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INTRODUCTION

* If the amount of water falling
on the ground is greater than
the infiltration rate of the : it
surface, runoff or overland p———— *-* T —
flow will occur. Runoff
specifically refers to the water
leaving an area of drainage
and flowing across the land
surface to points of lower
elevation.
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Direct Runoff/ Overland Flow

* Water that flows over the ground surface or

through the ground directly into streams,
rivers, and lakes.

* Direct runoff originally from excess rain. Direc
runoff magnitude and excess rain is the s



Interflow

* interflow is the lateral movement of water
that occurs in the upper part of the
unsaturated zone, or vadose zone, that |
directly enters a stream channel or other bo
of water without having occurred first a




Base flow

* Base flow (also called drought flow, groundwater
recession flow, low flow, and sustained or fair-
weather runoff) is the portion of stream flow that
comes from "the sum of deep subsurface flow and
delayed shallow subsurface flow". It should not be
confused with groundwater flow. |

* is the sustained flow (amount of water) in a
that comes from groundwater discharge o

* Stream discharge derived from groundwater ¢
as differentiated from surface runoff.
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Catchments Area

* The area of land draining in to a stream or a water course at a
given location is called i /

/

* A catchment area is separated from its neighboring areas by a
ridge called /

* A watershed is a geographical unit in which the hydrological
cycle and its components can be analyses. The equation is
applied in the form of water-balance equation to a
geographical region, in order to establish the basic hydrologic
characteristics of the region. Usually a watershed is defined as
the area that appears, on the basis of topography, to contribute
all the water that passes through a given cross section of a
stream.
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Measuring

* Historically, catchment studies

adopted a water balance app

Evapotranspiration : g
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AFFECTING DIR

Catchment’s Area (size) |J* Stream Frequency
Shape Base Flow Index
Altitude Lake Area And Reservoir
Topography Soil Humidity Rate
Geology (soil type) Land used (vegetation)

Catchment Area * Type of drainage
Gradient network

Catchment Orientation * Proximate to ocean and

Average Annual Excess mountain range
Rainfall '




Also need to consider the storm duration
and time of concentration.

Note: fairly -
peaked




River Discharge (m3/s)

Effects Of Basin Scale On The Hydrograph:

1 km? Basin

_

100 km? Basin

Time -

River discharge increases with basin area.
Rivers rise and fall more slowly in large
basins than in small basins.

10 km? Basin q .
/N—q

Effects Of Basin Slope and Shape On The Hydrograph:

A 100 km? Basin
Steeply sloped
elongate

' 100 km? Basin

e\

A 100 km? Basin

gently sloped
equant

Time e

Hydrographs are more peaked and floods
more abrupt in narrow, steep basins than
in equant, gently sloping basins.






Effects Of Basin Characteristics On The Flood
Hydrograph

(d) Relationship of discharge and storage
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4. Rainfall Distribution:

Runoff from a watershed depends very much on the distribution of rainfall. It
is also expressed as “distribution coefficient” mean ratio of maximum rainfall
at a point to the mean rainfall of watershed. There fore, near outlet of
watershed runoff will be more.

5. Direction of Prevailing Wind:

If the direction of prevailing wind is same as drainage system, it result
peak low. A storm moving in the direction of stream slope produce
peak in shorter period of time than a storm moving in opposite ¢
6. Other Climate Factor:

Other factors such as temperature wind velocity, relati
rainfall etc. affect the water losses from watershed a
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STREAM FLOW MEASUREMENT

Stream discharge can be measured using;

(1) Volumetric Gauging (buckets)
(2) Float Gauging,

(3) Current Metering,

(4) Dilution Gauging (Constant Injection Or Salt Gulp
Methods),

(5) Structural Methods (weirs, notches, orific

(6) Slope-area Methods. =

: ~ Indirect me
(7) Rating Curve e | '

The choice of method deper
characteristics of the stre
application. .






Flow estimation: Buckets:
Limitations

* Only useful for flows <20I/s

* Whole tlow must be channelled to
the bucket



Chart the cross-sectional Stop watch to measure
area at both ends. The time taken (t) by float to
average cross-sectional | travel distance L

area is Amean

Average velocity (Vmean)



Flow estimation: Float: Limitations

* Average flow can only be inferred
from flow at surface

* The stream bed should not have any
significant changes over the tesh
length

* Needs a good approximati
stream bed shape —
tedious '



Flow estimation: Float: Correction
factors

Concrete channel, rectangular section,
smooth

Large, slow clear stream (>10m?2)

Small regular stream (<10m?),
smooth bed

Shallow (<0.5m) turbulent stream

Very shallow (<0.2m) or r




Flow estimation: Weirs




Flow estimation: Weirs: Calculation
for rectangular weirs

>2h b=3h >2h




Flow estimation: Weirs: Calculation:
Weir coefficients for rectangular weirs

1.80

0.5 | 2.31| 2.28| 2.27| 2.27| 2.27 | N 226U
1 2.07| 2.05| 2.04| 2.03| 2.03| 2.03

2 1.95| 1.93| 1.92| 1.92| 1.91 I8

10 1.85| 1.83] 1.82| 1.82| 182}

¥ 1.83| 1.81| 1.80



Flow estimation: Weirs: Calculation
for triangular weirs

b

>2h




Flow estimation: Weirs: Calculation:
Weir coefficients for triangular weirs




Flow estimation: Weirs: Limitations

* An initial flow estimate is required
to ensure the notch is an
appropriate size

* The weir must be perfectly sealed
* Permanent weirs are co

problematic a nd; time ¢
construct
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Flow estimation: Staff gauge:
Limitations

Needs a good approximation of the
stream bed shape which must remain
valid — erosion/siltation will effect the

validity of measurements

Only valid for comparing flows over time
— an initial flow reading must be taken by
another method
“weir coefficients” will change wit
height




Flow estimation: Current meters




Flow estimation: Current meters




Flow estimation: Current meters:
Limitations

* Needs a good approximation of the g
stream bed shape

* Cost?
* Fragility?



Flow estimation(Dilution Gauging
Salt gulp '

Conductivity meler



Flow estimation: Salt gulp




Flow estimation: Salt gulp




Conductivity
Conductivity

Time Time
a Meter saturated. Change scale or use less salt. ¢ Uneven reading. Salt not mixed. Use longer distance.
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Time | Time
b Badly skewed curve. Use longer distance. d Insufficient response compared to base level.
Use more salt

Conductivity

7
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Flow estimation: Salt gulp:
Limitations

* Automated equipment can be
expensive — non automated
procedure is complex

Wi

* Needs skill to take readings and
interpret duff ones

maths is done on-site



Velocity — A

* Determination of cross-section
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Velocity distribution in a nonuniform channcl.
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Exercise 3a:

Given V =0.5N + 0.04 m/ s. Determine streamflow discharge using velocity-area
method.

Velocity
ﬁ?.l,}:?ifer V;erg::;l Wit M I e lg::%::fgr —— ::: orin “:::"" Width :ﬁ Area Flow
1 0.2 0.6D 50
2 0.36 0.6D 50
4 0.82 0.6D 50
6 13 0.2D 50
0.8D 50
8 1.44 0.2D 50
0.8D 50
10 1.32 0.2D 50
0.8D 50
12 0.84 0.6D 50
14 0.58 0.6D 50
16 0.3 0.6D 50




Exercise 3b: |
GivenV =0.3N + 0.05 m/ s. Determine streamflow discharge using velocity-area

method.
Distance | Stream Current meter reading
from depth
Datum (m) (m) 0.6D 0.2D 0.8D
Rotation | Duration | Rotation | Duration | Rotation
(s) (s)
3 1.2 10 60
6 3.0 35 62
9 3.7 65
12 8.5
15 4.6
18 3.8
21 2.5
24 1.5 15




Infiltration

* is the process by which water on the ground surface
enters the soil. Infiltration rate in soil science is a
measure of the rate at which soil is able to absorb
rainfall or irrigation. It is measured in inches per hour
or millimeters per hour. The rate decreases as the
soil becomes saturated. If the precipitation rate
exceeds the infiltration rate, runoff will usually
unless there is some physical barrier. It is re
the saturated hydraulic conductivity of the
surface soil. The rate of infiltration can k
using an infiltrometer. y
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process that precipitation moves

o
-
downward through the surface of \_/h’\\

the earth into soil.

Reflected and
Longwave
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F: Transpiration

Factor affecting infiltration rate

(1) vegetation cover

(2) condition of surface crust Water
(3) temperature

(4) rainfall intensity

(5) physical properties of soil
(6) water quality

Heat
Advection

vaporation

Topsoil {

Groundwater
Runoff



M .
T'd = Z(Rm _¢At_)

m=1

17 = depth of direct runoff
R,, = observed rainfall
¢ = Phi index

M =#intervalsof rainfall

contributing to direct runoff
At = time interval

m = terval index
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Example 3a: Phi Index-® method

Below, histogram shows rainfall hyetograph forthe
catchment. Calculate phi-index if direct runoff equal 0.4
inch. |

0.00

= 0.7inch

0.05

0.10 -

0.15

ay/u1 Ausualu)

0.20

0.25 -

0.30




Example 3b: Phi Index-® method

Refer to rainfall hyetograph below, Calculate loss usir
index if direct runoff given 0.4 inch.

hour

0.00 4

Ay/ul Ajisuayuj




Exercise 3c

Use the rainfall data liste
index for a watE--Esre
4.9 inches for this storm.

t (hr) rainfall (in/hr)
0-2 1.4
2-5 2.3
S5-7 | &
- 7-10 0.7
10-12 3




2.9

(]

Rainfall (in./ hour)

—
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1
1

Time (hour)

C 2014-¢)+323-9)+201.1-¢)+3(0.7-¢)+2(03-9)=49
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