual head cutting.

Rehabilitation measure

For the new water surface profile,
mcrease chute’s wall height as needed.
(See Manual “Assessing Structural
Safety of Existing Dams” and “Man-
ual of Rehabilitation of Large Dams™)

the section of the chute
(Horizontal  transitions
and vertical curves)

Changes in geometry of

Local eftects due to high velocity
flow in changes of width and verti-
cal curves, damages i local con-
crete joints.

See Abrasion and cavitation

?Smgnmion

Abrasion

Deterioration or damage to concrete
flow surfaces, corrosion and/or loss
of reinforcement, increase in
roughness, irregularity of section of
chute, potential source to trigger
cavitation.

Concrete surface restoration or cov-
ering with appropriate material and
technology. Structural restoration of
sections of chute’s slab.

(See Manual “Assessing Structural
Safety of Existing Dams” and “Man-

ual of Rehabilitation of Large Dams”)

Cavitation
Low pressure section
along the chutes and

Damage to concrete, surface of slab
and remforcement, Potential slab
break, in extreme cases movement

Concrete surface restoration, finish-
mg and protection with appropriate
material and technology. Concrete

Hydraulic
Action
surface irregularities that
disturb flow

Adverse response of hydraulic or
structural element
of fragments or collapse of slab,
potential erosion of foundation
material.

pressure -
Hydraulic jacking

High pressure fluctua-
tions along the chutes

U{)hﬁ and dis}lacement ofws_l;bj

foundation erosion, damages to
underdrain system, piping, collapse
of slab, gully formation.

Rehabilitation measure
joints repair.
Demolition and structural restoration
of sector of slab, in extreme cases.
Check for air in the water. Add aera-
tor in sections of chute as needed.
Restoration of erosion gully under the
slab.
(See Manual “Assessing Structural
Safety of Existing Dams” and “Man-

ual of Rehabilitation of Large Dams{f)‘;

Concrete surface restoration with
appropriate material and technology.
Concrete joints repair (seals).
Demolition and structural restoration
of sector of slab, in extreme cases.
Restoration of erosion gully under the
slab.

Restoration of drain system

(See Manual “Assessing Structural
Safety of Existing Dams” and “Man-
ual of Rehabilitation of Large Dams”)

Foundation erosion
Open joints or cracks

' Scour of slab, piping, undermining

and collapse of slab, damages to
underdrain system, foundation ero-
sion, gully formation.

Concrete surface restoration with
appropriate material and technology.
Concrete joints repair (seals).
Demolition and structural restoration
of sector of slab, in extreme cases.
Restoration of erosion gully under the
slab.

Restoration on foundation material
with selected and compacted soil or
massive concrete.

Restoration of drain system

(See Manual “Assessing Structural
Safety of Existing Dams” and “Man-
ual of Rehabilitation of Large Dams”)




Rehabilitation measures for increasing terminal structure capacity in spillways

Rehabilitation measures for increasing terminal structure capacity in spillways

Hydraulic
Action

CASE 1: Limited increase

Hydraulic requirement /condition
of structural element

Rehabilitation Measure

Stilling basins
Increase in energy
content at entry with
changes in hydraulic
jump’s characteristics

Higher conjugate depth and TW
level requirement.
Need of higher walls.

Accept partial encroachment in free-
board of basin’s walls. Increase of wall
height with complementary concrete
elements. Accept some wall’s overtop-
ping and use of fill surface protection.
Check for hydrostatic uplift due to
greater tail water and use structural
measures to guarantee stability.

Larger length of hydraulic jump.
Need to increase the basin length

Accept movement of the hydraulic
jump, possible sweep-out from basin.
Incorporate a weir downstream with
additional energy dissipation to increase
tail water level. Improve protection
downstream of basin. Modify ancillary
elements if needed: chute blocks, baffle
and end sill.

New hydraulic conditions at
stilling basin. Need to check po-
tential hydraulic loads and con-
crete conditions.

Hydraulic evaluation of stilling basin.
Hydrodynamic = pressure fluctuations.
Inclusion of performance or security
measures as presented latter.

Flip buckets
Increase in energy
content of entrance
flow and changes in
jet characteristics of
the jet

Changes i jet trajectory. Dis-
placement of impingement site.
Larger depths and gravity effects,
jets may fall near the concrete
structures.

Adapt plunge pool area. Protection or
reinforcement of impingement site.
Protection of river banks and close-by
installations. Test flip bucket perfor-
mance for larger flows in physical mod-
els

Higher tailwater depth, possible
submergence of flip bucket

After hydraulic evaluation, accept some
level submergence of deflector. Local
protection downstream of flip bucket:
concrete slab, heavy rip-rap, etc. Test
operation rules of the spillway to oper-
ate the bucket free of submergence

New hydraulic conditions at
bucket. Need to check potential
hydraulic loads and concrete
conditions.

Evaluation of geometry (radius, throw
angle, levels) and inclusion of perfor-
mance or security measures as presented
latter.

Hrydeanlic requirement /condition
of stemisal element

High conjugate depth and TW
level requitement.

Need of higher walls.

Incecease of wall height according to
hydeankic loads. Check tail water level
for new discharge. Incorporate a weir
downstream with additional enespy
dissipation to increase tadl water level

Check for hydrostatic uplift due to
greater tad water and nse stmuctusal
measnges 1o guarantee stabdiry.

Lasger hydsanlic jump.
Need to increase the basin length

Lengthen the basin. Protection down-
stream of basm. Modify functioning of
bazn with ancillary elements: chuze
blocks, baffle and end sl Adapt walls,
transition discharge area and exit chan-
nel to new basin. Check for a cutoff
element.

New sulling basin.

New hydeanlic conditions at ba-
sin. Need to check potental hy-
dranlic loads and concrete condi-
tions.

Evalnation and inclnsion of perfor-
mance Of seCTOly Measnes as present-
ed latrer, especially, joint berween stme-
mges, anchoring, nader drainage system.

Flip buckets
Increase m energy
content of entrance
flow and changes in
jet’s characteristics

Changes in the tajectory of water
jet.

Displacement of impingement
site.

Adapt plunge pool area. Incorpozate an
excavated plunge pool Protection or
ceinforcement of impingement site.
Protection of diver banks and close-by
mstallations.

Higher tadwater depth, possible
flip bucket submesgence

Check level of jet submergence and
bucket performance. Increase wall
height according to hydaulic loads.
Protection of dowmstream of flip buck-
et concrete slab, rip-zap, etc.

New hydaulic conditions at
bucket. Need to check potential
hydeanlic loads and concrete
conditions.

Evaluation of geometry (radins, throw
angle, levels) and inclusion of pedor-
mance Of ECTAly Measnees as present-
ed latter. Inclusion of stability measnges
for stmcture as: anchoring, mass rock

steenpthening, cntoff, other.




Hydeanlic

action

Rehabilitation measures for improving performance
and avoiding major damages in stilling basins and flip buckets

/condition of stmctusal element

High velocity, rough flow
in 2 stilling basin and its
ancillary with

Damage to concrete, surface of
slab/walls and steel bars rein-
£ Large abrasion dam-

actual or upgraded dis-

Entrance of solids as:
sand, gravel, boulders,
concrete fragments, trees,
other debns, from down-
stream channel or other
oogm.

Abrasion

age. Potential shib break. In ex-
treme cases partial or total loss of
slab.

Increasing possibility of occur-
rence of cavitation.

Draining and emptying of stlling basin for
Inspection and to access and to work in dry
environment.

Execute physical mode] tests

Repair concrete surfaces. Materals for
repairs of surfaces: steel, high performance
concrete, etc.

Investigate in Model tests, level of down-
stream surface (exit channel) required to
guarantee that end sill is high enoungh to
avoid material to get in the basin, due to
any retum flows (as required, depending on
actual site conditions). Rehabilitate basin as
appropiiate.

For technical procedures and materials, see
Manuals “Assessmmg Structural Safety of
Dams”, “Rehabilitation of Large Dams”
and other technical references.

Rehabihtation measures for smproving performance and avoiding major damages

Fhp buckets

/condition ofsu;wtnalele

e ‘ment
High velocity flow in 2 flip | Damage to concrete surface of | Concrete surface restoration and protection
bucket, with actual or up- | bucket/walls and reinforcement. | with specific material and technology.
graded discharge.

Increasing possibility of occur-
rence of cavitation.

For technical procedures and matedals, see
Manuals “Assessing Structural Safety of
Existing Dams” and “Rehabilintion of Large
Dams” and other technical references.

High velocity . rough flow
in 2 stilling basin and its
ancilary el with

Damage to concrete, surface of
slab/walls and steel bars rein-
£ Potential slab break In

actmal or upgraded dis-
charge.

Irepularities in concrete
surface.

Separation zones in ancil-
lary elements

Cavintion

extreme cases movement of con-
crete fragments and collapse of
slab.

Potential erosion of foundation
material.

Draining and emptying of stilling basin for
inspection and to access and work in dry
environment.

Execute physical model tests. Repair con-
crete surfaces: roughness, offsets, dis-
placements, other. Repair structural details
such as: joints, sealing of joints (water-
stops or specific filling products).For tech-
nical procedures and materials, see Manuals
“Assessing Structural Safety of Dams™ and
“Rehabilitation of Large Dams™ and other
technical references.

High Turbulent, high
velocity flow in a stlling
basin and its ancillary
elements, with actual or
upgraded discharge.
Hydrodmamic pressures
Buctaations.

Openings in slab: cracks,
joints, drains. Suction
forces on slab Increase of
uplift force due fo propa-
gation of hydrodynamic
pressure fluctuations to
foundation.

Loss of stability of slab and in-
creased load on walls.

Cracking or breaking of slab pan-
els. Sudden vertical movement of
slab.

Collapse of pams or whole slab,
especially at the upstream part of
basin or end of chute.

Potential erosion of foundation
material.

Draining and emptying of stilling basin for
inspection and to access and work in dry
environment.

Detailed structaral evaluation of concrete
elements under hydrodynamic pressure
flactuation. Concrete surface restoration:
cracks, open joints, other damages. Resto-
ration of stllng basin slab with increased
concrete thickness. Anchoring of stilling
basin slab as needed. For techmical proce-
dures and materials, see Manual “Assessing
Structural Safety of Dams” and “Rehabili-
tation of Large Dams” and other technical
references.

High velocity Sow in a flip
bucket, with actaal or up-

graded discharge.

Irregularities in  concrete

surface.

Separation zones in ancil-

lary elements at bucket lip

Damage to concrete surface of
bucket/walls and reinforcement.

Repair or improve concrete surfaces
Protect end lip with other material=—tee:

Damage at end Lp and dentate Check inclusion of forced aeration. For

deflector. technical procedures and materials, see Man-
Effect in shape of the jet or mass | uals “Assessing Structural Safety of Existing
water distribution Dams™ and “Rehabilitation of Large Dams”

and other technical references.

Cavitation.

Turbulent high welocity | Stability of concrete structure of | Check structural behavior of walls Improving

flow in 2 flip bucket. bucket/walls under hydrodynam- | stability of bucket by anchoring to the rock

Hydrodynamic pressures. P For technical procedures and mategals, see
Manuals “Assessing Structural Safety of
Existing Dams” and “Rehabiitation of Large
Dams" and other technical references.
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Rehabilitation measures for improving performance and avoiding major damages in
exit channel, plunge pool and river environment

Exat channel, plunge pool and downstream nver environment

\ an ic --'-ilh‘ ’. ':.'--‘ 2 = | . - - < )2,
Hydranlic fcondition of st il ele- Rehabilitation measnce
action T
Irregular , turbulent flow at | Extended erosion. Execute physical models
e Fn.nsmpu betwe_en Back erosion and undermining Geometry adjustment. shape according to
aiiheg b;sm n::ﬂem of energy dissipator. eddies formation, adjust bed level at con-
mded G | b e of material into the basin, | B¢t With end sill of basin, width and
gra schurge. = length. Bottom protection: mp-rap, con-
crete, others. Banks protection: rp-rap,
gabions, others.
Acmal or upgraded dis- Modification of tallwater eleva- Occurrence of a downstream flow control

charge vs. exit channel
Capacity.

tion.
Orverflow of exit channel

Erosion at exit channel bottom

section: evalnation and development of tal
water ating curve.

Removal of obstructions or potential loss
of area of exit channel, vegetation etc. To

Rehabilitation measures for improving performance and avoiding major damages

Exat channel, phunge pool and downstream nver environment

s Jeondition of strnctal ele- Rebabiliution measmce
and/or banks. carry out slope stability as required, protec-

tion of local installations, etc. Increase of
channel capacity by enlarging its section ,
use of lining, erosion protection: rip-rap,
gabions, others.

Orverflow of lip to founda-
ton for low discharges

Local erosion and scour.

Potential scour of terminal stoac-
ture /loss of stability.

Local protection with concrete slab.

Reinforce or strengthening of rock mass:
anchors, flling of cracks, dental concrete,
etc.

Impmgement site with or
without a phunge pool.

Local erosion and scour.

Back erosion towards the temmi-
nal structure and potential un-
dermining.

River banks erosion and loss of
slope stability

Deleterious water spray in the
zone of discharge.

Protection of site from jet action: rein-
forced concrete(bed or slopes), closed to
the bucket.

Aeration by splitting the jet with deflectors
at bucket lip or with aerators at the chute.
Air content reduces scourng capacity of
the jet.

Excavate 2 plunge pool. Create a plunge
pool by adding 2 til pond dam down-
stream. Venfy in physical model the effica-
cy of pool’s level, Combination: excavated
pool and tal dam Add 2 cutoff structure at
the front face of flip bucket as anchored
slab over rock. Reinforce or strengthening
of rock anchors, filling of cracks, etc.
Geotechnical measures: over banks,
slopes.

Transport and sedimenta-
tion of eroded material
from impingement site oL
pluonge pool.

Local changes in over morphol-
ogy. Creation of bars of sedi-
ment, obstruction of the water-
course and effect in other nstal-
lations.

River traming and protection to avoid
erosion of banks/bed by meanderng
channel. Channel with enough sediment
transport capacity and excavated pool




CONCRETE/MASONRY DAM OVERTOPPING DUE TO
INSUFFICIENT CAPACITY OF SPILLWAY
Descoption
The spillway has msufficient discharging capacity to pass the design flood or other extreme floods and
madequate safety free-board. Reservoir level overcomes dam freeboard and water passes over the crest.
Flow on downstream face reaches the toe and cavses backwards bed erosion 2nd dam instability.
Potential major damage to the dam abutments and siver channel or eventual dam break

HYDROLOGICAL
Graphical Scheme

2. DAM'S OVERTOPPING
p——

1. Uncontrolled I
Rise of Water

- 1

|| <4

3. SEVERE FOUNDATION EROSION @
LEADING TO DAM UNSTABILITY /

Inadequate freeboard or wave Wall (Parapet).

Hydsology Flood Study not updated.

Update Hydsology Flood Study.

Reevaluate Inflow Flood Accommodation citeria.

Evaluation of existing conditions at the dam toe.

Evalvation the resesvoir operation mles dnang flood season. Including all ondets facilities.

Evalnate the increase of flow capacity by nsmng addstional /non-conventional spdiways, anxilary or emer-
| gency spillways.

Provizion of flood forecasting system in the river basin.

EMBANEKMENT DAM OVERTOPPING DUE TO

ST i INSUEFICIENT SPILLWAY CAPACITY

Description
The spillway has insufficient hydraulic capacity to pass the design flood and maintain a safety free-
board. This can result in overtopping of the dam’s crest. Flow over the crest washes out mategial in the
downstream slope of the embankment and causes massive erosion that progresses leading to slope in-
stability, breach formation and dam failuce.
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More likely factors

Less likely factors
Existing protection measures for overtopping in the
downstream face.
Large reservoir flood storage.
Provision of emergency uncontrolled spillway.

Inadequate freeboard.

Hydrology Flood Study not updated.
Inadequate design capacity of spillway.
Reservoir Flood control volume reduced.

High erosion potential of downstream slope of

dam.
Actions for Improving the Hydraulic Safety

Update Hydrology Flood study.

Evaluate increase of the spillway capacity by using additional/non-conventional spillway.
Evaluation of existing conditions at the downstream face and dam toe.

Intensify protection measures along the downstream face and dam toe.

Adequate a reach of the embankment as a controlled overtopping section.

Establish a system of flood forecast in the river basin.

Evaluation of the reservoir ogexaﬁon rules du.n'ng flood season includ.inE all outlets facilities.




Failure Mode 3 DAM OVERTOPPING CAUSED BY GATE FAILURE

Description
In the event of an extreme flood or even normal flow conditions, the spillway gate does not operate
because of mechanical or electrical failure. That can result in increased reservoir level and eventual dam
overtopping, deep erosion of Embankment dam on its downstream slope or toe of concrte/ masonty
dams and eventually, the dam failure.
Scenario HYDROLOGICAL - NORMAL
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More likely factors
Non-trained operators /absence of standard
operation manuals.

Less likely factors
Operation 1s well defined. Proved rules for gate
operation exists. Trained personnel.
Existence of surveillance and maintenance

Operation gate failure (Electromechanical).

program.
N tinely i ti int testin; S
No routinely inspection, or maintenance or testing Redundancy in numbec of gates.
of gates. 8
Deterioration and ageing of gates. Downstream face and toe protection.

Poor maintenance of gates

Power supply is non-dependable. No backup

supply.

Occusrence of flash floods in the River basin

Limited freeboard / Small reservoir.
Actions for Improving the Hydraulic Safety

Update Hydrology Flood study.

Detailed evaluation of the electromechanical equipment / Include testing.

Installation of a backup power supply.

Training plans for the operation personal.

Evaluation of freeboard under limited spillway discharge.

Provide / update dam operation manual.

Provision of parapet.

Provision of emergency uncontrolled spillway.

SPILLWAY BLOCKAGE BY DEBRIS GATES JAMMING
AND DAM OVERTOPPING
Description
Dusing a flood, a significant load of floating debris gets into the spillway approach channel, causing a
gate jamming, gates do not open, spillway is non operative and reservoir level rises leading to dam
overtopping. Flow over the downstream face washes out materdal or eroded toe of concrete/masonry
dam and causes massive erosion that progresses upstream. Water cuts the crest of the embankment
eroded toe of concrete/masoncy dam until the dam breaks.
Scenario HYDROLOGICAL

Graphical Scheme
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More likely factors

Less likely factors

Rapid increase in level of water in reservoir. Provision of emesgency uncontrolled spillway.

Existence of floating barriers in the reservoir
(Tuff Booms).

Downstream face and toe dam protection.
Existence of dam parapet.

High production of debris/ice in river basin.

Inadequate design/location of spillway.
Limited freeboard / Small resecvoir.

Actions for Improving the Hydraulic Safety
Conservation measures for the river basin.

Evaluate possibility of adopting an emergency spillway.
Develop / update reservoir operation mles.

Evaluate design against debuis blockage.

Provision of debris dam upstream of the reservoir / dam.
Provision of floating barriers in the reservoir

Progam of Sugervision/ Maintenance in the reservoir and civer basin to control debris in the reservoir.




Failure Mode 14

PLUNGE POOL EROSION

Descoption
Normal flow lower than design Controlled or nncontrolled spidlways. Excessive nse of the spilway,
dusing floods or normal hydrologic scenanios, canse problems as backward erosion and scour in the
dowmstream channel or in the energy dissipation base stouctuge.

Scenano NORMAL
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3. BACKWARDS AND TOE
DAM EROSION

BANK EROSION DUE TO POOR FLOW EXIT

In a hydcological scenario, either uncontrolled or gated spilways, a spidlway equipped with a flip
bucket enerpy dissipater, create large flow circulation forming at the receiving plunge pool,
accompanied by large vortex formation, wave up rush causing lasge scous on banks, which may affect
spillwray / dam integrity.
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Incorrect design of energy dissipator. Adequate protection in toe of spidlway. -

Coow i il R T R

Prolonged use of spillway. Good rock quality at plunge pool. tailzace chanqel. spillway). '

Difficult access to inspect the spidlway and plunge pool Non competent bank mateszal. Enerpy dissipated in a pre-excavated plunge pool.
Actions for Improving the Hydrauhc Safety Not detailed investigation in physical models. Existing access to inspect plunge pool atea.

Improve access of personal for imnspections of the structuce. Presence of loose matesial in the plunge pool Low frequency of spillway releases

Intensify inspection and monitoring of the prototype pre and post monsoon season.

Asymmetacal flows in the receiving pool.

Constmct an adequate protection for the spillway toe foundation.

Not competent / protected bank mategal.

Buult 2 control weis type structuge i the tadrace to guarantee enough wates levels at plunge pool.

Non symmetrical operation of spidlway.

Evaluate excavation of a plunge pool to improve energy dissipation

Presence of bars in the downstream reaches.




BOTTOM OUTLET BLOCEKAGE

Descaoption
Normal flow. As a consequence of the prolonged accumulation of sediments in front of the bottom
outlets, they become blocked and inoperative, losing its capacities required for reservoir deawdown,
flushing of sediments, environmental flows, and the reduced outflow capacities in the case of
exteaordinacy floods. Pactial or temporal loss of ontlet operabality.

Scenarnio NORMAL
Graphical Scheme

Failure Mode 16
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More hikely factors Less hkely factors

Uncontrolled use of soils in the contcbuting siver | Good geology of the reservoir rim and siver

basin. basin.

Presence of high load of sediment. Upstream dams for sedument trappine.
High trapping efficiency of the eservoir. Monitoring of forest exploitation.
Inconvenient location of bottom outlet. Restrictive nse of land in siver basin

Difficulty in access to its control room.
Non existing documentation of the outlet
desion /opesative expegience.

Bathymetric monitoring absent

Fear of operators of using bottom outlet
Bathymetric survey in the reservoir and sub aquatic inspection neachy the outlet works.
Cleaning outlet intake.

Consecvation and environmental measuses in the giver basin.

Elaborate operation manual of the bottom outlet.

Execution of sub aquatic inspections nearby the bottom outlet.

Improve access to the gates coatzol room.

Maintenance program for all controls and electromechanical equipment.

Monitoring of sediment inflow.

Review performance of bottom outlet and program functional prototype tests annually

INTERNAL EROSION IN EMBANEMENT DUE TO
STRUCTURAL FAILURE OF CONDUIT

Normal flow operation. Condnit located under the dam with flow control equipment closze to
intake. Due to the presence of a crack in the condunit downsteeam of the control section, these is a
seepage flow from the dam to the condwt opesating with free sucface. This seepage will generate
migration of matenials and piping and will provoque the failuse of the upsteeam slope and eventually
of the dam. Parmial or total loss of intake and outlet opesability...
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More hkely factors Less hkely factors

Homogeneous earth dam. Filter within the dam body or azound conduit.
Poor construction practices. Provision of external structual collar.

Difficul o i o ::::;onofduphngmﬁm:td/smdof

Age of dam_ Detenorated condition of condnst | Dam section equipped with instooments to detect
matesial. in advanced the erosion process.
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