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A. Hydrological
Cycle
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Total water on Earth

Hydrology

——52% Lakes

Sources of Water:

Oceans 97.25% I—
Ice Caps and Glaciers 2.05% 8% Water vapor
Groundwater 0.68% WL o b e
Lake S O O 1% m;e freshwater - 1%
Soil Moisture 0.005% \ M Grouncuster - 29%
Atmosphere 0.001% e
Streams and Rivers 0.00019 o= e

Definition of Hydrology:

Hydrology is a multidisciplinary subject that deals with the occurrence, circulation and
distribution of the waters of the Earth.
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Application of
Hydrology:

Hydrology By Meenu Priya

1.Study the groundwater development
2.Determination of maximum intensity of the storm
3.Calculates rainfall, surface runoft, and precipitation.

A.It mitigates and predicts flood, landslide and drought risk
5.Enables real-time flood forecasting and flood warning.
6.Reservoir capacity for irrigation and municipal water supply
7.1t 1s used in the design and operation of hydraulic structures
8.1t 1s used for hydropower generation.

9.Brings measures to control erosion and sediments.
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ourney of water from the ocean to atmosphere and back to the earth and ultimately to the ocean through the

processes of evaporation, precipitation, percolation, runoff and return to the ocean 1s called hydrologic cycle.

The Hydrologic Cycle (Water Cycle)

“ Condensation ‘-_

Transpiration Precipitation Evaporation

Hyvdrology By Meenu Priya
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Heat energy

Rising water vapor

§ {488

Evaporation

Warm ocean surface

Hydrology Cycle Components

Evaporation Physical process by
which water is vaporized into the

atmosphere

from free

water

surface and land areas.

(oot CEEETH D

Cooling, Rising, Cundensing
i

Ground
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i

Transpiration: Water from
is absorbed by
plant roots and leaves

the soll

Condensation : it is the change of
the state of matter from the gas
phase into the form of clouds

Infiltration:
Movement
of water
from the
land surface
to the upper
lavers of the
soil.
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Infiltration

Percolation:
Movement
of water
through the
subsurface
down to the
water table.

Precipitation is any product of the
condensation of atmospheric water
vapor that falls from clouds due to
gravitational pull.

Surface
runoff:
Includes  all
overland flow
as  well as
| precipitation

] falling directly

onto stream
channels.




1. Evaporation (E)

Factors Affecting Evaporation
1. Nature of Evaporation Surface

2. Surface area

3. Temperature

Temperature Surface area Humidity

Y

Il

5. Wind speed

6. Quality of water
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4. Humidity




evaporation pan for water level L Anemometer

e a® Measurement of Evaporauoﬁ\l()ljlr lfsgx%l\’aﬁ

S ]
o eenu Priva

ISI Standard Pan (Modified class A Pan) 1S:5973-1970:

- 1220 ¢ >
Thermometer clamp

' Wire-mesh - Thermometer
: cover Stilling well - \

; Fixed point gaum\ ]‘4|

S -

- .‘ K

¢ Copper sheet 109
thickness 0.9 190

% sy JUly v v B

P e e S S i S o S S S S S S S o M A - =y - - 2 r =~

TH—@F m Ig

> 75|« i Waaden L N
platform

ISI Standard pan 1225 Sq
IS : 5973-1970

Pan
1 235 255 E, i

Y
b3
A

Y




Measurement of Evaporation by using Empirical Equations

EL ~ C(en' —.ed)
E, = rate of evaporation (mm / day)

1. Dalton's law: evaporation rate, E, controlled by two factors, the windspeed

and the saturation deficit
€, : current vapor pressure, €, : saturation pressure at that temperature.

C =constant

e, and e, are inmm of mercury

Ug
E, =Ky (e -¢e )|1+—=
L .U(u a)l: 16]

2. Meyer's formula : it is the empirical equation used to |g, - ake evaporation (nn / day)

determine the lakes evaporation e, = saturation vapour pressure at the water surface
temperature (mm of merucry)

¢, = actual vapour pressure of the overlying air

; ; at a specified height (mm of merucry
3. Rohwer's Equation : Accounts for the effect of pressure » i . : ‘f ) |
ug = monthly mean wind velocity (kmph) at a height of

addition to the wind speed effect
9m above the ground

Ky = coefficient accounting for other factors
(0.36 for large deep waters and0.50 for small shallow lakes)

E; =0.771(1.465-0.000732 p_)(0.44+ 0.0733u,)(e, —e_)
P, = mean barometric pressure (mm of mercury) Hvdrol Bv M Pri
uy = mean wind velocity in kmph at ground level yAI0IogY A9y SACCI L1y

(taken as the wind velocity at 0.6m height above the ground)

E;.e,.and e, are as mentioned earlier 8/3/2022



Analytical Methods of Evaporation Estimation
Hydrology By Meenu Priya

1.Water Budget Method : If the unit of time 1s kept
very large, estimates of evaporation will be more
accurate.

PIV. 3V, =V, +V, T E, TAS+ 1

P = daily precipitation

V. = daily surface inf low int o the lake
Ve = daily groundwater inf low

V,. = daily surface outlow from the lake
V,e = daily groundw ater outflow

E; = daily lake evaporation

AS = increase in lake storage in a day
T 5 4 =

quantities are expressed in units of volume or depth

daily transpiration loss
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2. Energy Budget Method : Energy available
for evaporation 1s  determined by
considering the mcoming energy, outgoing
energy, and the energy stored i the water
body over a known time mnterval

H,=H,+H,+H_+H_+H,
H , = net heat energy received by the
water surface = H _(1-r)-H,
H, = back (long wave) radiation
Jfrom the water body
H _ = sensible heat transfer
from the water surface to the air
H_ = heat flux into the ground
H = hear stered in the water body
H, = heat energy used up in evaporation
=pLE; (E; =evaporation,
L = latent heat of evaporation,
p = mass densiry of the fluid)

H, = net hear conducted out of the system

by water flow (advected energy)
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Example 4.15. A reservoir with aue | rmd‘ > i
rage surface ;p. of 48 km® in the first
week of N?vember has the water surface temperature f 30°C and relative humidity

vapour pressure at 30°C as 31.81 mm of Hg.
Solution : (a) Using Meyer’s formula
Vs

E’—Ku("—k) 11";;

Given : e:=3181 mm Hg. Relative humidty Ry =40% =0.4
Cq =2y . R“ = 3131 x 0.4 = 12.724 mn Hg.
IPriva

1,7
V|=Vg[§J =18 « 1.1699 = 21.06 lm/h

Km=0.36 for large, deep waters

E = 0.36 (31.81 - 12.724)| 1+ 3% =1591 mm /day

" Total depth of evaporation in one weak =7<15.91=111.4mm
Total volume of water evaporated =(111.4x4.8x 10%10°°
=0.1347 x 10* m® = 53.47 hectare-m
(b) Using Rohwer’s formula
E =0.771 (1.465 - 0.000732 P,) (0.44 + 0.0733 Vy¢) (e, —ea)
where ¢ =31.81 mm Hg and e;=12.724 mm Hg, a earlier.
Py =760 mm Hg.

15T
Gexs [t;_sj s 1518 kouh
E = 0.771 (1.465 - 0.000732 x 760) (0.44 + 0.0733 > 15.16) (31.81 - 12.724)

=20.74 mm/day
. Total evaporation for one week =20.74x7 2 M5.2 mm

- Total volume of water evaporated =(145.2 x 4.8x 10% 10™ = 0.697 x 10° m®
=69.7 hectare-m

Thus, we find that Rohwer’s formula gives about 30% highe results than Meyer’s formula.
o




2. Precipitation

Hydrology By Meenu Priya
N

Forms of Precipitation:

Drizzle: a light steady rain in fine drops (0.5 mm) and intensity <I mm/hr

Rain: the condensed water vapour of the atmosphere falling in drops (>0.5 mm, maximum
size—6 mm) from the clouds.

Glaze: freezing of drizzle or rain when they come in contact with cold objects.

Sleet: frozen rain drops while falling through air at subfreezing temperature.

Snow: ice crystals resulting from sublimation (i.e., water vapour condenses to ice)

Hail: small lumps of ice (>5 mm in diameter) formed by alternate freezing and melting, when they are

carried up and down m highly turbulent air currents.

Dew: moisture condensed from the atmosphere in small drops upon cool surfaces.

Frost: a feathery deposit of ice formed on the ground or on the surface of exposed objects by
dew

Fog: a thin cloud of varying size formed at the surface of the earth by condensation of

atmospheric vapour

Mist: a very thin fog  8/8/2029






Types of Precipitation

1. Convectional Precipitation Hydrology By Meenu Priya
It results from the heating of the earth's surface. Due to this, the warm air nses rapidly into the
atmosphere. As the air rises, 1t cools. Water vapour in the air condenses mto clouds and precipitation.

2. Orographic Precipitation:

It results when warm moist air moving across the ocean 1s forced to rise by large mountains. As the air
rises, it cools. As air cools, the water vapour in the air condenses and water droplets form. Precipitation
occurs on the windward side of the mountain. The air 1s now dry and rises over top the mountain. As the
air moves back down the mountain, it collects moisture from the ground via evaporation.

3. Cyclonic

Cyclonic or Frontal precipitation results when the leading edge of a warm, moist air mass

8/8/2022
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Frontal Precipitation

Frontal Precipitation



3. I i |I]_1t]_°atlon It 15 the process of water entry into a soil from ranfall, or rrigation.

Infiltration rate 1s the rate at which the water actually infiltrates through the soil during a storm and it must be

equal the infiltration capacities or the rainfall rate, whichever 1s lesser.

Infiltration capacity is the maximum rate at which a soil in any given condition is capable of absorbing water.

Hydrology By Meenu Priya
Factors affecting infiltration

= Condition of the land surface (cracked, crusted, compacted
* Land vegetation cover

= Surface soil characteristics (grain size & gradation),

» Storm characteristics (intensity, duration & magnitude)

= Surface soil and water temperature, chemical pr opertles

of the water and soil

8/8/2022



Measurement of Infiltration

The rate of mfiltration 1s 1mtially high. It goes on reducing with ime and after some time it
becomes steady. The rate of mhltration for a soil 1s measured in the field as well as in the
laboratory. These are known as Infiltrometers Hydrology By Meenu Priya

v

Single-tube flooding Infiltrometers

R TN "




Inﬁltratlon lIldlCCS Hydrology By Meenu Priya

The average value of _ /
infiltration 1s called ﬁ?;:‘?& Rainfall

' Chor
Infiltration Index. (cvhr) .
Types: i
o d) - Index ctﬁ
* W - Index

w-index=(P-R-1)/t, | | ¢-index=(P-R)/t,

Where,

P = total storm precipitation (cm), R = total surface runoff (cm) , Ia = Imitial losses
(cm)

t. = elapsed time period (in hours)
8/8/2022
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Example 4.18, The rainfall rates for successive 30-mnutes intervals upto 4 hours
are given below. If the surfoce runoff is 3.6 cm, determne ® and W indices.
Time(minutes) | 0 | 30 | 60 | g0 | 120 | 150 | 180 | 210 | 260
Rainfall intensity (em/h) | 0 13 | 28 | 41 | 39 | 28 | 20 | 18 | 09
Solution : (a) Computation of ®-index
Let i= rate of rain in em/h and ®-index be expressed in emvh.
Then total R=Z(i-®)t where t is the time n hours
Assuming ®; to be greater than 13 cm/h, but less that 1.8 cm/h we have

a.s=l{zs-mo+(4.1-o.-)+(s.s-qm(2.3-@.-)+(zo-¢f)+u.a-¢,-n§%
From which we get @; =1.7emv/h '
Since this is greater than 1.3 and less than 1.8 cu/h, the above computations
are correct.
(6) Computation of W-index
W‘_P-—R-Sn
tr
P=1.3+2.8+4,1+3.9+2.B+2.0+1.l+0.9)g--9.8 em

R=86 cm; Sz=0 and t=4 hours

 Here



Runoff: Runoff is defined as the portion of precipitation that makes its way towards rivers or oceans as surface
or subsurface flow.

2. Physiographic factors
Factors affecting Runoff: a) Landuse

Precipitation

1. Climate factors b) Type of Soil

a)  Type of precipitation ¢)  Area of the basin or

b) Intensity of rainfall catchment

¢)  Duration of rainfall d) Shape of the basin

d) Area distribution of rainfall e) LElevation

f)  Slope

g)  Orientation or Aspect

e) Antecedent or
Previous

precipitation h)  Type of drainage network

f)  Other climatic factors that 1) Indirect drainage

N

effect 8/8/2022 Hydrology By Meenu Priya j)  Artificial drainage
evaporation and

transpiration



Computation of Runoff:

1. Empirical Formulae (to find peak runoff)
a) Dicken’s formula

b) Ryve’s formula
c) Igles’s formula

d) Khosla’s formula

2. Infiltration Indices

3. Unit Hydrograph Method

This formula was developed in areas of old Bombay state. It states that

123A

YA+ 104

Qp=

Where,
Qg = Peak discharge in Cumecs (m¥s).

A = Area of the catchment in sq km (km?).

Igles’s Formula:

8/8/2022

In this method, the amount of mean annual runoff is calculated by following
formula:

R=P-(T/374)

Where:

R = mean annual runcff of watershed by cm,

P = mean annual precipitation by cm, and

T = mean annual femperature by C.

Khosla’s Formula:

This formula was developed in the year 1865. It states that
Qp=CyqA**

Where,
Qp = peak discharge rate {mgfs)
Cq4 = a constant (Dickens'), ranging from 6 to 30

A = Drainage basin area (km?).

For Indian conditions, suggested values for C4 are given as below:

Region Topography Ca

Northern states Plains 6
Hills 11-14
Central states - 14.28
Coastal area - 22.28.

Hydrology By Meenu Priya
Ryve's formula was reported in the year 1884. It states that
Qp =C A*®
Where,
Qg = Peak discharge rate (m%¥s).

A = Drainage basin area (km?).

Cr = A constant (Ryves), as shown below:

Region Cy
Within 80 km from east coast 6.8
80-160 km from east coast 8.5
Hills 10.2




B. Analysis of Hydrographs
L] AN

!i'l”*

A1

Meenu Sri Priya
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Hydrograph Record of River Discharge over a period of time
Hydrology By Meenu Priya
= cross sectional area X rivers mean (average) velocity
(at a particular point in its course)

River Discharge

Why Construct & Analyse Hydrographs ?

@ To find out discharge patterns of
a particular drainage basin

@ Help predict flooding events,
therefore influence
implementation of flood
prevention measures ‘




HYDROGRAPH

Hydrograph

Hydrograph is the graphical representation of the Time to Peak  Peak Flow
istantaneous rate of discharge of a stream plotted
with respect to time

\ Falling Limb
Terminology: Limb . ’ 9

Lag time: The time period between peak rainfall

and peak discharge. hmj_\
Time of fi
Base flow: The constant part of a river’s disc i ! e 000 |

produced by groundwater and slow through flow TIME
seeping slowly into the river.

Surface Runoff: Combination of overland flow and :
rapid through flow. Hydrology By Meenu Priya

ISCHARGE

D
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Basic Flow Components of the Runoff Hydrograph
Factors affecting the hydrograph shape

Quick-response runoff Climatic factors

T v" Precipitation (Intensity and duration of the
storm), Evapotranspiration
Baseflow v" Soil characteristics

Flow

v" Soil moisture (Antecedent /pre-existing conditions),
Permeability of soil

T — v" Drainage basin characteristics

v Drainage density, Size of drainage basin, Slopes,
HydrOIOgy By Meenu P”ya Rock type,  Vegetation cover,

v Soil depth

v" Human activity

v" Forests (Deforestation / Reforestation), Urban
development, Agricultural practices

8/8/2022



Hydrograph Separation

Baseflow separation is performed to determine the portion of the hydrograph attributable to Baseflow which is

not associated with storm.

Methods of Baseflow Separation: 02
1.Constant Discharge Method - minimum value immediately ? C"”sr;a:‘t;&”l’e //\ \
. . : .4 \
prior to beginning of storm hydrograph 2 / // . ,\
-Q‘ﬂ o e

7 £ 1
concave / Constant discharge

2.Constant Slope Method - Connect inflection point on e melhod
Receding limb of storm hydrograph to beginning of storm Time, t

hydrograph accurate model of hydrograph recessions is Baseflow Separation Methods

needed combine data from several recessions to make general Hyd rology By Meenu Priya

1.Concave Method (most realistic) - Project hydrograph trend from munimum discharge value
immediately prior to beginning of storm hydrograph to directly beneath hydrograph peak connect
that point to inflection point on receding limb of storm hydrograph

2.Master depletion curve method

8/8/2022



Hydrograph Analysis

Unit Hydrograph:

»Very often it 1s required to predict the
flood hydrograph resulting from a known
storm

» Unit Hydrograph Method is the most
popular and widely used method for
predicting flood hydrograph resulting from

a known storm

The Unit Hydrograph of a catchment is
defined as the hydrograph resulting from
an effective rainfall of 1mm evenly
distributed over the basin during the time.

8/8/2022
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Assumptions:
1.The duration of direct runoff is always
the same regardless of the intensity

2.The ordinates of the UH are directly
proportional to the storm intensity

3.The time distribution of the direct runoff is
mmdependent of concurrent runoff from
antecedent storm events. This implies that
direct runoff responses can be superposed
4.Hydrologic systems are usually nonlinear
due to factor such as storm origin and
patterns and stream channel hydraulic
properties



Creating a Unit Hydrograph: Discharge

{m3seg) Pcak discharge
a0

e~ = Discharge

= = — = Lagtime

1.Select the appropriate storm (uniform rate and

v o » ¢+ = Baceflow

/ Descending lmb

=40
Rising lirmk

coverage).

2.Separate the base flow and plot the direct runoff

hydrograph. o
Rairfall :::—10
3.Measure the total volume of water that has mmy
‘“—F
passed the flow measuring point by finding the A_m IR S e
area under the DRH curve irpronch segment Time (hrs)

4.Calculate the average uniform rainfall depth that
produced the DRH by dividing the volume of
flow by the catchment area.

Hydrology By Meenu Priya

5.Adjust the hydrograph to represent 1

8/8/2022
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Application of Unit Hydrograph:

1.A unit hydrograph is used to estimate

stream flow or discharge given a basin
averaged rainfall.

2.The development of flood
hydrographs for extreme rainfall
magnitudes (for use in the design of
hydraulic structures)

3.Extension of flood flow records

based on rainfall records

4.Development of flood forecasting and
warning systems based on rainfall

Limitations of application of Unit

Hydrograph: Hydrology By Meenu Priya

1.Unit hydrographs assume uniform
distribution of rainfall over the catchment and
uniform intensity during the duration of
rainfall excess. In practice, these two

conditions are never satisfied.

2.The size of the catchment imposes an upper
limit on the applicability of the unit
hydrograph theory

3.The upper limit for use of the unit
hydrograph method is 5000 km?



Problem 1:

Given below are observed flows from a storm of 6 hour duration on a stream with a
catchment area of 500 km?

Time(hr)

0

6 12

18

24

30 (36 |42

48

54

60

66 |72

Flow(m'/s)

20

120 | 270

220

170

120 | 90 | 70

55

45

35

25 | 20

Assuming a constant base flow of 20 m'/s. derive the ordinates of a 6 hour unit hydrograph.

Solution

Time | Observed flow | Base flow | Direct runoff | 6 hour U.H | Hour after start
Hour cumecs cumecs | cumecs cumecs

0 20 20 0 0 0
6 120 20 100 23.15 6
12 270 20 250 57.87 12
18 220 20 200 46.30 I8
24 170 20 150 34.72 24
30 120 20 100 23.15 30
36 90 20 70 16.20 36
42 70 20 50 11.57 42
48 55 20 35 8.10 48
54 45 20 25 5.79 54
60 35 20 15 347 60
66 25 20 5 1.16 66
72 20 20 0 0 72

1000 231.48

8/8/2022

2. D.R= 1000 cumecs , drainage area = 500km™

D.R depth=

Hydrology By Meenu Priya

o x100=4.32cm
X

Check Y U.H ordinates = 231.48 cumecs

231.48x6x 60 x60 %100 =0.999 = Icm

U.H depth = 500x10°



Problem 2: The ordinates of 3 hour unit hydrograph of a basin at 6 hour interval are given below
0,3,5,9,11,7,5,4,2,1,0 cumecs. Derive the storm hydrograph due to a 3 hour storm with a total rainfall of
15 cm. Assume an initial loss of 0.5 cm and [- index of 1 cm/hr. Take base flow = 4 cumecs.

Hydrology By Meenu Priya
Solution: Effective rainfall depthR=15-0.5-1x3=11.5cm

Time (hours) Unit hydrograph Direct runoff Base Ordinate of
ordinates ordinates flow storm
(cumecs) (cumecs) hydrograph
(cumecs)

0 0 0 - 4

6 3 345 - 385

12 5 57.5 4 61.5

18 9 103.5 - 107.5

24 11 115.0 4 119.0

30 7 80.5 - 84.5

36 5 57.5 - 61.5

42 - 46.0 - 50.0

48 2 23.0 - 27.0

54 1 11.5 - 15.5

60 0 0 R 4.0

8/8/2022
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Table 6.7 Calculation of a 12-h Unit Hydrograph from a 4-H Unit
Hydrograph— Example 6.9
Time Ordinates of 4-h UH DRH Ordinate of
(h) (mY/s) of3emin  12-h UH
A B C 12-h (m¥/s)
Lagged by Lagged by (m'/s) (Col. 5)/3
4-h 8-h (Col. 2+3+4)

1 2 3 4 5 6

0 0 0 0
4 20 0 20 6.7
3 20 20 0 100 333
12 130 80 20 230 76.7
16 150 130 80 360 120.0
20 130 150 130 410 136.7
24 90 130 150 370 123.3
28 52 90 130 272 90.7
32 27 52 90 169 56.3
36 15 27 52 94 31.3
40 5 15 27 47 15.7
44 {] 5 15 20 6.7
4% 0 5 5 1.7

52 0 0 0

Hydrology By Meenu Priya
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Construction

Storm (flood)
Hydrographs
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0 12 24 36 48 30 72
Hours from start of rain storm
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Overland

Basin lag
titre— Peak flow fl.pW
3 Through flow
R
—~ C‘%
Sy =

i? > i? Overlan \ %
E € F dflow .-\ Storm Flow
o mm 36
g‘ -4 ...--""'Through flow Hydrology By Meenu Priya
c 1 4} 3 * I - .
U -—
0 -2
a) I Base flow

0 12 24 36 48 30 72
Hours from start of rain storm
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Factors influencing
Storm Hydrographs

- Area - Land Use Hydrology By Meenu Priya
+ Shape * Drainage Density

+ Slope * Precipitation /

* Rock Type Temp




Ro----é—RO*IB?m

S-Hydrograph

Q (Ax100x 100)R, AR, —
= " cumecs
100x3600 86 o Lo
120+
. WMok
100 -
(A x 1000 x 1000) R, 5;;;; SR
. B 2.778 AR. (mmm’ 70+ 6 hour unit
100 x 3600 60 hydrographs
I 50+
I =
20 —
10 y
Hydrology By Meenu Priya B e
" DERIVATION OF S-HYDROGRAPH
FROM UNIT HYDROGRAPH
TABLE . COMPUTATIONS FOR S-HYIROGRAPH
Time Ordinate of unit Ordinates of successive unit hydrgraphs Ordinate of S-
1) @ [ | ® | @ @ | @ ()
_m____0______Ihttp://Easyengineering.neti —- — = [+]
03 9 - = — = % i 9
|06 20 o - = A = = = 20
09 3s 9 - = - = = 44
12 49 _20 0 = = = = 69
15 43 35 9 = = = 2 87
18 35 49 20 o - - - (S
21 28 43 - Ee e = = = 115
24 29 35 49 | 20 0 - - 126
27 17 _— e = = 132
S0 12 22 | 3 ! & 20 o - 138
as 9 17 zg_,._ﬂ____}b___;! ; :::
| 35 | 49
8/8/2022 s s i I —
R p=: 6 12 22 | 35 49 20 | 144
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Types of Soﬂs

Soils- L.oose material'and upper most layer of earth S crust
> Formed due to weathering of rocks
> Providing nutrientstand water to-plants -

Major types accor(ﬁng to Indian Council of Agricultural Research (ICAR)

1) Alluvial soils are fine-grained fergle soil deposited: by water ﬂowmg over flood
plains‘or in river beds. :

2)  Black soils created fromny i 1gneous rocks

3). Red seoils formed due to weathering of old Crystalhne tocks i the areas of low
rainfall. '

4) Laterite soils formed under hlgh temperature and ralnfall with wet and dry spell .

- 5) Desertsoils . '

6) Mountam soils _‘

7) - Saline and Alkaline soils

8) Peaty and Marshy soils occur i Humid reglon Formed. by accumulatlon 3
orgamc matter



Su1tab1hty of Crops

1) Alluvial soils - Rlcc Wheat, Sugarcane, Cotton Jutc

2) Black soils - Cotton Sugarcane Groundnut Mlllcts Rlcc Vthat
Oilséeds

3) Red soils - Ragi, Groundnut Millet, Tobacco Potato, Rice,
Wheat, Sugarcane |

- 4) Laterite soils - after taking soil conservation nreasures, 5, the soil is
sultable for Tea, Collee, Cashew, Rubber and Coconut

5) Desert solls - Drought resistant crops like millets and barley

6) Mountain soils -« Tea, Coffee, Spices, and Tropical Fruits

7) Sahne and‘Alkaline soils - Infertile. Unfit for Cultivation

8) Peaty and Marshy soils - Highly acidic '



ALLUVIAL SOIL

e [t can be divided into two
mrts:_

* Bangar:- Soil containing old &
alluwvium in the upper valley 5SS
region of a river is called Fei.
Bargar Soil- It s sticky W&
ad has dark color-

* Khadar:- The soil formed
die to fresh alluvial depost & = ¢k
is krown as Khadar Soil- 8
This soil is formed due to |

mostly neaty the nver
Generally such soil is sandy-



BLACK SOIL

 Black soil is the gift of
perinsular plateau-

» This soil is very sticky ad
fertile:

* [t can contain humidity for a
prolonged time:

* [t is formed from the
metamorphic rocks and is very B
useful for cotton cultivation

o That is why it has become
famous as black cotton soil-

o [t is also known as regur soil-




RED SOIL

* Such soil is fowd in regions of
o [ts red colour is due to

its ferrous ad other
humus  contents:

o The soil is porous ad fertile:

* Such soil is seenin Goa, Tamil [ ,,J“
Nady, Andhra Pradesh, Odisha o i 3
ad Jharkhand: v,..,,;!r ¢

1 Y
Yiirey

« Same crops grown in e red t'
soil are:= Growdnut, Ragi,
Tobacco, etc:




LATERITE SOIL

Latente soil devebps & a resit
of excessive erosan by rairr

Die to hewy nman te hnw
conternts from the  tgp soil deerd
into e bwer strata whih is  called
leaching

As Ye soil contars less humusit is
fertile:

Such soil is fourd in mountanous
regor of Deccan,
Karatda, Kerala, Odsm ad
ame pats of North — East -




MOUNTAIN SOIL

Hums cortert is moe de
to te forests, althoawgh it
differs from place to place:

Such soil an Shivalik Rage is less
fertie ad less devebped

The soil is sady ad poroas ad does
not contan humus

Such soil is foud in He
mountaos regon of  Ye contry,
sch & in Himahd Pradesh,

Arunachal  Badesy, Jamru -
Kashmir states:




Such soil is fouwd in the and
ad semi-and regions of Gujarat,
Rajasthan, Purjab, ad Haryana:
The soil here is more alkaline
ad has less humus contents:

Agriculture has been made possible in
such soil only through irrigation:

Thus , a large diversity in soils
of the nation is seen die to
diversity in climate ad relief
features:
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Gross Commanded Area (GCA)

The total area lying between dramage boundaries which can be commanded or irrigated
by a canal system or water course 1s known as gross commanded area.

Culturable Commanded Area (CCA)

Gross commanded area contamns some unfertile barren land, local ponds, villages.
graveyards etc which are actually unculturable areas.

The gross commanded area nunus these unculturable area on which crops can be grown
satisfactorily 1s known as Culturable Commanded Area.

CCA = GCA - Unculturable Area

Culturable Cultivated Area
The area on which crop 1s grown at a particular time or crop season.

Culturable Uncultivated Area
The area on which no crop is grown at a particular time or crop season



Kor depth and Kor period

o The distribution of water during the base period is not uniform,
since crops require maximum water during first watering after

the crops have grown a few centimeters.

oDuring the subsequent watering the quantity of water needed by
crops gradually decreases and 1s least when crop gains maturity.

oThe first watering 1s known as kor watering, and the depth applied
1s known as kor depth.

oThe portion of the base period in which kor watering 1s needed 1s
known as kor period.

o While designing the capacity of a channel, kor water must be

taken mto account since discharge 1n the canal has to be
maximum during this time.



CROP
MAJOR CROPS OF INDIA SEASONS

Agricultural cropping season in India is July to June
1. Food grains: Rice, Wheat, Maize, Millets, Pulses
2. Cash Crops: Cotton, Jute, Sugarcane, Oilseeds
3. Plantation crops: Tea, Coffee, Rubber, Coconut
4. Horticulture crops: Fruits and Vegetables

CROPPING SEASONS IN INDIA

1. Kharif: July to October (Monsoon crops)
2. Rabi: October to March (Winter crops)
3. Zaid: March to June (Summer crops)

Apart from India, our neighbouring countries Bangladesh
and Pakistan also use the Kharif and Rabi terminology.



Crop Seasons in India

CROP
SEASONS

KHARIF RABI ZAID
Monsoon crop :
(High water requirement) Winter crop Summer crop
July - October October - February March - June

Rice, Maize, Jowar, Bajra,
Soyabean, Cotton, Groundnut,
Jute, Urad Dal, Moong Dal, Tur Dal

Wheat, Barley, Gram, Peas,

Mustard

Watermelon, Muskmelon,
Cucumber, Vegetables and
Fodder crops

§ \'. al'- ,{S‘?’ N ;
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CROP SEASONS

Q. The terms “Kharif” and “Rabi” are derived from which language?
Ans. Arabic (Kharif means Autumn and Rabi means Spring season)

Q. What percentage of population of India is rural and dependent on agriculture?
Ans. 61.5% (As per 2011 census)

Q. What is the contribution of agriculture to the GDP of India?
Ans. 14.4% as per Economic Survey 2018-19

Q. Which sector of India is the largest consumer of groundwater in India?
Ans. Agriculture (89%). Crops such as paddy and sugarcane consume more than 60%

of irrigation water available in India. Atal Bhujal Yojana is launched recently.



veggiesgrow.com

Crop rotation 1s an organic gardening practice that can
increase productivity by increasing the health of the soil
and plants.



Crops rotation:

The method of growing different crops in rotation one after
the other in the same field is called crop rotation.

'y

Necessity for rotation :

. Fertility of land gets reduced as the soil becomes
deficient.

. More balanced fooding.

4 . Rotation will reduce the diseases and wastage due to
insects.

' . Increase nitrogen content of soil
| . The soil will be better utilized

% .« Rotation of cash crops, fooder crops and soil
renovating crops.




Advantages ol Crop Rotation

>

>

>

There is an overall increase in the yield of crops due to
maintenance of proper physical condition of the soil
Rotation of crops helps in saving on nitrogenous fertilizers,
because lequminous plants grown during the rotation of
crops can fix atmospheric nitrogen in the soil with the help
of nitrogen fixing bacteria-

Rotation of crops help in weed control and pest control-
This is because weeds and pests are very choosy about the
host crop plant, which they attack- When the crop is
changed the cycle is broken- Hence, pesticide cost is
reduced-

There is regular flow of income over the year-

» Proper choice of crops in rotation helps to prevent soil
erosion-



Dilterent crop rotation:

1. Cotton - Groundnut
2. Rice - Grany Sunflower. Type Rottions 3 Year CI’F(r)UE Rotation

Rooft Leaf

3 Hybrid]owar - Wheat/ One-yearrotation 1. Maize-mustard _8Bub  &Seed  &Stem
Jowar/ Gram. 2. Rice-wheat
4. Jowar - Sunflower - e e 1. maize-mustard-
Groundnut. Y sugarcane-
5. Sunflower - Potato fenugreek (methi)
. Groundnut. 2. Maize-potato-
6. G dnut — Wheat sugarcane-peas
. VrO;lélbl a et 1. rice-wheat-mung-
egetables.
Three-year rotation =~ mustard-
7.Sorghum - Wheat - sugarcane-berseem
Green gram - Cotton - 9. Cotton-oat-
Groundnut. sugarcane-peas-

marze-wheat

8. Sun hemp - Sugarcane -
Groundnut



Irmiecation Efliciencies

Efficiency 1s the ratio of the water output to the water input, and is
usually expressed as percentage. Input minus output is nothing but
losses, and hence, if losses are more, output 1s less and, therefore,
efficiency 1s less. Hence, efficiency is inversely proportional to the
losses.

ro

iciency (Mc)
It 1s the ratio of the water delivered into the helds from the outlet
pomt of the channel, to the water pumped nto the channel at the

starting point. It takes the conveyance or transit losses 1nto
account.

Water conveyance K

~ Water delivered to the farm _ Wy
Ne Water diverted from the river or reservoir W

I



Water application efficiency (n.)
» Ratio of water stored in root zone of plants to the
water applied to the land.

» Denoted by n,- (W.,/W,) x 100

N, - water application efficiency
W, = amount of water stored In root zone

W, =amount of water applied to land



Water use efficiency (n, )

> Ratio of the amount of water used to the
amount of water applied.

» Denoted by n, .
Ny =(W,/W)x100

N, = Water efficiency use.
W, =water used

W, = water applied



Consumptive use efficiency (n.,)

» Ratio of the consumptive use of water to the
amount of water depleted from the root zone.

New= (C,/W) x 100

N, = CONsumptive use efficiency
C, = consumptive use of water

W, =amount of water depleted from root zone



DETERMINATION OF IRRIGATION REQUIREMENTS OF
CROP
In order to determine the irrigation requirements of a certain crop, during
Its base period, one should be acquainted with the following terms.

1.Effective Rainfall (Re): is part of the precipitation falling during the
precipitation period of the crop, that is available to meet the
evapotranspiration needs of the crop.

2.Consumptive Irrigation Requirements (CIR): is the amount of
Irrigation water that is required to meet the evapotranspiration needs of
the crop (Cu) during its full growth. CIR
=Cu-Re

3.Net Irrigation Requirement (NIR): is the amount of irrigation water
required at the plot to meet the evapotranspiration needs of water as well
as other needs such as leaching etc. Thus

NIR = Cu —Re + water lost in deep percolation for the
purposes of leaching



4. Field Irrigation Requirement (FIR): is the amount of
Irrigation water required to meet the net irrigation
requirements plus the water lost at the field (i.e In
percolation in the field water courses, field channels and
field application of water). If n, Is water application

efficiency:
FIR=NIR/n,

5. Gross Irrigation Requirement (GIR): is the sum of water
required to satisfy the field irrigation requirement and the
water lost as conveyance losses In distrbutaries up to the
field. If n 1s the water conveyance efficiency, then

GIR =FIR /1,



* Water requirement of crop 1s the total quantity of
water from the time the crop 1s sown to the time 1t 1s
harvested. This water requirement may vary from
crop to crop, from soil to soil and period to period.
Water required to meet the demand of evapo-
transpiration and metabolic activities of the crop to-
geather 1s known as consumptive use (CU) of water



Factors Affecting the Consumptive Use of Water

1. Evaporation which
_, depends on humidity
“ 2. Mean Monthly

temperature

3. Growing season of

crops and cropping pattern

4. Monthly precipitation in

Relative
Humidity

area

5. Wind velocity in locality
6. Soil and topography

7. lIrrigation practices and
method of irrigation

8. Sunlight hours
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Cross Drainage Works

Meenu Sr1 Priya
Civil Engineering




U

Cross Draimnage Works

Cross drainage works 1s a structure constructed when there 1s a crossing of canal
and natural drain, to prevent the drain water from mixing into canal water.

This type of structure 1s costlier one and needs to be avoided as much as
possible.

Cross drainage works can be avoided 1n two ways:

By changing the alignment of canal water way.

By mixing two or three streams into one and only one cross drainage work to be

constructed, making the structure economical.



TYEPS OF CDWs

S—
(1) Type I(Iimgation canal passes over the dramage)

(@) Aqueduct,
(b) Siphon aqueduct.

-'l

] L e s N

w ﬁ\‘] !}’
j

- g"i’

©  Type I(Drainage passes over the nrigation canal)

L -

(@) Super passage,

(b) Siphon super passage.
(3) Type M (Drainage and canal intersection each other of the same level)

(@) Level Crossing,

(b) Inletand outlet.



AQUEDUCT:
S|

When the HFL of the drain is sufficiently
below the bottom of the canal such that
the dramage water flows freely under
gravity, the structure 1s known as
Aqueduct.

e In this, canal water 1s carried across the
drainage 1n a trough supported on piers.

* Bridge carrying water

* Provided when sufficient level difference
1s available between the canal and natural

and canal bed 1s sufficiently higher than
HFL.

n

Inspection road
M ES.L. |

T :

,,,,,,,, -1 Canal |-

R.C.C.

rectangular

»/ trough

Bank of
i stream

Pillar |7
"o

& = ;

H.EL.

< Stream

| Piers o

Fig: Aqueduct







SIPHON AQUEDUCT:

=

In case of the siphon Aqueduct, the HFL of the drain is much higher
above the canal bed, and water runs under siphonic action through
the Aqueductbarrels.

» The dran bed is generally depressed and provided with permanent
tloors, on the upstream side, the drainage bed may be joined to the
permanent floor either by a vertical drop or by glacis of 3:1.

* The downstream rising slope should not be steeper than 5:1.

*  When the canal is passed over the drain, the canal remains open for
inspection throughout and the damage caused by flood is rare.

»  However during heavy floods, the foundations are susceptible to scour
or the waterway of drain may get choked due to debris, tress etc.

3 TZm E3
fnspccllon road

1 BS.L.
HEL. T "
- -,

Pillar |=
= | —‘:;-'r\—_*/'—*
1 Picrs

Stre:v.irn;I

Cut-off wall L

Concrete floor Cut-off
wall







AQUEDUCT SIPHON AQUEDUCT




SUPER PASSAGLE:

The hydraulic structure in which the drainage 1s
passing over the irrigation canal 1s known as
super passage. This structure is suitable when
the bed level of drainage 1s above the flood
surface level of the canal. The water of the canal
passes clearly below the drainage

A super passage 1s similar to an aqueduct,
except in this case the drain i1s over the
canal.

The FSL of the canal is lower than the
underside of the trough carrying dramage water.

Thus, the canal water runs under the gravity.

Reverse of an aqueduct




CANAL SYPHON SUPER PASSAGLE:

» If two canals cross each other and one of the canals 1s siphoned under
the other, then the hydraulic structure at crossing is called “canal
siphon”. For example, lower Jhelum canal 1s siphoned under the
Rasul-Qadirabad (Punjab, Pakistan) link canal and the crossing
structure is called “L.J.C siphon”

* In case of Siphon Super Passagesiphon the FSL of the canal 1s
much above the bed level of the drainage trough, so that the canal
runs under the siphonic action.

* The canal bed 1s lowered and a ramp 1s provided at the exit so that the
trouble of silting i1s minimized.

* Reverse of an aqueduct siphon

* In the above two types, the inspection road cannot be provided along L. Concrete floor
the canal and a separate bridge is required for roadway. For economy, Siphon super passage
the canal may be flumed but the drainage trough is never flumed.



SUPER PASSAGE SIPHON SUPER PASSAGE




* Level Crossings

When the bed level of canal and the stream are approximately the same and quality of water in canal and stream
1s not much different, the cross dramage work constructed 1s called level crossing where water of canal and

stream 1s allowed to mix. With the help of regulators both m canal and stream, water 1s disposed through canal

and stream n required quantity. Level crossing consists of following components (1) crest wall (1) Stream

regulator (i) Canalregulator.

A

Crest wall

l\

——

. % Canal

Canal
l regulator

River River
regulator

Fig: Level Crossing

e,

— -



» Inlet and Outlet

When 1rrigation canal meets a small stream or drain at same level, drain 1s allowed to enter the canal as
mn nlet. At some distance from this mlet pomt, a part of water 1s allowed to dram as outlet which
eventually meets the original stream. Stone pitching 1s required at the mlet and outlet. The bed and

banks between mlet and outlet are also protected by stone pitching. This type of CDW 1s called Inlet
and Outlet. = 25*%

|

Fig: Inlet and outlet
A b RS A SN A S S




LEVEL CROSSING INLET & OUTLET

River

v { Crest wall i Inlet

Stream
b. Y- -"s - - -
E Conal tream
o e Leading Channel
Canal Regulator Outlet
iver

River Regulator




CLASSIFICATION OF AQUEDUCT AND SIPHON AQUEDUCT

Depending upon the nature of the sides of the aqueduct or siphon
aqueduct - classified

Type I:

* Sides of the aqueduct in earthen banks with complete earthen slopes.
The length of culvert should be sufficient to accommodate both,
water section of canal, as well as earthen banks of canal with aqueduct
slope. Sides of the aqueduct in earthen banks, with other slopes
supported by masonry wall. In this case, canal continues in its earthen
section over the drainage but the outer slopes of the canal banks are
replaced by retaining wall, reducing the length of drainage culvert.

Type II:
* Sides of the aqueduct made of concrete or masonry. Its earthen

section of the canal is discontinued and canal water is carried in
masonry or concrete trough, canal 1s generally flumed in this section.




CLASSIFICATION OF AQUEDUCT AND SIPHON AQUEDUCT

... A
Type I11:
» Sides of the aqueduct made of concrete or masonry. Its earthen section

of the canal 1s discontinued and canal water 1s carried in masonry or
concrete trough, canal 1s generally flumed 1n this section.




Selection of a Suitable 'Site' for Cross Drainage Work

The following points should be considered while selecting the site of a cross-drainage work:

*At the site, the drainage should cross the canal alignment at right angles. Such a site provides good flow conditions and also the cost of the
structure 1s usually a minimum.

*The stream at the site should be stable and should have stable banks.

*For economical design and construction of foundations, a firm and strong sub-stratum should exit below the bed of the drainage at a reasonable
depth.

*The length and height of the marginal banks and guide banks for the drainage should be small.

*In the case of an aqueduct, sufficient headway should be available between the canal trough and the high flood level of the drainage.

*The water table at the site should not be high, because it will create De-watering problems for laying foundations.

*As far as possible, the site should be selected d/s of the confluence of two streams, thereby avoiding the necessity of construction of two cross-
drainage works.

*The possibility of diverting one stream into another stream upstream of the canal crossing should also be considered and adopted, if found
feasible and economical.

*A cross-drainage work should be combined with a bridge, if required. If necessary, the bridge site can be shifted to the cross-drainage work or
vice versa.

*The cost of the combined structure is usually less. Moreover, the marginal banks and guide banks required for the river training can be used as
the approaches for the village roads.



Selection of a Suitable "Type' of Cross Drainage Work

S,
1. Relative levels and discharges:
The relative levels and discharges of the canal and of the drainage mainly affect type of cross-drainage work required. The
following are the broad outlines:
1.If the canal bed level is sufficiently above the H.F.L. of the drainage, an aqueduct is selected.
2.If the F.S.L. of the canal is sufficiently below the bed level of the drainage, a super-passage is provided.
3.If the canal bed level is only slightly below the H.F.L.. of the drainage, and the drainage is small, a siphon aqueduct is
provided.
4.If the F.S.L. of the canal is slightly above the bed level of the drainage and the canal is of small size, a canal syphon is

provided.
5.If the canal bed and the drainage bed are almost at the same level, a level crossing is provided



2. Performance:

* the structure having an open channel flow should be preferred to the structure having a pipe flow,Therefore, an

aqueduct should be preferred to a syphon aqueduct.

*  The performance of inlet-outlet structures 1s not good and should be avoided.

3. Provision of road:

* An aqueduct is better than a super-passage because in the former, a road bridge can easily be provided along with the
canal trough at a small extra cost, whereas in the latter, a separate road bridge 1s required.

4. Size of drainage:

*  When the drainage is of small size, a syphon aqueduct will be

* if the drainage 1s of large size, an aqueduct is preferred.

5. Cost of earthwork:

The type of cross-drainage work which does not involve a large quantity of earthwork of the canal should be preferred



I S
6. Foundation:

7. Material of construction:

8. Cost of construction:

The overall cost of the canal banks and the cross-drainage work, including maintenance cost, should be a minimum.

9. Permissible loss of head:

if the head loss cannot be permitted in a canal at the site of cross-drainage, a canal syphon 1s ruled out.

10. Subsoil water table:

It the subsoil water table 1s high, the types of cross-drainage which requires excessive excavation should be avoided, as it would
involve De-watering problems.

11. Canal alignment:

By changing the alignment, the type of cross-drainage can be altered. The canal alignment 1s generally finalized after fixing the

sites of the major cross-drainage works.






Investigations for reservoir planning

~ Selection of site or a reservoir
- Zones of storage in a reservoir
Storage capacity and yield

Mass mflow curve and demand curve,
Calculation of reservoir



Investigations for reservoir planning

For any reservoir planning, various investigations, which are require to be carried out, are the following:
1. Engmeering surveys

2.  Hydrological investigations

3. Geological investigations.

1. Engineering Surveys.

* The area of propose reservoir is extensively surveyed and contour plan is prepared.

*  Contour plan is very useful for fixing the height of the dam, evaluating the area that will be submerge an
d fixing the positions of spill ways, sluice ways and other river training works, require for the developme
nt of a reservorr.

* Area-elevation curve and storage elevation curves can be draw from the contour plan which help in fixin

g the maximum operating Area-elevation and Volume-elevation curves.
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Area elevation curve

. A contour plan of the proposed site of a reservoir is prepare.

*Considering from the bottom let A1, A2, A3......An be the areas of successive contours.

*These areas can be easily determine with the help of planimeter.

*The value of area Al is minimum at the base of the basin.

*As elevation of the contours increases the area under them also increases.

*A curve as CD between area elevation 1s shown in Fig. Storage elevation curve.

*The volume of storage corresponding to different contours can be calculate by using either
prismoidal formula or trapezoidal formula.

*We have seen that area of the contours goes on increasing as we proceed from bottom of the reser
voir towards top.

*Consequently volume of storage also goes on increasing as we proceed from bottom of the reservo
ir towards top.

*The volumes of storage for different contours may be calculated and curve between storage and el

evation may be plot shown by curve AB



2. Hydrological Investigations.

*It 1s very important aspect of reservoir planning.

*Capacity of reservorr, its potential for irrigation, power generation etc.

*all depend upon the availability of water from the reservoir.

* Capacity of spillway, storage capacity, height of dam, etc.

*Hence rainfall records, catchment characteristics, spread of catchment, climatic characteristics
etc.

All-India Summer Monsoon Rainfall, 1871-2017
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3. Geological Investigations.

*In all the major Civil Engineering projects, geological advice is considered very essential.

*It costs very little but relieves the Engineer from the worry of possible presence of fissure rocks or
other geological faults which may cost too much when they come to notice later.

(1) Reservoir basin should be water tight without having any embedded fissured formations.

(i1) Position of ground water table.

(1) Type of soil and its suitability in regard to foundation of the dam. Type and depth of soil

(v) Position of quarry sites for materials required for the construction of dam etc.
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SELECTION OF RESERVOIR SITE

Before finally selecting the reservoir site following factors should be seriously considered.

1.Catchment area should have such geological conditions that percolation and absorption losses are minimum.

2.Available run-off should be maximum.

3.The site should be free from fissured rocks.

4. This will avoid possibilities of leakage when reservoir is full to capacity. The reservoir site must have adequate capacity.
5.The reservoir basin should have a deep narrow opening in the valley so that the length of the dam may be kept minimum.
6.Heavily silt laden tributaries should not lead their discharge to the reservoir. Suitable site for dam should be available.

7.1t is very important point as cost of dam is often a controlling factor in selection of the reservoirs site.

8.Site should be such that deep reservoir is formed. Deep reservoir would store more of water and expose minimum area at the
surface for evaporation.

1.If earthen dam is propose to be construct, then separate suitable site for spillway works should be available.

2.Reservoir site should be well connected by rail and road.

3.Materials for the construction of dam should be available nearby.

4.The soil formation at reservoir site should be free from harmful salts.

5.If reservoir water is to be use for irrigation, the dam site should be near the area propose to be irrigate.

6.This would reduce the length of the canal system and consequently the cost of the project.

7.Reservoir should not submerge habited area or areas of fertile lands or gardens.

8.River banks should be hard, strong and high so that cost on river training works is minimum.



STORAGE ZONES OF A RESERVOIR

1. Dead Storage.

*The volume of water stored below the minimum pool level of the reservoir is know dead storage.

*This storage is not of such use in the operation of the reservoirs.

2. Useful Storage.

*The volume of water stored in a reservoir between minimum pool level and normal pool level is know useful storage.

*The useful storage may be further classified into conservation storage and flood mitigation storage in a multi-purpose reservoi
T.

3. Surcharge Storage.

*The volume of water stored between normal pool level and the maximum pool level is know surcharge storage. This storage 1
s an uncontrolled storage.

*It exists only till floods are in progress and cannot be retained for later use.

4. Bank Storage.

*When reservoir 1s full of water some amount of water seeps in the permeable banks of the reservoir. This seeped water comes
out as soon the reservoir level gets deplete.

*This amount of seeped water which becomes available after the reservoir is deplet is know Bank storage.

*Amount of bank storage may amount to several per cent of the reservoir storage depending upon the geological formations of
the banks. This storage increases the capacity of the reservoir above that indicated by the elevation-volume curve

5. Valley Storage.

*Some amount of water is stored by the stream channel even before a dam is constructed. This storage is know valley storage.

*Amount of valley storage is variable as it depends upon the rate of flow in the reservoir.
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Storage capacity &Yield

1. Yield of the Reservoir.
It is the amount of water that can be supplied by the reservoir in a specified interval of time.
The specified time interval may vary from a day for a small distribution reservoir to a month or year

for large conservation reservoirs.

It we say that three million cubic meters of water can be supplied from a reservoir in a year then its yield 1s

3000000 m3/year.

The yield of the reservoir is dependent upon the inflow and thus varies from time to time.

2. Safe Yield.

e Itis also known as firm yield.

¢ It is the maximum quantity of water that can be supplied from the reservoir with full guarantee during the

worst dry period.

3. Design Yield.

*  The critical period for a reservorir 1s generally considered, when natural flow in the reservoir is minimum.

*  There 1s possibility that sometimes the minimum natural flow in the reservoir may even fall short of
guaranteed yield.

*  Hence a lower value than the guaranteed yield or safe yield may be taken for design purpose.

*  This yield whose value 1s smaller than the safe or firm yield is known as design yield.
*  The value of design yield for a reservoir to be used for water supply 1s taken less than the safe yield.

* In the case of reservoirs used for irrigation purpose the design yield may be taken slightly more than the safe
yield as crops can tolerate some deficiency of water during exceptionally dry season.



4. A Secondary Yield.

The quantity of water available in excess of safe yield is known as secondary yield.
This yield 1s available during period of high inflows.

This secondary yield of the reservoir can be used either to generate extra hydroelectric
power or for irrigation of extra lands.

5. Average Yield.

The arithmetic average of the safe yield and the secondary yield considered for a numb
er of years is known as average yield.

The storage capacity of the reservoir and its yield are very much interdependent.
The water 1s stored 1n the reservoir to fulfill the safe yield requirements.

If capacity of the reservoir is more it can certainly provide more water and hence yield 1
$ more.

The reservorrs are designed to meet a specific demand of water.

The capacity of the reservoir and the yield are governed by the following storage equati
on:

Inflow - outflow = Increase in storage.
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Fig. 9.4. Flood hydrograph and mass inflow curve.

Mass inflow 1s a curve which represents the cumulative flow in a reservorr at
any particular instance. It 1s a plot between cumulative inflow in the reservoir
with time.

It can be prepared with the help of a hydrograph of the river for the dam site
for a large number of years. hydrograph is a plot or curve between discharge
versus time

Figure 9.4 (a) shows a hydrograph of a river for the dam site for a number of
years and Fig. 9.4 (b) a corresponding mass curve prepared from the hydrog
raph of Fig. 9.4 (a).

In mass curve, the corresponding ordinate at time t1 (ordinate AB) will repr
esent the total volume of water indicated by the hatched area of hydrograph
curve.

Similarly the ordinates of the mass curve corresponding to other years can b
e determined from the hydrograph curve and plotted.

When all such points are joined free hand we get the mass curve correspond
ing to the hydrograph.

It is evident that a mass curve will continuously rise as it is the plot of accum
ulated inflow versus time.

Periods of no inflow would be indicated by horizontal lines on the mass curv
e.

The slope of the mass curve at any time gives the rate of inflow at that time.
Mass inflow curve 1s sometimes known as Ripple diagram also.



Demand Curve

* Itisa plot between accumulated demand of water from reservoir with time.
 If demand of water 1s at constant rate then demand curve becomes a straight line.
* The slope of the demand curve represents the rate of demand.

If demand 1s variable the demand curve does not remain a straight line but assumes curved s

hape.
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(a) Constant demand (b) Variable demand

Fig. 3.14 Demand curve



Determination of Capacity of a Storage Reservoir required for a Speci
fied Yield or Demand using Mass Curve

The capacity of a storage reservoir is determined on the basis of the inflow to the reservoir and the demand of t
he consumers (or the vield of the reservoir).

The capacity of a storage reservoir required for a specified yield or demand may be determined by using mass ¢
urve of inflow and mass curve of demand or demand curve as indicated below:

(1) A mass curve of inflow 1s prepared from the flow hydrograph for a number of consecutive years selected fro
m the available stream flow record such that it includes the most critical or the driest period. Figure 3.15 sh
ows a mass curve of inflow for a typical stream for a 6 year period.

(2) Corresponding to the given rate of demand, a demand curve 1s prepared. If the rate of demand 1s constant t
hen the corresponding demand curve is a straight line as shown m Fig. 3.15.

(3) Lines such as GH, FJ, etc., are drawn parallel to the demand curve and tangential to the high points G, F, etc
., of the mass curve of inflow (or the points at the beginning of the dry periods).

(4) The maximum vertical intercepts X;, Y; X, Y, etc., between the tangential lines drawn in step (3) and mass ¢
urve are measured. The vertical intercepts indicate the volume by which the total flow in the stream falls sh
ort of the demand and hence required to be provided from the reservoir storage. For example assuming th
e reservoir to be full at G, for a period corresponding to points G and Z,, there 1s a total flow in the stream
represented by Y,Z,; and there 1s a total demand represented by X,Z, leaving a gap of volume represented
by X,Y; which must be met with from the reservoir storage.

(5) The largest of the maximum vertical intercepts XY, X,Y,, etc., determined in step (4) represents the reserv
oir capacity required to satisty the given demand. However, the requirement of storage so obtained would b
e the net storage which must be available for utilization and it must be increased by the amount of water lost
by evaporation and percolation.
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Fig. 3.15 Use of mass curve to determine the capacity of a storage reservior
required to produce a specified yield

» The vertical distance between the succe

ssive tangential lines such as GH and FJ]
represents the quantity of water which ¢
ould spﬂl over from the reservoir throu
gh the spillway and go as a waste to the
downstream side.

This 1s so because between H and I the
reservoir would remain full and all inflo
w 1n excess of demand would flow thro
ugh the spill-way to the downstream sid
e.

The tangential lines drawn parallel to th
e demand curve when extended forwar
d must intersect the mass curve, such as
at H, J, etc., so that the reservoir which
was full at G and F will be filled again at
H and ]J.

However, if the line does not intersect t
he mass curve, the reservoir will not be
filled again. Moreover, if the reservoir is
very large the time mterval between the
points G and H, F and ], etc., may be s
everal years.
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*Ultimately all the reservoirs get silted up.

Bed of Channel

*Silting of the reservorr starts from the day 1t 1s created.

*When reservoirs are created some of its capacity 1s left unused.

*This 1s the capacity of the reservoir lying below the crest level of the bottom most under sluices.

*This storage capacity which remains unused 1s know dead storage.

*This dead storage capacity 1s used to accommodate deposited silt so that effective storage of the reservoir 1s n
ot affected.

*So long as dead storage capacity of the reservoir is not silted completely, effective storage or useful storage ca
pacity 1s not affected.

*The process of silting continues even after complete silting of dead storage.

*The further siling affects the effective storage of the reservoir and the reservoir does not have enough water t
o fully fulfil its obligations.

*Generally useful hife of the reservoir 1s considered termimated when its effective storage 1s reduced by 20% of

the designed capacity of the reservorr.



Flood Routing and Its Methods

Flood routing 1s a process with the help of which characteristics of hydrograph of a flood, entering the res
ervolr are completely changed when 1t emerges out of the reservoir. The change in flood hydrograph
charactenistics takes place because certain volume of flood 1s stored in the reservoir temporarily and

1s let off as the floods recede.
Methods of Flood Routing:
There are several methods, but following methods, are in most common use:
1. Graphical Method:
The relation between inflow, outflow, and change in storage can be expressed mathematically as follows:
I=0O + As (1)
where ,
I = Average inflow during given time interval
O = Average outflow during same time interval
As = Volume of water stored or change i storage during the same time interval.
Increase i storage should be taken as positive and decrease n storage as negative.
Let I,and I, be the inflow rates and
O, and Oy be the outflow rates at the beginning and end of the time mterval t.
Let S, be the storage in the beginning and S, at the end of the time nterval t.



Steps of Graphical Method:

1. Determine total inflow for the first time interval t from

the mflow hydrograph. Enter this value as AB .
2. Through B draw a vertical line to meet the curve 25/t - /AN
+ O at point C. The point C represents the value of o \
utflow at the end of the interval. e A
3. Through C draw a horizontal line A;CB, cutting (25/t - e  Ongnal \\\\Y : Modified
i . rogra
O) curve in point A,. 3 250 it : , i
i : = |
4. Now calculate the total inflow during second subsequent 3 200 r[\\‘\w .
time nterval t again from mflow hydrograph. Measure = » \\\y !
, : : 1 1
the total inflow from A, on line A;CB; and mark poin |
t B,. 10 i
5. Again draw a vertical ordinate from B, to meet the curv 50 &B =
- ) |
e (25/t + O) a point C, and repeat the procedure as sta 0
; ; ; ; : 4 12 20 28 3 44 52 60 68 78
ted in steps (3) and (4) until the entire flood 1s routed. Y b Houcs

6. The outflow discharge at any time mterval 1s given by th Fig. 9.15. Modified hydrograph.
e total vertical ordinate. The largest of these ordinates
will indicate the value of the peak outflow rate. The sp
illways are designed based of the largest discharge.
7. After determining the outflow discharge at various interv
als as described above, the reservoir water level for the
se can be determined from graph II.






Dams

Dam is a solid barrier constructed at a_suitable location across
a river valley to store flowing water.

Ef‘“ Storage of water 1s utilized for following
objectives:

Hydropower

Irrigation

Water for domestic consumption

For drought and flood control

Other additional utilization is to develop fisheries.

N



Structure of dam
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the dam.

» Parapet walls: Low Protective walls on either side of the roadway or walkway on the crest.

* Heel: Portion of Dam in contact with ground or river-bed at upstream side.

* Toe: Portion of dam in contact with ground or river-bed at downstream side.

* Spillway: It is the arrangement made (kind of passage) near the top of dam for the passage of surplus/
excessive water from the reservoir.

*» Abutments: The valley slopes on either side of the dam wall to which the left & right end of dam are
fixed to.

* Gallery: Level or gently sloping tunnel like passage (small room like space) at transverse or longitudinal
within the dam with drain on floor for seepage water. These are generally provided for having space for
drilling grout holes and drainage holes. These may also be used to accommodate the instrumentation for
studying the performance of dam.

* Sluice way: Opening in the dam near the base, provided to clear the silt accumulation in the reservoir.
* Free board: The space between the highest level of water in the reservoir and the top of the dam.

* Dead Storage level: Level of permanent storage below which the water will not be withdrawn.

* Diversion Tunnel: Tunnel constructed to divert or change the direction of water to bypass the dam

construction site. The dam is built while the river flows through the diversion tunnel.

Crest: The top of the Dam. These may in some cases be used for providing a roadway or walkway over

Ugntraarn side

Paragat wall

Poarensl Water Lave

Free Bowd

vy “l

Toe



Classification of Dams

Classification based on function

» Storage Dam
» Detention Dam
» Diversion Dam
» Coffer Dam

e Debris Dam

Classification based on hydraulic design

« Overflow Dam/Overfall Dam

+» Non-Overflow Dam

Classification based on material of construction

= Rigid Dam
= Non Rigid Dam

Classification based on structural behavior

» Gravily Dam

= Arch Dam

» Buttress Dam

» Embankment Dam

» Rock-fill dam



Type Material Sectional View Plan (Tep View)

Based on structure and design, dams can be classified

: Cancrete,
as follows GrvitY  ryphle masonry
Gravity Dams: A gravity dam 1s a massive sized dam

fabricated from concrete or stone masonry.
* They are designed to hold back large volumes of

water. By using concrete, the weight of the dam 1s Arch  Concrete
. . ~ Sidewalls
actually able to resist the horizontal thrust of water af cayon
pushing against it. This 1s why 1t 1s called a gravity Saby L
d amn. Concrete
N . . Buttress also timber
e Gravity essentially holds the dam down to the and steel

ground, stopping water from toppling it over.
e  Gravity dams are well suited for blocking rivers mn
wide valleys or narrow gorge ways.

 Since gravity dams must rely on their own weight to | Embankment 0

hold back water, 1t 1s necessary that they are built on imparesbl core
a solid foundation of bedrock.




Solid Masonry Gravity dams

*These are big and expensive dams but are more durable and solid than earth and rock dams
*These are of great weight so that can be built at places where there 1s a natural strong
foundation.
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The hollow masonry gravity dams

*Build in the same way as solid masonry gravity dams but with less concrete or masonry
*A deck of RCC or arches carry the weight of water

*These are difficult to build and are only adopted if skilled labor is easily available.

‘.‘""" il Tl umuuu |nuu*p|gw‘§;@;;_g; |
i

.:”'”
y I'?: "4 . .'<,I

Hollow Masonry Gravity Dams
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An arch dam is curved in plan, with its convexity
towards the upstream side.

An arch dam transfers the water pressure and other
forces mainly to the abutments by arch action.

An arch dam is quite suitable for narrow canyons with
strong flanks which are capable of resisting the thrust
produced by the arch action.

The section of an arch dam 1s approximately triangular
like a gravity dam but the section i1s comparatively
thinner.

The arch dam may have a single curvature or double
curvature in the vertical plane. Generally, the arch dams
of double curvature are more economical and are used
in practice.

The horizontal arch action of the dam is used to hold
back the water

Best suited at sites where dams must be extremely high
and narrow.



Buttress Dams:

“Buttress dams are of three types :

(1)

Deck type, (1) Multiple-arch type, and (i1) Massive-
head type.
A deck type buttress dam consists of a sloping deck
supported by buttresses.
Buttresses are triangular concrete walls which
transmit the water pressure from the deck slab to the
foundation.
Buttresses are compression members. Buttresses are
typically spaced across the dam site every 6 to 30
metre, depending upon the size and design of the
dam.
Buttress dams are sometimes called hollow dams
because the buttresses do not form a sohd wall
stretching across a river valley. The deck 1s usually a
reinforced concrete slab supported between the
buttresses, which are usually equally spaced.




. Embankment-Earth or Rockfill dams

Earth fill dams
*Earth fill dams are made by sohdifying the soil down slowly.

*These are constructed at places that are not strong enough to bear the weight of a concrete dam

*Mainly used in places where the earth is more easily available as a building material compared to
others.
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Rockfill dams

*These dams are constructed using loose rocks and boulders piled 1n the riverbed

*On the upstream side of the dam, a slab of reinforced concrete 1s often laid across to make it
watertight
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(Transition) x5

Core Trench

‘ ‘ \Curtain Grouting



Steel dams

*Not used for major works

*Used as temporary cofferdams needed for constructing permanent dams
*Timber 1s used for the reinforcement of steel cofferdams.
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Timber dams

“T'imber dams have short-lived around 30 to 40 years with proper maintenance

*Mostly used 1n agricultural areas to create a pool of water for cattle and to meet other low-level
needs.
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Fig. 11.12. (a) Framed timber dam (b) Beaver timber dam.




Classification Based on the Flow over its Top.
(1) Overflow dams

*These dams are designed in such a way to pass the surplus water over their crest
*Mostly called Spillways
*Must be constructed with materials that will not be eroded by such discharges.




(1)) Non-overflow dams

*Designed not to be overtopped

*Gives a wider choice of materials including earth fill and rockfill

*In most cases, the overflow and non-overflow dams are combined to form a composite single
structure.

Non-Ovow Dam



Classification Based on the Use of the Dam.

(1) Storage dam

*Constructed to store water during the time of surplus water and to be used later in the time of
shortage

*They can be further classified according to the use of water like navigation, recreation, water suppl:
fish, electricity, etc.




(1) Diversion dam

*Small dams are used to raise the water level to off-take canal or some other conveyance system
*Useful for mrrigation development works

*Mostly called a weir or a barrage.




(1)) Detention dam

*These dams detain floodwaters temporarily to flood runoff

*T'o minimize bad effects caused due to flood

*Also constructed to trap sediments and often called Debris dams.




Advantages of Dams:

Dams gather drinking water for people -> Water Supply

Dams help farmers bring water tc their farms -> Irrigation

Dams help create power and electricity from water -> Hydroelectric
« Dams keep areas from flocding -> Flood Control

« Dams create lakes for people to swim in and sail on -> Recreation & Navigation

Disadvantages of Dam

« Dams detract from natural settings, ruin nature's work

« Dams have inundated the spawning grounds of fish

« Dams have inhibited the seasonal migration of fish

« Dams have endangered some species of fish

« Dams may have inundated the potential for archaeological findings
« Reservoirs can foster diseases if not properly maintained

« Reservoir water can evaporate significantly

« Some researchers believe that reservoirs can cause earthquakes.
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SELECTION OF SITE FOR A DAM

. Suitable foundattion(Hard bed) should be available at the dam site.

2. For economy its necessary that the length of the dam should be as small as
possible and for a given height it should store large volume of water.

3. The niver valley at the dam site should be as narrow as possible and it should open out u/s to
create a reservolr with as far as possible large storage capacity.

A. As far as possible the dam should be located on high ground as compared to
the river basin. This will reduce the cost and facilitate drainage of the dam section.
5. 1f the spillway 1s to be located separately from the dam - vicinity.

Otherwise, mtegral part - dam

6. From the standpoint of economy the bulk of the materials required for the
construction of dam should be available at or near the dam site.



SELECTION OF SITE FOR A DAM

7. Immediately on the u/s of the dam site there should be a watertight rim for the
reservolr formed by the surrounding hills up to the proposed elevation of the dam.

8. The value of the property and land submerged in the reservoir created by the proposed dam
should be as low as possible.

9. The dam site should be such that the reservoir would not silt up soon.

10. It 1s preferable to select a dam site which 1s already connected or can be convenently
connected to a nearby rail head by road or rail - easily accessible - facilitate transportation -
men, material, machmery, and various other essential items to the dam site.

11. In the near vicinity of the dam site ample space with healthy environment must be
available - colonies for labour and other staff members.

12. The dam site should be such that it involves minimum overall cost of construction
as well as minimum cost of subsequent maintenance.



FACTORS AFFECTING to the DAM TYPE SELECTION

m Topography
m Geology
m Bearing capacity of the underlying
soil
» Foundation settlements
m Permeability of the foundation soil

Material availability
Spillway position
Farthquakes

Safety

Height

Aesthetic view
Qualified labour
Cost
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INTRODUCTION

= A gravity dam 1s a solid structure, made of concrete or masonry, constructed across a river to
create a reservoir on its upstream.

* The section of the gravity dam 1s approximately triangular in shape, with its apex at its top
and maximum width at bottom.

* The section 1s so proportioned that it resists the various forces acting on it by its own
weight.

* Where good foundations are available, gravity dams can be built upto any height. It 1s
the most permanent one, and requires little maintenance.

* The most ancient gravity dam on record was built in Egypt more than 400 years B.C. of
uncemented masonry.



The gravity dam 1s subjected to the following main forces:

1. 'WEIGHT OF THE DAM
2. WATERPRESSURE

3. UPLIFT PRESSURE
WAVE PRESSURE

5. SILT PRESSURE

6. ICE PRESSURE

7. 'WIND PRESSURE

8. EARTHQUAKE FORCES
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1. WEIGHT OF THE DAM

e The weight of the dam 1s the main stabilizing force mn a gravity dam.

e The dead load = weight  of the concrete + weight of such appurtenances
(as piers, gates and bridges).

e The weight/unit length = area of cross-section * specific weight (or unit
weight)of the material.

Concrete - 24 kN/m3
masonry - 23 kN/m3



¢ Tor convenience, the cross-section of the dam 1s
divided mto simple geometrical shapes, such as

rectangles and triangles, for the computation of
weights.

* The areas and centroids of these shapes can be
easily determined.

* Thus the weight components W1, W2, Waetc.
can be found along with their lines of action.

* The total weight W of the dam acts at the
C.G. of its section.




———— |
2. WATER PRESSURE

* The water pressure acts on the wupstream  and
downstream faces of the dam.

* The water pressure on the upstream face 1s the main
destabilizing (or overturning) force acting on a gravity dam.

b4

* The tail water pressure helps n the
stability.

* The mass of water 1s taken as 1000 kg/m?.

* Linear distribution - water pressure - assumed.




* The water pressure mtensity p (kN/m?) - depth y (m) as :

P=YwY

*  The water pressure always acts normal to the surface.
(a) U/s face vertical:

*  When the upstream face of the dam 1s vertical, the water pressure diagram is triangular in shape with a
pressure intensity of Y. " h at thebase.

e where h is the depth of water.
* The total water pressure per unit length 1s horizontal and is given by

1
P, =~y h’



e It acts horizontally at a height of h/3 above the base of the dam.
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(b) U/s face inclined:

e Upstream - ABC - inclined or partly vertical and D
partly mclined - force due to water pressure -
horizontal component Py - vertical component Py

* The vertical component P, = weight ol the
water n the prism ABCD per unit length.
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3. Uplift pressure

A 4

A
TTTgITte,

Uplift Pressure

Seepage of water T H T H+ (B H-ToH)=

ordinate of uplift




e The computation of U.L. pressure 1s two folded,
(1) the area on which the uplift pressure acts and,
() the mtensity of the uplift pressure at various points.

The % of area on which the uplift pressure acts 1s defined as the “area factor”.

The present practice followed in the design of dams 1s that the uplhft pressure 1s assumed
to act over 1009 of the area within the body of the dam as well as foundation

e The mtensity factor 1s defined as the ratio of the actual mtensity of uplift pressure developed when
cutoff wall 1s provided, to the intensity of the uplift pressure which would be developed without cutoff
wall.

e In the most of the case in order to reduce the uplift pressure, both the drains as well as
cutoff wall are provided.



4. EARTHQUAKE (or SEISMIC) FORCES:
e FKarthquake acceleration imparted to the foundation is also transmitted to the dam.

e The earthquake acceleration 1s usually designated as a fraction of ‘g’ the
acceleration due to gravity.

oa*g

where a = seismic coefficient.

e Seismic coeff, = [ {intensity of the earthquake, zone of dam site, E of
materials, foundation, etc}



As per IS: 1893-1984: the value of the seismic coeff. & may be determined by one of the
following two methods.

(@) Seismic coefl. Method:

a=BIaq
(b) Response spectrum method:

a-BIFO(%)

Where, B = Soil - Foundation system factor, the value of which for dams is taken as 1.0 1=

Importance factor, the value of which for dams 1s taken as 2.0.

o= basic seismic coeff., the value of which for each of the five seismic zones
I, = seismic zone factor for avrg. Acceleration spectra

(Sy/g) = Avrg. Acceleration coeff.



5. Earth and Silt Pressures

e Practically all streams carry silt along with water
which during floods may be in enormous quality.




e Silt 1s treated as saturated cohesionless soil having full uplft and whose value of the angle
of internal friction 1s not materially changed on account of submergence

e Tor determining silt pressure on the dam “Rankine’s Formula” may be used according to which the
total silt pressure Ps; acting per unmit length of the dam with U/S face vertical 1s given as follows:

h?1=sin @
P, —1(" 2P
Sh (2 I+sin ¢
where, w, = submerged sp.wt. of silt n N/m3.
h; = the depth of silt deposited in m, and ¢ -
angle of internal friction of silt.

e Inabsence of internal friction, submerged weight - Assumed - due to which correct value

may not be obtained.

* As such conditions the method recommended - “silt and water’.



The horz. And vert. components of the presssure due to silt and water acting per unit length of the dam
may be obtained as follows.

i | 9
PS hs _EW S hl

which 1s acting horizontally at a distance of 2h /3 below the surface of the silt deposited.

* For computing the horz. and the Vert. components of the “Silt and Water Pressure”
different sp.wt’s have been recommended as indicated below.

* (a) For horizontal component “Silt and water” assumed to have sp.wt. as 13.342 kN/m?

[1360 kg(f)/m3].

e (b) For vertical component “silt and water” is assumed to have sp. Wt. of 18.884 kN/m? [ 1925

kg(f)/m?]



6. Wave Pressure

* The force and dimensions of waves depend mainly on the extent and configuration ol the water
surface, the velocity of wind and the depth of reservoir water.

* The height of wave 1s generally more 1mportant 1 the determination of the free
board requirements of dams to prevent overtopping by wave splash.

* An empirical  method  based upon research studies on specific cases has been recommended
by T Saville for computation of wave heighth, (m).

e It takes into account the effect of the shape of reservorr and also wind velocity over water surface
rather than on land by applying necessary correction.



Wind velocity of 120 km/h over water in case of normal pool condition and of 80 km/h over water in
case of maximum reservoir condition should generally be assumed for calculation of wave height 1f
meteorological data 1s not available.

The maximum unit pressure P in kPa occurs at 0.125 h,,, above the still water level and 1s
given by the equation:

p, =24h,

The wave pressure diagrams can be approximately represented by the triangle 1-2-3 as n
Fg.
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* The total wave force Pw, (in kN) 1s given by the area of the triangle,
P =20h’
W W

* The centre of application 1s at a height of 0.375 hw, above the still water level.

* Sometimes the following Molitor’s empirical formulae are used to estimate wave height

h =0032)V F +0.763-0271(F)"*  for F<32km

h =003V F for F> 32 km

W
where V= wind velocity in km/hr and I'= fetch length of reservoir m km.



7. Ice Pressure

The problem of ice pressure in the design of dam 1s not encountered in India except, perhaps,
in a few localities.

e Ice expands and contracts with changes in temperature.

e Ice pressure it may be provided for at the rate of 250 kPa applied to the face of dam over the
anticipated area of contact of ice with the face of dam.

8. Wind Pressure

*  Wind pressure does exist but 1s seldom a significant factor in the design of a dam. Wind loads may,
therefore, be 1gnored.

However, the superstructure of dams carrying very large sluice gates may be subjected to
an appreciable amount of wing pressure.

As such 1n the design of a superstructure of a dam wind pressure may be considered as the rate of 1 to
1.5 kN/m?2 over the area exposed to the wind.



STABILITY ANALYSIS
1) OVERTURNING

- If the resultant  of all the force acting on a dam at any of the section, passes outside the
toe, the dam shall rotate and overturn about the toe.

Resisting moments

FoLS = -
orerturning maoments

 Its value generally varies between 2 to 3.
2) SLIDING

— A dam may fail in shding at 1ts base.

—  Shding will occur when the net horizontal force exceeds the frictional resistance developed at that level.

Y
rog-ta

YH
Where u = coefhicient of static earth pressure

= 0.65t0 0.7




STABILITY ANALYSIS

3)  COMPRESSION OR CRUSHING
— A dam may fail by the failure of its materials.

—  The compressive stress may exceed the allowable stress and the dam material may get crushed.

4)  TENSION

—  Masonry and concrete gravity dam are usually designed in such a way that no tension 1s developed
anywhere,

because the materials can not withstand sustained tensile
stresses.

— If it subjected to such stresses, these materials may crack.



ELEMENTARY PROFILE

When water 1s stored against any vertical face, then it
exerts pressure perpendicular to the face which is zero at
top & maximum at bottom.

The required top thickness is thus zero & bottom
thickness 1s maximum forming a right angled triangle with
the apex at top, one face vertical & some base width.

Two conditions should be satistied to achieve
stability -

When empty - The external force 1s zero & its self
weight passes through C.G. of the trnangle.

When Full - The resultant force should pass
through the extreme right end of the middle-
third.

The limiting condition 1s -

where, o ~allowable compressive stress.

Uplift pressure



'PRACTICAL PROFILE

Various parameters in fixing the parameters of the dam
section are -

Free Board -IS 6512, 1972 specifies thatthe free  board -
will be 1.5 times the wave height above normal pool level. T
Top Width - The top width of the dam 1s generally fixed —L
according to requirements ofthe roadway to be provided. The
most economical top width of the dam is 14% of its height.

Base Width - The base width of the dam shall be safe against *‘T for
5 s e - = 1o develop
overturning, sliding & no tension in dam body. For elementary ..
profile -

When uplift is considered,

e

When uplift isn’tconsidered,



» The cost of construction of dam inecreases with the inerease
i fts helght.

»The helght should be such that it glives more storage capacity
att minimum ecest. This height is considered te be econemical
helglht.

»To calculate the economical height, storage capacities for
different helghts of dams are calculated & the cest of the dams
are worked out & plotted In graph with helght of dam versus
cost benefft ratio.

»The height of the dam is econemical when the cost benefit 4
reftio s masinmuom.




COW GRAVITY DAM

A low gravity dam 1s designed on
the basis if of elementary profile,
where the resultantforce passes
through the middle-third of its
base. The principal stress 1s given

by -

o=YHES-C+1)
Where, o=principal stress,
y=unit weight, S=Specific
Gravity and C=A constant.

The principal stress varies with
‘H’ as all other terms are constant.
To avoid failure of the dam the
value of ‘o’ shouldn’t exceed
allowable working stress(f).

F-yHS-C+1)




rrer GRAVITY DAM

The high gravity is a
complicated structure, where
the resultant force may pass
through a point outside the
middle-third of the base.

-

The section of the dam is
modified by providing extra
slope on the upstream and
downstream side.

H=TOTAL ht of HIGH DAM

The condition for the high
gravity dam are -

‘Where, f=allowable working

stress.



FAICUORE

VITY DAM

Failure of gravity dams are caused due to -

Shiding - It may take place on a horizontal joint above formation, on the foundation. Sliding takes place when total
horizontal forces are grater than the combined shearing resistance of the joint and the static friction induced by total
vertical forces.

Overturning - A dam fails in overturning when total horizontalforces acting on the dam section are quite great in
comparison with total vertical forces. In such cases the resultant of two passes outside the limits of the dam.

Dam may fail when tension is produced in the concrete.

Dam may fail in crushing.



PRECAUTIONS AGAINST FAILURE

0 To prevent overturning, the resultant of all forces acting on the dam should remain within the
middle-third of the base width of the dam.

0 In the dam, the shding should be fully resisted when the condition for no shding exists in the dam
section.

0 In the dam section, the compressive stresses of concrete or masonry should not exceed the
permissible working stress to avoid failure due to crushing.

0 There should be no tension in the dam section to avoid the
formation of cracks.

0 The factor of safety should be maintained between 4 to 5.



DESIGN OF GRAVITY DAMS

* The section of gravity dam should be chosen n such a way that it 1s the most economical section and
satishies all the conditions and requirements of stability. Hence, after the section of dam has been arrived
at, the stabihity analysis for the dam must be carried out.

« TODECIDE WHETHER THE DAM IS LOW OR HIGH- First of all, the height of the dam to be
constructed, should be checked so as to ensure whether it 1s a low gravity dam or a high grawity dam.

f
Y(Sc+l)
(where f 1s the permissible compressive stress of the dam material
and Sc 1s the Sp. Gravity of the dam matenal) then the dam will be

a low gravity dam otherwise vice versa.

e If the ht. of the dam 15 less than that given by



B ||
Galleries in Gravity Dams

Galleries are openings or passageways left in the dam body. They may be provided parallel or normal to
dam axis at various elevations The galleries are interconnected by steeply sloping passages or by vertical
shafts fitted with lifts. The shape and size of the gallery depends on the size of the damned and the
function served.

The functions for which the galleries are provided are:

1. Drainage: To cater for the drainage of dam section by intercepting seepage from the water face and
carry 1t away from the downstream face.

2. Inspection: To provide access to the interior of the mass comprising the dam with a view to inspect the
structure and study the structural behaviour of the dam in post-construction period.

3. Drilling: To provide access for carrying out drilling and grouting of foundations, etc.

4. Operation of gates and control equipment: To provide access to mechanical equipment for the
operation of rates and control equipment.

5. Post-construction grouting: To provide space for header and return pipes for post-construction
grouting of longitudinal joints of the dam. Also to provide access for grouting the construction joints
which cannot be done from the face of the dam.



Function and types of galleries in Foundation Gallery
Dams

* Galleries are the horizontal or sloping (i) Foundation Gallery
openings or passages left in the body of the
dam,

* They may run longitudinally (i.e. parallel to
dam axis) or traversely (i.e. normal to the dam
axis) and are provided at various elevations.

Galleries in Gravity Dams

* A gallery provided in a dam may serve one
particular purpose or more than one
purpose. For example, a gallery provided near
the rock foundation, serves to drain off the

All the galleries are interconnected by water which percolates through the
steeply sloping passages or by vertical shafts foundations. This gallery is called a
fitted with stairs or mechanical lifts. foundation gallery or a drainage gallery.
. o Function and types of galleries in
Function and gpes of galleries in Inspection Galleries Dams
ams _

i

The main functions are summarized below:

* They intercept and drain off the water
seeping through the dam body.

* They provide access to dam interior for
observing and controlling the behavior of
the dam.

* They provide enough space for carrying
pipes, etc. during artificial cooling of
concrete

Inspection Galleries

* The water which seeps through the body of the
dam is collected by means of a system of
galleries provided at various elevations and
interconnected by vertical shafts, etc. All these
galleries, besides draining off seepage water,
serves inspection purpose.

* They provide access to the interior of the dam and
are, therefore, called inspection purposes. They
generally serve other purposes along with this
purpose.
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