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PREFACE

This e-book is written for students civil
engineering that taking DCC50212
Hydrology courses, to assist them in
understanding chapter topic one for r
introduction of hydrology.

This e-book has one chapters that cover
concept of river basin and catchment
area, hydrology cycle, climate change
and calculation of water balance.

This e-book also contain Wor
examples and necessary informg
required for final examination.

| would like to express my gratit
students and members W
contributed in ensuring the conmg
this e-book possible. | also
suggestions from readers to i
book in any manner. May Al
on our effort, with mercy a

Noorhaslizah binti Ahmad Rosli

Civil Engineering Department
Politeknik Merlimau Melaka
2023
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COURSE LEARNING OUTCOME

UPON COMPLETION OF THIS COURSE,
STUDENTS SHOULD BE ABLE TO:

CLOT : Apply basic concept of
applied hydrology in Civil
Engineering ( C3, PLO1)



COURSE SYLLABUS
TOPIC 1

1.0 INTRODUCTION TO HYDROLOGY

1.1 Explain the concept of river basin and
catchment area

1.2 Discuss hydrology cycle with diagram
1.2.1 Explain the process involved in
hydrologic cycle

a. Evaporation

b. Condensation

c. Precipitation

d. Surface Runoff

e. Infiltration

f. Underground water
g. Interception

h. Transpiration

i. Evapotranspiration

1.3 Discuss the climate chag
hydrological cycle

1.4 Calculate the water



WHAT IS THE HYDROLOGY ?

e A branch of scientific
and engineering.
/ discipline that deals
Q with the occurrence,
distribution,
movement, and
properties of the
waters of the earth

e As a branch of eg
science, It is

concerned wit
water in stre
lakes, rainfs
snowfall, s
on the lag
occurri

Engineering Hydrology
K Subramanya , 2008
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RIVER BASIN




SCHEMATIC SKETGH OF CATCHMENT OF
RIVER
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River A

Tributary

Fig. 1.3 Schematic Sketch of Catchment
of River A at Station M
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HYDROLOGY CYCLE




COMPONENTS OF HYDROLOGY CYGLE

e Process involved in hydrologic cycle:-

Evaporation

. Condensation
Precipitation

. Surface Runoff

. Infiltration
Underground water
. Interception

. Transpiration

i. Evapotranspiration
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HOW THE HYDROLOGY CYCLE WORKS ?

Storage in the
atmosphere

'Condensation

\ 8\ s
Melting A -

Melt-runoff
Transpiration

\ Runoff

)
L Storage in
~ vegetation and soil

Transpiration

Infiltration

Groundwater y

»”  Evaporation _
flow Storage in lakes
and rivers
Groundwater Infiltration - -
discharge

Storage as groundwater Storage in the ocean

Gr(}u .'1(,1 water
discharge

VIDEO LINK:

https:// www.youtube.com/watch?v

https://www.youtube.com/watch



https://www.youtube.com/watch?v=ncORPosDrjI
https://www.youtube.com/watch?v=al-do-HGuIk

EVAPORATION

e EVvaporation is the process in
which water changes from a liquid to
a_gas or vapor.

e EVaporation occurs mainly as free
water surface of ponds, lakes and
seas.

elnNcrease with temperature.

e Oceans, seas, lakes, and rivers
provide about 90% of the
atmospheric moisture through
evaporation process, with 10% more
trough plants transpiration.

e The factors affecting evaporation are
air and water temperature, relative
humidity, wind velocity, sunshine
and surface area (exposed).

u https://www.yo



https://www.youtube.com/watch?v=ncORPosDrjI

CONDENSATION

Condensation is the phase change
of water vapor into liguid.

Cooling the air is the most common
way for condensation to occur and
create clouds.

When air is saturated with water
vapor, water vapor condenses into
droplets of water, forming clouds.
When the droplets gain enough
mass, they will fall to the ground as
rain or snow

Gas / vapor



https://www.youtube.com/watch?v=ncORPosDrjI

PRECIPITATION

u https://www.you



https://www.youtube.com/watch?v=MI-z2MxQ5nE

INTERGEPTION

eINterception is the process of
interrupting the movement of water
in the chain of transportation
events leading to the streams.

elNterception refers to precipitation
that does not reach the soil, but is
instead intercepted by the leaves
and branches of plants and the
forest floor.



https://www.youtube.com/watch?v=QPMJM1Bh5o0

SURFACE RUNOFF

e Surface runoff is the water flow
that occurs when the soil is
infiltrated to its full capacity and
excess water from rain, meltwater,
or other sources flows over the
land.

e Surface runoff is precipitation that
did not get (infiltrated) absorbed
into the soil or did not evaporate,
and therefore, made its way from
the ground surface into places that
water is collected.

l
i1
Premptutmn ‘ \ \ \ \ -

\
\\\\\‘

more infiltration
on gentle terrain . S U rface ru r‘O'F'F s

-
:
l

Heavy runoff and
less infiltration
on steep terrain



http://en.wikipedia.org/wiki/Soil
http://en.wikipedia.org/wiki/Infiltration_(hydrology)
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Rain
http://en.wikipedia.org/wiki/Meltwater
https://www.youtube.com/watch?v=MI-z2MxQ5nE

INFILTRATION

e INfiltration is the process in which
water on the ground surface enters
the soil.

e INfiltration rate depends on the
soil's characteristic, intensity and
duration of rainfall, weather, initial
moisture content, vegetal cover,
land use, entrapped air and depth
of the ground water table.



https://www.youtube.com/watch?v=vmo0FRAVgkM

TRANSPIRATION

e Transpiration is the process in which
water leaves the body of living plant
and reaches the atmosphere as
water vapour.

e The process in which the water
vapor escapes from the living plant
leaves and enters the atmosphere.

e Transpiration is essentially

evaporation of water from plant

u https://www.you


https://www.youtube.com/watch?v=5jJLfwTkGe8

EVAPOTRANSPIRATION

e EVvapotranspiration is the sum of
evaporation from the land surface
plus transpiration from plants.

e The typical plant, including any
found in a landscape, absorbs water
from the soil through its roots.

elNn general, evapotranspiration is the
sum of evaporation and
transpiration.

leaf su
trans

evaporation



https://www.youtube.com/watch?v=L5yrsex1HjQ

GROUND WATER

e Groundwater is fresh water (from
rain or melting ice and snow) that
soaks into the soil and is stored in
the tiny spaces (pores) between
rocks and particles of soil

e Groundwater is water that exists
underground in saturated zones
beneath the land surface. The upper
surface of the saturated zone is
called the water table.

T

Evapotranspiration

Percolation
WaterTable y  Throughflow
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https://www.youtube.com/watch?v=oNWAerr_xEE
http://www.physicalgeography.net/physgeoglos/g.html#groundwater_flow

FORMATIVE ASESSTMENT
¥ 0 Do

Sketch the diagram that includes thg
hydrology cycle process below:

a. Evaporation

b. Condensation

c. Precipitation

d. Surface Runoff

e. Infiltration

f. Underground water
g. Interception

h. Transpiration

i. Evapotranspiratio



THE MISSING SUN!

This student is /oo/eing for a P/ace with sun!
Can you he/lp him find it?

—

Can you exp/ain the function of the sun in the
hya/ro/ogica/ cyc/e lorocess?
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CLIMATE CHANGE

e Climate change is_ the change in the
average weather patterns in a region

over a long period of time. One
component of climate change is
global warming, the long-term
heating of Earth due to greenhouse
emissions.

e Climate change has also been
connected with other damaging.
weather events such as more
freqguent and more intense
hurricanes, floods, downpours, and
winter storms.

e Causes of climate change:

Global warming

- Rapid industrialization

- Energy use

- Transportation
- Pollution

- Deforestation
- Agricultural practices
- Consumer practices



https://www.youtube.com/watch?v=oNWAerr_xEE

IMPACT OF CLIMATE CHANGE



https://www.nrdc.org/stories/flooding-and-climate-change-everything-you-need-know

Increased drought -
Climate change is changing water
availability, making it scarcer in
more regions. Global warming
exacerbates water shortages in
already water-stressed regions
and is leading to an increased risk
of agricultural droughts affecting
crops, and ecological droughts
increasing the vulnerability of
ecosystems.

Extreme weather - Destructive

storms have become more intense
and more frequent in many
| regions. As temperatures rise,
ore moisture evaporates, which

exacerbates extreme rainfall and
flooding, causing more
destructive storms. The frequency

/\ and extent of tropical storms is

J’, also affected by the warming
%;\1" ocean. Cyclones, hurricanes, and

‘m typhoons feed on warm waters at

the ocean surface. Such storms
often destroy homes and
communities, causing deaths and

huge economic losses.
u https://www.you



https://www.youtube.com/watch?v=EuwMB1Dal-4

E gg.star The effects of climate change in Malaysia

Ey DR MILTON LUM

THE DOCTOR SAYS

Tuesday, 05 Jul 2022
9:00 AM MYT

SAVE

OuR

EARTH

Megacities like Kuala Lumpur are prone to increased temperatures due to the UHI effect. — IZZRAFIQ
ALIAS/The Star

On Apr 5 (2022}, the United Nations (UN) Secretary-General described the latest report
of the Intergovernmental Panel on Climate Change (IPCC) as “a litany of broken climate

promises” and reminded the world that it is “on a fast track to climate disaster”.

The Malaysian government has not been providing much information about the effects

of climate change in the country.




FORMATIVE ASESSTMENT

Fro 508
G

e Discuss the climate change
impact to the hydrological
cycle.

ﬁ@reate a mind map

7 on the causes and effects g
climate change related to
hydrological cycle.
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WATER BALANCE

e The hydrologic equation is simply
the statement of the law of

conservation of matter and is given
by:

| - O = AS
P-(ET+ 1 +R + G) = AS
P-ET-1-R-G = AS
Where,
AS = change in storage
| = inflow (P)
O = outflow (ET,I,G,R)
REMEMBER! —

hydrological cycle
process




EXAMPLE 1

The drainage area of the James River at
Scottsville, Virginia, is 11839 km2. If the mean
annual runoff is determined to be 144.4 m3/s
and the average annual rainfall is 1.08m,
estimate the ET losses for the area. How does
this compare with the lake evaporation of 1
m/yr measured at Richmond, Virginia?

Assumingthat AS = 0,
and Runoff is converted from m3to m/yr as follows

2 Inflows - £ Outflows = AStorages
| - O = AS
P-ET-1-R-G = AS

R=1444m3/s P =1.08m ET =77

P 144.4 x (365 x 24 x 60 x 60)m3 Qj
B 11839km?

_ (144.4 x 31536000)m’

11839 x 105m?2
R = 0.38m
P—R—ET=AS
ET=P-—R _ Volume (m?)
ET = 1.08—0.38 BHRGoR S = e o)
ET = 0.7m

REMEMBER! —



EXAMPLE 2

In 2 months, Sungai Melaka is predicted to
receive about 360 mm rainfall. Evaporation
is approximately 87 mm and infiltration to
sub layer predicted is 50 mm. What is the

volume of runoff in m3 if the catchment area
is 80 km?2.

2 Inflows - £ Outflows = AStorages
| - O = AS
P-ET-1-R-G = AS

P=360mm E=87mm [=50mm R =77

P—R—E—I1=AS | 2
R=P—F —1

R = 0.36 — 0.087 — 0.050 change unit
R = 0.223m T

REMEMBER! —

VR = 0.223 m? x (80 x 10%)m?
=17.84 X 106 m3



EXAMPLE 3

Based on the observation, the water flow
rate that entering Malim Reservoir in a
certain season is 360 m3/. If outflow from
the reservoir including infiltration and
evaporation loses is 255 m3/s. Calculate the
change in storage for 21 days.

2 Inflows - £ Outflows = AStorages

Inflow = 360m?/s  Outflow = 255m?/s

m3 21lday 24hr 60minutes 60s

Inflow = 360 X X X X
sy S 1yr 1lday 1hr Iminu,

- Dm?

nr F o = 2551113 y 21day y 24hr y 60minutes
il S lyr 1lday 1hr

COom?
A Storage = low ﬁttﬂow
=<: ;n3 ; 3

= 190 x 106m?3
) &

change unit
m3/s to m3

REMEMBER! —

()
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QUESTION 1

In six month, Lui watersheds are expected to receive rainfall of 350mm.
Evaporation estimated at 100 mm and diffusion into the subsurface is
estimated at 40 mm. Estimate the volume runoff directly in cubic meters
to be stored in reservoirs that are available if the basin area is 85 km?.
[Ans: 17.85 x 10°m® ]

QUESTION 2
In a watershed that is 3.5 km?, the volume of annual precipitation
5,000 m? and the volume of water that was evaporated was 400
Estimate the volume of annual runoff (m3). Assume that storage
groundwater flux are negligible. [Ans: 4600 m?3]

QUESTION 3
Based on observation, the water flow rate that entering M
certain season is 350 m3/s. If the outflow from the reser
and evaporation loses is 265 m?3/s, calculate the change
[Ans:102.816 x 106m?3]

QUESTION 4
The Lake capacity storage in the beginning g
During this time, the recorded inflow and g
and 15.5m3/s respectively. A month later,
cm and the evaporation from the lake
average surface area of the lake was
storage and its new storage of the |3
Assuming there is no contribution to
[Ans:—10.987 x 10° m3 ; 14.013




FORMATIVE ASESSTMENT
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QUESTION 5
The water storage in a river at a particular time is 20 000 m3. At that
time, the recorded inflow and outflow are 10 m3/s and 15 m3/s

respectively. One hour later, the inflow and outflow were recorded a
m3/s and 16 m3/s respectively. Calculate the change of storage anc
new storage of water in the river.

[Ans: -10800 m3 ; 9200m3]

QUESTION 6
The annual evaporation from a lake is found to be 125cm.
surface area is 12 km?. What is the daily evaporation rate
[Ans: 0.34cm/day]

QUESTION 7
If the mean annual runoff of a drainage basin of
and the average annual precipitation is 105 cm,
for the area in 1 year. [Ans: 61 cm / year]




\
THE END!!!
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