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2\ Lecture contents of the last weeks (Week- 10 &-11)

S

CHAPTER-5 STOCHASTIC HYDROLOGY
5.1 Introduction.
5.2 Time Series
5.3 Analysis of Hydrologic Time Series
5.4 Time Series Synthesis
5.5 Some Stochastic Models



gﬁ&% Home assignment:

| hope you are sure you area able to exercise on:

= Analysis of hydrologic time series

= Compare some stochastic models



X%\ Lecture contents of the week (Week-12)

S

CHAPTE- 6 RESERVOIR CAPACITY DETERMINATION
6.1 Mass Curve (Ripple's) Method.:
6.2 Design Reservoir Capacity and Sediment Inflow

6.3 Sediment Load



2y Lecture Learning Outcomes

S

Course Learning Outcomes: After completion of this Lecture, you will be able to:

OMORY Design capacity of reservoir;



2N Reservoirs

= Are structures that store water

» Used to balance supply and deman

= When the total supply of water (2S)
sufficient to meet the total demand
(2D) during a specified period of
time, the water storage Is required
when S<D.

S,D 4

Required Storage

S

a Storage reservoir
S>D D

Storage reservoir

‘/\.
D
S>D 2 or

Diversion weir

>

t

Variation of Supply and Demand

Storage requirement: S-supplu and D-demand

Source: Bertug Akintug (Undated): PPT of Middle
East Technical University


https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf
https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf

2N Reservoirs

* There are number of purposes of constructing reservoirs
= [rrigation,
= Sediment accumulation,
= Transportation,
= Electricity generation,
= Water supply (municipal and industrial)
= Flood control, and
= Recreational.
= They are also used to supply emergency water like fire fighting or stabilize

pressures in the network.



2N Reservoirs

Reservoir capacity determination =

» |t involves calculating the amount of water a reservoir
can hold to meet a specified demand or yield,
considering factors like inflow and demand. L

A reservoirs has two categories:

« Storage (conservation) [i.e., GERD dam]

* Flood control reservoir 3z

« Distribution (service) [for emergencies and fire \ /
fighting] hah;\ % —~ Cross section

* OR natural and man-made h, \— a

Physical characteristics of reservoirs

* Primary function is to store
« Most important characteristic: “Storage Capacity"

Plan view

contour lines

Plan and cross-sections view
Source: Bertug Akintug (Undated): PPT of
Middle East Technical University



https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf
https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf

&y Storage (conservation) reservoir

1. Storage (conservation) Reservoir

« Stores water during high flow of the rainy season to use during low flow of dry season.
« Used mainly for irrigation, hydropower, domestic and industrial supply.

 However, it can be used for multipurpose of single purpose.

2. Flood control reservoir

« Used to reduce the damage of flood

« Stores flood temporarily and release it slowly

« Also called “flood prevention/protection/mitigation reservoir”

It requires spillways and sluice gates for controlled release.

« They are categorized as retarding reservoirs and detention basins.



&y Storage (conservation) reservoir

3. Distribution reservoir

* |s used to meet water supply demand of a community.

« Water may be released much more than the inflow to the reservaorr.

« Water is pumped to the reservoir during little or no demand for storage.

« Stored water is released and distributed to customers according to the rate of the demand.

Application of reservoir

« Power generation

 Irrigation

« Domestic and industrial water supply
» Fishing, boating, aquatic habitat,

e Control flood



GERD:
Ethiopia

Gibe-11l Dame: Ethiopia
https://www.pietrangeli.com/wp-
content/uploads/2021/12/398-DJI 0488.ijpeq

Service reservoir:
Addis Ababa



https://www.pietrangeli.com/wp-content/uploads/2021/12/398-DJI_0488.jpeg
https://www.pietrangeli.com/wp-content/uploads/2021/12/398-DJI_0488.jpeg
https://interestingengineering.com/_next/image?url=https%3A%2F%2Fcms.interestingengineering.com%2Fwp-content%2Fuploads%2F2024%2F10%2FGERD_3.jpg&w=1200&q=75
https://interestingengineering.com/_next/image?url=https%3A%2F%2Fcms.interestingengineering.com%2Fwp-content%2Fuploads%2F2024%2F10%2FGERD_3.jpg&w=1200&q=75
https://www.researchgate.net/publication/335229348_Positional_Accuracy_Evaluation_of_Google_Earth_in_Addis_Ababa_Ethiopia#:~:text=Article-,Positional%20Accuracy%20Evaluation%20of%20Google%20Earth%20in%20Addis%20Ababa%2C%20Ethiopia,-Overview
https://www.researchgate.net/publication/335229348_Positional_Accuracy_Evaluation_of_Google_Earth_in_Addis_Ababa_Ethiopia#:~:text=Article-,Positional%20Accuracy%20Evaluation%20of%20Google%20Earth%20in%20Addis%20Ababa%2C%20Ethiopia,-Overview

2N Reservoirs

* The reservoir capacity is a term used to represent the reservoir storage
capacity:.

*» The capacity of the reservoir is very important since the main function of the
reservoir Is the storage of the water.

* [ts determination is performed using historical inflow records in the stream at
the proposed dam site.

* The desired yield, which is the amount of water delivered from a reservoir to
meet downstream requirements, must be available most of the time
* |deal reservoir site:
= |Impervious and sound bed and side formation
= Deep and narrow valley (less evaporation, low cost of expropriation)



%y Reservoirs capacity

> There are several methods to determine a Critical Period

A
. . S,D
reservolir storage capaC|ty. / ] Supply
: Demand

» The capacity of a reservoir is determined to

meet the water demand. T - AP

Common methods to determine the capacity of  cums

Cum.D rs:/:|ass demand ?

a reservolr:
Mass supply

(o)

1. Mass curve (Ripple diagram) method, |
2. Sequent peak algorithm,
3. Operation study, and t, t itz 33 !,‘ e D,
4. Other approaches (Stochastic methods and Mass-Curve analysis
A _ Source: Bertug Akintug (Undated): PPT of
optimization analysis etc...). Middle East Technical University



https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf
https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf

%y Mass curve (ripple's) method

It is the most widely used methods.
A mass curve (or mass inflow curve) is a plot of accumulated
flow in a stream against time.
Assumptions applied:
I. Demand is constant, and
The year repeats itself continuously.
The area under the curve up to a certain time (daily/monthly)
will be the volume of runoff for that period.
Mass-Curve analysis

Source: Bertug Akintug (Undated): PPT of
Middle East Technical University

Total flow (m?)

0 ll t2 t3 tn
(mo,
Mass curve of flow

Total flow (m?3)

Time

yr)

ty t, i L ot

Mass curve of flow

Time
(mo, yr)



https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf
https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf

%y Mass curve (ripple's) method

Cum. S : : ;
Cum. D Mass demand

mass curve at a

* The slope of the
C . : Masgs supply

certain time gives  (p)
the discharge at

that time on the

i
!

—
t. Time (mo, yr,

hydrograph

Mass-Curve analysis

» Required storage capacity of the reservoir is

_ _ Source: Bertug Akintug (Undated): PPT of
the vertical difference: a + b Middle East Technical University



https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf
https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf

%y Mass curve (ripple's) method

a) Determination of capacity for a known yield

-

1. The tangents, which are parallel to the demand B

E\ ~ Mass supply

line, are plotted at the high points (D and E).

Total flow (m?)
<

2. The maximum departures from the tangents to the K

~~ Mass demand
following low points of the mass curve ( F and G) V. D'
determine the necessary storage amounts V, and

V,. A

; . . s
tc t. t; te t. Time (mc yr)

3. The largest one of the volumes will give the _
Mass-Curve analysis

required capacity of the reservarr. Source: Bertud Akintug (Undated): PPT of
4. The reservoir would be full at points D, D', E, and E’. Middle East Technical University

5. The reservoir would be empty at points F and G.


https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf
https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf

%y Mass curve (ripple's) method

b) Determination of yield for a known capacity

1. The value V of known reservoir capacity is placed
vertically in all the low points in the mass curve and
tangents are drawn to the previous high points.

2. The slope of these tangents (D, and D,) indicate the

yields that can be supplied for those critical periods with

this given capacity.

3. The plotted tangents must cut the mass curve when
extended forward, as it is the case here with points C’

and E’. Otherwise, the reservoir will not refill.
e

L

Total flow (m?)

Mass-Curve analysis

I Time
(mo, yr)

Source: Bertug Akintug (Undated): PPT of
Middle East Technical University


https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf
https://users.metu.edu.tr/bertug/CVE471/CVE 471 - 2 Reservoirs.pdf

2N Reservoirs

= As indicated below, a mass curve can be prepared 2000

from the flow hydrograph of a stream for a large 20000 -
v
number of consecutive previous years %‘
% 15000 3
: sl
] E 10000
» |fthe demand is at a constant rate then the demand E -
curve is a straight line having its slope equal to the >000 /
A
demand rate. 0
0 2 4 G 8 10 12 14
= However, if the demand is not constant then the Month
] . . ] ] |—Mass curve —+— Demand cuwe|
demand will be curved indicating a variable rate of
demand. Variable supply and constant demand mass curves

Source: Excel assignment in the class.



Q Sequent Peak Algorithm

* |t overcomes some shortcomings associated with the mass curve method.

= This method is particularly suited for the analysis of large data with the help of a computer.

= Let I, the inflow to the reservoir in the period t, R, be the release from the reservoir, and

= S, the storage at the beginning of the period t.

» The reservoir is assumed to be empty in the beginning.

»= The mass curve of cumulative net flow volume (Inflow - Outflow) against chronological time is used.

= This curve will have peaks (local maximums) and troughs (local minimumes).

= For any peak P; the next following peak of magnitude greater than P; is called a sequent peak.

= The computations are performed for twice the length of the inflow record by assuming that the inflows
repeat after the end of first cycle.

= This assumption is made to take care of the case when the critical period falls at the end of the record.



Q Sequent Peak Algorithm

= This assumption is made to take care of the case when the critical period falls at the end of the record.

The variable S; 1s calculated by the following equation:

St=  |Se +Re-1 if positive
10 if negative or zero

The required storage capacity is equal to the maximum of S; values.



%N Reservoirs and sediments

= Ariver entering a water reservoir will loose its capacity due to transport
sediments.

= The water velocity decreases, together with the shear stress on the bed.

» The sediments will therefore deposit in the reservoir and decrease its

volume.
= |t is important to assess the magnitude of sediment deposition in the
reservoir during dam design.
The assessments will be:
1. How much sediments enter the reservoir

2. What is the trap efficiency of the reservoir



%N Reservoirs and sediments

In general, there are two approaches to the sedimentation problem:

1. The reservoir is constructed so large that it will take a very long time to

fill. The economical value of the project will thereby be maintained.

2. The reservoir is designed relatively small and the dam gates are
constructed relatively large, so that it is possible to remove the sediments

regularly by flushing.

» The gates are opened, lowering the water level in the reservoir, which

Increases the water velocity.

= The sediment transport capacity is increased, causing erosion of the

deposits.



%N Reservoirs and sediments

> A medium sized reservoir will be the least beneficial. Then it will take
relatively short time to fill the reservoir, and the size is so large that only a

small part of the sediments are removed by flushing.
» The flushing has to be done while the water discharge in to the reservoir is
relatively high.

» The water will erode the deposits to a cross-stream magnitude similar to the

normal width of the river.

» A long and narrow reservoir will therefore be more effectively flushed

than a short and wide geometry.

» For the later, the sediment deposits may remain on the sides.



%N Reservoirs and sediments

» Another question is the location of

River Free board

sediment deposits. The Figure below M\\\-L‘\ T
Surcharge Storage Spillway

Flood Control Storage

shows a longitudinal profile of the reservaoir.

» There Is a dead storage below the lowest

Conservation Zone

level the water can be withdrawn. Undersluices

Dead Storage Level """ """""""ommmomme

Dead Storage Dam

» This storage may be filled with sediments

FRL: Full reservoir level
MWL: Maximum water level

without affecting the operation of the

reservoir. Storage levels:
https://www.vssut.ac.in/lecture notes/lecture1525502018.pdf

« Figure: Longitudinal profile of a reservoir MWL is the maximum regulated water level.

 The reservoir volume below DSL is called the dead storage, as this can be used.



https://www.vssut.ac.in/lecture_notes/lecture1525502018.pdf
https://www.vssut.ac.in/lecture_notes/lecture1525502018.pdf

2y Sediment Load Prediction

Rough estimates of sediment load may be taken from regional data.

= The mechanics of reservoir sedimentation is highly complicated.

= Sediment yield in the area is known from neighboring catchments.

» Assess the seriousness of the erosion in the present catchment and
estimate rough figures of sediment yield.

* The land use, slope and size of the catchment are important factors.



2y Sediment Load Prediction

= For a more detailed assessment, measurements of the sediment
concentration in the river have to be used.

= Therefore, sediment load measurement are carried out in streams and
calibration curve (stream discharge, Q,, vs suspended load, Q.) IS
developed.

= The United States Bureau of Reclamation (USBR) recommends a sampling

period of at least 5 year



2y Sediment Load Prediction

= Sediment concentrations are measured using standard
sampling technigques, and water discharges are recorded
simultaneously.

= The measurements are taken at varying water
discharges.

» The values of water discharge and sediment
concentrations are plotted on a graph, and a rating curve
IS made. This is often on the form:

Where, QS — ant?/

= Q. is the sediment load,

= Q, Is the water discharge and

= a and b are constants, obtained by curve

fitting

1000

All data
100 1

10 1

C g

0.1 - FA

0,01

0.1 1 10 100 1000 10000
Q (m°fs)

Source: Rating curve developed
on all measured suspended
sediment concentrations and
water discharges



https://www.researchgate.net/figure/Rating-curve-developed-on-all-measured-suspended-sediment-concentrations-and-water_fig3_230086744

%y Examples

Example 1: Mean monthly river flow a given year is

Table 5.8 Calculation of Mass Curve —Example 5.9
shown on the table below.

Month Mean flow (m*/s) Monthly flow Accumulated
o . ] ] volume volume

Calculate the minimum storage required to maintain a (cumec-day)  (cumec-day)
Jan il 1860 1860
demand rate of 40 m3/s Feb 45 1260 3120
Mar 35 1085 4205
Month Jan Fecb Mar Apr May June July Aug Sept Oct Nov Dec ’:d[;;l ?g E{S] ;‘333
June 22 660 GOS0
ME—"?D How 60 45 35 25 15 22 50 80 105 90 80 70 July >0 1550 7630
(m’/s) Ang 80 2480 10,110
i _ Sep 105 3150 13,260
Given: Mean monthly river flow, Q (m3/s) Oct 90 2790 16,050
Nov &0 2400 18.450
Dec T0 2170 20,620

Demand, D=40 m3/s

A mass curve of accumulated flow volume against time is plotted (Fig. 5.12). In this
figure all the months are assumed to be of average duration of 30.4 days. A demand line

Req.: Min. storage (m?3)

Soln.: Tabulate with cumulated supply, Q for the month ~ Source: Textbook, (Ojha et al, 2008)

(m3/s.d). Draw tangent and identify the minimum
departure from the su pp|y Socrumion.  From the given data the monthly flow volume and accumulated volumes

and calculated as in Table 5.8. The actual number of days in the month are used in calculating
of the monthly flow volume. Volumes are calculated in units of cumec. day (= 8.64 x 10%).



%y Reservoirs: Examples

with slope of 40 m’/s is
drawn tangential to the
hump at the beginning
of the curve; line 45 in
Fig. 5.12. A line paral-
lel to thas line 1s drawn
tangential to the mass
curve at the valley por-
tion: line 4°B’. The ver-
tical distance §, be-
tween these parallel
lines 15 the minimum
storage required to
maintain the demand.
The value of §; 1s found

to be 2100 cumec. Days

= 181.4 million m".

Soln.:
Vmin
= 2100m3/s.day * 24hr/day
* 60min/hr * 60sec/min
= 181.4m3

Accumulated volume (10% cumec.day)

Source: Textbook, (Ojha et al, 2008)

L 1 | | ] | | ] | 1 |
20~ pemand Storage
18 (1) 40 m3/s — S1= 2100 cumec.day ]
L (2)50 m3/s « S,=3600 cumec.day A
16 — —
14 — D ]
i Demand
121- Line |
i Y B 40 m¥/s|
10— (D] =
| Storage & B’ |
o 3600 £
[#] —
- 5 !
& 3648
L B0 m3/s /4 2432
4 50 mi/s _|
A A 40m¥s |
Gl’
2—0C | —
2 months
P 60.8 days 7
[} | 1 1 1 1 1 | | | |
= L =] ] == = _3 L] [& E = [
S ¢ 222 3°>2 3028

Time (months)
Fig. 512 Flow-Mass Curve—Example 5.9



%y Reservoirs: Examples

Exam ple 2. Table 5.9 Calculation of Stﬂrage—Example 59
Let’s do example one Wlthout the Month Mean Inflow Demand Demand Departure Cum. Cum.
] ] inflow  volume rate volume [col. 3-  excess excess
application of the mass curve. rate  (cumec. (m’/s) (cumec. col. 5) demand inflow
[m?'r'zi} day) day) volume volume
What is the maximum constant (cumec. (cumec.
. da day
demand that can be sustained by the Y) Y)
, o Jan 60 1860 40 1240 620 620
flow of the river given in example 1°? Feh 45 1260 40 1120 140 760
Mar 35 1085 40 1240 —155 —155
- : - Apr 25 750 40 1200 -450 605
Given: Mean monthly river flow, Q May s e 40 e .
(m3/s) Jun 22 660 40 1200 =540 =1920
July 50 1550 40 1240 310 310
Demand, D=40 m3/s Aug 80 2480 40 1240 1240 1550
Sept 105 3150 40 1200 1950 3500
- ' Nov 80 2400 40 1200 1200 6250
Soln.: Tabulate with cumulated Dec M{:;?hlv 2170 *0 1240 730 7180
supply, Q and demand, D, for the mean= 17183

3 . .
m.or.1th (m*/s.d). Draw or identify the Source: Textbook, (Ojha et al, 2008)
minimum degarture for demand



%y Reservoirs: Examples

Month Volume in Volume demand Departure Cumulative Departure Storage
flow (Cumec-day) (2)3(3) (cumec-day) (Cumec-day)
(cumec-day) (cumec-day)
(1) (2) (3) 4) (5) (6)

Jan 1860 1240 620 620

Feb 1260 1120 140 760 < ,

Mar 1085 1240 -155 605 760-(-1160)
Apr 750 1200 -450 155 ~1990
May 465 1240 775 -620 —
Jun 660 1240 -540 -1160 <
Jul 1550 1240 310 -850
Aug 2480 1240 1240 390
Sept 3150 1200 1950 2340
Oct 2790 1240 1550 3890

Nov 2400 1200 1200 5090

Dec 2170 1240 930 6020

Soln.: Tabulate with cumulated supply, Q and demand, D, for the month (m3/s.d). Draw or identify the
departure of maximum demand from maximum supply.




%y Reservoirs: Examples

Example 3: Areservoir is proposed using the following data.

* Water right to be released as environmental flow is 5 m3/s.

: . Source: Textbook, (Ojha et al, 2008)
* Average reservoir area is

20km?, Month  Mean flow Demand Monthly evaporation Monthly rainfall
3 -~ 3

m/s million m cm cm

* A runoff coefficient is [ ) (mill ) (cm) (cm)
assumed 0.5 Jan 25 22.0 12 9

' Feb 20 23.0 13 2

Estimate ~ the  storage Mar .15 24.0 17 1
: April 10 26.0 18 |
required to meet the T, 4 26.0 20 1
demand and losses indicated  jyne 9 26.0 16 13
on the table. July 100 16.0 12 24
Aug 108 16.0 12 19

Sept 30 16.0 12 19

Oct 40 16.0 12 1

Nov 30 16.0 11 6

Dec 30 22.0 17 2




%y Reservoirs: Examples

Sotrumion.  Use actual number of days in a month for calculating the monthly flow and Release:
an average month of 30.4 days for prior right release.
Prior right release = 5 x 30.4  8.64 x 10* = 13.1 Mm® when 0 > 5.0m¥s.  ER
- = 5m3/s * 30.4days/month

. _ E B 3
Evaporation volume 100 20 10°=0.2 E Mm % 24hr5/days * 60min/hr

Rainfall volume = —— x (1-0.5)%20=0.1P Mm? * 60sec/min
100 —— B
[nflow volume: [ x (No. of days in the month) x 8.64 x 10* m® = 5% 30.4 x 8.64
) * 10* m3/month
the required storage capacity 1s 64.5 Mm". = 13.1Mm?/month

The mass-curve method assumes a definite sequence of events and this 15 1ts major
drawback. In practice, the runoff 1s subject to considerable time vanations and definite
sequential occurrences represent only an idealized situation. The mass curve analysis 15
thus adequate for small projects or prehminary studies of large storage projects. The latter
ones require sophisticated methods such as time-series analysis of data for the final design.




%y Reservoirs: Examples

Mo- In- Withdrawal Total Depar- Cum. Cum.
nth flow Demand Prior Evapo- Rain- with- ture Excess Excess
volume {Mm*} rights ration  fall  drawal demand  [Mow
(Mm?) (Mm?) (Mm?') (Mm?) (3+4+ volume
5+6)
(Mm*) (Mm') (Mm®) (Mm?)
1 2 3 4 5 6 7 8 9 10
Jan 67.0 220 13.1 2.4 -0.2 373 +29.7 — 29.7
Feb 484  23.0 13.1 2.6 -0.2 38.5 +9.9 — 39.6
Mar 40.2 24.0 13.1 34 0.1 40.4 0.2 0.2 —
Apr 259 26.0 13.1 3.6 -0.1 426 =16.7 ~16.9 e
May 10.7 26.0 10.7 4.0 0.1 406 -299 468
June 233 26.0 13.1 3.2 -1.3 41.0 -17.7 (-64.5
July 267.8 16.0 13.1 24 -2.4 29.1 +238.7 e 238.7
Aug 2893 16.0 13.1 2.4 -1.9 206 259.7 498.4
Sept 2074 16.0 13.1 2.4 -1.9 206 1778 676.2
Oct  107.1 16.0 13.1 2.4 0.1 314 75.7 751.9
Nov 77.8 16.0 12.1 2.2 —0.6 30.7 47.1 799.0
Deec 804 220 13.1 34 0.2 383 42.1 841.1

Rainfall is negative. Why?

It is against withdrawal.

Source: Textbook, (Ojha et al, 2008)



%y Reservoirs: Examples

Example 3: The following table gives:

the monthly inflows during a critical low water period at a site of a proposed dam,

the corresponding monthly evaporation and precipitation at a nearby station, and

the estimated monthly demand of water.

Prior water rights require a release of full natural flow or 6.5 hectare-metre per month,
whichever is less.

Assume that 30 percent of the rainfall on the land area to be flooded by the reservoir has
reached the stream in the past.

Take pan evaporation coefficient equal to 0.7.

Using a net increased pool area of 520 hectares, find the required useful storage.



%y Reservoirs: Examples

Inflow at Pan | Precipitation Demand
Month The proposed | Evaporation (mm) (ha-m)
Ldam site (Ihmm) (mm)
January 0.0 25 0 5.5
February 0.0 32 0 5.5
March 2.7 35 0 10.6
April 6.0 62 15 13.0
May 6.7 110 20 16.6
June 138.3 132 90 16.5
July 2102 117 208 8.0
August 80.8 91 60 8.0
September 342 78 45 9.5
October 8.8 54 0 13.0
November 3.0 37 0 16.6
December 0.0 23 0 16.6

Source: Textbook, (Ojha et al, 2008)



%y Reservoirs: Examples

Solution:

 The first five columns are same as given in the problem.

« Column (6) gives the downstream requirement on account of prior water right and the
entries in this column are equal to the river flow or 6.5 hectare-metre whichever is less.

 Column (7) gives the quantity of water, E, which evaporates from whole of the water
surface area of reservoir during each month which is computed by the following

expression

Reservoir area x Pan evaporation x 07 = 220% U-T_i;mféalumn (3)
1000 = 03684 x Column {3} hectare-metre

R =




%y Reservoirs: Examples

« Column (8) gives the precipitation P in hectare-metre, falling over the
reservoir area.

« Since 30% of the precipitation is assumed to have reached the stream it is
included in the now given in Column (2) and hence only 70% of the
precipitation falling on the reservoir area is considered which is given by

the following expression-

Reservoir area x Precipitation x 0.70
1004

520 x Column (4) x l'.I'.T!ﬂ
1000

= 0.364 x Column (4) hectare-metre

1]




%y Reservoirs: Examples

~f Source: Textbook, (Ojha et al, 2008

Maonck Inflow | Panvapes | Precgpitanon | Demand | Downstiream T Evepevanon | Procgitanow | Adjeued |T Regwired
(ha-m) ration (wvem) (ha-m) | Regwirement E [ Inflowe | Storage S

(mn) (ha-m) (bw-om) . (ha-m) (ha-m) (ba-m)

th (2) f3) AN 1 17 (5) H I 6 | (7 8 19 Ul Il LS
January 00 | 25 0 55 00 9.10 0.00 910 1460
February 00 32 0 55 00 11.65 0.00 - 1165 17.15
March 27?7 a5 0 105 2.7 1274 000 - 1274 23324
April 60 62 15 130 60 2257 546 - 17.11 01
May 6.7 110 20 155 6.5 40.04 728 - 3256 4806
June 1383 | 1@ 90 155 65 3805 R |+165m | N
July 2102 nz 208 80 65 §2.59 7571 « 23682 | Nil
August 80.38 91 8.0 6.5 332 21.84 v 6302 Nil
Scptembes 342 78 45 95 65 28,39 16.38 + 15469 Nil
Oxtobser 88 = | 0 13.0 65 19.66 0.00 - 17.36 3036
November 30 ¥ (0 155 30 13.47 .00 - 1347 2897
December 00 3 0 155 0.0 837 0.00 -8.37 2357
Total 490 7 7% | am | 1350 0.7 259,75 159 43 W68 | 21636




%y Reservoirs: Examples

Column (9) gives the adjusted inflow | which is computed as follows:
Ipaj = Column (2)— Column (6)— Column (7) + Column (8)
=1 — ER — E + P.
Column (10) gives the quantity of water S required from storage to meet the required demand and it
Is computed as follows:
S = Demand — Adjusted inflow = Column (5)— Column (9)
column (10): Only the positive values of S are to be considered and entered in column (10) and
where negative values are obtained nil should be entered in column (10).
 This is so because a positive value of S indicates that water is required from the storage since
demand is more than the adjusted inflow,
 whereas a negative value of S indicates that no water is required from the storage since
demand is less than the adjusted inflow.
The sum of the column (10) gives the required useful storage, the value of which in this case is
found to be 216.36 hectare-metre. What does hectare-metre mean?
It is given for your home study to change it in m3 and other expressions.
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