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In lecture 12, we will discuss the estimation of evaporation and different control measures, so,

that we can minimize the loss due to evaporation.
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The concept covered in this lecture is the different estimation methods of this evaporation. There
are two major things that we are considering one is the empirical equation and analytical

methods, and also, we will discuss something about reservoir evaporation.
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The outline for this lecture is empirical evaporation equations, what are they being utilized, and
then, under the category of analytical methods of evaporation estimation, there are three majors
methods, one is the water budget method, energy balance method, and mass transfer method and
how to control the reservoir evaporation loss, some introduction and method to reduce
evaporation loss will be discussed.

(Refer Slide Time: 01:31)

Empirical Evaporation Equations

Most of the empirical formulae to estimate lake evaporation are based on the Dalton-type
equation.

General form of Dalton-type equation
Ey = Kf(u)(e, - €a)
S— S —

E, = Lake evaporation in mm/day
—

e,, = Saturation vapour pressure at the water surface temperature in mm of mercury

o = Actual vapour pressure of overlying air at a specified height from the water
surface in mm of mercury (at the same height where wind speed is measured)

f(u) = Wind speed correction function

K = An empirical coefficient

|
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Empirical Evaporation Equations

Most of the empirical formulae to estimate lake evaporation are based on the Dalton-type

equation.

General form of Dalton-type equation
E;, =Kf(u)(ey, —eq)

E'1= Lake evaporation in mm/day
ew= Saturation vapour pressure at the water surface temperature in mm of mercury

ea= Actual vapour pressure of overlying air at a specified height from the water surface in mm of

mercury (at the same height where wind speed is measured)
f(w)=Wind speed correction function
K= An empirical coefficient

(Refer Slide Time: 02:35)

Empirical Evaporation Equations

Meyere}ormuia Ug = Monthly mean wind velocity in km/h at about 9 m

E, = Ky(e, —e,) (1 b ;‘_Z) above the ground
- ~—— Ky = Coefficient, 0.36 for large deep water body and

0.50 for small shallow water body
S,
Rohwer’s Formula

It considers a correction for the effect of pressure in addition to the wind effect and
is given by,
E, = 0.771(1.465 - 0.000732 p,)(0.44 + 0.0733 ug)(e,, — €5)
— —— —_—— —
where p, = Mean barometric reading in mm of Hg
Uy = Mean wind velocity in km/h
(can be taken at 0.6 m Eeig[n above the ground)

- |
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Meyer’s Formula

E; = Ky(ey, —eg) (1 + ?—Z)

ug= Monthly mean wind velocity in km/h at about 9 m above the ground
Ku= Coefficient, 0.36 for large deep-water bodies and 0.50 for a small shallow water body.
Rohwer’s Formula

It considers a correction for the effect of pressure in addition to the wind effect and is given by,
E;, = 0.771(1.465 — 0.000732 p,)(0.44 + 0.0733 uy)(e,, — ey)
Where ps= Mean barometric reading in mm of Hg

uo= Mean wind velocity in km/h

(Refer Slide Time: 03:55)

Emplrlcal Evaporatlon Equatlons lcmpcmlmc Saturation Vapour pressure
: i (°'C) ¢, (mm of Hg)
¢ The saturation vapour pressure (e, ) at a given 0 458
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The saturation vapour pressure ew at a given temperature (as shown in table 1) can be obtained as

17.27t
ew = 4.584 exp

2373+t

t = Temperature in °C



Table 1: shows the saturation vapour pressure for different temperature

Temperature | Saturation vapour pressure
(°C) ey (mm of Hg)

0 4.58
5.0 6.54
7.5 7.78
10.0 9.21
12.5 10.87
15.0 12.79
17.5 15.00
20.0 17.54
225 20.44
25.0 23.76
275 27.54
30.0 31.82
325 36.68

(Refer Slide Time: 05:04)

Empirical Evaporation Equations

+ The wind velocity data may not be available at an required elevation. However,
wind velocity up to a height of 500 m above the ground level can be assumed
to follow the 1/7 power law as,

e ——
Up= Chll i
~—
up = Wind velocity at a height h m above the ground

C = Constant, puttingh = 1,C =
P — —_—t—

:mw-um:mmz umm.mmn.;-
The wind velocity data may not be available at a required elevation. However, wind velocity up
to a height of 500 m above the ground level can be assumed to follow the 1/7 power law as,
Up= Ch1/7

ur= Wind velocity at a height h m above the ground

C= Constant, putting h =1, C=u1



(Refer Slide Time: 05:47)

Example

a) A reservoir with a surface area of 200 hectares had the following average values of
weather parameters during a particular week: Water temperature = 20°C, Relative
humidity = 50%, Wind velocity at | m above ground surface =@mm the
average daily evaporation from the lake by using Meyer’s formula.

b) An ISI Standard evaporation pan at the considered site has a pan coefficient of 0.85.
If'this pan indicates an evaporation of 75 mm in the said week,

1. Estimate the accuracy of Meyer's method relative to the pan
- Qb iy
evaporation measurements.
ii. Estimate the volume of water evaporated from the lake in that
week.

|
‘Suface Wate Hydrology: MO2L12 Dr Rajb Masy, T Kharagpur 8

Example

a) A reservoir with a surface area of 200 hectares had the following average values of
weather parameters during a particular week: Water temperature = 20°C, Relative
humidity = 50%, Wind velocity at 1 m above ground surface = 15 km/h. Estimate the

average daily evaporation from the lake by using Meyer’s formula.

b) An ISI Standard evaporation pan at the considered site has a pan coefficient of 0.85. If

this pan indicates evaporation of 75 mm in the said week,

I.  Estimate the accuracy of Meyer’s method relative to the pan evaporation

measurements.
Il.  Estimate the volume of water evaporated from the lake in that week.

(Refer Slide Time: 07:02)

Solution
a) The Meyer's formula i given as, £, = Ky (e, =) (1 + %) Wl
Surface area of the reservoir = 200 hectares, Ky = 0.36 (for large water body)

At 20°C temperature, e,, = 17.54 mm (from the table in slide no#6)
e

Relative humidity = _S(Jﬁ =eyle,

€,=0.5%17.54=8.77 mm

Wind velocity at | m above ground surface, u; = 15 km/h

ug = wind velocity in km/h at 9 m above the ground

=ChY/7 =y X K7 =15 x97=20.53 ki

B, = Kyley - e0) (1+22) =036 x(1754877) (1+ 22

L = 7.20 mm/day (ans) / xﬂ \
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Solution

a) The Meyer’s formula is given as,
Ug
Ep = Ky(ew —eg) (1 + 1_6)

Surface area of the reservoir = 200 hectares, K» = 0.36 (for large water body)

At 20°Ctemperatures, ew = 17.54 mm (from the table in slide no#6)
Relative humidity = 50% = ew/ ea

eq=0.5%x1754 =8.77 mm

Wind velocity at 1 m above ground surface, uy = 15 km/h
ug = wind velocity in km/h at 9 m above the ground

= Ch V"= wyxh V7= 15 x91/7 = 20.53 km/h

E, = Ky(ew —eg) (1+ 11‘—2)

=0.36 x (17.54-8.77) (1+ 20.53/16
=7.20 mm/day (Ans)

(Refer Slide Time: 08:41)

Solution
b) Given,
Pan coefficient, C,= 085
Pan evaporation, E, :_75‘m’m
Daily equivalent evaporation from the reservoir = ﬁLx (Ep /M)
=0.85 x(75/7) = me/day

(9.10-7.20)
A

1. Percentage error by Meyer’s formula = x100 * 20.87% (ans)
—

ii. Considering pan evaporation s a reference,
the volume of water evaporated in 7 days
=(9.10 x10*)x7 x200 x 10*m*= 1,27,400 m? (ans)

—_—

f

- — / |
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Solution
Given,
Pan coefficient, Cp= 0.85
Pan evaporation, E» =75 mm
Daily equivalent evaporation from the reservoir = Cp X Ep [7)
= 0.85 x (75/7) = 9.10 mm/day
Percentage error by Meyer’s formula = {(9.10—7.20) /9.10} x100 = 20.87% (Ans)
Considering pan evaporation as a reference,
The volume of water evaporated in 7 days
= (9.10 x10'3) x7 x200 x 104 m3 = 1, 27,400 m? (Ans)
(Refer Slide Time: 09:49)

Analytical Methods for Evaporation Estimation

+ Estimating the evaporation magnitude for a water body helps in deciding the
suitable evaporation mitigation strategies.

* The analytical methods used for the determination of lake evaporation are:

+ Water-budget Method N4

+ Energy-balance Method W

v + Mass-transfer Method N

| A0 i
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Analytical Methods for Evaporation Estimation

Estimating the evaporation magnitude for a water body helps in deciding the suitable evaporation

mitigation strategies



The analytical methods used for the determination of the lake universe are majorly 3 categories
first one is the water-budget method and then energy balance method and then must transfer
method.

(Refer Slide Time: 10:18)

Analytical Methods for Evaporation Estimation
Water-budget Method
+ The water-budget method is based on the conservation of mass principle. Long-term
evaporation determined by this method can be used as a standard for comparison with
other methods.

+ Itis the simplest method out of the three methods.

The continuity equation considering daily average values for different parameters
obtained from a lake is,

g =Vas+<oa+EL Ty

Precipitation Seepage outflow Transpiration loss

Lake  Change in lake
evaporation  storage

Groundwater
Surfaceinflow  IMIOW g ourflow
into the lake from the lake
, L

~ Note: All quanities are in units of volume (") or depth (mm) /i ! j\:\
s i i
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Water-budget Method

The water-budget method is based on the conservation of mass principle. Long-term evaporation
determined by this method can be used as a standard for comparison with other methods. It is the

simplest method out of the three methods.

The continuity equation considering daily average values for different parameters obtained from

a lake is,

/P+Vis+V,'g=Vas+l<og+ELiAS+TL
Precipitation / o 1/ il \feepage ou:ﬁou\ \Np‘uaﬁon Joas
Surfsce i BfOW  surgace outtlow Lk nTE
into the lake from the lake evaporation  storaze

It may be noted quantities are in units of volume (m?3) or depth (mm)
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Analytical Methods for Evaporation Estimation

Water-budget Method

The lake evaporation from the continuity equation can be obtained as,
E =P+ Vis=Vog) £ 88+ (Vig=Vop) - Ty,

~  Values are mlasumd Values are eslixwled. as it is not
possible to measure these values

+ Transpiration losses can be considered to be insignificant in some reservoirs.

* For larger unit time, such as weeks or months, better accuracy in the
evaporation estimate can be expected.

* This method cannot be expected to give high accuracy, considering
uncertainties in the estimated values and the possibilities of errors in
the measured variables,
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The lake evaporation from the continuity equation can be obtained as,

Y Y .
Values are measured Values are estimated, as it 1s not
possible to measure these values

Transpiration losses can be considered to be insignificant in some reservoirs. For a larger unit
time, such as weeks or months, better accuracy in the evaporation estimate can be expected.
This method cannot be expected to give high accuracy, considering uncertainties in the estimated
values and the possibilities of errors in the measured variables.

(Refer Slide Time: 12:35)

Example
A reservoir had an average surface area of 25 km? during June, 2019. In that month the
mean rate of inflow was recorded as 15 m¥s, outflow 20 m¥s, monthly rainfall 12 em
and change in storage 14 X10° m’. Assuming the seepage losses to be 1.5 cm, estimate
the evaporation in that month.

Solution
From the continuity equation evaporation loss is,

Ey = P4 (Vis = Vos) 445 = Vo

Monthly g / \S""P"Bs“‘"ﬂﬂw
=],
Rainfall =12 cm (o
Meanrateof  Meanoutflow ~ Increase in lake storage
inflow= 15 mYs rate=20mYs = 14 million m

Ju
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Example

A reservoir had an average surface area of 25 km? during June, 2019. In that month the mean rate
of inflow was recorded as 15 m®s, outflow 20 m®s, monthly rainfall 12 cm, and change in
storage 14 x10° m3. Assuming the seepage losses to be 1.5 cm, estimate the evaporation in that

month.
From the continuity equation evaporation loss is,

EL:P+(ViS_VOS)+AS_VOg

Monthly - = Seepage outflow
=1.5cm
Rainfall =12 cm
Mean rate of  Mean outflow Increase 1nlla.ke storage
inflow = 15 m¥/s rate=20m?s = 14 million m’

(Refer Slide Time: 13:36)

Solution

6
Monthly rainfall volume in the reservoir = el 3% 105 m?
100 —

1950 _ 4 5 105 md

Monthly seepage loss = o

Monthly inflow = 15 X 30 X 24 X 3600 = 38.88x 10° m*
Monthly outflow = 20 X 30 X 24 X 3600 = 51.84 x 10° m’
Change in storage = 14x10° m’

Evaporation loss from the reservoir is,

_(3+(3888-51.84) + 14~ 045) x 10°
L 25X 106

=0.1436m

= 14.36 cm (ans)
| [
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Solution

Monthly rainfall volume in the reservoir = (12x (25x106)) /100=3%10°% m?
Monthly seepage loss = (1.8x (25x10°)) /100 = 4.5x10°m?

Monthly inflow = 15x30x24x3600 = 38.88x10°% m®

Monthly outflow = 20x30x24x3600 = 51.84x10° m®



Change in storage = 14x10°% m®
Evaporation loss from the reservoir is,

_ (3+(38.88—51.84) + 14 — 0.45) x 106

L % 108 = 0.1436m

= 14.36cm (Ans)

(Refer Slide Time: 14:02)

Analytical Methods for Evaporation Estimation
Energy-Balance Method
* The energy budget/energy-balance method is an application of conservation of energy.

* The energy available for evaporation is determined by considering the incoming energy,
outgoing energy and energy stored in the water body over a known time interval.

As shown in the Figure, the energy balance for the
evaporating surface in one day is give by,

®=n¢,+n,+ug+u,+y_,

Y -— —

Back
SN lation H

Net heat energy received by the water
surface ={ H.(1- >) ﬁ Heat flux info the
e/

Hy
N ground H,

|"Note: All the energy terms are in calories per mm? per da 1= Reflection
L " =" cocllicien (aTbe80)
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Energy-Balance Method

The energy budget/energy-balance method is an application of conservation of energy. The
energy available for evaporation is determined by considering the incoming energy, outgoing

energy, and energy stored in the water body over a known time interval.

As shown in Fig.1, the energy balance for the evaporating surface in one day is given by,

H,=H,+H,+H,+H, + H,



Back Heat loss
Solar radiation H, to air H,

radiation H, Reflected | Evaporation

N ]

\(1- n)H.

Heat
stored

Heat flux into the

ground Hg r = Reflection

coefficient (albedo)

Fig.1 shows the Energy Balance in a Water Body
Hn=Net heat energy received by the water surface = Hc (1-r) —Hb»
Note: All the energy terms are in calories per mm? per day

(Refer Slide Time: 16:12)

Analytical Methods for Evaporation Estimation

Energy-Balance Method Hy = Heatflu nothe round

Hy = Ho+Hot Hy +Hy+ Hi 7 H, = Heat stored in water body
He(1 = r) = Incoming solar radiation into a surface | H, = Net heat conducted out of the system
of reflection coefficient (albedo), r by water flow (advected energy)
Hy, = Back radiation (long wave) from water body Bt i 2 oaan B
Hq = Sensible heat transfer from water surface to air | Solar radiaion 7, . Reflected /], Evpin
Evaporation heat loss= pLE,, .

p = density of water in kg/m’ w

L = latent heat of evaporation in kikg

|L, L;,:-evapomﬁ&'inmmay k74 ‘ ,\
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H,=H,+H,+H, +H; + H;

Hc (1-r) = Incoming solar radiation into a surface of reflection coefficient (albedo), r

Hp = Back radiation (long wave) from water body



Hq = Sensible heat transfer from water surface to air

H. = Evaporation heat loss= pLEL

Hg = Heat flux into the ground

Hs = Heat stored in water body

H: = Net heat conducted out of the system by water flow (advected energy)
p = density of water in kg/m3

L = latent heat of evaporation in kJ/kg

E'L = evaporation in mm/day

(Refer Slide Time: 16:52)

Analytical Methods for Evaporation Estimation
Energy-Balance Method

Ho = Ho + Hy + Hy +H + H
Can be neglected for short time period

* H, cannot be readily measured and is estimated | *  Above two equations can be cvaluated as,

using Bo;cn's ratio, 1:‘/ . v e Hy = Hy = Hy=H; ¥
mlf o 4yp X a = ol+p)
B oIE, 6.1x10 Xp“ew-ea =

pm— . .
Do = atmospheric pressure in mm of Hg
e,, = saturation vapour pressure in mm of Hg

€, = actual vapour pressure of air in mm of Hg

T,y = temperature of water surface in °C

I T, =temperature of air in °C
Surface Water Hydrology: MO2L12 Dr Rajib May, T Kharagpor

H, = Hq + H, + Hy +H; + H;

Can be neglected for short time period

Hq cannot be readily measured and is estimated using Bowen’s ratio,




pa = atmospheric pressure in mm of Hg
ew = Saturation vapour pressure in mm of Hg
ea = actual vapour pressure of air in mm of Hg
Tw = temperature of water surface in °C
Tq = temperature of the air in °C
The above two equations can be evaluated as,
B _Hy—Hy —Hs—H,
pL(1+ pB)

(Refer Slide Time: 17:55)

Example
Calculate the evaporation rate from an open water source, if the net radiation is 320 W/m?
and the air temperature Eﬁ Assume sensible heat, ground heat flux, heat stored in
water body and advected energy tow The density of water at 32°C = 996 kg/m’.
(Hint: Calculate latent heat of vaporization L by the formula: L = 2501-2.37 ' (ki/kg),
where 7'= temperature in °C)
Solution

Given, H, = Hy = H; = H; = 0,H, = H, = pLE,

Hy = 320W/m?=320 Jim2s —
L =2501-237T = 2501 - 2.37 X 32 = 2425.16 ki/kg
Hy = pLE, -

" __ (320%24%3600)x10"
E, =H,/pL = S AID] 11.44 mm/day (ans)

i / Y f s
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Example

Calculate the evaporation rate from an open water source, if the net radiation is 320 W/m? and

the air temperature is 32°C. Assume sensible heat, ground heat flux, the heat stored in the water

body, and advected energy to be zero. The density of water at 32°C = 996 kg/m3. (Hint: Calculate
latent heat of vaporization L by the formula: L = 2501-2.37 T (kJ/kg), where T = temperature in

°0



Solution
Given,
Ho=H4=Hs=H:=0, Hyn=H.=pLE.
Hn=320W/m?=320 J/m?. S
L=2501-2.37T=2501-2.37%x32=2425.16 kJ/kg
Hn=pLEL
EL=HnlpL= ((320%24x3600) x103)/ (996 x (2425.16x103)) =11.44 mm/day (Ans)

(Refer Slide Time: 19:27)

Analytical Methods for Evaporation Estimation
Mass-transfer Method
This method is based on the factors responsible to transport the water vapor away from

the water surface. The transport rate is governed by the humidity gradient in the air
near the surface and the wind speed across the surface.

Thornthwaite-Holzman Equation

E, = Evaporation (mm/day)
£, =Bley = ¢2) B = Vapour transfer coefficient (pa.mm/day)

0102 uZJ/ u, = Wind velocity (m/s) measured at 2 m
= (In(z;/2,))? height above the water surface

o R 2 = Surface roughness height (cm) [

; 7, = 2 m height above the water surface / 3 ﬂ' \T
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Mass-transfer Method

This method is based on the factors responsible to transport the water vapor away from the water
surface. The transport rate is governed by the humidity gradient in the air near the surface and

the wind speed across the surface.

Thornthwaite-Holzman Equation

0.102 u,
[in(z,/20)]?



E1=Evaporation (mm/day)

B= Vapour transfer coefficient (pa.mm/day)

uz= Wind velocity (m/s) measured at 2 m height above the water surface
zo= Surface roughness height (cm)

z>= 2 m height above the water surface

(Refer Slide Time: 20:41)

Reservoir Evaporation

The water volume lost due to evaporation from a reservoir in a month is
calculated as,

e
¢~ = —
— -

Vg = Volume of water lost in evaporation in the month (m*)
e — —

A = Average reservoir area during the month (m?)
Epm = Pan evaporation loss in the month (m)

Cp = Pan coefficient ¢/

* For the climatic and geographic conditions in India, average annual
evaporation loss from a water body varies from 150 cm to 300 cm,

1 - / | i
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Reservoir Evaporation

The water volume lost due to evaporation from a reservoir in a month is calculated as,
V= Volume of water lost in evaporation in the month (m3)
A= Average reservoir area during the month (m2)

Epm= Pan evaporation loss in the month (m)

Cp= Pan Coefficient



For the climatic and geographic conditions in India, the average annual evaporation loss from a

water body varies from 150 cm to 300 cm.
(Refer Slide Time: 21:46)

‘ Surface Areas and Capacities of Some Indian Reservoirs
(Source: https:/findiawris.gov.in/wiki/doku.php?id=large_dams_in_indis)

Reservoir River State Surface arcaat | Gross capacity of

Max. Res. Lev. | the reservorr (km')
(km?)

' ':msf;r?‘)‘ Nomada  MadbyaPradesh 913 1220

2 NogwjmaSogw Krishna  AndhraPradesh 285 11.56

3 Rihand Rihand Uttar Pradesh 468 10.60

4 Bhakn Sutlj Punjab 168 986

5 SwdrSwonr  Nemsds  Gujnt 30 950

6  Sislm  Krisha  Telangana 616 %)

1 Pong Beas Himachal Pradesh 260 857

8 Ukai Tapi Gujarat 520 851
32 Sl ) 2 g/ |
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Surface Areas and Capacities of Some Indian Reservoirs
(Source: https://indiawris.gov.in/wiki/doku.php?id=large_dams_in_india)

Reservoir Surface area at | Gross capacity of

Max. Res. Lev. | the reservoir (km?)
(km?)

1 Narmada Sagar

b S Narmada  Madhya Pradesh 913 12.20
2 NagarjunaSagar  Krishna Andhra Pradesh 285 11.56
3 Rihand Rihand Uttar Pradesh 468 10.60
4 Bhakra Sutlej Punjab 168 9.86
3 Sardar Sarovar Narmada Gujarat 370 9.50
6 Srisailam Krishna Telangana 616 8.72
7 Pong Beas Himachal Pradesh 260 8.57
8 Ukai Tapi Gujarat 520 8.51
9 Hirakud Mahanadi Odisha 743 8.14
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Reservoir Evaporation

Water Loss due to Evaporation
+ Using evaporation data from 29 major and medium reservoirs in the country, the
National Commission for integrated water resources development (1999)" has estimated
the national water loss due to evaporation (km?) at various time horizons as below:

Particulars 1997 2010 2025 2050

1 Live Capacity-Major storage 1737 2114 2492 381§
2 Live Capacity-Minor storage M1 a3 H8 763

s e
1 Evaporation for Minor storage of

Reservoirs @ 25% of ive capacity
5 Total Evaporation loss 35 2 50 6/
Commission fo ntegrated Waer

o
fwwnuM o Dr Rayib Maty, IIT Kharagpur J

Reservoir Evaporation

8.7 10.6 125 191

Water Loss due to Evaporation

Using evaporation data from 29 major and medium reservoirs in the country, the National
Commission for integrated water resources development (1999) * has estimated the national

water loss due to evaporation (km3) at various time horizons as below:

Live Capacity-Major storage 173.7 211.4 249.2 381.5
2 Live Capacity-Minor storage 34.7 423 49.8 76.3
3 Evaporation for Major storage of
Reservoirs @ 15% of live capacity 261 7 374 372
4 Evaporation for Minor storage of
Reservoirs (@ 25% of live capacity 87 106 123 19:1
5 Total Evaporation loss 35 42 50 76

* Min. of Water Resources, GOI, Report of the National Commission for Integrated Water

Resources Development, VVol.-1, New Delhi, Sept. 1999.
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Methods to reduce Evaporation

+ Annually by evaporation, an equivalent amount of entire live capacity of minor
storages is lost from the reservoir storage. Evaporation from such water bodies
itzigiMd il
signifies an economic loss.

+ The loss of usable water can be reduced by supressing the evaporation rate. Further, in
regions prone to water scarcity, water conservation through reduction of evaporation is

essential,
\

( Reduction of surface area
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Methods to reduce Evaporation

Annually by evaporation, an equivalent amount of the entire live capacity of minor storage is lost
from the reservoir storage. Evaporation from such water bodies signifies an economic loss. The
loss of usable water can be reduced by suppressing the evaporation rate. Further, in regions

prone to water scarcity, water conservation through the reduction of evaporation is essential.

There are 3 major methods are there through which we can control the rate of evaporation. The
first one is the reduction of surface area, as we know that the surface area is directly proportional
to the total amount or total volume of this evaporation loss. So, if we just reduce the surface area,
there is a possibility of reducing the evaporation loss. There are some mechanical covers we can
create to avoid direct exposure to the sun. And thirdly, there could be some chemical films that
can be put over the water surface to reduce the evaporation loss we will take up these three

things one after another.
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Methods to reduce Evaporation
Reduction of Surface Area
+ Since the volume of water lost by evaporation is directly proportional to the surface

area of the water body, the reduction of surface area wherever feasible reduces
evaporation losses.

+ Few measures include having deep reservoirs in place of wider ones and elimination
of shallow areas.

* In India, this method has been applied for Nayka reservoir,
supplying water to Surendranagar in Gujarat, yielded good
results (Source: http:/cwe gov.in/sites/default/files/evaporation-

control-in-reservoirs.pdf).
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Reduction of Surface Area

Since the volume of water lost by evaporation is directly proportional to the surface area of the
water body, the reduction of surface area wherever feasible reduces evaporation losses. Few

measures include having deep reservoirs in place of wider ones and elimination of shallow areas.

In India, this method has been applied for Nayka reservoir, supplying water to Surendranagar in

Guijarat, which yielded good results.
(Source: http://cwc.gov.in/sites/default/files/evaporation-control-in-reservoirs.pdf).
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Methods to reduce Evaporation
Mechanical Covers
+ Covering the surface of water bodies using suspended or floating covers retards
evaporation loss considerably.

* They reflect a proportion of the incoming solar radiation input from the atmosphere and
act as physical barriers to the passage of water vapour.

Shade Balls used in ALY © 2 .| Floating disks used
Los Angeles reservoir o~ ': ity E |V g WVicloriay
in Sylmar, California £ R by tralia




Mechanical Covers

The mechanical covers covering the surface of the water bodies using suspended or floating
covers return evaporation loss considerably. They reflect a portion of the incoming solar
radiation input from the atmosphere and act as a physical barrier to the passage of water vapor.
The shade balls used in the Los Angeles Reservoir in Sylmar, California, and the floating disc

are used in Victoria, Australia helps to reduce the evaporation loss.
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Methods to reduce Evaporation
Mechanical Covers
. . Solar panels above the Narmada
Permanent roofs, temporary roofs and floating
roofs over the reservoir such as rafts and light ; —

weight floating particles can be adopted wherever
feasible.

+ These measures are limited to small water bodies  (j8
due to its high cost.
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Under the same mechanical covers, sometimes the permanent roofs or temporary roofs and
floating roofs, over the reservoirs such as the raft and lightweight floating particles can be
adopted wherever feasible, these measures are limited to the small water bodies due to its high

cost.
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Methods to reduce Evaporation

Chemical Films
* In this method, a thin chemical film is used on the water surface to reduce
evaporation by preventing the water molecules to escape past them. The film
allows enough passage of air through it and hence, aquatic life is not affected.

+ The chemical film is developed by using chemicals involving fatty alcohols such
as cetyl alcohol (hexadecanol) and stearyl alcohol (octadecanol) etc.

+ Cetyl alcohol is found to be the most suitable chemical for this purpose. It is a
white, waxy, crystalline solid and is available as lumps, flakes or powder. be
applied to the water surface in the form of powder, emulsion or solution i

turpentine. Roughly about 3.5 N/ha/day is effective.

k = / i \ ‘
|
Surface WaterHydrology MO2L12 Dr RaibMaity, T Khuragpar L,j ) JA




Chemical Films

In this method, a thin chemical film is used on the water surface to reduce evaporation by
preventing the water molecules to escape past them. The film allows enough passage of air

through it and hence, aquatic life is not affected.

The chemical film is developed by using chemicals involving fatty alcohols such as cetyl alcohol
(hexadecanol) and stearyl alcohol (octadecanol) etc. Cetyl alcohol is found to be the most
suitable chemical for this purpose. It is a white, waxy, crystalline solid and is available as lumps,
flakes, or powder. It can be applied to the water surface in the form of powder, emulsion, or
solution in mineral turpentine. Roughly about 3.5 N/ha/day is effective.
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Methods to Reduce Evaporation
Chemical Films

* The chemical is periodically replenished to make up the losses due to oxidation, wind sweep of
the layer to the shore and its removal by birds and insects.

Any puncture occurred in the film due to the impact
of raindrops or by birds, insects, etc., does not last ¥ Cetylalcohol film at Cubbie Station,
long as the film settles back to original form soon Australia

It is pervious to oxygen and carbon dioxide,
therefore the water quality is not affected.

Itis colourless, odourless and nontoxic. \
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The chemical is periodically replenished to make up the losses due to oxidation, wind sweep of
the layer to the shore, and its removal by birds and insects.

Features of the Chemical Films:
» The film is strong and flexible and does not break easily due to wave action.

» Any puncture that occurred in the film due to the impact of raindrops or by birds, insects,
etc., does not last long as the film settles back to its original form soon.

» Itis pervious to oxygen and carbon dioxide; therefore, the water quality is not affected.

> ltis colourless, odourless, and nontoxic.
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Summary

+ Various empirical methods for estimating evaporation are discussed.

* Three analytical approaches, i.e., water-budget, energy-balance and mass-transfer
methods are used for estimating evaporation.

+ Evaporation from the reservoir and its reduction measures are presented.

+ The control measures towards reservoir evaporation include reduction in reservoir
surface area, application of mechanical covers and chemical films.

* Concepts related to evapotranspiration are discussed in the next lecture.
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Summary
In summary, we learned the following points from this lecture:

» Various empirical methods for estimating evaporation are discussed.

» Three analytical approaches, i.e., water-budget, energy-balance, and mass-transfer

methods are used for estimating evaporation.
> Evaporation from the reservoir and its reduction measures are presented.

» The control measures towards reservoir evaporation include reduction in reservoir surface

area, application of mechanical covers, and chemical films.

» Concepts related to evapotranspiration are discussed in the next lecture.



