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INTRODUCTION

Welcome to ESM 423: Hydrology and Water Resourddss course
consists of three modules broken down into 20 unitsis course
discusses waters of Earth- their properties, beawand distribution.
The key concepts discussed in this unit includéendefn of hydrology,
basic properties of water, application of hydrologydrologic cycle,
groundwater resources and so on.

This Course Guide gives information about the osuthe course
materials you will be using and how you can workiryavay through
these materials. It also emphasises the need ftmr- tumarked
assignment (TMA).

WHAT YOU WILL LEARN IN THISCOURSE

In this course, you will learn the basic issueshydrology and its
application, basic properties of water, formatidnrain and types of
rainfall. In addition, you will be exposed to thencept of flooding,

humidity, interception, infiltration, evaporatioma evapotranspiration.
This course will also provide you with an insight bow water

resources can be managed. Your knowledge of thisseowill enable
you understand distribution of water on the Eatftlejr behaviour and
properties. It will also enable you understand eausffects and control
of flooding, which is fast becoming a global issue.

COURSE AIMS

This course aims at helping you to understandildigion on water on
the Earth and how they can be properly managed.

COURSE OBJECTIVES

To achieve the aims set above, there are overgties. In addition,
each unit also has specific objectives. On sucukssinpletion of the
course, you should be able to:

define hydrology

discuss brief history of the development of hydgyio

discuss basic properties of water

explain the hydrologic cycle

discuss the ground and surface water resources

explain concepts of precipitation, humidity infdtion,
interception, soil moisture, runoff, evaporation dan
evapotranspiration.
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. assess the role of ethics in the family

. examine effects of flooding and soil erosion ondheth’s
surface

o suggest ways in which water resources can be mdnage

WORKING THROUGH THIS COURSE

To complete this course, you are required to rbadstudy units, read
the recommended books and read other materialside\by the
National Open University of Nigeria (NOUN), whichllhelp you to
achieve the objectives of the course. Each unitamos some self-
assessment exercises, and at points in the Couwsegre required to
submit assignments for assessment purpose. Antthefethis Course,
there is a final examination. Stated below are dbeponents of the
course.

COURSE MATERIALS

1. Course Guide

2. Study Units

3. Assignment file

4. Relevantextbooks including the ones listed in the references.
STUDY UNITS

MODULE 1

Unit 1 Definition and Scope of Hydrology
Unit 2 Brief History of the Development of Hydrolpg
Unit 3 Basic Properties of Water

Unit 4 Applications of Hydrology

Unit 5 The Hydrologic Cycle

Unit 6 Groundwater Resources

Unit 7 Surface Water Resources

Unit 8 Concept of the Drainage Basin
MODULE 2

Unit 1 Precipitation

Unit 2 Humidity

Unit 3 Interception

Unit 4 Infiltration

Unit 5 Soil Moisture

Unit 6 Evaporation and Evapotranspiration

Unit 7 Runoff
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MODULE 3

Unit 1 Flooding

Unit 2 Erosion

Unit 3 Sediment

Unit 4 Development and Management of Water Ressurce
Unit 5 Problems of Water Resources Development

TEXTBOOKSAND REFERENCES

Linsley, R. K. Jr, Kohler, M.A. & Paulhus, J.L. @3). Hydrology for
Engineers. (3rd ed.). McGraw-Hill International Book.

Viessman, W. & Lewis, G.L. (2003)ntroduction to Hydrology. (5th
ed.). Upper Saddle River, New Jersey: Pearson Hdudac.

Ward, R.C. & Robinson, M. (2000principles of Hydrology. (4th ed.)
UK: McGraw-Hill Publishing Company.

ASSIGNMENT FILE

In this assessment file, you will find details bétwork you must submit
to your tutor for marking. The marks you obtainnfrthese assignments
will count towards the final mark that you obtaor this course. Further
information on assignments will be found in the igament File itself
and later in this Course Guide in the section @essEment.

ASSESSMENT

There are two aspects of the assessment of thisesahe tutor-marked
assignments and the written examination. The marksobtain in these
two areas will make up your total marks. The agssignt must be
submitted to your tutor for formal assessment icoedance with the
deadline stated in the presentation schedule andgsignment file. The
work you submit to your tutor will count for 30 peent of your total
score.

TUTOR-MARKED ASSIGNMENT

There are fifteen tutor-marked assignments (TMAJhis course. The
best five (that is the highest 5 of the fifteen)lwe counted. The total
marks for the best five assignments will make upp80 cent of your
total course mark.

Assignment questions for the unit in this course ewntained in the
Assignment File. You should be able to completeryassignments

Vi
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from the information contained in your study unésd textbooks.
However, you are advised to use other referencesraaden your
viewpoint and provide a deeper understanding ofthigect.

When you have completed each assignment, sendathier with your
assignment file to your tutor. Make sure that easkignment reaches
your tutor on or before the deadline. If, howewsn cannot complete
your work on time, contact your tutor for the pbdgly of an extension.

FINAL EXAMINATION AND GRADING

The examination will consist of questions, whicfieet the type of self-

testing, practice exercises, and tutor-marked probl you have come
across. All areas of the course will be assessed. afte advised to
revise the entire course after studying the lagthefore you sit for the
examination. You will find it useful to review yoututor-marked

assignments and the comments of your tutor on thefore the final

examination.

PRESENTATION SCHEDULE

The presentation schedule in your course materraésgyou the
important dates for the completion of tutor-markessignments and
attending tutorials. Remember, you are requiredsubmit all your
assignments by the date. You should guard agaagsfing behind in
your work.

COURSE MARKING SCHEME

The table below shows how the course mark allosasdroken down:

Assessment Marks
Assignment (Best Three Assignment out of Four | 30%
marked)

Final Examinatio 70%
Total 100%

HOW TO GET THE MOST FROM THIS COURSE

In distance learning, the study units replace thigaxsity lecturer. This

is one of the great advantages of distance learyiog can read and
work through specially designed study materialgoatr own pace, and
at a time and place that suit you best. Think @fsiteading the lecture
instead of listening to a lecturer.

vii
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In this same way that a lecturer might set you soeagling to do, the
study units tell you when to read your set of book®ther materials.
Just as a lecturer might give you an in-class és@rgour study units
provide exercises for your to do at appropriate{oi

Each of the study units follows a common formate Tinst item is an
introduction to the subject matter of the unit deav a particular unit is
integrated with the other units and the course af@e. Next is a set
of learning objectives. These objectives shallylett know what you
should be able to do by the time you have complétedunit. You

should use these objectives to guide your studyemkou have
finished, the units you must go back and check khdretyou have
achieved the objectives. If you make a habit ofndothis you will

significantly improve your chances of passing tloeirse. The main
body of the unit guides you through the requireddieg from other
sources.

Remember that your tutor’s job is to assist you.eWlgou need help,
do not hesitate to call and ask your tutor to prevt.

. Read this Course Guide thoroughly.

. Organise a study schedule. Refer to the ‘Courseviaxe’ for
more details. Note the time you are expected toGms each
unit and how the assignments related to the uNitsatever
method you chose to use, you should decide on aitd
your own dates for working on each unit.

. Once you have created your own study scheduley€ryihing
you can to stick to it. The major reason that stisléail is that
they get behind with their course work. If you geto
difficulties with your schedule, please let yourtotu know
before it is too late for help.

. Turn to unit one and read the introduction andadbyectives for
the unit.
. Assemble the study materials. Information abouttwioa need

for a unit is given in the ‘Overview’ at the beging of each
unit. You will usually need both the study unit yate working
on and one of your set books on your desk at time same.

o Work through the unit. The content of the unit litdeas been
arranged to provide a sequence for you to follow.yaAu work
through the unit, you will be instructed to readtses from your
set books or other articles. Use the unit to gyae reading.

) Review the objectives for each study unit to canfihat you
have achieved them. If you feel unsure about anythef
objectives, review the study material or consuliny/utor.

) When you are confident that you have achieved &'suni
objectives, you can then start on the next unic@ed unit by

viii
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unit through the course and try to pace your stsayhat you
keep yourself on schedule.

. When you have submitted an assignment to your ttdor
marking, do not wait for its return before startorgthe next unit.
Keep to your schedule. When the assignment ismedrpay
particular attention to your tutor's comments, boththe tutor-
marked assignment form and on what is written oer th
assignment. Consult your tutor as soon as possilyleu have
any questions or problems.

. After completing the last unit, review the coursed gprepare
yourself for the final examination. Check that ydave
achieved the unit objectives (listed at the begignof each
unit) and the course objectives (listed in this GeuGuide).

FACILITATION/TUTORSAND TUTORIALS

There are about eight hours of tutorials providedsupport of this
course. The dates, time and venue of these tudorsdall be
communicated to you. The name and phone numbeowf tytor will
be made known to you immediately you are allocatéatorial group.
Your tutor will mark and comment on your assignrsetkieep a close
watch on your progress and on any difficulties yaght encounter and
provide assistance to you during the course. Yoatmail your tutor-
marked assignments to your tutor well before the date (at least two
working days are required). Do not hesitate to @acinyour tutor by
telephone, e-mail, or discussion board if you néetb. You will
definitely benefit a lot by doing that. Contact yautor if:

) you do not understand any part of the study umith® assigned
readings

) you have difficulty with the self-assessment e)s&si

o you have a question or problem with an assignmgotir
tutor's comments on an assignment or with the gqugadf an
assignment.

You should make an effort to attend the tutoridlsus, it is the only
opportunity you have to enjoy face-to-face conveath your tutor and to
ask questions which are answered instantly. Yourasme any problem
encountered in the course of your study. To gagnniaximum benefit
from the course tutorials, prepare a questiorbk$ore attending them.
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SUMMARY

ESM 423 intends to introduce you to the basic issoé water
distribution of the Earth, its properties and babar We believe you
will find the course both interesting and relevienyour life endeavours.
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MODULE |

Unit 1 Definition and Scope of Hydrology

Unit 2 Brief History of the Development of Hydrgjp
Unit 3 Basic Properties of Water

Unit 4 Applications of Hydrology

Unit 5 The Hydrologic Cycle

Unit 6 Ground Water Resources

Unit 7 Surface Water Resources

Unit 8 Concept of the Drainage Basin

UNIT 1 DEFINITION AND SCOPE OF HYDROLOGY
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content

4.0
5.0
6.0
7.0

1.0

3.1 Definition of Hydrology

3.2  Scope of Hydrology

3.3  Major Branches of Hydrology
Conclusion

Summary

Tutor-Marked Assignment
References/Further Reading

INTRODUCTION

Hydrology is a scientific discipline, which involyethe application of scientific
knowledge and mathematical principles to solve wedkated problems. The focus
of this unit is to introduce hydrology as a scigatidiscipline, which adopts
scientific methods in its studies. Sub-topics tadiseussed include hydrology as a
subject and highlight of the scope and branchégdfology.

2.0

At the

OBJECTIVES
end of this unit, you should be able to:
define hydrology

discuss the scope of hydrology
state the major branches of hydrology.
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3.0 MAIN CONTENT

3.1 Definition of Hydrology

Hydrology is the science, which deals with the watd the earth, their occurrence,
distribution and circulation, their chemical andygical properties and their
interaction with the environment. Similarly, Unigéres Council on Water
Resources (UCWR, 2011) defines hydrology as thensei that encompasses the
occurrence, distribution, movement and propertiethe waters of the earth and
their relationship with the environment within egafiase of the hydrologic cycle.
Hence, it can simply be summarised that hydrolagthe detailed scientific study
of water.

3.2 Scope of Hydrology

The hydrologic cycle remains the central theme ydrblogy study. The circle
encompasses all of the physical, chemical and icdd processes involving water
as it travels through its various paths in the aphere, over and beneath the
earth’s surface. This is of great interest to tlydrblogist. Hence, the study of
hydrology is multi-disciplinary since it incorpoest professionals from various
disciplines such as geography, chemistry, physiomlogy, geology and
engineering.

Although hydrology is concerned with the study ddter, especially atmospheric
and terrestrial fresh water, its emphases haveggthfrom time to time and vary
from one practitioner to another. Notable changasehbeen identified in the
evolution of the discipline of hydrology, for exalapfrom physical hydrology,

through engineering hydrology, to water resourggsdiogy.

In spite of the changing emphases however, hydicdbgstudies involve the
application of scientific knowledge and mathematipanciples to solve water
related problems such as quantity, quality andlab#ity in society. Hydrologists
may also be concerned with finding water supplascities or irrigated farms, or
controlling river flooding or soil erosion.

In addition, the study of hydrology involves bo#tbbratory analysis and direct
field measurements of hydrological processes, ngmaihfall, erosion, runoff, soil
moisture among others. Measurement is fundameotaldsessing water resources
and understanding the processes involved in theologgic cycle. It should be
noted that the hydrological cycle is so diversed duydrological measurement
methods equally span many disciplines including, smeanography, atmospheric
science, geology, geophysics amongst others. Th& détained through
measurements of hydrological processes are analgséd interpreted by the
hydrologist for the purpose of predicting or sotyiwvater resources problems.
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Generally, each hydrologic problem is unique iattih deals with a distinct set of
physical conditions within a specific river basfpuantitative conclusions of one
analysis are therefore not often directly trandflerao another problem. However,
the general solution for most problems can be dgesl from application of a few
relatively basic concepts (Linsley et al., 1982)xHould be noted at this point that
the modern day hydrologist relies on computersoiganising, summarising and
analysing massive data set and modeling studies.

3.3 Major Branches of Hydrology

The continuous growth and development of hydroleggulting to its several areas
of application and relevance in the society, leth® evolvement of different areas
of specialisation. Each of these branches or apéapecialisation is concerned
with the study of an aspect of hydrology. The faflog are the major branches in
hydrology.

Chemical Hydrology: This branch deals with the study of the chemical
characteristics of water.

Ecohydrology: This branch is concerned with the study of intecast between
organisms and the hydrologic cycle.

Surface Hydrology: This area focuses on the study of hydrologic preegghat
operate at or near earth’s surface.

Hydrogeology: This is the study of presence and movement of gloater.

Hydrometeorology: This is the study of the transfer of water and gpdretween
land and water body surfaces, and the lower atneyeph

Engineering Hydrology: This area of hydrology is concerned mainly with
estimating rates or volumes of flow or the changethese values resulting from
human activities.

Hydroinformatics: This is the study of the adaptation of informatieahnology to
hydrology and water resources applications.

Isotope Hydrology: This is the study of the isotopic signatures ofexat
SELF-ASSESSMENT EXERCISE

Create a table showing the major branches in hgdyobnd discuss the focus of
each branch.
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4.0 CONCLUSION

This unit serves as the background knowledge sfdburse. Having gone through
this unit, you should be well acquainted with tledimition and scope of hydrology,

its major branches and mode of study, which invddeéh laboratory analysis and
field measurements of hydrological processes. Tindéu appreciate the science of
hydrology, unit two will discuss a brief history thfe development of hydrology.

5.0 SUMMARY
In this unit, you have learnt that:

hydrology is the detailed scientific study of water

the study of hydrology is multi-disciplinary

the hydrological cycle is the central theme ofshedy of hydrology
hydrological studies involve the application of estific knowledge and
mathematical principles to solve water relatef@ms

o the major branches of hydrology include: chemicaydrblogy,
ecohydrology, surface hydrology, and hydrogeolagpngst others.

6.0 TUTOR-MARKED ASSIGNMENT

I The detailed scientific study of water is called
. The branch of hydrology that deals with the study tiee chemical
characteristics of water is called
Iii. The is the central theme of the studhydfology.
iv. A person that studied hydrology is called..........
(&) hydrocomist (b)  hydronomist
(c) hydrologist (d)  hydronogist
V. All except one are some of the hydrological proessseasured in the study
of hydrology............
(a) rainfall (b) runoff (c) soil moisture )(tbck formation
Vi. Which of the following is note a branch of hydroj@g
(a) chemical hydrology  (b) surf hydrology (c)dnggeology
(d) isotope hydrology

7.0 REFERENCES/FURTHER READING

Linsley, R.K. Jr, Kohler, M.A. & Paulhus, J.L. (1®8 Hydrology for Engineers.
(3rd ed.). McGraw-Hill International Book.

Universities Council on Water Resources (2011).dityogy: The Study of Water
and Water Problems. A Challenge for Today and Toovaf

Viessman, W. & Lewis, G.L. (2003)ntroduction to Hydrology. (5th ed.). Upper
Saddle River, New Jersey: Pearson Education Inc.

Ward, R.C. & Robinson, M. (2000Principles of Hydrology. (4th ed.) UK:
McGraw-Hill Publishing Company.
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UNIT 2 BRIEF HISTORY OF THE DEVELOPMENT OF
HYDROLOGY

CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1 Early Stage of Hydrology Development
3.2  Modern Stage of Hydrology Development

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Having been introduced to the definition and scopdydrology in unit 1, it is
therefore important to have a peep into the hisébridevelopment of hydrology.
The historical aspect of the course is necessacause it provides a better
understanding on how the course had faired throlglvarious ages. The historical
development of hydrology will be discussed undep twoad subdivisions — early
and modern stages of hydrology.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. discuss the hydrology development in the earlyestag

) discuss advances in hydrology in the modern era

) list the major contributors to the development gtitology during both
stages.

3.0 MAIN CONTENT

3.1 Early Stage of Hydrology Development

Most of the early civilisation in the world grew @ong river courses, such as the
Nile Valley in Egypt and the Hwang Ho River in CainThese early civilisations
developed along river courses because of the priyximwater supply.

In the times of this early civilisation, hydraulstructures such as dams and
channels were constructed. All the structures madte mainly to control nature.
Such structures include dams and channels, whigle @eg to store, direct and
conserve water. The people who built these dams dcliachnels did not really
understand the hydrological implications of theustures been constructed. From

5
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the period 3500-300 BC, no efforts were really mamenderstand the structures
built by early civilisations across river valleysdet water.

The Egyptians were at the forefront for knowledgenydrological processes. For
example, about 3500 BC the Nile was dammed to irgegricultural productivity

of previously barren lands. In addition, they resat the fluctuations in water level
along Nile, using an instrument called the nilumefghe information gathered
provided flood warning to inhabitants’ residentla¢ lower Nile basin. In the field
of groundwater, the Egyptians were also at theffoné. They constructed a lot of
instruments used in determining the table wateellend the likelihood of getting
water from a given location or place.

During the Roman Empire, there was substantial Idpweent in the field of
hydrology. This was the era, when practical engmeeally came to the forefront
in hydrological study. It is a more practical eraséd on empirical approach.
During the era, sewers, fine harbours, roads anasdaere built. In fact, the first
water supply system was built in Rome. At this tirtteere were no established
principles guiding the built structures. The oahlga where the Romans discussed
theory as a guiding principle in their engineerwgrks was in the process of
discharge. Discharge is quantified as:

Where:

D = discharge

V = velocity

A = cross sectional area.

One of the foremost contributors to hydrologicave&lepment during the first
century was Marcus Vitruvius. He developed a phlitscal theory of the
hydrologic cycle, in which precipitation falling ithe mountains infiltrated the
earth’s surface and led to streams and sprindeifovlands.

In the 15th century upwards various exploration ksobegan to surface. The
Europeans exploration of the whole world at thisiquk led to the emergence of
more philosophies about water in different sphefes.instance, with the adoption
of a more scientific approach, Leonardo da Vincid aBernard Palissy
independently reached an accurate representatitre dfydrologic cycle.

Leonardo da Vinci (1452-1519) made three majorrdmumions to the development
of hydrology:

(1) he provided better description of the hydrologmatle

(2) he provided a clear understanding of the princgflevater flow in river
channels

(3) he used floats in determining water velocity, heuwemcity distribution in
the channel.
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On the other hand, Bernard Palissy stated categlyrithat rivers and streams
originate from rainfall. He expatiated on the piohes guiding artesian wells, lag
time in hydrograph and other related phenomena aiemflow. He also thought
about the need for afforestation in drainage basia means to control erosion and
conserve water in soils. It was not until the 1@&mtury that hydrologic variables
began to be quantified.

3.2 Modern Hydrology Development Era

The beginning of the modern stage of hydrology tgueaent could probably be

traced to the 17th century when hydrological vdealbbegan to be quantified.

Pioneers of the modern science of hydrology inclitderre Perrault, Edmund

Halley and Edme Mariotte. In France, Pierre Petrél$608-1680) demonstrated
that rainfall was sufficient to support the flow sifeams and rivers throughout the
year. He demonstrated this by demarcating the lddRiver Seine and calculated
the annual discharge and rainfall of the basin fanchd out that the discharge of
River Seine was only one-sixth of the total disgeanf the basin. Edmund Halley
(1656-1742) proved that enough water is evaporfated the ocean and stagnant
water bodies to produce rainfall and replenishrav&hat he did was to calculate
the total evaporation from the Mediterranean Sehadso determine the amount of
water that enters it from the nine major rivers. flend that the amount of water
entering the Mediterranean was a little over oneltthe amount of water lost

through evaporation.

Edme Mariotte (1620-1684) major contribution to fofdgy was on his work on
River Seine, where he combined velocity and rivess-section measurements to
obtain discharge. Other major developments durings tperiod were the
development of the automatic rain gauge and theeostimeter, which was used to
measure the velocity of water.

During the 18th century, the Pitot tube was dewetbjand installed at various
points along river channels to know at what poe velocity is highest along the
cross sectional area of a river. It was discovetet the river has its highest
velocity at the centre of the cross-sectional aasal, lowest on top and around the
corners where it has frictional drags with the wall the channel.

Anthony Chazy in the 18th century was the firsextend the characteristics of one
stream to another. He was the first to discusgabiethat most of the hydrological
processes and principles of river systems are aimiie discovered this while
working on the task to improve water supply to ®ari

In the 19th century like in other sciences, hydgglexperienced rapid growth. This
period saw the development in groundwater hydrglaggiuding Darcy’s law, the
Dupuit-Thiem well formula, and Hagen-Poiseuilleapdlary flow equation.



ESM 423 HYDROLOGY AND WATER RESOURCES

In the 20th century, rational analysis began tola@p empiricism, while
governmental agencies began their own hydrologieakarch programmes. Of
particular importance were Leroy Sherman’s unit rogdaph, the infiltration
theory of Robert E. Horton, and C.V. Theis’s Aquifest/equation describing well
hydraulics. Since the 1950s however, hydrologylhesen approached with a more
theoretical basis than in the past, facilitated &gvances in the physical
understanding of hydrological processes and by atieent of computers and
especially Geographic Information Systems (GIS).

SELF-ASSESSMENT EXERCISE

Identify the major contributors and their contrioats to the development of
hydrology.

4.0 CONCLUSION

Having gone through the history of the developnanhydrology, you should be
well acquainted of its various developmental staged major contributors to its
development. From the history, it is evident tHa# early stage of hydrological
study was unscientific, while the modern stage ghbuhe study of hydrology to
the full embrace of the scientific method.

5.0 SUMMARY

In this unit, you have learnt that:

. the history of the development of hydrology carclassified into early and
modern stages.
) the Egyptians were at the forefront for knowledgéydrological processes.

For example, about 3500 BC the Nile was dammednfwrave agricultural
productivity of previously barren lands

) the early stage of hydrological development witessa philosophical and
empirical approach

) the 18th and 19th century witness significant glowt hydrology. This
period saw the development of the Pitot tube aondrmt water hydrology

. the modern stage of hydrological development sagv émbrace of the
scientific methods
. some of the major contributors to the developmdnbymrology include

Marcus Vitruvius, Leonardo da Vinci, Bernard Palis®ierre Perrault,
Edmund Halley and Edme Mariotte.
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6.0 TUTOR-MARKED ASSIGNMENT

7.0

The Egyptians recorded the fluctuations in the ll@fewater of the Nile
using an instrument called the
The approach to the study of hydrology during trelye stage was

The beginning of the modern stage of hydrologicalvedlopment could
probably be traced to what century.

(a) 15th century (b) 16th century (c) 17th cent(d) 18th century
Who described a philosophical theory of the hydy@ocycle, in which
precipitation falling in the mountains infiltrateélde earth’s surface and led to
streams and springs in the lowlands?

(a) Marcus Vitruvius (b) Leonardo da Vinci c) Bernard Palissy
(d) Edmund Halley.

The beginning of the development of groundwaterrblpdyy could be
traced to what century?

(a) 15th century (b) 17th century (c) 18th ceynt{d) 19th century
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1.0 INTRODUCTION

Water is the most abundant compound in the biogphehas a volume of about
one and a half billion cubic kilometers. Of thisagtity, 97 per cent is salt water,
which is a major disadvantage to man. Only threecpat is fresh water, of which

about three-quarter is locked up in the poles asd of course on the top of high
mountains. Less than one percent is left in lakesravers for human use. Of the
available water, one of man most precious resousoésan important component
of the environment is not well appreciated untdueed availability or quality or

both threaten its use. To appreciate water asaures, its basic properties will be
examined in this unit. These properties include stees of water, water as a
universal solvent, a source of energy, its effactcbmate, and structure of its
molecule.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

explain the three states of water

explain why water is referred to as universal salve
discuss the moderating influence of water on clenat
justify water as a source of energy.

10
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3.0 MAIN CONTENT
3.1 Structure of Water Molecule

The distance of the Earth from the sun placesthiwia remarkable temperate zone
compared with the other planets. This temperatacation allows all states of
water-ice, liquid and vapour, to occur naturally earth. Two atoms of hydrogen
and one of oxygen (D), which readily bond, compose a water moleculee T
resulting molecule exhibits a unique stability,aasersatile solvent, and possesses
extraordinary heat characteristics. As the most mom compound on earth’'s
surface, water exhibits uncommon properties. Bexaok the nature of the
hydrogen-oxygen bond, the hydrogen side of the waielecule has a positive
charge and the oxygen side a negative charge; hemiigsolves so many other
molecules and elements. Thus, due to its solvetiityc pure water is rare in
nature.

Water molecules are attracted to each other beaHubeir polarity. The positive

(hydrogen) side of one water molecule is attrattetthe negative (oxygen) side of
another. The bonding between water molecules iedtdlydrogen bonding, it is

important to note that without hydrogen bondingtewavould be a gas at normal
surface temperatures.

3.2 Different States of Water

Water can exist in three states- solid (ice), bigiwater), and gas (water vapour). A
change of state from solid to liquid, liquid to gassolid to gas requires the input
of heat energy called latent heat, which is drawrfrom the surroundings and
stored within the water molecules. When the chagges the other way, from
liquid to solid, gas to liquid, or gas to solid,stHatent heat is released to the
surroundings.

3.2.1 Water (Liquid Phase)

In liquid phase, water assumes the shape of itagwr and is a non-compressible
fluid, quite different from solid, rigid ice. Foce to melt, heat energy must increase
the motion of the water molecules to break somé&éefhydrogen bonds. Despite
the fact that there is no change in sensible teatper between ice al© and water
at @C, 80 calories of heat must be added for the ptlaaege of one gram of ice to
one gram of water. This heat is called latent Hesiause it is stored within the
water and is liberated with a phase reversal whgram of water freezes. These 80
calories are the latent heat of melting and ofieg A calorie is the amount of
energy required to raise the temperature of onmgrawater (at 1%C). To raise
the temperature of one gram of water from freeznd?C (32f) to boiling at
100C (212f), we must add 100 additional calories, gainingimerease of 4C
(1.8) for each calorie added.

11
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3.2.2 Water Vapour (Gas Phase

Water vapour is an invisible and compressible gawhich each molecule mov
independently. To accomplish the phase change fiquid to vapour at boiling
temperature, under normal -level pressure, 540 calories must be added torh

of boiling wate. Those calories are the latent heatvaporisatio. When water
vapour condenses to a liquid, each gram gives supidden 540 calories as t
latent heat of condensatis

In summary, taking 1g of ice a°C and changing its phase to water, then tter
vapour at 108C —from a solid to a liquid, to a g~ absorbs 720 calories (80 ca
100 cal + 540 cal). Reversing the process, or dngntpe phase of 1g of wat
vapour at 108C to water, then to ice at’C, liberates 720 calories into t
surrounding environment.

3.2.3 Ice (Solid Phase)

Among common compounds and molecules, water isotllg one whose soli
form is lighter than its liquid form (it expands @pouteight pe cent when it
freezes, becoming less dense), which is why icatdlolf ice wee heavier than
liquid water, it would sink to the bottom of wateodies; the biosphere would
vastly different from what it is, and life, if ixested at all, would be greatly altere
If bodies of water froze from the bottom up, theguld freeze sad, killing all life
in the water. Cells of living organisms are mostigter. As water freezes a
expands, cell membranes and walls rupture. Finallgfer is transparent
sunlight, allowing photosynthetic organisms to livelow the surfac. Figure 3.1
shows the three states of water and water’s pHeassges

Fig.3.1: The Three States of Water and Water Phase Ch

Source: Christophhersc, R. W. (2007)Elemental Geosystel

Figure 1.0 above shows the three physical states of wéagrwater vapour, (k
water, and (c) ice. Note the molecular arrangermertch state and the terms t

12
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describe the changes from one phase to anothenaagyeis either absorbed or

released. Also note how the polarity of water moles bonds them to one another,
loosely in the liquid state and firmly in the sofithte. The plus and minus symbols
on the phase changes denote whether heat eneapgasbed (+) or liberated (-)

during the phase change.

3.3 Water as a Universal Solvent

Water is a universal solvent because it is neegealllbiological lives. Water is a

non-ionic polar molecule, which dissolve anythinguitar to it. As earlier stated,

the molecule of water is made up of two atoms-hgdrmand oxygen. Out of these
two, oxygen atom is negatively charged whereasatben of hydrogen carries a
positive charge. As both the charges are weak,akesm the molecule neutral in
itself. It is because of the same reason that wiatexble to dissolve all those
substances, which are of the similar type. Thustewdissolves more of the

substances rather than the liquid in it. When sst&uize dissolves, its molecules
separate from one another and mingle with moleanii¢se solvent. Because water
is electrically charged, it dissolves other chargedlecules such as salts, but it
does not dissolve uncharged molecules such as oll.

It should be noted that humans require more of mtagn any other substance. The
food we eat and the air we breathe in contain aflahemicals and other toxins,
which are only purified by our kidneys with the phelff water.

3.4 Water as a Source of Energy

Water act as a source of energy in different wikysexample, the evaporation of

water is one of the major sources through whichdtmosphere gets its energy.
Evaporated water on getting to the upper part ef dtmosphere condenses and
energy is liberated into the atmosphere.

Hydroelectric energy is produced through the famttalling water. The capacity to
produce this energy is dependent on both the dlaiflow and the height from
which the water falls. Building up behind a dam,tevaaccumulates potential
energy. This is transformed into mechanical enavhgn the water rushes down
the sluice and strikes the rotating blades of himar The turbine’s rotation spins
electromagnets, which generate current in statjomails of wire. Finally, the
current is put through a transformer where theagdtis increased for long distance
transmission over power lines.

13



ESM 423 HYDROLOGY AND WATER RESOURCES

3.5 Moderating Influence of Water on Climate

Bodies of water affect climate in many ways, butha@s the most significant
impact is based on the fact that large water baaliess heat sinks. In other words,
large water bodies tend to store heat in warm gserand release it in cold periods.
This is because the thermal capacity of watergh,hivhich means it takes a lot of
energy to change the temperature of water. Henggngithe summer, land areas
near a large body of water may not heat up as rascéreas that are not close to
water, because the water itself is absorbing mucth® heat energy. This will
cause the climate to be more moderate in summar theacoast. Likewise in
winter, the water near the coast will slowly reledhis energy, causing coastal
areas to be less cold, in general, than inlandsal@asummary, large bodies of
water tend to moderate temperatures in both sunamérwinter in nearby land
areas, compared to areas that are further inland.

There are many other ways that water bodies affi@otate such as warm or cold
temperature currents. The Gulf stream, for exangl@arm current, tends to keep
the east coast of the US warmer than it otherwigeldvbe, because it flows from
the warm Gulf of Mexico past Florida and up alohg east coast.

3.6 Distribution of Earth’s Water

The total free water of the earth in its threeestdiquid, solid and gas is generally
referred to as hydrosphere. About 97 per cent othEsawater is in the salty
oceans, while another 20 per cent is found in egscand glaciers. Together, the
oceans and ice tie up more than 99 per cent ofotiaé water; unfortunately, both
sources are generally unsuitable for human useusecaf salinity and location.
Thus, the amount of water, which all the peopl@anid and animals on earth
compete with, is much less than one percent ofata.

Fresh water in the liquid state is found on andelaém the earth surface. Water
occupying openings in soil and rock is called sulase water; most of which is
held in deep storage, while water held in soil witthe reach of plant roots is just
about 0.011 per cent of the hydrosphere. Water inedtreams, lakes, marshes and
swamps is called surface water.

The oceans are the ultimate receptacle for teraéstrater flowing from rivers.
Because of their size and mixing, the oceans did@y human produced wastes
to less harmful or harmless levels. They play aomajle in regulating the climate
of the earth by helping distribute solar heat tiglkoocean currents and evaporation
as part of the hydrologic cycle. They also paratgp in other major bio-
geochemical cycles. In addition the oceans servgigantic reservoir of carbon
dioxide, which helps regulate the temperature ef dimosphere. Oceans provide
habitats for about 250,000 species of marine planésanimals, which are food for
many organisms, including human beings. They alswesas a source of iron,

14
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sand, gravel, phosphate, magnesium, oil, natura] gad many other valuable
resources.

The total average annual water yield (runoff) frearth’s rivers is approximately
47,000KN, but its distribution is far from uniform. Companéth other resources,
water is used in tremendous quantities. In receats; estimates of the total mass
(or weight) of water used on earth per year has lagproximately 100 times the
world’s total production of minerals, including pgeum, coal, metal ores, and non
metals. The various location of water availablama on the earth surface is linked
together by the hydrologic cycle. Table 3.1 shdwesdistribution of earth’s water.

Table 3.1:Distribution of Earth’s Water

Water source Water Water volume, in| Percent of| Percent of
volume, in| cubic kilometers fresh total water
cubic miles water

Oceans, Seas, &321,000,000 | 1,338,000,000 -- 96.5

Bays

Ice caps, 5,773,000 24,064,000 68.7 1.74

Glaciers, &

Permanent Snow

Groundwater 5,614,000 23,400,000 -- 1.7

Fresh 256,000 10,530,000 30.1 0.76

Saline 3,088,000 12,870,000 -- 0.94

Soil Moisture 3,959 16,500 0.05 0.001

Ground Ice &| 71,970 300,000 0.86 0.022

Permafrost

Lakes 42,320 176,400 -~ 0.013

Fresh 21,830 91,000 0.26 0.007

Saline 20,490 85,400 +~ 0.006

Atmosphere 3,095 12,900 0.04 0.001

Swamp water 2,752 11,470 0.03 0.0008

Rivers 509 2,120 0.006 0.0002

Biological water | 269 1,120 0.003 0.0001

Total 332,500,000 | 1,386,000,000 100

Source: Gleick, P. H. (1996). Water Resources, in Encyaim)e)f Climate and
Weather, S.H. Schneider (Ed.). Oxford Universitgd€3r New York

SELF-ASSESSMENT EXERCISE

What evidence do you have to support the assetiianthe solid state (ice) of
water is lighter than the liquid state?

4.0 CONCLUSION

To understand water as a resource, there is needderstand its basic properties
and its role in the biosphere. From the above d&ons, water is a unique liquid;
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without it, life as we know it is impossible. Compd with most other common
liquids, water has a high capacity to absorb oresheat. Water is a good liquid
solvent because, many natural waters are sligloiiathey can dissolve a great
variety of compounds. In addition, water can esthree different states — liquid,
solid and gas; it also has a moderating effluenctelimnate and a good source of
energy.

5.0 SUMMARY

In this unit, you have learnt that:

Vi.

16

two atoms of hydrogen (positive) and one of oxygaeagative), which
readily bond, compose a water molecule. The moéscate attracted to each
other because of their polarity. The bonding betweater molecules is
called hydrogen bonding

water can exist in three states-solid, liquid aad.cA change of state from
one form to another requires the input of heatgnealled latent heat

water is a universal solvent because it is neegedlbiological lives. It is a
non-ionic polar molecule, which dissolves anythémmilar to it

evaporation of water is one of the major sourcemuiph which the
atmosphere gets its energy. Water is also a safitegdroelectric energy
water has a moderating influence on climate, agel@#odies of water act as
heat sinks (its ability to store heat in warm pésiand release it in cold
periods).

TUTOR- MARKED ASSIGNMENT

The bonding between water molecules is called
Name the three states of water

(a)
(b)
(c)
Water is referred to as a universal solvent becaus@eeded by all

How many calories of heat must be added for thesglthange of one gram
of ice to one gram of water?

(a) 70 calories (b) 80 calories  (c) 540 cakrie (d) 720 calories
Which of the following is true about water?

(@) The solid form is heavier than the liquidnfor

(b)  The solid form is lighter than the liquid form

(c)  The solid form is equal to the liquid form

(d)  None of the above

What happens when water freezes?

(a) It contracts (b) it remains unchanged (ckfands (d) None of the above
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1.0 INTRODUCTION

There must be justifiable reasons for the studgrof discipline, and the study of
hydrology is not an exception. The question nowlng do we study hydrology?
This question will be answered by looking at theauss applications of hydrology
in society.

2.0 OBJECTIVE

At the end of this unit, you should be able to:

o identify the various areas of application of hydm/ in society.
3.0 MAIN CONTENT

3.1 Hydrology in the Society

The application of hydrology in the society cantlzeed to any human endeavour
that requires the use of water since hydrologigislyascientific knowledge and
mathematical principles to solve water-related [@ots in the society. Such
problems include water quantity, quality and avaliey. Hence, they may be
concerned with finding water supplies for citiesimigated farms; or controlling
river flooding or soil erosion, environmental pretien, preventing or cleaning up
pollution or locating sites for safe disposal ofz&a@ous wastes can also be
addressed by hydrologist.

It should be noted that most cities meet their sded water by withdrawing it
from the nearest river, lake or reservoir. Hydradtgy help cities by collecting and
analysing the data needed to predict how much wateavailable from local
supplies and whether it will be sufficient to mée city’s projected future needs.
To do this, hydrologist study records of rainfathowpack depths and river flows
that are collected and compiled by hydrologistgarnious government agencies.
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Hydrologists use topographic maps and aerial phlafgts to determine where the
reservoir shorelines will be and to calculate resierdepths and storage capacity.
This work ensures that, even at maximum capacity,highways, railroads or
homes would be flooded. This is necessary sinceagiag reservoirs can be quite
complex, because they generally serve many purpdseservoirs increase the
reliability of local water supplies.

In addition, deciding how much water to release hodl much to store depends
upon the time of year, flow predictions for nexves@l months, and the needs of
irrigation and cities, as well as downstream waisers that rely on the reservoir. If
the reservoir also is used for recreation or fanegation of hydroelectric power,

those requirements must be considered. Decisiorss bmucoordinated with other

reservoir managers along the river. Hence, hydrstiggcollect the necessary
information, enter it into a computer, and run caitep models to predict the

results under various operating strategies. Basedthese studies, reservoir
managers can make the best decision for thoseviedol

The availability of surface water for swimming, riking, industrial or other uses is
sometimes restricted because of pollution. Poltutan be merely an unsightly and
inconvenient nuisance, or it can be an invisiblg, deadly threat to the health of
people, plants and animals. In this regard, hydjists assist public health officials
in monitoring public water supplies to ensure thaalth standards are met. When
pollution is discovered, environmental engineersrkwavith hydrologists in
devising the necessary sampling programme. Watalitgun estuaries, streams,
rivers and lakes must be monitored, and the hedlfish, plants and wildlife along
their stretches surveyed. Related work concerrds raon and its effects on aquatic
life, and the behaviour of toxic metals and orgamicemicals in aquatic
environments. Hydrologic and water quality mathecadtmodels are developed
and used by hydrologists for planning and managémaed predicting water
guality effects of changed conditions.

Hydrologists assist to protect groundwater suppfypboviding guidance in the
location of monitoring wells around waste dispastds and sample them at regular
intervals to determine if undesirable leachate taxmmated water containing toxic
or hazardous chemicals is reaching the ground wadgdrologists are often
consulted for the selection of proper sites for neaste disposal facilities.

Hydrology also finds its applications in the deteration of water balance of a
region; agricultural water balance, mitigating gmedicting flood, landslide and
drought risk. It is also relevant in designing ddorswater supply or hydroelectric
power generation, bridges, sewers and urban draissgtem. Worthy of note is the
relevance of hydrology in predicting geomorpholadichanges, such as erosion or
sedimentation, and assessing the impacts of natarad anthropogenic
environmental change on water resources.
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SELF-ASSESSMENT EXERCISE

Examine the various use of water in the societyidadtify areas where hydrology
can be applied.

4.0 CONCLUSION
From the discussions on the various possible agpics of hydrology in society, it
can be concluded that the applications of hydroisgs varied as the uses of water

and may range from planning multibillion naira rstiate water projects to advising
homeowners about backyard drainage problems .

5.0 SUMMARY

In this unit, you have learnt that:

o the application of hydrology can be traced to amynAn endeavour that
requires the use of water

. hydrology can be applied in the provision of wdterdomestic, agricultural
and industrial and other uses

o hydrology is also relevant in predicting geomorphbabchanges, such as

erosion or sedimentation, and assessing the impattatural and
anthropogenic environmental change on water ressurc

6.0 TUTOR-MARKED ASSIGNMENT

I The applications of hydrology in the society canti@ed to any human
endeavour that requires the use of
. The availability of surface water for drinking, unstrial or other uses is
sometimes restricted because of
iii. Hydrology can be applied in which of the followiageas?
(a) determination and monitoring of water quality
(b)  determination of agricultural water balance
(c) designing dams for water supply
(d) all of the above

7.0 REFERENCE/FURTHER READING
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1.0 INTRODUCTION

As noted in unit one, the hydrologic cycle is thenttal theme of the study of
hydrology. Hence, it is important to know what hgldgic cycle is all about, and
the various processes involved in the hydrologicley Understanding the
hydrologic cycle therefore, is basic to understagdvater supply and is a key to
the proper management of water resources.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

) define hydrologic cycle
o identify and discuss the various processes in yiedfogic cycle.

3.0 MAIN CONTENT
3.1 Definition of Hydrologic Cycle

The movement and endless recycling of water betweeratmosphere, the land
surface and underground is called hydrologic cythlés movement, driven by the
energy of the sun and the force of gravity, sugpliee water needed to supported
life. Similarly, Viessman and Lewis (2003) definhgdrologic cycle as a global
sun-driven process whereby water is transported tiee oceans to the atmosphere
to the land and back to the sea. The ocean isdittle’® principal reservoir; it stores
over 97 per cent of the terrestrial water. Watereismporated by the sun,
incorporated into clouds as water vapour, fallshi land and sea as precipitation,
and ultimately finds its way back to the atmosphhreugh a variety of hydrologic
processes.
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The hydrologic cycle can be considered a closetesy®f the earth, because the
total amount of water in the cycle is fixed eveaugh its distribution in time and

space varies. There are many sub-cycles withinvibrddwide system, which are

generally open-ended. These subsystems give rifeetmany problems of water

supply and allocation that confront hydrologistdl arater managers.

3.2 Processes in the Hydrologic Cycle

The entire process in the hydrologic cycle can h&déed into five parts, which
include: condensation, precipitation, infiltratiomynoff and evaporation. The
hydrologic cycle is very complex due to the facitthll biological lives depend on
water. However, it is necessary, in spite of itsnptexities to look at the major
pathways or processes in the movement of wateugjfrthe cycle.

Starting from the ocean, which is sometimes teragdhe main water reservoir,
evaporation takes place due to solar heating. Vaparated water moves into the
upper atmosphere, where it condenses and may dak bs rain into the ocean
bodies. However, where there is an onshore wingl etraporated water could be
blown to the land in form of moisture-laden windve® the land, condensation can
occur especially where the moisture-laden wind oscdd high up into the

atmosphere due to topography. This may result agraphic rains. Even right on
the land evaporation could take place from stagneatier body, the soil and

vegetation-in a combined processes known as eapsgiration. Rain that falls on
land is used up in many processes. Plants and Enohepend on it for survival.

Some of it sinks into the soil through infiltratioflows underground into river

systems. Where the soils are saturated, runoffgganerated. The runoffs could
flow into river systems. Man can even tap watenfrthe soils by sinking bore

holes and wells. The rivers could be dammed faogation purposes, domestic and
industrial processes.

Water could also be evaporated from dams and iargilocesses in which man
uses it such as irrigation. The evaporated watevesiaip into the atmospheric
system where it can also condense and fall as i&we. movement of water
continues along the river systems. As the riverganato the ocean, evaporation
continues to take place until it eventually empirge the ocean.

It is generally observed that evaporation is theimy force in the movement of
water in the hydrologic cycle. The movement of waist discussed is a simplified
model of the hydrologic cycle. In nature, the moeemof water could be much
more complex and complicated because all biologiw@ls depend on it. The
hydrologic cycle is so fundamental to sustainalkd¢ewsupply because it continues
to move water and keep sources fresh. Without ttedtogic cycle, life on earth
would be impossible. Figure 5.1 shows a simplifdidgram of the hydrologic
cycle.
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Fig.5.1: A Simplified Diagram of the Hydrological Cy«
Source:Aguado. E. &Burt, J. E. (2007). UnderstandiMgeather and Clima

3.3 Hydrological Budget

Hydrologic budget can be defined as the accoundinthe inflow, outflow anc
storage of water in a designated hydrologic sysi#&miater budget comprised
the components of the hydrologic cycle that cafobeulated. The variables in ti
water budget@uation are: precipitation P, Runoff R, InterceptlpEvaporation E
Transpiration T, Evapotranspiration ET, Groundw#&erandAS stand for chanc
in storage. With these variables, a hydrologic midgn be derived. Inflows to tl
region are denoted g®sitive quantities and outflows as negative oefscripts
s and g indicate surface and underground componesgpectively. Th
development of an equation for the water budgetstisightforward. For
designated period, it provides for balancing gains and losses of water with 1
guantities of water stored in the region (a contjnequation)

According to Viessman Jr. and Lewis (2003), therblmyjic budget for surfac
flow can be written as:

P+R-R+Rg-—E-E-Ts—1=ASs
Where preipitation, surface water inflow, and groundwatepearing as surfac
water (Rg) are inflows, as surfewater outflow; evaporation, and infiltration
outflows, and all variables are volumes per uniirog.

They also gave the hydrologic budget fnderground flow as follow

1+G-&G-R-Rg-Eg-Tg=ASs

Where infiltration and groundwater inflow are infls; groundwater outflow
groundwater appearing as surface water, evaporasiod transpiration ai
outflows. The combined hydrologbudget for a region can however be derivec
summing the two previous equations as follc

P-(R-Ry) — (Es+EQ) «Ts + Tg)- (G-Gy) = A(Ss+Sg)
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If the subscripts are dropped and the quantitieparentheses are taken as net
changes, the equation reduces to:

P-R-E-T- G =AS.

This is the fundamental equation of hydrology and the basis for all hydrologic
modelling.

3.4 Global Water Balance

Ward and Robinson (2000) noted that despite the-@wenging global distribution
of water vapour, evaporation, precipitation andoftiand the associated changes in
soil water and groundwater storage, the global madéance is, in effect, a closed
system because virtually no water is lost from fiystem and the occasional
releases of fossil groundwater, or possible adastiof water from comets, are
minute. They further noted that over quite shoriquks of time, the input of water
vapour into the atmosphere by evaporation is whalbcounted for by the
condensation — precipitation process. Thus degtyrittee global water balance is
very simple. However, quantifying it has provedifficult and elusive task. Many
estimates have been made, all of which differ &edearliest of which were based
on sparse and often inadequate data.

Estimates of the main fluxes in the global watelabee, based on a number of
sources are summarised in Table 51. These estirastafiustrative, reflecting as
they do a wide range of values for each water loal@omponent.

For example, the precipitation and evaporatiomests presented by Speidel and
Agnew (1988) varied by 29 per cent and the estimaterunoff to the oceans
varied by 40 per cent. Such uncertainly about tlagmiude of major fluxes of
water and energy makes it difficult to identify amderpret global change within
the hydrologic, atmospheric and oceanic systents predict the likely impact of
that change upon human beings and their activities.

Table5.1: Estimated Annual Flux in the Global Water Balance

Flux Oceans| Land | Global | Oceans| Land | Global
(cukm) | (cukm) | total (mm) | (mm) | (mm)
(cukm)
Precipitation 385000 1111004196100| 1066 746 973
Runoff (river flow,| 39700 | 39700| O 110 267 0

direct groundwater
flow, icemelt)

Net inland advection-39700 | 39700 O -110 267 0
of water vapour
Total -39700 | 39700f O -110 266 0

Source: Wards & Robinson (2000) (Based on Data from Speaiel Agnew,
1988).
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3.5 Human Influence on the Water Cycle

There are several cases of human interaction ilmgddeosphere, which has serious
implications on the hydrologic cycle. Olomo (199@entified three of such
interactions, which include.

0] Activities that affect precipitation input into theycle. For example, cloud
seeding with silver iodide, which alters the dimiition of rainfall,

(i)  Creation of artificial lakes when building damsushincreasing the rate of
evaporation and;

(i) Decrease of evaporation caused by draining of swarapd other
reclamation works, which reduces the amount of wateilable to the
atmosphere.

In addition to the above human activities, whicfluence the water cycle, the
process of road construction and other construatiactivities coupled with
urbanisation, have led to the development of cdacseil and pavements, which
prevent or slow the rate of infiltration. This pleim has led to the depletion of
groundwater resources, with serious consequencestan quality and quantity.

Furthermore, the green house effect, which develaggee a result of increase of
carbon-dioxide into the atmosphere, has led to dmecept of climate change,
which impact on precipitation distribution, seadevise and high temperature
leading to high rate of evaporation.

In addition, diversion of water for irrigation purges modifies natural hydrological
processes and Irrigated land often has high ratésewaporation and

evapotranpiration. Another human activity thatatjimpacts on the hydrologic
cycle is the over drafting of groundwater resourddss leads to lowering of the
water table and possible intrusion of salt watés the fresh water aquifers, which
degrade the water quality of affected aquifers.

SELF-ASSESSMENT EXERCISE

I To better understand the concept of the hydrologate, try and identify the
major pathways of precipitation and the varioussusiewater on the earth’s
surface.

. Draw a simplified diagram of the hydrologic cycle.

4.0 CONCLUSION
From the above discussions, it is no longer in ddldx the hydrologic cycle is the
major theme of the study of hydrology. Most of thesic concepts and processes

studied in hydrology have their roots in the hydgit cycle, as would soon be
revealed in the subsequent lessons. It can sakelgoncluded that without the
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hydrologic cycle that continue to purify our watuipply sources, life on earth
would have been greatly altered.

5.0 SUMMARY

In this unit, you have learnt that:

. the hydrologic cycle is the endless movement ofewdietween the
atmosphere, land and underground, driven by theasdrforce of gravity

) the entire process in the hydrologic cycle can aded into five parts-
evaporation, condensation, precipitation, infilmatand runoff

. evaporation caused by the sun’s energy is therdyitorce in the movement
of water in the hydrologic cycle

o the hydrologic cycle is so fundamental to sustdmalater supply because it

continues to move water and keep sources fresh.
6.0 TUTOR-MARKED ASSIGNMENT

I Evaporation takes place due to
. When evaporated water moves into the upper atmosjthe
1 The process of water sinking into the solil is @hlle

Iv.  The combined process of water loss from soil amgtagion is called what

(a) evaporation (b) infiltration (c) transpixaii
(d) evapotranspiration
V. The movement of water on the land surface is callealt?

(@) runoff  (b) hydrologic cycle (c) evaporatidd) precipitation
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1.0 INTRODUCTION

The two major sources of water supply on earthgaoeind and surface water.
Groundwater is a part of the hydrologic cycle tieg beneath the surface and it is
tied to surface supplies. Groundwater is the ldrgetential source of freshwater in
the hydrologic cycle — larger than all surface akad streams combined.. Despite
this volume and its obvious importance, groundwasewidely abused by over
exploitation and pollution. This unit will definend analyse the formation of
groundwater resources. It will also discuss theblems of groundwater
management.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o define groundwater
. discuss the formation of groundwater
o identify the problems of groundwater management.

3.0 MAIN CONTENT
3.1 Definition of Groundwater

Groundwater is the part of the sub-surface watrfihlly saturates the pore spaces
in bedrock, regolith, or soil, and so occupies #fa¢urated zone. Arms (1994)
simply defined groundwater as water below earthidage. Of all the water that

falls on land as rain or snow, about one-third rafighe surface into streams and
rivers, and another one-third evaporates or isrélesoby plants. The rest drips or
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percolates down through soil and rocks and becopaet of the groundwater
resources.

3.2 Formation of Ground Water Resource

Precipitation that does not evaporate back intoaiher run off over the surface
percolate through the soil and into fractures apace of permeable rocks in a
process called infiltration. The upper soil laydrat hold both air and water make
up the zone of aeration and moisture for plant ginogomes primarily from these
layers. Depending on rainfall amount, soil typed @arface topography, the zone
of aeration may be very shallow or quite deep. Logal layers where all spaces
are filled with water make up the zone of saturatibhe top of this zone is the
water table. The water table is not flat, but uatkd according to the surface
topography and subsurface structure. Water taldkxs rise and fall seasonally,
depending on precipitation and infiltration ratBerous layers of sand, gravel, or
rock lying below the water table are called aq@iféelatively impermeable layers
of rock or clay that keep water from seeping outha&t bottom always underlie
aquifers.

Folding and tilting of the earth crust by geologmecesses can create shapes that
generate water pressure in confined aquifers (thtvapped between two
impervious, confining rock layers). When a pressdi aquifer intersects the
surface, or if it is penetrated by a pipe or conducartesian well or spring result
from which water gushes without being pumped.

Areas in which infiltration of water into an aquifeccurs are called recharge
zones. The rate at which most aquifers are refiliedvery slow however

groundwater is presently being removed faster thaan be replenished in many
areas. Urbanisation, road building and other depramt often block recharge
zones and prevent replenishment of important acuif@ontamination of surface
water in recharge zones and seepage of pollutambs abandoned wells have
polluted aquifers in many places, making them ufdit most uses. Many cities
protect aquifer recharge zones from pollution ovedl@oment, both as a way to
drain off rainwater and as a way to replenish tpafar with pure water.
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Fig. 6.1: A Schematic Diagram of Groundwater
3.3 Problems of Groundwater Resource

The problems of groundwater resources shall be methfrom two perspectiv-
watertable depletion and pollutic

3.3.1 Water Table Depletior

Groundwater is a major source of fresh water sepgbr agricultural and domes
uses in most parts of the world. For example ndzalfyof all Americans and abo
95 percent of the rural gpulation depend on groundwater for drinking andeo
domestic purposes.

The rapid withdrawal of groundwater has serioustpacted the environment
many places. For examples, increased urban popogatiand industrie
developments require large wateupplies needs that cannot always be me
constructing new surface water reservoirs. Talidlse nee(, vast number of well
using powerfulsubmersiblepumps draws huge volumes of groundwater to
surface. Such acts greatly alter nature’s balarfcgroundwater discharge ai
recharge. Over use of these supplies causes sdwedsl of problems, includin
drying of wells, natural springs, and disappeararicirface water features such
wetland, rivers and lakes.

When groundwater is being withdrawfrom aquifers faster than natural recha
can replace it, at a local level, it causes a adn#gepression in the water table.
heavily pumped well can lower the local water tadethat shallower wells go dr
On a broader scale, heavy pumping can ete a whole aquifer. The Ogalle
Aquifer for example underlies eight states in tinel &igh plains between Tex:
and North Dakota. In spite of idepthof about 400m in its centre, this porous |
of sand, gravel, and sandstone once held more weie all the freshwater lake
streams, and rivers on earth; due to excessive iognigr irrigation and other use
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has removed so much water that wells have drietchupany places, and farms,
ranches, even whole towns are being abandoned.

A major consequence of water table depletion isisiémce — a sinking of the land
in response to the removal of water from underlysegiments. This problem has
plagued a number of major cities that rely heawitygroundwater wells for their
water supplies. For example, the US geological eurgstimates that the San
Joaquin Valley in California has sunk more that lifirthe last 50 years because of
excessive groundwater pumping.

The development of sinkhole is also associated witbundwater depletion.

Sinkholes are formed when the roof of an undergidathmannel or cavern collapse,
creating a large surface crater. Cunningham andni@gham (2010) noted that

drawing water from caverns and aquifers accelethieprocess of collapse. They
also observed that sinkholes can form suddenlymngpcars, houses and trees
without warning into a gaping crater hundreds oferg across. Subsidence and
sinkhole formation probably represent permanerg tfsan aquifer because when
caverns collapse or the pores between rock pastiale crushed as water is
removed; it may be very difficult or impossible testore their water holding

capacity.

Another major consequence of groundwater depleapart from subsidence,

sinkhole and groundwater mining (when rechargess kthan withdrawal) is salt-

water intrusion. This is the process whereby satewinfiltrates or intrude into

fresh water aquifers used for domestic and agucalltpurposes, as a result of the
over use of freshwater reservoirs. This problenm@e predominant in coastal
areas.

3.3.2 Groundwater Pollution

Groundwater pollution refers to the degradatiogriundwater quality. In defining
pollution, we generally look at the intended usetled water, how far it departs
from the norm, its effects on public health, orat®logical impacts. From a public
health or ecological view, a pollutant is any bgtal physical or chemical
substance that in identifiable excess is known éohbrmful to other desirable
living organisms. Water pollutants include excessamounts of heavy metals,
certain radioactive isotopes, faecal coliform baatgphosphorus, nitrogen, sodium,
and other useful (even necessary) element, asaveelitain pathogenic bacteria and
viruses. In some instance a material may be coreside pollutant to a particular
segment of the population although not harmful leep segment. For example,
excessive sodium as a salt is not generally harrbfutl it is to some people who
must restrict salt intake for medical reasons.

Pollutants can infiltrate into the groundwater rgses from industrial waste

injection wells, septic tank outflows, seepagesfittazardous waste disposal sites,
industrial toxic-waste dumps, residues of agricaltupesticides, herbicides,
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fertilizers, and residential and urban wastes lidadfin fact, all segment of our
society (urban, rural, industrial, agricultural,damilitary) may contribute to the
problem of groundwater pollution.

Another source of groundwater contamination in taasvells is saltwater
intrusion. Since fresh water is less dense thanveater, coastal aquifers can be
underlain by a layer of salt water from the oce&lhen the aquifer is depleted, the
level of saltwater rises and eventually reacheswék from below, rendering the
well unusable.

It should also be noted that the pollution of scefavater might also affect the
quality of groundwater because they are inextricalohkked. However, when

surface water is polluted, it is much easier tgtilout the pollution when compared
to groundwater because, surface water flows rapidyn the other hand,

groundwater flows sluggishly hence, once contamuhatemain polluted virtually

forever.

3.4 Global Groundwater Distribution

Water is widely distributed on earth as freshwated salt water in the oceans.
Unfortunately, about 97 per cent of global watelinisthe saline oceans of the
world, while only about three per cent represenesHwater. The ice caps and
glaciers holds about 68.7 per cent of the totaldviveshwater, while surface water
accounts for 0.3 per cent, and groundwater accdantsbout 30.1 per cent. As a
result, the bulk of the water on earth is regardedsaline or salt water, with an
average salinity of 3.5 per cent, roughly equivalen35 grams of salts in one
kilogramme of seawater, though this varies sliglatcording to the amount of
runoff received from surrounding land.

Even though the amount of total groundwater is allspercentage (1.7 per cent) of
all the earth’s water, it represents a large peeggnof total available freshwater on
earth. Table 1.1 shows that about 5,614,000 culigsrtmf) or 23,400,000 cubic
kilometers (kn), of groundwater exist on earth. Of this amoubipwt 3,088,000
mi® (12,870,000 krf) representing 54 per cent is saline, while ab&upédr cent;
representing 2,526,000 1{iL0,530,000 k) is freshwater.

Water in aquifers below the oceans is generallnsalvhile the water below the
land surfaces (where freshwater, which fell as iprtion, infiltrates into the
ground) is generally freshwater. There is howewestable transition zone that
separates saline water and freshwater below thendro
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Table 6.2: Global Groundwater Distribution

Water Water Water volume in| Percent of| Percent of total

source volume, in| cubic kilometers total water freshwater
cubic miles

Fresh 2,526,000 10,530,000 0.8% 30.1%

groundwater

Groundwater| 5,614,000 23,400,000 1.7% -

Total global|l 332,500,000 1,386,000,000 - -

water

Source: Gleick, P.H. (1996): Water Resources. In Encyclopexf Climate and
Weather by Schneider, S.H., Oxford University Pré&sw York, Vol.2, pp 817-
823

The earth’s largest known aquifer is the High Rauifer, which lies beneath the
American High Plans, eight state 450,000-km? afe@® southern part of South
Dakota to Texas. Precipitation over the regionasafrom 30cm in the southwest to
60cm in the northeast. For several hundred thouganads, the aquifer’'s sand and
gravel were charged with melt waters from retrepglaciers.

This highly rich aquifer has however suffered sameeline due to heavy mining
for irrigation, especially after the World War IWyith the introduction of the
Central-Pivot irrigation devices. During the pasefdecades, the water table in the
aquifer has dropped more than 30m (100ft), andutiinout the 1980s, it averaged a
two-m (six-ft) drop each year. The United Statesol@gical Survey (USGS)
estimates that recovery of the High Plains aq(tfesse portions that have not been
crushed or subsided) would take at least 1000 yéagreundwater mining should
stopped today.

SELF-ASSESSMENT EXERCISE

Account for the formation of groundwater resoura@es] state how the problem of
groundwater can be effectively managed.

4.0 CONCLUSION

Groundwater is a rich source of fresh water supptydomestic, agricultural and
industrial uses. However, there are some militapngblems in its management,
which include pollution and depletion of the watiale. If the problem of overuse
and pollution are controlled, groundwater will done to be a reliable source of
fresh water supply.
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5.0 SUMMARY

In this unit, you have learnt that:

. groundwater can be defined as water below the sarface

o groundwater is the largest potential source oftfineger in the hydrological
cycle

. groundwater is fed by surplus water, which peredalownward from the
zone of capillary water as gravitational water

o water table depletion and contamination are somth@fmajor challenges

affecting the use of groundwater resources.
6.0 TUTOR-MARKED ASSIGNMENT

I The two major sources of water supply on eartha  and water.

. ___isarock layer that is permeable to grouatbr flow in useable amounts.

iii. A sinking of the land in response to the rerabwef water from underlying
sediment is called

iv. A body of rock that does not conduct water salble amounts is called
what?
(a) aquifers (b) cone of depression (c) aquielud  (d) gravel

V. Which of the following is a problem of groundwaimanagement?
(a) salt water intrusion (b) pollution (c) watabte depletion (d) all of the
above

Vi. Pollution can enter groundwater through whic¢hhe following sources.
(a) industrial waste (b) injection wells (c) haibies (d) all of the above
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1.0 INTRODUCTION

As earlier noted, surface water resources are btteedwo major sources of water
supply on earth. It is also a major component eftilgdrological cycle. This unit
will focus on the definition of surface water, olgd and stream flows, and
surface water pollution. It will also base on tragthe flow paths of surplus water
that runs off the land surface and ultimately rescthe sea. Here, the concern
would primarily be on rivers and streams. In gehesage, “river”’ is seen as large
watercourses while “stream” as smaller ones. Howdhe word “stream” is also
used as a scientific term designating the channiéed of surface water of any
amount.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define surface water
) distinguish between overland flow and stream flow
) identify the various forms of surface water polbuti

3.0 MAIN CONTENT
3.1 Definition of Surface Water

Surface water is water in a river, lake or stre@uarface water is naturally
replenished by precipitation and naturally lostotigh discharge to the oceans,
evaporation and unrecovered infiltration. Surfagewr can be withdrawn from the
stream, lakes and reservoirs for human activitigisanly part of the total annual
runoff is available for use. Some of it flows intee sea too rapidly to be captured
and some are left in the stream for wildlife. Altlgh the only natural input to any
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surface water system is precipitation within itstevahed, the total quantity of
water in that system at any given time is also ddpat on many other factors
namely landscape, temporal variation, geographiatofa and human activities.
Hence, surface water is non-uniformly distributedrathe earth surface.

3.2 Overland Flow and Stream Flow

Runoff that flows down the slopes of the land ioduily distributed sheets is
overland flow. Overland flow can be distinguisheanfi stream flow, in which the
water occupies a narrow channel confined by latesiaks. Overland flow can take
several forms. Where the soil or rock surface ioaim the flow may be a
continuous thin film, called sheet flow. Where treund is rough or pitted, flow
may take the form of a series of tiny rivulets cecimg one water-filled hollow
with another. On a grass-covered slope, overlaowl i sub-divided into countless
tiny threads of water, passing around the stemenBr a heavy and prolonged
rain, overland flow formation might not be noticed a sloping lawn. On heavily
forested slopes, overland flow may pass entirehcealed beneath a thick mass of
decaying leaves.

Overland flow eventually contributes to a strearhiaol is a much deeper and more
concentrated form of runoff. A stream can be defias a long, narrow body of
flowing water occupying a trench-like depressioncleannel, and moving to lower
levels under the force of gravity. The channel ofteeam is a narrow trough,
shaped by the forces of flowing water, which enleanthe channel capacity to
handle the volume of water and sediment supplig¢decstream.

As a stream flows under the influence of gravihg twater encounters resistance —
a form of friction — with the channel walls. As esult, water close to the bed and
banks moves slowly, while water in the central pdrthe flow moves faster. If the
channel is straight and symmetrical, the single lof maximum velocity shifts
toward the bank on the outside of the curve.

Streams may be classified as influent or effluémtan effluent stream, flow is

maintained during the dry season by groundwatepagge into the stream channel
from the subsurface. An influent stream is entirabove the groundwater table,
and flows only on direct response to precipitatidrater from an influent stream
seeps down into the subsurface.
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3.3 Surface Water Pollution

Surface pollution water occurs when too much ofasn@ble or harmful substance
flows into a body of water exceeding the naturalitgbof that water body to
remove the undesirable material, dilute it to anflass concentration, or convert it
to a harmless form.

Water pollutants, like pollutants in general argegarised as emitted from point or
nonpoint sources. Point sources are distinct andirex, such as pipes from
industrial or municipal sites that empty into strsaor rivers. Non-point sources,
such as runoff, are diffused and intermitted areliafluenced by factors such as
land-use, climate, hydrology, topography, nativgetation, and geology. Common
urban nonpoint sources include urban runoff froneess or fields; such runoff
contains all sorts of pollutants, from heavy metaischemicals and sediments.
Rural sources of non-point pollution are generalBsociated with agriculture,
mining, or forestry. Non-point sources are difficidl monitor and control.

From an environmental viewpoint, two approachedeal with water pollution are
to reduce the source or treat the water in ordeerwove or convert the pollutant to
a harmless form. Whichever of the options used,eddp on the specific
circumstances of the pollution problem. Howevedueion at the source is the
most environmentally preferable way of dealing vatilutants.

3.4 Global Surface Water Distribution

The distribution of renewable river water across #arth’s surface is uneven as
revealed shown in Table 7.1.

Table 7.1: Global Distribution of River Water by ContinentlRegion

Continent or Region Renewable River Percent of World
Water (km?) Total

Sub-Saharan Africa 4000 9.20

Middle East and North Africal 140 0.32

Europe 2,900 6.70

Asia (excluding Middle East)] 13,300 30.6

Australia 440 1.01

Oceania 6,500 14.9

North America 7,800 17.9

South America 12,000 27.6

Source: (http://en.wikipedia.org/wiki/water distribution dfarth, 2012)

Even within these regions, there can be huge vamgtFor example, as much as a
guarter of Australia’s limited renewable fresh waseipply is found in almost
uninhabited Cape York Peninsula. Also, contineht& have high renewable river
water equally have areas that are extremely shosater such as Texas in North
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America, whose renewable water supply totals onBkn? in an area of
695,622km, or South Africa, with only 44kfrin 1,221,037krh.

Precipitation that does not evaporate or infiltrate the ground runs off over the
surface, drawn by the force of gravity back towdlst sea. According to

Cunningham and Cunningham (2010), rivulets accutaeula form streams, and
streams join to form rivers. Although the total ambof water contained at any
one time in rivers and streams is small comparatddamther water reservoirs of the
world, these surface waters are very importantumdns and most other biotic
organisms. The major source of replenishment dasarwater is precipitation.

The size of a river is measured in terms of itslksge, the amount of water that
passes a fixed point in a given amount of timesThiusually expressed as litres or
cubic feet of water per second. The 16 largestsiue the world carry nearly half
of all surface runoff on earth. The Amazon is bytfee largest river in the world
carrying roughly 10 times the volume of the Misgips Several Amazonian
tributaries such as the Maderia, Rio Negro, andyllcavould be among the
world’s top rivers in their own right. Table 7.2csts the major rivers of the world.

Table 7. 2: Major Rivers of the World

River Countries in River Basin Average Annual
Discharge at (nf/sec)

Amazon Brazil, Peru 175,000

Orinoco Venezuela, Colombia 45,300

Congo Congo 39,300

Yangtze Tibet, China 28,000

Bramaputra Tibet, India, Bangladesh 19,000

Mississippi United States 18,400

Mekong China, Burma Thailand, 1ap%8,300

Cambodia Vietnam

Parana Paraguay, Argentina 18,000

Yenisey Russia 17,200

Lena Russia 16,000

1m’= 264 gallons
Source:World Resources Institute

SELF-ASSESSMENT EXERCISE

What are the major limitations to the optimal uswface water resources?

4.0 CONCLUSION

From the above discussions, it is evident thateserfvater constitutes an important

source of water supply for our everyday usage. Hewelue to the peculiar nature
of surface water, it is easily abused leading ttugon. The pollution problem has
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created a great burden for those who use this safrgvater supply. To enhance
the quality of surface water supply, it has to beated to remove the harmful
substances in it.

5.0

SUMMARY

In this unit, you have learnt:

Vi.

7.0

surface water is one of the major sources of watgmply; it is also an
important component of the hydrological cycle

surface water is water in a river, lake or frestevaetland

overland flow is runoff that flows down the slopekthe land in broadly
distributed sheets; while stream flow is when thetexr occupies a narrow
channel confined by lateral banks

surface water pollution occurs when the water ¢uadidegraded

two of the approaches to dealing with water padlitiare — reduce the
source or treat the water to remove or convertpiblutant to a harmless
form.

TUTOR-MARKED ASSIGNMENT

Water in a river, lake or fresh water wetlandadled
The only natural input to any surface watertegs within its watershed is

When water occupies a narrow channel confinmd lateral banks it is
called

Surface water is naturally lost through whidhtee following

(a) discharge to the ocean (b) evaporationuricgcovered infiltration

(d) all of the above

Which of the following reasons accounts for tioa-uniform distribution of
surface water over the earth surface?

(a) climatic factors (b) human activities (c) allthe above

(d) none of the above

Which of the following is not a non-point soerof pollution of surface
water?

(@) pipes from industrial sites that empty intcers

(b)  urban runoff from streets

(c)  agricultural runoff

(d)  runoff from fields
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1.0 INTRODUCTION

Having been introduced to the concept of the hydyiol cycle in module one, unit
four, this unit will focus on the drainage basiteTdrainage basin is fundamental
to the understanding of the hydrologic cycle beeaaach drainage basin acts as an
individual hydrological system, receiving quantifi@a inputs of precipitations,
which are transformed into flows and storages amal output of evaporation and
runoff. As a result, the drainage basin is the mo@mtmonly used unit for
modelling hydrological processes, for water balasitelies, for chemical budgets
and for examining human impacts on hydrologicateays. Hence, this unit will
focus on the definition, features and patternsraindge basin.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o define drainage basin
. discuss the features of a drainage basin
) discuss the various patterns in a drainage basin.

3.0 MAIN CONTENT
3.1 Definition of Drainage Basin

A drainage basin is the topographic region fromaha stream receives runoff,
through flow and groundwater flow. According to {agher (2011) drainage basin
is defined as an area of the earth’s surface oedulpy a surface stream or other
water body together with all of the tributary strea surface, and subsurface water
flows. Having defined a drainage basin, let us ararnts basic features.
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3.2 Features of Drainage Basin

A drainage basin consists of a branched networgtrglam channels and adjacent
slopes that feed the channels. It is bounded bsamabe divide, which mark the
boundary between slopes that contribute water ti@rdnt streams or drainage
systems. According to Pidwimy (2006) drainage msire separated from each
other by topographic barriers called watershed. dtenshed represents all of the
stream tributaries that flow to some location altimg stream channel. The number,
size and shape of the drainage basins found inrea aary with the scale of
examination. It should be noted that drainage Isaaia arbitrarily defined based on
the topographic information available on a map. Toeality of this information
decreases as map scale becomes smaller.

Large-scale features of a drainage basin includesike, shape, and relief of the
basin. Small-scale features include measurementshafnel length and slope,
storage capacity and drainage density of the streztmork within the basin. Each
of these geomorphic properties can be used to caniyassins.

In addition, drainage basins are open systems.tdnfm these systems include
precipitation, snowmelt, and sediment. Drainageinsadose water through
evaporation, and sediment through deposition, drehm flow. A number of
factors influence input, output, and transport efisyent and water in a drainage
basin. Such factor includes topography, soil tygrock, climate, and vegetation
cover. These factors also influence the naturé®pittern of stream channels.

In a typical stream network within a drainage basich tributary receives runoff
from a small area of land surface surrounding ttenoel. This runoff is carried
downstream and merged with runoff from other srtrébutaries as they join the
main stream. The drainage system thus providesnaecging mechanism that
funnels overland flow into streams and smallerastrg into larger ones.

Thus, drainage basins are important to understgnitii@ characteristics of stream
habitats. The boundaries of a drainage basin ad tes explain biogeographical
distributions of fish species. Basin features afac#or in predicting flood patterns,
estimating sediment yield, and predicting water ilaldity and quality. The
downstream transfer of water, sediment, nutrieasl organic material influence
the characteristics of stream habitat. It is theefimportant to understand the
geologic, hydrologic, morphologic, and vegetatietting of a stream in its basin.
In addition, understanding drainage basin attribatiels habitat investigators when
interpreting field data.

3.3 Drainage Basin Patterns
As earlier stated above, factors such as topograpby types, bedrock type,
climate, and vegetation cover influence input, attpnd transport of sediment and

water in a drainage basin. These factors alsoanfia the nature of the pattern of
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stream channels. Consequently, five common drainaajéerns can easily be
identified. They include trellised, rectangular,rgkel, dendritic and deranged.
Figure 8.1 shows the common drainage patterns.

Fig.8.1: The Common Drainage Patterns
Source: Pidwimy, M. (2006) “The Drainage Basin Concept.”nBamentals of
Physical Geography

Trellised Drainage Pattern: It tends to develop where there is strong struttura
control upon streams because of geology. In sutlatgins, channels align
themselves parallel to structures in the bedrodk wiinor tributaries coming in at
right angles.

Rectangular Drainage Pattern: This occurs in areas with tectonic faults or
bedrock joints causing a stream to take on a greldr rectangular pattern.

Parallel Drainage Pattern: They are often found in areas with steep relief or
where flow is over non-cohesive materials.

Dendritic Drainage Pattern: They are typical of adjusted systems on erodable
sediments and uniformly dipping bedrock.

Deranged Drainage Pattern:lt is found in areas recently disturbed by eveikis |
glacial activities or volcanic deposition. Over émthe stream will adjust the
topography of such regions by transporting sedin@minprove flow and channel
pattern.

3.4 Hydrograph Analysis

A hydrograph is a graph of stage or discharge wetsue. It is the simplest
graphical form of representing stream flow datahvitne. Hydrographs are usually
represented in units of time and the ordinate mi#hyee be discharge or gauge
height. Usually, discharge is expressed in cumealsi¢ metre per second) and the
time in hours, days or weeks. The curves obtaimeckaown as discharge or stage
hydrograph, depending on whether it is discharggaoige height respectively.
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According to Gupta and Gupta (2008), a hydrogragy mmave a single peak
multiple peaks dependiron the nature of the storm and catchineharacteristics
The hydrograph shows the -off pattern from a catchment due to a storn
represents the characteristics of flow of a stremmd indicates the graphic
representation of the variation in discharge areanm a chronological ordeA
hydrograph is an extremely useful tool for the raation of yield and maximut
discharge.

The analysis of a hydrograph involves the separabiothe various componer
contributing to stream flow with respect to theiusces. The combined effects
al these components form the total flow at the letitof the drainage basin. Fc
components can be identified on a stream flow. Tinelude direct precipitatio
falling on the surface of the stream; surface rfjngtib surface flow an
groundwater flow.

In plotting a hydrograph, many different methode arsed depending on t
purpose of the chart. For example, monthly and ahmean or total flow is used
display the record of past runoff at a station. Tharacteristics of a particul
flood, however, cannot usually be shown successfully by pigtaverage flow fo
periods longer than a day. For detailed analyssghadrge hydrographs are plott
by computing instantaneous flow values from theewatage recorder chart. T
scales used determirtbe visual shape of the hydrograph, and in anyiquear
study it is good practice to use the same scalalfdloods on a given bas.

Gupta and Gupta (2008) identified three segmenéstypical hydrograph resultir
from an isolated period of rainfall. The segmemsrasing limb, crest segment a
falling limb or recession limb as shownfigure 8.2.
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Fig.8.2: A Diagrammatical Representation of a Typical Hydeqn
Source: Gupta & GuptaZ00¢). Water Resources Systems and Manage
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Rising Limb

Stream discharge before a storm is mainly due aargiwater flow known as base
flow as indicated by curve OA (see figure 1.4).r&ases in surface flow as a result
of a storm discharge also lead to an increaser@ast flow. The peak discharge
usually occurs after the occurrence of the stormuastace runoff takes some time
to reach the gauging point. The time lag betweersthrt of rising of the discharge
point A and the peak is called Basin lag, whiched&s on both the storm and
catchment characteristics. The Rising Limb AB hasedl-defined point of rise,
from which the discharge increases rapidly. Poins Bhe end of the rising limb,
where the curvatures of the discharge curve changes highest point D on the
rising limb of a hydrograph is called peak pointcaise of discharge hydrograph
and crest in the case of stage hydrograph.

Crest Segment

On the other side of the rising limb is anotheteaation point ‘E’. Inflection point

is the point at which the curvature of the limbtbé hydrograph changes. The
segment of the hydrograph between point B anddalied the crest segment. The
crest segment is an important part of a hydrographt contains the maximum
discharge, which is required for various hydroladistudies. The discharge occurs
when different parts of the catchment contributeximam amount of runoff
simultaneously at the gauging station of the basin.

Recession Limb

Recession limb starts from the point of inflectidnon the falling side of the
hydrograph. It is commonly assumed as the pointiroe at which the surface
inflow to the stream due to surface runoff ceagdter this point of inflection E,
the recession represents the withdrawal of waten fithe storage within the basin.
The point of inflection E represents the conditioh maximum storage, which
depletes gradually after cessation of the surfaoeff. The shape of the recession
curve entirely depends upon the characteristithetatchment and is independent
of the storm characteristics.

SELF-ASSESSMENT EXERCISE

Attempt a sketch of the five major drainage patteand account for the influencing
factors.

3.5 Human Impact with the Drainage System

The several activities of man impact significantg the drainage system. For
example, the overuse of water courses result istidraeduction of water flow

through rivers into natural stores. A good exangblthis is the situation in the Aral

Sea basin where over extraction for irrigation tessilted in the cessation of inflow
from contributing rivers. Diversion of water forigation purposes modifies natural
hydrological processes and irrigated land often ligh rates of evaporation and
evapotranspiration.
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In addition, changing the land use of river baafs has marked effects on the
transfer of water as evaporation and flow charaties are altered. This is

especially evident in urbanised areas where iafitn and evapotranspiration is
greatly reduced. Furthermore, urbanisation leadadeased flood risks and large
surface flows.

Another significant human impact with the drainaystem is pollution. Several

kinds of pollutants such as metals, acidifying $amses, solid matters among
others are usually leached into rivers as a coresemu of land use and point
loading within a drainage basin. These substanaesecmany kinds of changes in
the aquatic environment and also in the speciesiliton and abundance of
aquatic organisms. It also diminishes the recreatiovalue of affected river.

Agricultural activities and road construction worksrease sediment load to a river
channel. The load transported along the river celacan modify the floor bed and
attrition channel shape in the process of corroaimhattribution.

4.0 CONCLUSION
The discussions on the drainage basin have fustygrorted the idea that drainage
basin is the most commonly used unit for modellnyglrological processes. The

understanding of the drainage basin concept wiltrdfore, foster a better
understanding of the hydrologic cycle and the psees involved in it.

5.0 SUMMARY

In this unit, you have learnt that:

) a drainage basin is the topographic region fromciwra stream receives
runoff, through flow, and groundwater flow
) drainage basin acts as an individual hydrologicgstesn, receiving

guantifiable inputs of precipitations, which aransformed into flows and
storages and into output of evaporation and runoff

) a drainage basin is bounded by a drainage divikechnmark the boundary
between slopes that contribute water to differéneiasns or drainage systems

. a drainage basin is an open system, with an inpptezipitation, snowmelt
and sediment, and output of evaporation, depos#i@hstream flow
. there are five major drainage patterns — trellisemttangular, parallel,

dendritic and deranged.

6.0 TUTOR-MARKED ASSIGNMENT

I A represents all of stream tribesathat flow to some
location along the stream channel.
. A drainage pattern is often foumdreas with steep relief or

where flow is over non-cohesive materials.
iii.  Which of the following is not an input procesa drainage basin?
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(a) deposition (b) precipitation (c) snow melt (d) sediment
iv. ~ Which of the following is not a factor influeimg input, output, and

transport of sediment and water in a drainagenbasi

(a) topography (b) solil colour (c) climate (dgetation
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1.0 INTRODUCTION

In our discussions on surface and groundwater ressuprecipitation was mention
as the primary input vector of the hydrologic cydtereplenishes both surface and
groundwater sources. The major forms of precigtatare rain, snow and hail.
Precipitation is derived from atmospheric wates; iorm and quantity are thus
being influenced by the action of other climaticttas. Such factors include wind,
temperature, and atmospheric pressure. In this wrishall attempt a definition of
precipitation, its formation, types and measurement

1.0 OBJECTIVES
At the end of this unit, you should be able to:

. define precipitation
) discuss the formation of precipitation
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. describe the types of precipitation
. describe the measurement of precipitation.

3.0 MAIN CONTENT
3.1 What isPrecipitation?

Precipitation can be defined as water falling itidsor liquid form, for example
rain, snow and hail. Precipitation is the procdsat tprovides the fresh water
essential for most forms of terrestrial life. Clsuare the source of precipitation;
however, evaporation and condensation processeleadziving forces.

3.2 Formation of Precipitation

Two ways can be identified in the formation of pp&ation. In warm clouds, fine
water droplets condense, collide, and coalescelanger droplets that can fall as
rain. In colder clouds, ice crystals form and giava cloud containing a mixture of
both ice crystals and water droplets. The firstcpss occurs when saturated air
rises rapidly, and cooling brings about more cosdé&an. Cloud droplets grow by
added condensation and attain a diameter of 5@@onfn. In collisions with one
another, the droplets grow to about 500um in diaméfhis is the size of water
droplets in drizzle. Further collisions and coadss®e increase drop size and vyield
rain. Average raindrops have diameters of abou016@®000um, but can reach a
maximum diameter of about 7000um. Above this valudecome unstable and
breaks into smaller drops while falling. This typkeprecipitation occurs in warm
clouds typical of the equatorial and tropical zones

In cold clouds, a second process produces snove, ldkEruds contain a mixture of
ice crystals and super cooled water droplets. Asitle crystals take up water
vapour and grow by deposition, the super coolecmditoplets lose water vapour
by evaporation and shrink. When an ice crystaliaded with a droplet of super
cooled water, it induces freezing of the dropleg trystals grow further, taking on
shapes such as plates, columns, or needles. Umalinc conditions, the ice
crystals take the form of dendrites — delicatecstme with six-sided symmetry.

When the underlying air layer is below freezingpwrreaches the ground as a solid
form of precipitation. Otherwise, it melts and aes as rain. A reverse process, the
fall of raindrops through a cold air layer resuttghe freezing of rain and produces
pellets or gains of ice, which are commonly refét@as sleet in North America.

3.3 Typesof Precipitation
Precipitation is often classified according to thetor mainly responsible for the

lifting of the air mass. Accordingly, three majgpés of precipitation are identified
namely cyclonic, convectional and orographic priéaijon
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3.3.1 Cyclonic Precipitation

Cyclonic precipitation results from the lifting air converging into a low-pressure-
area, or cyclone. Cyclonic precipitation may béeitfrontal or nonfrontal. Frontal
precipitation results from the lifting of warm an one side of a frontal surface
over, cold denser air on the other side. Warm-fmetcipitation is formed when
warm air advances upward over a colder air mass.rate of ascent is relatively
slow, since the average slope of the frontal serfaaisually betweelt;qo and*/5q0
Precipitation may extend 300 to 500km ahead ofstivéace front and is generally
light to moderate and nearly continues until passaf the front. Cold front
precipitation, on the other hand, is of showeryuratand is formed when warm air
is forced upward by an advancing mass of coldtlagr|leading edge of which is the
surface cold front. Cold fronts move faster thanrmwdronts, and the frontal
surfaces, with slopes usually averagitg to /15, is steeper. Consequently, the
warm air is forced upward more rapidly than by werm front, and precipitation
rates generally much higher. Heaviest amounts amehsities occur near the
surface front.

3.3.2 Convectional Precipitation

Convectional precipitation is caused by the natusihg of warmer, lighter air in
colder, denser surrounding. Generally, this kindpeoécipitation occurs in the
tropics, where on a hot day, the ground surface lgeated unequally, causing the
warmer air to lift up as the colder air comes tketats place. The vertical air
currents develop tremendous velocities. Convectipnecipitation occurs in the
form of showers of high intensity and of short dima

3.3.3 Orographic Precipitation

Orographic precipitation is caused by air masseBiclw strike some natural
topographic barriers like mountains, and cannot enfmrward and hence rise up,
causing condensation and precipitation. All thecimiéation we have in Himalayan
region is because of this nature. It is rich in shaie because of their long travel
over oceans. At this point, it should be noted ihabature, the effects of these
various types of cooling discussed above are oitégrrelated. Therefore, the
resulting precipitation in most cases cannot batitled as being of any one type.
Figure 1.1 a-d shows the four basic types of atimesp lifting and precipitation.
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R ' T Warm i
Fig. 1.1: The Four Basic Types of Atmospheric Lifting andddpéation:
(a) Convective (b) Orographic (c) Frontal (d) Come
Sour ce: Mcknight, T.L (1996). Physical Geography. A Landse®ppreciatio

3.4 Measurement of Precipitation

A variety of instruments and techniques have beeweldped for gatherin
information on precipitation. Instruments for measg amount and intensityf
precipitation are the most important. All formsprécipitation are measured on -
basis of the vertical depth of water that wouldwewualate in a level surface if tl
precipitation remained where it fell. In the metsigstem precipitation is measu
in millimeters and tenths.

Precipitation is measured with a rain gauge. Itseia of a collecting jar, a funn
and a container, which is dug in the ground, willor8 of the instrument appeari
above the ground. Rain gauge is usually sited ispmplace, where there are
trees or tall buildings to obstruct the incoming@pitation. The diameter of t
funnel is normally 13cm. The water that collectsthe jar is then poured into
measurement cylinder from where the amount of pretion tha has fallen is rea
off. Figure 1.2 shows diagrammatic representatiomin gauge:
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Fig. 1.2: Diagrammatic Representation of Rain Gat
Source: Smithson, et al.(2002). Fundamentals of PhysicalrBnmen

SELF-ASSESSMENT EXERCISE

Identify thethree major types of precipitation and state theades of formatiol

40 CONCLUSION

Precipitation is an important process of the hyalya cycle. It helps to replenis
both surface and groundwater sources. It also h&psustain the availab
freshwatermool on earth. Having gone through this unit, ybowdd appreciate th
various dynamic processes that take place for wedeive precipitation on plan
Earth. In addition, you should be well acquaintethwihe types of precipitatio
and mode of its easuremer

50 SUMMARY

In this unit, you have learnt th

) precipitation can be defined as water falling ifidsor liquid form e.g. rain
snow, and hall

. the formation of precipitation involves three bagimcesses lifting an
cooling of air mass, condsation and droplet formation

) there are three types of precipitat— cyclonic, convectional and orograp

) rain gauge is an instrument used in measuring futaton.

51



ESM 423 HYDROLOGY AND WATER RESOURCES

6.0

7.0

TUTOR-MARKED ASSIGNMENT

The instrument used in measuring rainfall is

The type of precipitation caused by air massdsch strike some  natural
topographic barriers like mountain, is called

Which of the following is not a type of predigtion?

(a) snow (b) cyclonic (c) convectional (d) araghic

The formation of precipitation that involves ethnatural rising of
warmer, lighter air in colder, denser surroundsigalled what

(a) orographic (b) conventional (c) cyclonic) f@ne of the above

What type of precipitation is mainly associavéth the tropics?

(a) cyclonic (b) orographic (c) conventional ) &l of the above
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1.0 INTRODUCTION

Humidity is another subset of the hydrological eychnd its knowledge is
important to the study of hydrology. Humidity isno@rned with the vapor state
(gas) of water in the atmosphere. Thus, this urlit facus on the definition of
humidity, types of humidity, and its measurement.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define humidity

distinguish between specific and relative humidity

state and describe the instruments used in megdouimidity
calculate relative humidity.

3.0 MAIN CONTENT
3.1 What isHumidity?

Humidity refers to the amount of water vapour pn¢se the air, which varies
widely from place to place and time to time. Itgas from almost nothing in the
cold, dry air of arctic regions in winter to as rhuas four or five per cent of given
volume of air in the warm wet regions near the égua

Understanding humidity and how the moisture contérdir is measured involves
an important principle, which states that the maxmquantity of moisture that can
be held at any time in the air is dependent ontesmperature. Warm air can hold
more water vapour than cold air. For example, ailoam temperature (2G) can
hold about three times as much water vapour ag &ieezing point (IT).
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3.2 Specific Humidity

Specific humidity is the actual quantity of watepour held by a parcel of air. This
measure is important because it describes how mwatér vapour is available for
precipitation. Specific humidity is stated as thassiof water vapour contained in a
given mass of air and is expressed as grams ofr wagur per kilogram of air
(g/kg). Specific humidity is often used to descrihe moisture characteristics of a
large mass of air. For example, extremely coldairyover arctic regions in winter
may have a specific humidity as low as 0.2g/kg.cémparison, the extremely
warm, moist air of equatorial regions often holdsmuch as 18g/kg. The total
natural range on a worldwide basis is very widefdaot, the largest values of
specific humidity observed are from 100 to 200 8ras great as the smallest.

Specific humidity is a yardstick for a basic natuesource — water. It is a measure
of the quantity of water in the atmosphere that banextracted as precipitation.

Cold moist air can supply only a small quantityaih or snow, but warm, moist air

is capable of supplying large amounts.

Another way of describing the water vapour contehtair is by its dew-point
temperature. If air is slowly chilled, it eventyaWill reach saturation. At this
temperature, the air holds the maximum amount éémeapour possible. If further
cooling continues, condensation will begin and del form. The temperature at
which saturation occurs is therefore known as #&-goint temperature. Moist air
will have a higher dew-point temperature than daier

3.3 Redative Humidity

Relative humidity is a ratio (expressed as a pdaggr) of the amount of water
vapour that is actually in the air compared to rieeximum water vapour possible
in the air at a given temperature. Warmer air iases the evaporation rate from
water surfaces, whereas cooler air tends to inertas condensation rate of water
vapour to water surfaces. Because there is a maxiamaount of water vapour that
can exist in a volume of air at a given temperattite rates of evaporation and
condensation can reach equilibrium at some pold; dir is then saturated with
humidity. Relative humidity varies with evaporatiaondensation; or temperature
changes, which affect both the moisture in the(thie numerator) and the water
vapour (the denominator) in the air. The formula @alculating the relative
humidity ratio and expressing it as a percentaggiatitatively expressed as:

Relative Humidity = Actual water vapour in the ali
X 100
Maximum water vapour possible in the air at thatgerature

As earlier stated, air is saturated when the rétevaporation and the rate of
condensation reach equilibrium — that is 100 pet cglative humidity. In saturated
air, the net transfer of water molecules betweemasture surface and the air

54



ESM 423 MODULE 1

reaches equilibrium. Saturation indicates that famgher addition of water vapour
or any decrease in temperature that reduces thmratson rate will result in active
condensation (clouds, fog, or precipitation). Retahumidity therefore indicates
the nearness of air to a saturated condition andnwdictive condensation will
begin.

The temperature at which a given mass of air besasaturated is the dew-point
temperature. In other words, air is saturated wihendew-point temperature and
the air temperature are the same. When temperatueelselow freezing, the term
frost point is sometimes used. A cold drink in asgl provides a common example
of these conditions. The water droplets that formtbe outside of the glass
condense from the air because the air layer nettig@lass is chilled to below its
dew-point temperature and thus is saturated.

During a typical day, air temperature and relatnenidity relate inversely — as
temperature rises, relative humidity falls. Relatiumidity is highest at dawn,
when air temperature is lowest. For example, whems are parked outside dew
condenses on the car overnight. Relative humiditipwest in the late afternoon,
when higher temperatures increase the rate of exapo.

3.4 Measurement of Humidity

Relative humidity is measured with various instratse The hair hygrometer is
based on the fact that human hair changes as nadbua per cent in length
between 0 per cent and 100 per cent relative htynifihe instrument connects a
standardised bundle of human hair through a meshaio a gauge. As the hair
absorbs or loses water in the air, its changengtleindicates relative humidity.

Another instrument used to measure relative hugnidiaa sling pyschrometer. This
device has two thermometers mounted side by siderastal holder. One is called
the dry-bulb thermometer; it simply records the @mb (surrounding) air
temperature. The other thermometer is called thebwid thermometer, because it
IS moist. The psychrometer is then spun by its legrafter a minute or two, the
temperature of each bulb is compared on a relativeidity (psychrometric) chart,
from which relative humidity can be determined. Thate at which water
evaporates from the wick depends on the relatiigai@on of the surrounding air.
If the air is dry, water evaporates quickly, absaglthe latent heat of evaporation
from the wet bulb thermometer, causing the tempesato drop (wet-bulb
depression). In an area of high humidity, much \ester evaporates from the wick,
resulting in a smaller temperature difference betwihe two thermometers. Figure
2.1 shows instruments for measuring relative humidi
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iotaling drum and graph - Bundled strands of human
laper an which relative hair are held tightly
humidity readings are . between two brackets

ked needle

(@)

Fig. 2.1: Instruments for Measurin Relative Hm|d|y: ()iygromfer

traced

Mechanism lo sense
tension from hair strands

(b) Sling Psychrometer
Sour ce: Christopherson R.W. (2007). Elemental Geosys

SELF-ASSESSMENT EXERCISE

4.0

Based on your understanding of the concepts ofigatatton and humidity
do you think there is any relationship between lwathicepts
What is the difference between spechumidity and relative humidity

CONCLUSION

Having gone through this unit, you should by nowwsdl informed of the clos
relationship that exists between humidity and poiégiion — a significant
component of the hydrologic cycle. Humidity is aasere of the quantity of wat
in the atmospherdnat can be extracted as precipitation. In othedaothe amour
of precipitation received in a given area is degenndo a very large extent on t
moisture characteristics of the air me

5.0

SUMMARY

In this unit, you have learnt th

56

humidity referdo the amount of water vapour present il

warm air holds much more water vapour than col

the dewpoint temperature of a mass of air is the tempezaat which
saturation will occur. The more water vapour in #ie the higher is th
dew-point tenperatur

relative humidity depends on both the water vapoantent and th
temperature of air. It compares the amount of watd by air to the
maximum amount that can be held at that temper.
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6.0 TUTOR-MARKED ASSIGNMENT
I The amount of water vapour present in the air lieda

. The maximum quantity of moisture that can be heldrg time in the air is
dependent on
iii. The actual amount of water vapour held by a patalr is called
Iv. ~ Which of the following is an instrument used in @ang relative
humidity?
(a) sling psychrometer (b) hair hygrometer (c) B& (d) none of the above
V. At what percentage is relative humidity said tcshturated.

(@) 0% (b) 50% (c) 100% (d) 200%
Vi. What factor influences the variation of relativenhidity?
(a) evaporation (b) temperature (c)aand b néae of the above
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1.0 INTRODUCTION

Interception is another important concept in thelgtof hydrology. On our study

of precipitation in module two, we did not expatiain the intervening process that
prevents precipitation from getting to the grou@ae of the intervening processes
is interception. This unit will attempt a definitioof interception; analyse the

factors affecting interception and measurementigirception.

20 OBJECTIVES

At the end of this unit, you should be able to:

o define interception
) state the factors affecting interception
) describe the measurement of interception.

3.0 MAINCONTENT

3.1 Déefinition of Interception

The temporary storage and prevention of precipitafrom reaching the ground
surface by natural and artificial objects is calletérception. Ward, et al. (2000)
defined interception as that segment of the grossitation input, which wet and
adheres to above ground objects until it is retdirte the atmosphere through
evaporation.

When precipitation falls on a vegetated surfacéy arpart may actually reach the
ground beneath. Depending upon the nature andtgesfsihe vegetation cover, a
proportion of the rain may be intercepted by trevés and stems of the vegetation
canopy and temporarily stored on its surfaces. Somall of this water may be
evaporated back into the atmosphere, and so takaman the land-bound portion
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of the hydrological cycle; this is termed the iotgtion loss. The remaining water,
which reaches the ground, constitutes the netathinfhe bulk of this comprises
throughfall consisting of raindrops that fall thgbuspaces in the vegetation canopy
and water which drips from wet leaves, twigs arenst to the ground surface. It
should be noted that a generally much smaller ataoiuwater trickles along twigs
and branches to run down the main stem or trutkdaground as stemflow.

Interception process is important because it cdp teereduce runoff and erosion
problems. Secondly, the net rainfall beneath a tatigen canopy is generally less
than the gross rainfall falling onto the top of tregetation canopy. In some cases
the interception loss may be quite large and cas laasignificant impact on the
water balance.

3.2 FactorsAffecting Interception

Several factors affect the magnitude of interceptiSome of these factors are
vegetation type and density, wind system, duradioth nature of rain.

Vegetation

Very dense vegetation cover is known to interceptenwater than a sparse one. In
addition, the general canopy density affects tie aad magnitude of interception.
Also, the dryness and wetness of the vegetatioeng important. Dry vegetation
has higher interception storage — the ability efvkgetation surfaces to collect and
retain falling precipitation, than wet vegetatidm@cause of the differences in their
surface tension.

Wind

The wind system and the duration of the rain alectinterception. The winds

affect the rate of water lost through evaporatidpart from creating turbulence

within the whole system, the duration is importaaetause the longer the period of
rainfall, the more water that is likely to be irdepted. The nature of the rainfall is
also important because the ability of the vegetatim intercept water is higher

during low intensity rainfall than during storms.

3.3 Measurement of I nterception

The most common method of measuring intercepti@s Ig) in the field is to
compute the difference between the precipitatiaovalihe vegetation layer (P) and
the net precipitation below the vegetation canammprising the throughfall (T)
and stemflow (S), thus:

I=P-T-S ----- (2)

Due to the difficulties of installing equipment wrdeath a vegetation canopy, this
method has been used more for forest vegetation tha lower-order covers.
Throughfall may be measured using funnel or trogghges placed beneath the
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forest canopy, and stemflow may be collected byllsqudters sealed around the
circumference of the truck leading into a container

SELF-ASSESSMENT EXERCISE

Of what importance is interception? Can you accdonthe factors that influence
the rate of interception?

40 CONCLUSION

The journey of precipitation from the clouds to tieund is not a straight one as
has been highlighted from the above discussiong.d®at is intercepted by both
natural and artificial objects. Hence, the net tthist reaches the ground surface is
less than the gross rainfall, which has implicati@n surface runoff and water
balance.

50 SUMMARY

In this unit, you have learnt:

. the temporary storage and prevention of precipitafirom reaching the
ground surface by natural and artificial objectsaled interception

o interception accounts for the variation betweengtass rainfall and the net
rainfall that reaches the ground

o factors that influence the magnitude of intercapiioclude vegetation type

and density, wind system, duration and natureiof ra
6.0 TUTOR-MARKED ASSIGNMENT

I The process that prevents precipitation from ggttinthe ground by natural
and artificial objects is called

. The major natural objects of mterceptlon are

iii. The ability of the vegetation surface to collectl aetain falllng precipitation

is called
Iv. Which of the following factors do not affect inteption?
(a) soll profile (b) wind system (c) durationrain
(d) vegetation density
V. Interception lost can be represented by which effttiowing equations:
(@) I=P-T+S (b) I=P-T-S (c) I1=P+T+S (d) I=P&T-

Vi. Which of the following options is true of intercept?
(a) vegetation intercept more during high storm
(b) vegetation intercept more during low intensity faih
(c) vegetation interception does not very at all
(d) all of the above.
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1.0 INTRODUCTION

In the preceding unit, we learnt that not all ppéeition gets to the ground surface
due to the process of interception. In this un#,ave going to examine infiltration,
one of the processes that precipitation, which gethe ground surface undergo.
Here, we shall attempt a definition of infiltratioexamine the factors that influence
infiltration and measurement of infiltration.

20 OBJECTIVES

At the end of this unit, you should be able to:

. define infiltration
. list and discuss the factors that influence irdifon
. discuss the commonly used methods in measuringy ation.

3.0 MAINCONTENT
3.1 Definition of Infiltration

Infiltration is the process by which precipitationoves downward through the
surface of the earth and replenishes soil moistueeharges aquifers, and
ultimately supports streamflows during dry perioddong with interception,

depression storage, and storm period evaporati@gtermines the availability, if
any, of the precipitation input for generating daed flows. Furthermore,
infiltration rates influence the timing of overlarftbw inputs to channelised
systems. Accordingly, infiltration is an importactmponent of any hydrological
model.
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3.2 Factorsinfluencing Infiltration

The rate at which infiltration occurs is influencbyg several factors such as the
type and extent of vegetal cover, the conditiorthef surface crust, temperature,
rainfall intensity, and physical properties of 8@l. Infiltration rates vary from one
soil type to another. In very loose soil, suchawdy soils, the rate of infiltration is
usually very high and lowest in clay soils becaut®y soils have very tiny
particles, which make them compact. The pores ara@ler in size and number
when compared with sandy soils. Soils act as a kindiant sponge containing
passages and caverns of various sizes. The t@e¢ gvailable for water and air in
the soil is called porosity. Infiltration is a furen of porosity. The passage of water
from soll surface to stream banks or water condgctocks (aquifers) takes place
in a very tortuous way through small diameter pgssaSo, it is not surprising that
water movement within the soil is slow.

Most soils are on sloping lands and thus soil watevement takes place towards
the slope base in a process called the throughflbm.vertical movement of water
in the soil is however called percolation. The @egof which is related to porosity
of the soil.

The rate at which water is transmitted throughsingace layer is highly dependent
on the condition of the surface. For example, islwaf fine material may seal the
surface so that infiltration rates are low even wh& underlying soils are highly
permeable. After water crosses the surface intejfats rate of downward
movement is controlled by the transmission charesttes of the underlying soil
profile. The volume of storage available below grdus also a factor affecting
infiltration rates.

3.3 Measurement of Infiltration

Hydrograph analyses and infiltrometer are somé&efcommonly used methods for
determining infiltration capacity. Hydrograph is gaaph, which represents the
changes in the level of water with time. Estimatds infiltration based on

hydrograph analyses have the advantage over amfitters of relating more
directly to prevailing conditions of precipitati@md field. However, it is not better
than the precision with which rainfall and runoffeameasured. Of special
importance in such studies is the areal variabdftyainfall.

Infiltrometers are usually classified as rainfalhsilators or flooding devices. In
the former, artificial rainfall is simulated overtast plot and the infiltration is
calculated from observations of rainfall and runaffith consideration given to
depression storage and surface detention. Floadfiljometers are usually rings
or tubes inserted in the ground. Water is appligd maintained at a constant level
and observations are made of the rate of replemshnmequired. It should be noted
that several other methods for measuring infilkirathave been developed and are
currently in use. Figure 4.1 shows types of irtittreters.
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(@)

.....

YYVYYYVYVY . (b)

Fig. 4.1: Types of Infiltrometers: (a) Concentric Ring Infdmeter (b) Tub
Infiltrometer
Source: Gupta & Gupta. (2008) .Water Resources Systemdvamhgemen

SELF-ASSESSMENT EXERCISE

If you agree that infiltration is the downward mawent of water through tr
surface of the earth, then state the factors tifedtehe rate f infiltration.

40 CONCLUSION
From the above discussions, it has been reveabddthie study of infiltration i
very vital in hydrologic studies. Its importancendaze found in the determination

soil moisture, aquifer recharge, and support teasi flow during dry season. |
addition, it can be use to determine runoff andiert

5.0 SUMMARY

In this unit, you have learnt th

o infiltration is the process by which precipitatiomves downward throuc
the surface of the ea

) some of the factorthat influence infiltration are physical propertiesthe
soil, vegetal cover, rainfall intensity, and natoféhe surface cru

. infiltration capacity is commonly measured with thel of hydrograpl

analyses and infiltrometer studi
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6.0 TUTOR-MARKED ASSIGNMENT

I The process by which precipitation moves downwhrdugh the surface of
the earth is called
. The total space available for water and air ingiéis called
1 Which of the following options is incorrect aboaofiltration?
(a) it replenishes soil moisture (b) it affedts tate of interception
(c) it recharges aquifers  (d) it supports stréiam.
\2 The rate of infiltration is highest in which of thalowing soil types
(a) clay soil (b) loamy soil (c) sandy soil (ne of the above
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1.0 INTRODUCTION

In the preceding unit, we discussed the procesg#itifation-downward movement
of water from the surface. In this unit, we arengpio examine soil moisture,
which is a direct consequence of infiltration preseThe discussion will centre on

the definition and importance of soil moisture,ttas affecting soil moisture, and
measurement of soil moisture.

20 OBJECTIVES

At the end of this unit, you should be able to:

. define soil moisture and state its importance
) identify soil properties affecting soil moisture
) describe the measurement process of soil moisture.

3.0 MAINCONTENT

3.1 Definition and Importance of Soil Moisture

Soil moisture or soil water as it is referred to Same quarters, is normally
considered to include both the water containedhe goil profile itself and the
subsurface water in the unsaturated subsoil |ayetween the soil profile and the
water table. Thus defined, soil moisture includéstl@e water in the zone of
aeration, which may extend tens or even hundredsieifes below the ground
surface. However, the ability of the shallow soibfde proper to absorb and retain
moisture is generally of great hydrological impade.

Water in the soil is a critical resource neededptant growth. The amount of water
available at any given time is determined by théwater balance, which includes
the gain, loss, and storage of soil water. Watét imestorage in the soil water zone
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Is increased by recharge during precipitation batreéased by use through
evapotranspiration. Surplus water is disposed ofitmgynward percolation to the
ground water zone or by overland flow.

Soil moisture storage is a “savings account” ofewvdhat can receive deposits and
allow withdrawals as conditions change in the watdance. Soil moisture storage
refers to the amount of water that is stored in dbik and is accessible to plant
roots. Moisture retained in the soil comprises wlasses of water, only one of
which is accessible to plants. The inaccessiblsscis hydroscopic water, the thin
molecular layer that is tightly bound to each glticle by the natural hydrogen
bonding of water molecules. Such water exists eweirthe desert but is not
available to meet moisture demands. Soil is salgetat the wilting point when all
that is left in the soil is unextractable wateg fflant wilt and eventually die after a
prolonged period of such moisture stress. The swisture that is generally
accessible to plant roots is capillary water, helthe soil by surface tension and
hydrogen bonding between the water and the soilstMmpillary water that
remains in the soil is available water in soil-ntais storage and is removable to
meet moisture demands through the action of ptastsrand surface evaporation.

After water drains from the larger pore spaces,atailable water remaining for
plants is termed field capacity, or soil-storagpamaty. Generally, maintaining soil
moisture close of field capacity is essential tanplgrowing success. When soil
becomes saturated after rainfall or snowmelt, ssméwater surplus becomes
gravitational water. This excess water percolatasmivard under the influence of
gravity from the shallower capillary zone to theeder groundwater zone.

Plant roots exert a tensional force on soil moestorabsorb it. As water transpires
through the leaves, a pressure gradient is edtablishroughout the plant, thus
“pulling” water into plant roots. When soil moiseuiis at field capacity, plants
obtain water with less effort. As the soil water rsduced by soil-moisture
utilisation, the plants must exert greater effartextract the same amount of
moisture. As a result, even though a small amotiatater may remain in the soill,
plants may be unable to exert enough pressurelizeut. The unsatisfied demand
is a deficit. Rainwater, snowmelt, and irrigatiorater provide soil moisture
recharge.

3.2 FactorsInfluencing Soil Moisture

The main forces responsible for holding water ia soil are those of capillarity,
absorption and osmosis. Capillary forces resulnfsurface tension at the interface
between the solil air and soil water. Moleculeshia liquid are attracted more to
each other than to the water vapour moleculesdraih resulting in a tendency for
the liquid surface to contract. If the pressure wasactly the same on either side,
then the air-water interface would be flat, butsstge differences result in a curved
interface, the pressure being greater on the imo@cave side by an amount that is
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related to the degree of curvature. At the intexfiscthe soil pore space, the air will
be at atmospheric pressure, but the water may &doater pressure.

In addition to capillary forces, soil water liquod vapour can be absorbed upon the
surfaces of soil particles mainly due to electrostimrces in which the polar water
molecules are attracted to the charge faces ofdhds. Since the forces involved
are only effective very close to the solid surfamaly very thin films of water can
be held in this way. Nevertheless, if the totalfate area of the particles (that is,
the specific surface) is larger, and/or the chaq@reunit area is large, then the total
amount of water absorbed in a volume of soil magdiesiderable.

A third force, which acts to retain water in thel,seesults from osmotic pressure
due to solutes in the soil water. Osmotic presssirenportant when there is a
difference in solute concentration across a perfeeaembrane. This may be at a
plant root surface, making water less availablplémts, especially in saline soils,
or across a diffusion barrier such as an air-fijede, by allowing the movement of
water vapour, but not the solute, across the pama the more dilute to the more
concentrated solution.

The amount of water that can be held in a givenmwe! of soil and the rate of water
movement through that soil depend on both the textat is, the size distribution

of the mineral particles of the soil, and upon $lod structure, the aggregation of
these particles. Water may occupy both inter strattvoids and textural voids

(between the particles). At high moisture conteméder flow through the former

may be dominant, but becomes rapidly less impodarthe soil becomes drier. In
general, the coarser the particles, the larger bélithe intervening voids and the
easier it will for water movement to take placeushsandy soils tend to be more
freely draining and permeable than clay soils, Whéze both slower to absorb
water and slower to drain water.

3.3 Measurement of Soil Moisture

Soil moisture measurements are made in a varietyagé but the principal method

employed is the gravimetric method. In that proceda soil sample is weighed
and placed in a container of known weight. The Wef the wet soil sample is

thus known. The soil sample is sealed in its coetaand taken to a laboratory
where it is removed and over dried at 4D5until all the water evaporates. The
sample is then weighed again, and the loss in wesgbquated to the weight, and
thus the amount of soil moisture that the field genctontained.

A number of other methods for determining soil mae include radiological,
electric resistance, remote sensing amongst others.

SELF-ASSESSMENT EXERCISE

Make a case for the study of soil moisture in hiaiyg.
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40 CONCLUSION

Soil moisture is a critical resource for plant gtbws has been established from the
above discussions. However, of more importanceaisillary water, which is
generally accessible to plant roots. The knowleafgsoil moisture is therefore vital
in planning for an effective and efficient irrigati system aimed at improving
agricultural productivity.

5.0 SUMMARY

In this unit, you have learnt that:

. soil moisture includes all the water in the zoneaefation, which may
extend tens or even hundreds of metres below thengrsurface

) soil moisture is critical for plant growth, and tivater accessible to plant is
called capillary water

o the main forces responsible for holding soil maistiare capillarity,
adsorption and osmosis

. one of the most popular ways for measuring soilstioe is gravimetric
method.

6.0 TUTOR-MARKED ASSIGNMENT

I Soil moisture that is accessible to plant rootsaited
. Water held in storage in the soil water zone isaased by recharge during

iii. Sl moisture that is inaccessible to planbt®is called

(a) absorption (b) osmosis (c) capillary ) lgdroscopic
Iv. Soil moisture is much more relevant to whicltlo# following

(a) agriculture (b) stream flow (c) minin@d) none of the above
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1.0 INTRODUCTION

This unit focuses on that phase of the hydrologiclec in which precipitation

reaching the earth’s surface is returned to theogpimere as vapour. Of the
precipitation falling earthward, a portion evapesbefore reaching the ground.
The discussions shall however centre on the defitst of evaporation and
evapotranspiration, which include transpiratiornpbgnts and evaporation from soil,
lakes and streams, among others. Furthermore, #otor§ controlling the

evaporation process and its measurement will addaidghlighted.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

) differentiate between evaporation and transpiration
o identify the factors affecting the evaporation mss

3.0 MAINCONTENT
3.1 Evaporation and Evapotranspiration Definition

Evaporation can be defined as the process by whathd is converted into
gaseous state. It involves the net movement oViddal water molecules from the
surface of the earth into the atmosphere, a progessrring wherever there is a
vapour pressure gradient from the surface to the Tde rate of evaporation
depends on the balance between the vaporizatiowabér molecules into the
atmosphere and the condensation rate from the ptraos. However, when the air
reaches saturation (100 per cent relative humicitynet evaporation takes place.
Wind is therefore required to remove the layeriohaar the surface, which would
otherwise become saturated and stop net evaparation
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Transpiration is a related process involving wies from plants. It occurs mainly
by day when small pores called stomata, on leaféseoplants open up under the
influence of sunlight. They expose the moisturgha leaves to the atmosphere
and, if the vapour pressure of the air is less thahon the leaf cells, the water is
transpired. As a result of this transpiration, tbaf becomes dry and a moisture
gradient is set up between the leaf and the baleegblant. Moisture is drawn up
through the plant and from the solil into the roots.

In reality, it is often difficult to distinguish bh@een evaporation and transpiration.
Wherever vegetation is present, both processestoee operating together, so the
two are normally combined to give the compositenteavapotranspiration. This
process is governed mainly by atmospheric conditi@mergy is needed to power
the process, and wind is necessary to mix the watdecules with the air and
transport them away from the surface.

In addition, the state of the surface plays an i@ role since evaporation can
continue only as long as there is a vapour preggagient between the ground and
the air. Thus, as the soil dries out the rate @lpetranspiration declines. Lack of
moisture at the surface often acts as a limitirafoiaon the process.

Hence, moisture being the limiting factor, evapasgration process can either be
potential or actual in an environment. Potentiahpoitranspiration (PE) is a
measure of the ability of the atmosphere to remwser from the surface,

assuming no limitation of water supply. Actual ew@pnspiration (AE) is the

amount of water that is actually removed. Excepengtthe surface is continuously
moist, AE is usually lower than PE.

3.2 Factors Controlling the Evaporation Process

Rates of evaporation vary, depending on meteorcébdactors and the nature of
evaporating surface. If natural evaporation is @dwas an energy-exchange
process, it can be demonstrated that radiatiory ilabthe most important single
factor and that the term solar evaporation is ladlgiapplicable. On the other hand,
theory and wind-tunnel experiments have shown ttiatrate of evaporation from
water of specific temperature is proportional tmavepeed and is highly dependent
on the vapour pressure of the overlying air. Iseese, it can be concluded that
water temperature is not independent of wind spaed vapour pressure. If
radiation exchange and all other meteorologicainelg#s were to remain constant
over a shallow lake for an appreciable time, theewdaemperature and the
evaporation rate would become constant. If the vgipeled then suddenly doubled,
the evaporation rate would also double momentarTiifis increased rate of
evaporation would immediately begin to extract leah the water at a more rapid
rate than what could be replaced by radiation anddaction. The water
temperature would approach a new, lower equilibrivalue, and evaporation
would diminish accordingly.
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The nature of evaporating surface is another ingmorfactor in the evaporation

process. All surfaces exposed to precipitationhsag vegetation, buildings and
paved streets are potentially evaporation surfatiles.rate of evaporation from a
saturated soil surface is approximately the saméhaisfrom an adjacent water
surface of the same temperature; as the soil begindsy, evaporation decreases
and its temperature rises to maintain the enerdgnba. Eventually, evaporation

virtually ceases, since there is no effective maidma for transporting water from

appreciable depths. Thus, the rate of evaporatiom fsoil surfaces is limited by

the availability of water, or evaporation opportyni

Evaporation from snow and ice constitute a spgu@blem since the melting point
lies within the range of temperatures normally egreed. Evaporation can occur
only when the vapour pressure of the air is leas that of the snow surface that is
only when the dew point is lower than temperatdréhe snow. It should be noted
that only foreign material, which tends to seal thater surface or change its
vapour pressure or albedo would affect the evajoorat

3.3 Measurement of Evaporation and Evapotranspiration

Evaporation pans have been widely used for estimathe amount of evaporation
from free water surfaces. The device, depictediguré 6.1 is easy to use, but
relating measurements taken from it to actual fddditions is difficult and the
data it produces is often of questionable value Mf@aking a real estimates. A
variety of pan types have been developed but te Weather Bureau Class A pan
is the standard in the United States. Pan evaparatiservations have been used to
estimate both free water (lake) evaporation andp@vanspiration from well-
watered vegetation. Interestingly enough, field eekpents have shown a high
degree of correlation of pan data with evapotraaspn from surrounding
vegetation when there is full cover and good waapply. As in the case of
precipitation gauges, pan data can be continuoesigrded and transmitted to a
central receiving station.

Source: Smithson, et al. (2002). Fundamental of the Play&avironment
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Evapotranspiration measurements are often condugsaty lysimeters. These
devices are containers placed in the field anddillvith soil, on which some type
of vegetation growth is maintained. The object @ dtudy soil-water-plant
relationships in a natural environment. The maatdee of a weighing lysimeter is
a block of undisturbed soil, usually weighing abb0ttons, encased in a steel shell
that is 10x10x8ft. The lysimeter is buried so thially a plastic border marks the top
of the underground scale sensitive enough to reeveth the movement of rabbit
over its surface. The soil is weighed at intervaftgen every 30 minutes around the
clock, to measure changes in soil water level. 3¢aes are set to counterbalance
most of the dead weight of the soil and measurg @ active change in weight of
water in the soil. The weight loss from the soliltie lysimeter represents water
used by the vegetative cover, plus any soil evdjporaAdded water is also
weighed and thus an accounting of water contentbeakept. Crops or cover are
planted in the area surrounding the lysimeter taviple uniformity of conditions
surrounding the instrument. Continuous records hat $et weighing intervals
provide almost continuous monitoring of conditiofi$ie data obtained can be
transmitted to any desired location for analysigl/an other use. Weighing
lysimeters can produce accurate values of evapEynation over short periods of
time, but they are expensive. Non-weighing typedysimeters, which are less
costly, have also been used, but unless the sagtane content can be measured
reliably by some independent method, the data étairom them cannot be relied
upon except for long-term measurements such asketprecipitation events.

SELF-ASSESSMENT EXERCISE

Evaporation has been identified as one of the mgiforces of the hydrologic cycle,
in your opinion, what are the major controllingdes of the evaporation process.

40 CONCLUSION

The above discussions revealed that evaporatiazepsas mainly dependent on an
energy source (sun) and wind-which is necessamngixothe water molecules with

the air and transport them away from the surfaceth®it evaporation, the

hydrologic cycle processes will be incomplete, wghrious implications on

precipitation, which would have adverse effects ppants, animals and human
lives.

50 SUMMARY
In this unit, you have learnt that:

) evaporation is the process by which a liquid isvested into a gaseous
state; while transpiration involves water lost frgutants. The combine
process is called evapotranspiration

o rates of evaporation vary, depending on meteoro&giactors and the
nature of the evaporating surface
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Vi.

7.0

evaporation pans and lysimeters are the commomumsnts used in
measuring evaporation and evapotranpiration resdget

TUTOR-MARKED ASSIGNMENT

The process by which precipitation reaching théhésasurface is returned to
the atmosphere as vapour is called
At what percentage is air said to be saturated

The process of water lost by plants through thmata is called
Evapotranspiration involves the combined precest which of the
following.

(a) evaporation and respiration  (b) evaporatiwh Rrecipitation

(c) evaporation and transpiration (d) none ofaheve

The rate of evaporation is mainly dependent batviactor.

(a) hydrological (b) meteorological (c) geolaiqd) biological

A measure of the ability of the atmosphere #émove water from the
surface assuming no limitation of water supplgaied

(a) potential evapotranspiration (b) actualp®ieanspiration

(c) equal evapotranspiration (d) a and b only.
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1.0 INTRODUCTION

Two of the major pathways of precipitation receivenl the earth’s surface are
infiltration and evaporation, as was discussedh@ preceding units. The third
major pathway is runoff, which shall be the foc@ishis unit. The discussions shall
centre on sub-topics such as definition of rungfiick flow and delayed flow,

sources and components of runoff.

20 OBJECTIVES

At the end of this unit, you should be able to:

) define runoff
) distinguish between quick flow and delayed flow
o identify sources and components of runoff.

3.0 MAINCONTENT
3.1 Definition of Runoff

Runoff or stream flow comprises gravitation moveteh water in channels,
varying in size from those containing the smalléistefined trickles to those
containing the largest rivers such as the AmazotherCongo. Runoff, which is
synonymous to stream flow, stream or river discbamy catchments yield can
simply be referred to as the movement of water dverearth’s surface. It detailed
the movement of water from one place to the otimethe earth’s surface. The unit
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area over the earth’s surface, which has been faonoe most convenient for
monitoring water flow, is the river basin — the bhdary of a river system.

Generally, water within the basin is separated m&mious components. The
components are channel flow, which is common iersvand streams, and surface
runoff, which is mostly experience on land aftenrdt could be in form of sheet
flow or channel flow. Runoff is important in hydogjical study since it's the main
cause of major environmental problems being expeeen the landscape such as
erosion and flooding.

3.2 Quick Flow and Delayed Flow

The immediacy of stream flow response to a rairgaént indicates that part of the
rainfall takes a rapid route to the stream chanfibk is quick flow); equally, the

subsequent continuity of flow through often-proledgiry weather period indicates
that another part of the rainfall takes a much slovoute as delayed flow. These
two flow components are apparent in rivers of aks. However, in large river

systems the multiplicity of flow contributions tbe main channel from numerous
tributary streams complicates interpretation of lttyelrograph response of major
rivers to precipitation. It is estimated that glityp@n average of 36 per cent of the
total precipitation falling on the land areas resxlthe oceans as runoff. Of this
amount, quick flow accounts for about 11 per cert delayed flow accounts for

the remaining 25 per cent of precipitation.

3.3  Sourcesand Components of Runoff

The variable response of stream flow to precimtatboth spatially and temporally
reflects the contrasting flow paths of precipitatimwards the stream channels.
Precipitation may arrive in the stream channel byumber of flow paths namely
direct precipitation onto the water surface, ovadlflow, shallow subsurface flow
(throughflow); and deep subsurface flow (groundwatldw). The relative
importance of these sources of runoff may varyiajpat depending on drainage
basin characteristics such as soil type, naturedemdity of the vegetation cover,
and precipitation conditions. In addition, the impoce of individual runoff
sources may vary with time, for example over aqeeof years or season, and may
change dramatically during an individual storm equence of rainfall events, in
response to variations of infiltration capacity,t@ratable levels and surface water
area.

3.3.1 Channe Precipitation

The contribution of precipitation falling directlgn water surfaces is normally
small because the perennial channel system occaplgs small proportion (one-
two per cent) of the area of most catchments. Ha@amel system is more extensive
where catchments contain a large area of lakes wamps and in these
circumstances; channel precipitation will tend te & more dominant runoff
component. In addition, channel precipitation wiilcrease significantly during a
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prolonged storm or sequence of precipitation eveass the channel network
expands, and may temporarily account for 60 pet oemqmore of total runoff in
some small catchments.

3.3.2 Overland Flow

Overland flow comprises the water that flows oveoumpd surface to stream
channels either as quasi-laminar sheet flow or nuistally, as flow anastomising
in small trickles and minor rivulets. One causewérland flow is the inability of

water to infiltrate the surface as a result of ghhintensity of rainfall and/or a low

value of infiltration capacity. Ideal conditionseafound on moderate to steep
slopes in arid and semi-arid areas. Here, vegetaiover may be sparse or non-
existent, exposing the surface to raindrop impant arusting processes. Other
conditions in which overland flow assumes considieramportance involve the

hydrophobic nature of some very dry soils, the t@eleus effects of many

agricultural practices on infiltration capacity,cafieezing of the ground surface. In
humid area, vegetation cover is thicker and motestsuntial and because of the
high infiltration rate, which characterises mostge®tion — covered surfaces;
overland flow is rarely observed, even in tropi@ahforest.

However, there are many areas, both humid and sabel) where the effects of

topography or the nature of the soil profile fdaiie the rise of shallow water tables
to the ground surface during rainfall or throughflevents. In such conditions, the
infiltration capacity at the ground surface falts zero and saturation overland
flows.

3.3.3 Through Flow

Water that infiltrates the soil surface and thervewolaterally through the upper
soil horizon towards the stream channels, eithewumsaturated flow or, more
usually, as shallow perched saturated flow aboeentain groundwater level is
known as throughflow. Alternative terms found ire thterature include interflow,
subsurface stormflow, storm seepage and secondasgflow. Throughflow is
liable to occur when the lateral hydraulic conduityi of the surface soil horizons
greatly exceeds the overall vertical hydraulic aatvity through the solil profile.
During prolonged or heavy rainfall on a hill slompegter enters the upper part of the
profile more rapidly than it can drain verticallarough the lower part, thus
accumulating
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and forming a perched saturated layer, from whiakewwill ‘escape’ laterally, i.¢
in the direction of geater hydraulic conductivit

3.3.4 Groundwater Flow

Most of the rainfall that infiltrates the catchmesurface eventually percole
through the soil layer to the underlying groundwatene and eventually reach 1
mainstream channels as baseflovrough the zone of saturation. Since wate
depth can move only very slowly through the grouhe, outflow of groundwate
into the stream channels may lag behind the occceref precipitation by sever
days, weeks or even years. Groundwater flow 1to be very regular, representi
as it does the outflow from the slowly changingeresir of moisture in the soil ar
rock layers. In general, baseflow represents thia toac-term component of tot:
runoff and is particularly important during dry #is when surface runoff is abse
Figure 7.1 shows the diagrammatic representatigheofunoff proces
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Figure7.1: Biagrammatic Representatidn of the Runoff Prc
Sour ce: Ward,R.C. & Robinson M. (2000). Principles of Hydrolc

3.4 Runoff Measurement

Various methods are available for measuring rudefbending upon the speci
needs of the location. Each method has its ownachenistics that favour i
adoption under certain conditions of measurements linit its use under othe
setsof conditions. Any method selected should measumneff accurately for low
medium, and high rates of discharge. However, t-type flume device will b
examined.
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H-type Flumes

Presently, three types of flumes—HS, H, and HL—axailable for small-,

medium-, and high-discharge rates, respectivelgyTiave different specifications
to suit various ranges of water flow. The shapdluhe provides the following

distinct advantages that favour its use under tyaof flow conditions:

1. The increase of throat opening with the rise ofystéacilitates accurate
measurement of both low and high flow of water.

2. The converging section of flume makes it self-clegrbecause of increased
velocity. Consequently, the flume is suitable foeasuring flows having
sediment in suspension and low bed-loads.

3. It is simple to construct, rigid and stable in ggem, and requires minimal
maintenance for retaining its rating.
4. Its installation is simple and is generally noteafed by the steepness of the

channel gradient.

Flumes are basically designed for free flow coodgi and are therefore not
recommended for submerged-flow conditions. Free fbi@curs when downstream
flow of the measuring structure does not affectvfloonditions within and in the
upstream sections of the structure, that is, tiesaifficient fall near the outlet of
the structure. On the other hand, submerged flosurscwhen downstream flow
strongly influences flow condition within and atethupstream section of the
measuring structure. Flumes are also not recomnderfde flows carrying
excessive amounts of coarse bed-loads.

Figure 7.2 H-flume attached to a Stillig well and connectedat Drum-type
Recorder for measuring runoff (Pathak, P. et &81)

SELF-ASSESSMENT EXERCISE

Identify the various sources of runoff to a stredmannel.

40 CONCLUSION

The sources of runoff identified above include dlirgrecipitation, overland flow,

through flow and groundwater flow. These sourcesrmwever influenced by the
characteristics of the drainage basin such astgod, nature and density of the
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vegetation cover, and upon precipitation conditidnsareas where the soils are
compact or where the macro and micro pores of ¢tlidhas been sealed up due to
trampling, vehicular movement and other human digs; runoff generation is
usually high as a result of low infiltration. Thegplains why there is higher runoff
in urban centres than in rural areas.

50 SUMMARY

In this unit, you have learnt that:

. runoff comprises the gravitation movement of watechannel in varying
sizes

o quick flow involves rapid flow of precipitation tetream channel while
delayed flow involves a much slower flow

. the major sources of runoff include channel preatmn, overland flow,

through flow and groundwater flows. These souraesiafluenced by the
nature of the drainage basin characteristics, wimclude soil, precipitation
and plant cover.

6.0 TUTOR-MARKED ASSIGNMENT

I Precipitation that gets to the ground surface Wwdldhree major pathways,
which include evaporation, infiltration and
. The movement of water over the land surface idall
iii.  (3)  Which of the following is a source of rufi@
(a) overland flow  (b) groundwater flow (c) thghuflow
(d) all of the above
\Y2 Which of the following options is not true afmoff?
(@)  runoff is high when infiltration is high
(b)  runoff is low when infiltration is high
(c) runoff is affected by soil characteristics
(@)  runoff is high when infiltration is low
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1.0 INTRODUCTION

Flooding has been an environmental menace in mbsinucentres worldwide. In
well-planned urban centres however, the problemirsimised. Thus, flooding is
more pronounced in urban centres of developing ttmsdue to poor planning and
negative human activities. This unit will attemptl@finition of flooding, examine
the causes, impacts and control of flooding.

20 OBJECTIVES

At the end of this unit, you should be able to:

) define flooding
o list the causes of flooding
) examine the impacts of flooding and control measure

81



ESM 423 HYDROLOGY AND WATER RESOURCES

3.0 MAINCONTENT

3.1 What isFlooding?

Flooding is the inundation of land beyond the ndremnfines of a channel or
coastline, either by overflow of excess water sinfflux via shallow subsurface or
low-lying routes. Flooding can also be defined agpracess whereby a river
outflows its natural channel or the artificial chahconstructed for it.

Periodic floods occur on many rivers, forming arsunding region known as the
flood plain. A flood plain is a flat land area hassia river that regularly becomes
flooded when the river over flow its bank. Duritignes of rain or snow, some of
the water is retained in ponds or soil, some idiel by grass and vegetation,
some evaporates, and the rest travels over theaamairface runoff. Floods occur
when ponds, lakes, riverbeds, soil, and vegetat@mmnot absorb all the water.
Water then runs off the land in quantities thatnmanbe carried within stream
channels or retained in natural ponds, lakes, asamade reservoirs.

3.2 Causesof Flooding

There are several causes of flooding, prominentngstowhich are meteorological
factors, poor development planning and poor maariea. Flooding can however
be exacerbated by increased amounts of imperviatface or by other natural
hazards such as wildfires, which reduce the supplyegetation that can absorb
rainfall.

Most floods are the result of severe meteorologicatlimatologically conditions.
They may follow severe local thunderstorms or hesawfall on a saturated
landscape. Snowmelt, particularly when associatéd wrther rain, can cause
major flooding. Storm surges on the coast as dtrektropical cyclones can cause
even more damage when reaching delta where riveris édlood.

Flood may also occur as a result of individual sliees such as landslides or dam
bursts. Although these conditions may be importardjor floods are usually the

result of flood-intensifying conditions, which wers the original meteorological

problem. For example, the basin characteristics anyhe movement of rainwater

in unvegetated steep, impermeable slopes, varialikeide and a basin shape,
which focuses the tributaries on to a particulat pathe catchments. Floods often
occur where there is a sudden change in channdiegta causing decrease in flow
water velocity, which might perhaps spillover theofl banks.

Severe winds over water bodies can also resuliotwling, even when rainfall is
relatively light. For example, the shorelines dfda and bays can be flooded by
severe winds such as hurricanes. In addition, abastas are sometimes flooded
by unusually high tides such as spring tides, eaffgavhen steep compounded by
high winds and storm surges. Tsunamis have also lgemtified as a trigger for
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flooding. Tsunamis are high large waves, typicallysed by undersea earthquakes
or massive explosions such as the eruption of atersea volcano. A recent
example of a tsunami triggered flood happen in dapahe first quarter of 2011 as
a result of a massive earthquake, which claimedittes of over 10,000 people,
with property worth billions of US dollars destraye

Apart from meteorological factors, anthropogenicuntan) factors are also
important in determining the severity of floods.oP@evelopment planning and
maintenance are responsible for some of the flapdipisode, recorded in the
world over the years. In the urban areas of mostspaf the world, there are

reported cases of inappropriate developments iodflplains due to pressure on
available land. Inappropriate constructions of sar parks and buildings among
others thereby prevent rainfall from draining awaaturally. Such development
creates impervious surfaces but accumulates, megurtt increasing flood risk from

rainwater runoff. Furthermore, poor or insufficiedrinage networks, inadequate
maintenance of watercourses, faulty sewer netwoikidyre of dams, levees,

retention ponds, or other structures that retairteswyadue to poor design,

construction or maintenance also contribute to rapibgenic resultant flooding

activities.

3.3 Impactsof Flooding

Flooding has many impacts. It damages propertyemaidngers the lives of humans
and other species. Rapid water runoff causes gmslan and concomitant sediment
deposition elsewhere (such as further downstreadown a coast). The spawning
grounds for fish and other wildlife habitats carcdmme polluted or completely
destroyed. Some prolonged high floods can delaffidran areas, which lack
elevated roadways. Floods can interfere with dgenand economic use of lands
such as interfering with farming. Structural damage occur in bridge abutments,
bank lines, sewer lines, and other structures witHbodways. Waterway
navigation and hydroelectric power are often imgghirFinancial losses due to
floods are typically in millions of dollars eachaye Recent examples include the
Lagos and Ibadan floods of 2011, where lives apgnty worth millions of naira
where lost. Also, in August 1988, the volume of evah the reservoir of Bagauda
Dam in Nigeria, which has an operational capacitytveo million cubic litres,
actually reached 42 million cubic litres. This lemlits collapse, resulting in 146
deaths and property damaged estimated at 650 mili@ira. The impacts of
flooding will be discussed further under three loaub-heading — health,
economic and social impacts.

3.3.1 Health Impact

Specifically, health effects caused by a flood éveay result from the flood itself.
For example, the disruptions and problems arisnognftrying to recover from
losses and the worry or anxiety about the riskadd re-occurrence. The potential
health effects can be considered at three timegeri
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o Immediate: Death by drowning, injuries due to being knockederoty
flood water or struck by falling trees, over-exemti during the event,
hypothermia, electrocution, exposure to contamsaad the stress of the
event itself.

. Medium term: Gastrointestinal illnesses, cardiovascular diséasa over-
exertion during recovery/clean-up processes, ldosi® sprains/strains,
dermatitis, respiratory illnesses and carbon mar@gpioisoning.

o Longer term: Longer-term effects are mostly psychologicallyated.
Sewer flooding and the health issues associatdd ivis a key issue for
urban flooding, whereas concern is growing over éfiects of diffuse
pollution in rural flooding. In terms of density Gusparsely issues, because
of the close proximity of people to one another hwit the urban
environment, there are more chances of an outlwkakidemic, especially
if sewer flooding is involved.

3.3.2 Economic Impact

This includes the cost of damage done to a profmsriy flood, the cost of clean-up
(for example, cost of bailing water out of thedilled house), costs of living in
temporary accommodation, and possibly costs ahge#l house previously flooded
or a house in a defined flood plain. In rural are&ere there are few facilities, the
loss of services and shops could have a dispropatiely large economic impact
on small communities. There could also be a negatiwact in deprived urban
neighbourhoods where business confidence is \otakgeneration. If businesses
fail because of the impacts of flooding, this codédnage the perception of the area
as an attractive place for investment. An examplsuch area is the Makoko area
in Lagos.

3.3.3 Social Impact

Social impact of flood includes every other kindsdiscomfort, which is not
directly economic or health related. Social impaactay include household
disruption, community and neighbourhood changesl associated impacts of
evacuation homeless and temporary accommodatiofispn.

Household disruption includes the stress of clegnip the house, dealing with
builders, and dealing with living in a damp envimoent. These activities are rated
as something that is very stressful for a lot ajgde . In both rural and urban areas,
there is likely to be pressure on services to lagddeanup of the flooding. In urban
areas, if a large area has been flooded there malfficulties in finding workmen
to repair flood damage.

Impacts associated with evacuation and temporargramodation include both the
effects of having to leave home and those of hawintive away from home. In
urban areas, if there are large numbers of peophetrelocated will put pressure
on available services, and may mean that people bavive in cramped and
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overcrowded conditions, or have to move a distdnme their homes. Thus, for

people in both rural and urban centres, severécdifies will be experienced, if

relocated to areas, at distance from their homascifically, since it will be harder

to keep in touch with repairs being carried outtbair homes, and harder to
maintain normal routines due to greater travellthgtances and new routes to
schools, work and services.

3.4 Flood Control

Flood control refers to all methods used to reducgerevent the detrimental effects
of floodwaters. Some methods of flood control h&een practiced since ancient
times. These methods include afforestation to mezaira water, terracing hillsides
to slow flow downhill, and the construction of fldeays (man-made channels to
divert floodwater). Other techniques include thastouction of levees, dikes, dam
(reservoirs or retention ponds to hold extra wdtemng times of flooding).

Many dams and their associated reservoirs are rgiggholly or partially to aid in
flood protection and control. In many countriesers prone to floods are often
carefully managed. Defences such as levees, buegkvoirs, and weirs are used
to prevent rivers from overflowing their banks. Whehese defenses falil,
emergency measures such as sandbags or portdatabid tubes are used. A weir,
also known as low head dam, is most often usedeate millponds. For example,
on Humber River in Toronto, a weir was built neayRiore Drive to prevent a
recurrence of the flood damage caused by Hurriddaeael in 1954. Coastal
flooding has been addressed in Europe and Amerittacmastal defenses, such as
sea walls, beach nourishment, and barrier islands.

Other methods of flood control include the stoppafdurther developments of
flood plains, proper channelisation of drainage teys, discouraging
indiscriminate to disposal of waste (especiallybeibbags and cans), which are not
biodegradable and have the capacity to block dgaisgstems, leading to flooding.

SELF-ASSESSMENT EXERCISE

Flooding is a global environmental menace espeagialurban centres. In your own
opinion what are the causes, impacts and contfdleading?

40 CONCLUSION

Floods are the most common of all environmentadldse Each year, thousands of
people die as a result of flooding and millions aaffected by indirect
consequences, such as damage to crops, housingpdrg and so on. Most flood
problems are found on riverine flood plains, intateveloped and developing
countries, though the impact is often greater m lditer, where high populations
are to be found on extensive and often relativeltilé flood plains such as those of
Rivers Ganges and the Yangtse.
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Having gone through this unit, you should be weibrmed of the causes, impacts
and control measures of flooding. This knowledgeusth therefore, be transform to
positive actions in contributing to solving thedting menace in our environment.
5.0 SUMMARY

In this unit, you have learnt that:

. flooding is a process whereby a river outflows niegtural channel or the
artificial channel constructed for it

o the major causes of floods are meteorological imnatblogical conditions.
However, human activities tend to exacerbate feced

. flooding has noticeable impacts on health, econ@nit social well being of
the affected people

. flooding can be control by several coordinated mess which include

planting vegetation, construction of dams, levdesand avoidance of areas
prone to floods such as flood plains.

6.0 TUTOR-MARKED ASSIGNMENT

I The process by which a river outflows its nakurhannel or the artificial
channel constructed for it is called

. The area of land surrounding a river whose dl®amccur periodically is
called

ii.  The causes of flooding can broadly be classifinto natural and
factors

iv.  Which of the following conditions would favotiie process of flooding?
(a) light rainfall (b) heavy rainfall that is wehfiltrated (c) heavy rainfall
on vegetated surface (d) heavy rainfall on caecsarface

V. Which of the following statements is true of 8wial impact of flooding?
(a) cost and damage done to a property by a flood
(b)  inconveniences of relocating to a temporagoaamodation
(c)  psychological problems
(d)  exposure to contamination

Vi. One of the following is a measure for flood tr@h
(a) planting vegetation (b) building on floodpka
(c) deforestation (d) none of the above
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1.0 INTRODUCTION

In the preceding unit, the runoff process-which @ymmeans the movement of
water over the earth’s surface, was discussed.prbisess acting with other natural
agents such as wind and ice leads to erosion. Tiestign now is what is erosion?

What are the agents of erosion, and how can thalemoof erosion be controlled?
Answers to these questions will be the focus & timit.

20 OBJECTIVES

At end of this unit, you should be able to:

o define erosion
o list and discuss the agents of erosion
) state how the problem of erosion can be controlled.

88



ESM 423 MODULE 1

3.0 MAINCONTENT

3.1 Definition of Erosion

Erosion is the wearing away and removal of soil eouk fragments on the surface
of the earth by wind, water, ice, or other natwgénts. It is part of the process
known as gradation, which besides the wearing asfapcks to form sediments
also involves the transportation and eventual déposof the sediments. Working
together, the processes of erosion and depositwe ldone much to shape the
earth’s surface.

The New Encyclopedia Britannica (2007) defines ieroas the removal of surface
material from the earth’s crust, primarily soil amdck debris, and the

transportation of the eroded materials by natugégnaies from the point of

removal. Erosion will often occur after rock hasebedisintegrated or altered
through weathering. Weathered rock material wilr&@oved from its original site

and transported by natural agent such as wated, wiream, and so on. With both
processes often operating simultaneously, thewasgtto distinguish erosion from

weathering is by observing the transportation ofemals. Erosion is the part of a
geological cycle events that may be complementediogesses that originate
beneath the earth’s surface. For example, mounsaiges are first raised by great
crustal movements and are then slowly worn awathbyagents of erosion.

3.2 Agentsof Erosion

Rocks are continually being worn away and landsaggadually lowered as agents
of erosion attack the minerals of which the rocks made. The fragments thus
produced are carried elsewhere by wind, water,oicether transporting agents.
Most of the sediment is eventually deposited inao¢esettling at the bottom to
probably become the sedimentary rocks of the fujeogical structure. There are
five principal agents of erosion-running water, syirgroundwater, glacier and
marine.

3.2.1 Running Water

Any mass of water flowing over the land surfac&km®wn as running water. It

includes streams, rivers, and surface runoff (tds)e which occur after heavy
rainfall. Running water has both source and modihe source is where the
running water originates from (for example, a spria marsh, end of a glacier or
collected surface water during rainfall), while theuth is water it empty into

ends. For example, many streams or rivers have itin@iiths open into the sea (for
example, the River Niger), some have theirs openather rivers (for example, the
River Benue) while some end in an inland lake @ggample, River Hadeja). It

should be noted that the materials carried by nmnvater during the process of
erosion is called ‘load’.
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Factors Influencing the Action of Running Water

Streams have been recognised to cause more ertteanall other geological
agents. The ability of a stream to erode is gowkrbg several factors, which
include the following:

0] The power of the river, which principally depends s velocity and
volume. For example, an increase in water voluntestream flow velocity
greatly increases the rate of erosion and probdetgrmines the stream’s
sediment load at a given time.

(i)  The steepness of the slope. The steeper a slojegther the rate of running
water, which increases the erosive force of th@inmwater.

(i)  The nature of the rock is also an influencing factbrunning water. When
running water flows along an area with soft rodkes $oil and rocks in that
area is more easily erodable than an area with twaki and compact soil
structure.

(iv)  Presence of joints or crevasses. Rocks with af ltilnts cracks or crevasses
are much more susceptible to the erosional fordesurming water than
those without cracks or crevasses.

Processes of River Erosion
According to Ojo, et al. (2007), the processes Ivew in river or running water
erosion include hydraulic action, corrosion, atirtand solution.

0] Hydraulic Action: This process of erosion depends mainly on thecitglo
and volume of the river or running water alone hwiit the use of the load
carried by it. This process is very effective ireas with soft rocks and
where the rocks have a lot of cracks and joints. équally effective in areas
with steep slopes, especially in the upper coufseriver.

(i)  Corrosion: This process of river erosion, involves the wegavay of the
sides and the river bed by the transported loack Bad may include
boulders, pebbles, sand and silt. This procesdtsasuthe enlargement and
deepening of the river bed, and increases in tteg lpad. In addition, where
bed rocks are soft, pot holes may result.

(i)  Attrition: This process involves the wearing down of a riked, as the
load fragments strike against one another, thugrpssively reducing the
size of the load in the river or running water.

(iv)  Solution: This is the erosion process whereby the materakmwthrough
chemical reaction. This form of erosion is commom@ieas where limestone
and chalk are predominant.

Wind

Wind erosion is more likely to occur in dry areatene soil is loose and

unprotected by vegetation. Winds of high velocitythese areas carry a load of
rock fragments that cause wind abrasion. Evidefseich abrasion is seen on rock
fragments with facets that have been cut and padidly the sandblasting action of
wind-blown sediments, and in rocks undercut to faamle rocks or pedestals. A
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form of erosion that occurs when loose rock paticdre blown away by the wind
is called deflation. Features produced by deflaiimeiude blowouts, and desert
pavement.

Processes of Wind Erosion
Ojo, et al. (2007) stated that the processes ofdvérosion include deflation,
abrasion and attrition.

0] Deflation: This process involves the lifting and blowing awdyoose sand

and dust materials from the ground, using the farfcde wind. It involves
erosion without the use of the load. The procespamnicularly effective
where there are loose sand or dust particles wéacheasily be blown and
carried by wind.
Deflation results in the lowering of land surfacEhe main landforms
resulting from the process are large depressioss ahlled deflation
hollows. An example is the Quattara DepressiongydE This depression is
about (450 feet) below the sea level.

(i)  Abrasion: This process involves the use of the load, masdlyd and dust
particles, to erode rock surfaces. Such sand bfpstauses surfaces to be
scratched, polished and worn away. A great vaoétgesert features result
from the abrasive effect of wind. Such featuresluide rock pedestals
mushrooms amongst others.

(i) Attrition: This process of wind erosion involves the collis@f the eroded
particles or materials against one another; theeihg to the reduction in
the sizes of the particles as they wear against ether.

Factors Influencing Wind Erosion
Several factors influence the action of wind asessional agent. Some of which
are listed below:

0] The size of the materials carried by the wind.

(i)  The velocity and direction of the wind.

(i)  The location and nature of the surface over whibb particles are
transported.

(iv) The presence or absence of obstacles such as watergetation along the
path of the wind.

3.2.3 Groundwater

Erosion by groundwater takes place just beneath etmth’'s surface. Carbon
dioxide from the air and decaying organic mattenfrthe soil may combine with
groundwater to form carbonic acid. Groundwater aimihg carbonic acid and
circulating through rocks commonly removes solublmerals and carries them
away in solution.
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3.24 Glaciers

Glacier is a powerful erosional agent. As a gla@ewances, the moving ice
guarries pieces of material from the bedrock ovbictv it passes. The fragments
become embedded in the ice and serve as abrasilgethat further scratch and
gouge the bedrock.

3.25 Marine

The ocean acts as an erosional agent primarilyugfirovaves and the currents
produced by waves. Most ocean waves are genergtadnb currents that agitate
the water surface. Large waves may pound the shatte tremendous force,
producing a hydraulic-lifting action that disloddasge masses of coastal rock. The
blocks fall to the ocean bottom, where they undemgoe erosion along with other
wave-battered rock debris that has accumulatee tiére sand and rock fragments
grind against each other and scour the shore.dasavhere the coast is formed of
soluble rocks, the ocean may also erode the rogkisisolving their minerals.

3.3 Typesof Erosion

There are different types of erosion. However, tbkowing types are mostly
recognized. They include splash, sheet, rill ant/guosions.

3.3.1 Splash Erosion

Splash erosion is the first stage of the erosiatgss. It occurs when raindrops hit
bare soil, and the explosive impact breaks upaggregates so that individual soil
particles are ‘splashed’ to the soil surface. Tplashed particles can rise as high as
60cm above the ground and move up to 1.5 metres the point of impact. The
particles block the spaces between soil aggregstethat the soil forms a crust that
reduces infiltration and increases runoff.

3.3.2 Sheet Erosion

Sheet erosion is the removal of soil in thin layleysraindrop impact and shallow
surface flow. It results in loss of the finest spdrticles that contain most of the
available nutrients and organic matter in the s®dil loss is so gradual that the
erosion usually goes unnoticed, but the cumulatiyeact accounts for large soil
losses.

Soils most vulnerable to sheet erosion are oveegrand cultivated soils where
there is little vegetation to protect and hold $lod. Hence, vegetation cover is vital
to prevent sheet erosion because it protects tile ispedes water flow and
encourages water to infiltrate into the soil.
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3.3.3 Rill Erosion

Rills are shallow drainage lines less than 30cnpdébey develop when surfa
water concentrates in depressions or low pointsutiin paddocks and erodes
soil. Rill erosion is common in bare ecultural land, particularly overgrazed lat
and in freshly cultivated soil where the soil stawe has been loosened. F
erosion can be reduced by reducing the volume peddsof surface water wi
grassed waterways and filter strips, ripped muloes, and contour drains. R
erosion is often described as the intermediateedbatyveen sheet erosion and gi
erosion.

3.3.4 Gully Erosion

Gullies are channels deeper than 30cm that caneotremoved by norm:
cultivation. Gullies occur when smallwater flows concentrate and cut a char
through the soil. Most gullies extend upslope assllt of the head of the gul
being continually undercut and collapsing. Figur® 3hows a diagrammal
representation of types of erosi

vaAsY

SIREAM
CHANRIEL

Fig. 2.1: Diagrammatic Representation of Types of Ero
Sour ce: http://www.cep.unep.org/pubs/techreports/trdlengedd.gil

3.4 Erosion Control

Erosion can be controlled through various measwbs;h include reforestatiol
contour ploughing, strip croppingrop rotation, control grazing and deforestati
avoidance of over cultivation amongst other measur&eforestation is the -
stocking of existing forests and woodlands, whiakiehbeen depleted. Trees car
used as windbreakers or shelterbelt. Thiwolves a plantation usually made up
one or more rows of trees or shrubs planted ingalae pattern with the aim f
provide shelter from the wind and to protect smhfi erosion. They are commor
planted around the edges of fields or far

Contourploughing or contour farming is the farming praetaf ploughing across

slope following its elevation. The rows formed slasater runoff during rainstorm
to prevent soil erosion and allow the water timedtile into the so
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Strip cropping is a method of farming used wheltogesis long and steep or when
other types of farming may not prevent soil erosiStrip cropping helps to stop
soil erosion by creating natural dams for watelpihg to preserve the soil. Certain
layers of plants will also absorb minerals and wéiem the soil more effectively
than others. When water reaches the weaker sailgbks the minerals needed to
make it compact, it normally washes it away. Howewehen strips of soil are
compact enough to slow down water from moving tgtouhem, it normally
prevents erosion.

The carrying capacity of land for cattle varieshwibe rainfall and the fertility of
the soil. However, when the carrying capacity ise®ded, the land is overgrazed.
Overgrazing reduces the diversity of plant spedess] to reduction in the growth
of vegetation and dominance of plant species tratelatively undesirable to the
cattle, increases the loss of soil by erosion astant cover is reduced and results
to damage from the cattle trampling on the land. &ample, paths made as the
cattle travel to the same water hole or stream Idpvto gullies, which erode
rapidly in the rain. To control erosion caused bgrgrazing, proper care should be
taken to ensure that the carrying capacity of éimel lis not exceeded.

Another practice that encourages erosion is defamies — harvesting trees for
commercial and other uses and burning forest tovexdnands to agricultural

purposes. This practice exposes the land to theveacgents of erosion.
Deforestation has to be properly managed by enguhat trees are replanted to
replace fell ones, and the forest has to be givere tto regenerate. This
management method will help in achieving sustaiitgbpf the forest, and

consequently reduce erosion.

Over cultivation of farmlands is another negativgri@ultural practice that
promotes erosion. Over cultivation exposes the tanetosion. For example, when
a particular farmland is tilled year in year olig tsoil structure is affected, and the
loose soil can easily be eroded away by rain ordwiRallow cultivation can
however help to maintain the soil structure, thgremhancing its ability to
withstand erosion.

Another effective way of preventing soil erosiontli® practice of crop rotation.
This practice can greatly affect the amount of &mst from erosion by water. In
areas that are highly susceptible to erosion, faramagement practices such as
zero and reduction in tillage can be supplementéti wpecific crop rotation
methods to reduce raindrop impact, sediment detanhnsediment transport,
surface runoff, and soil loss. Protection againgtlsss is maximized with rotation
methods that leave the greatest mass of crop stufEdhnt residue left after
harvest) on top of the soil. Stubble cover in contath the soil minimises erosion
from water by reducing overland flow velocity, stne power, and thus the ability
of the water to detach and transport sediment. Cotgtion helps to prevent the
disruption and detachment of soil aggregates thase& macrospores to block,
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infiltration to decline, and runoff to increase. iFhsignificantly improves the
resilience of soils when subjected to periods of®n and stress.

SELF-ASSESSMENT EXERCISE

Identify the agents of erosion, and propose howieromenace can be ameliorated.

40 CONCLUSION

Even though most people see erosion as a negabeegs, it also has its benefits
to man though they are usually not so striking.skno usually helps in breaking

down bedrocks to form soil. However, erosion unlesst in check, destroys soils
and removes them from the land. Urban developmggtaazates some erosional
problems, for example, housing projects can bet lmnl unstable soils that are
subject to landslides. In addition, commercial a@fiens such as strip mining,

guarrying, and poor agricultural practices takerttod on precious soil. Thus, soil-

conservation practices are becoming increasingiyomant as population grows
and land areas are abused on a wider scale.

5.0 SUMMARY

In this unit, you have learnt that:

o erosion is the wearing away and removal of soil eouk fragments at the
surface of the earth by wind, water, ice or otheural agents

) there are five principal agents of erosion, whidklude running water,
wind, groundwater, glacier and marine

. some measures of erosion control include reforestatontour ploughing,

strip cropping, crop rotation, control grazing ateforestation, and stoppage
of over cultivation.

6.0 TUTOR-MARKED ASSIGNMENT

I erosion is more likely to occur iy dreas where soil is loose
and unprotected by vegetation.
. A form of erosion that occurs when loose rocktjeles are blown away by
wind is called
iii. erosion takes place just beneatte#nth’s surface
V. Erosion control measures include all of thédwing except which
(a) deforestation (b) afforestation (c) stnippaping (d) contour ploughing
V. Which of the following is not an agent of eras?o
(a) marine (b) groundwater (c) wind (d) evaghiom
Vi. Erosion rate may be increased through whictheffollowing measures
(a) planting of cover crops (b) over cultivatign) control grazing
(d) crop rotation
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1.0 INTRODUCTION

Sediment and erosion are closely related concepthydrology. The erosion
process produces sediment in form of both orgamitiaorganic materials, which
are transported and eventually deposited. This wilit examine the sources,
transportation process, deposition, impacts, amtrabomeasures of sediment.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define sediment

list the transport modes of sediment

identify the sources of sediment

state the preventive and control measures of sedime

3.0 MAINCONTENT
3.1 What isSediment?

Sediment is naturally occurring material that i®Kkem down by processes of
weathering and erosion and subsequently transpbstelde action of wind, water,
or ice, and by the force of gravity acting on tlagtigle itself.

In the context of stream hydrology, sediment iggamic and organic material that
is being transported suspended or deposited bgmsreSediment load, which is the
guantity of sediment transported by a stream,fisation of stream discharge, soil
and land cover features, weather conditions and le® activities among others.
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Sediment load constituents being carried by streamdsrivers can be either of fine
materials, mostly silts and clays, or coarse maltetike sand.

3.2 Sourcesof Sediment

Sediment is a natural product of stream erosioouiin which load may be
increased by human activities. Such enhanced sswtsediment in watershed
include unvegetated stream banks and uncovered msglons, including
construction sites, deforested areas, and cropldhdshould also be noted that
when soils erode, sediment load are washed ingarsis and rivers. Sediment in
waterways is often high in areas where riverbanksgaazed by livestock, farms
with steep slopes cleared of trees and areas deYoidarian vegetation.

Grazing along riverbanks also removes or damagessirex vegetation, increases
compaction of the soil, and damages the banks whigrway. With time, such
practices may result in instability in the soilustiure of the area around the stream
making it highly prone to slips and vulnerable toston, especially during floods.
This activity causes soil compaction and erosiohnictv may lead to the formation
of drainage channels that then transport watersgdiment to the nearest stream.
Forest increases soil stability because their rbotg the soil together. Thus, when
large areas of land are cleared and harvesteaes,tthe soil becomes vulnerable
to erosion as tree roots die and the land is exptusdirect rainfall. Trees increase
the soil ability to take up water, and as a resthigre is usually a significant
increase in the amount of surface water runoff fibm surrounding catchments,
when trees are removed. Removal of riparian veigetatlirectly next to a
waterway is likely to cause banks to become unstabd prone to slips thereby
increasing erosion, especially during floods. Otlmpacts that can produce
sediment include earthwork for roads and landingssiand hauling logs across
bare slopes.

When land is cleared for urban development, eantksvare required to establish
roads and building sites. The exposed soils aneepto erosion and can cause large
guantities of sediment to be washed into nearbematys through surface runoff
especially after heavy rain. Small streams andrsiv@ay also be completely
modified through channelization, construction ofetnents (concrete structures),
and in stream barriers (for example culverts anehgjaand removal of riparian
vegetation.

Dam affects the amount of sediment that moves dweas. Sediments are
trapped behind a hydro-dam reservoir (hydro-lake) build up. This reduces the
reservoir storage capacity. The rate at which ki@ppens varies greatly among
hydro-dams. Dams also reduce the amount of sedighembsition downstream.
This increases erosion and scouring and decreasesrtount of sediment available
to replenish downstream habitats.
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In addition, the conversion of wetlands or woodkal cropland can increase soll
erosion and the associated sedimentation in strg@anscularly when bare soil is
exposed. Wind-blown particles from bare soil alsmtdbute to sedimentation
problems. Activities such as dredging and chanatdis that increase stream slope
and velocity thereby increases the streams erasipacity and sediment-transport
capability. Hence, construction projects withinaoljacent to stream can contribute
to the sedimentation problems as they dislodgepo®e soil and sediment.

3.3 Sediment Transport Process

Sediment is transported based on rate of flow wgland particle size, volume,
density, and shape. For example, high flows veJaaitreases the lift and drag of
particles, while slow flows velocity increases tteances of deposition.

Sediment is most often transported by water (flupeocesses), wind (aeolian
processes) and glaciers. Beach sands and rivenehdeposits are examples of
fluvial transport and deposition. Deserts sand duaed loess are examples of
aeolian transport and deposition. Glacial morairepogits and till are ice

transported sediment.

As rivers and streams carry sediment in their flawe sediment can be at different
locations within the flow, depending on the balabeéween the upwards velocity
on the particle (drag and lift forces), and thelisgt velocity of the particle. These

relationships are given in Table 3.0 for Rouse neimBouse number is a ratio of
sediment fall velocity to upwards velocity.

Rouse = Setting Velocity = Ws
Upwards velocity from lift and drag UK
Where:

Ws is the fall velocity
K is the von Karman constant
U* is the shear velocity

Table: 3.1: Ratio of Sediment Fall Velocity to Upwards Ve ocity

Mode of Transport Rouse Number
Bed load >25
Suspended load 50% suspended >1.2,<25
Suspended load 100% suspended >0.8,<1.2
Wash load <0.8

Sour ce: http://en.wikipedia.org/wiki/sediment, 23/5/11

If the upwards velocity approximately equal to thettling velocity, the entire
sediment will be transported downstream as suspkenodad. If the upwards
velocity is much less than the settling velocity stil high enough to transport the
sediment to move, it will move along the bed as loedl by rolling, sliding, and
saltation (jJumping up into the flow, being trangedr for a short distance then
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settling again). If the upward velocity is highdrah the settling velocity, the
sediment will be transported as wash load. As tleree generally a range of
different particle sizes in flow, it is common foraterial of different sizes to move
through at different locations for a given streaondition.

The overall balance between sediment in transpattsadiment being deposited on
the bed is given by the Exner equation. This exgioesstates that the rate of
increase in bed elevation due to deposition is gutognal to the amount of
sediment that falls out of the flow. This equatismmportant in that changes in the
flow velocity changes the ability of the flow torcasediment, and this is reflected
in patterns of erosion and deposition observedutjitout a stream. It should be
noted that deposition could occur due to dam erept&nt that causes the river to
pool, and deposit its entire load or due to bagel lese.

Solid sediment load can be divided into two commbsi®n the basis of the mode
of sediment transport as suspended and bed loadthesgtd Each of these is
produced by mechanical weathering processescléasly visible and able to settle
out of water. Suspended sediment consists ofizgdsand clay-sized particles held
in suspension by turbulence in flowing water. Bead sediment consists of larger
particles, which slide, roll, or bounce along theeam bed by the velocity of
moving water. Dissolved load consists of inconspimi material in solution
moving downstream, which is produced by chemicativering processes.

Sediment vyield is the total quantity of sedimeransported from a watershed
(drainage basin) at a given location in a givenigeeiof time. Low suspended
sediment yields can be attributed to, among othetofs, low erosion rate. It
should be noted that permeable soils and low taudgc relief, do limit the
availability of eroded material in a watershed. Gasely, relatively impermeable
soils and steep topography can vyield high erosmtesr and therefore greater
sediment yield.

34 Sediment Deposition

Deposition begins once the flow velocity falls belohe settling velocity of a

particle, which for a given particle size is lebart that required for entrainment.
Settling velocity is closely related to particlezesi hence, coarsest fraction in
motion is deposited first with progressively firggains being deposited as the flow
velocity reduces. The net effect is a vertical dmdizontal (downstream and
transverse) gradation of sediment sizes.

The most common depositional feature is the floddinp formed from a
combination of within-channel and overbank depositi although many
sedimentary forms are involved. During lateral afelnmigration, riverbank
erosion is approximately compensated by deposiWdgith continuing migration, a
point-bar is built stream-ward and increases irgtmethrough the deposition of
sediment carried to the bar surface by inundatingd. The sediment deposited by
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overbank floodwaters results from material carriedsuspension, either as wash
load (silts and clays) or the finer fractions ot thed-material load (fine and
medium sand). Since the transportation abilityh&f liow tends to decrease away
from the channel margins, both the amount and nugposited sediment size
similarly vary. Also, as the flood recedes and fleglocities over the flood-plain

decline, an upward fining of sediment may develop.

Flood plains provide storage space for sediment asoves through a drainage
basin. The flood plain is an integral part of thevial system, whose deposits
influence channel form through the compositionhaf thannel boundary.

3.5 Impactsof Sediment

One of the principal causes of degraded water tyuahd aquatic habitat is the
depositing of eroded soil sediment in water bodiescessive amounts sediment
load resulting from natural or human-induced caesesresult in the destruction of
aquatic habitat and a reduction in the diversitg @bundance of aquatic life.

Diversity and population size of fish species, mlssand benthic (bottom-

dwelling) macro invertebrates associated with oeusabstrates can be greatly
reduced if the substrates are covered with sand ssihdWhere sand or silt

substrates have historically predominated, howearereased deposition may have
little detrimental impact on benthic aquatic life.

Suspended sediment causes the water to be cloudyd]. Increased turbidity

reduces light transmission (photosynthesis), thereblucing the growth of algae
and aquatic plants since photosynthesis is hamparetithis can adversely affect
the entire aquatic ecosystem. Increased turbidigp alecreases the water’'s
aesthetic appeal and impairs human access ofazdtisy usage. If the river cross-
section is sufficiently reduced by sediment builg gsedimentation can increase
downstream flooding. In addition, some metal igpssticides and nutrients may
adhere to sediment particles and be transportedstosam.

Increased sediment in surface-water bodies (rivakes, and reservoirs) may have
an economic impact on public water systems thathesa as a source of drinking
water. High turbidity not only is aesthetically plisasing, but also interferes with
disinfection of the water prior to it being pumpéa customers. Communities
whose water-supply source has been more turbish afteest millions of naira to
upgrade their treatment faculties in order to reenthe increased sediment load.

Excessive erosion can reduce the soil inherentyatodty whereas the associated
sedimentation can damage young plants and fillndigge ditches, lakes, and
streams. Erosive processes can reduce farm incgndedreasing crop Yyields and
increasing maintenance costs for drainage systAdditional erosion damages in
both rural and urban areas include reduced dit@messurface-water supplies.
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Erosion is also an issue in areas of modern farmwiggre the removal of native
vegetation for the cultivation and harvesting dfiggle type of a crop has left the
soil unsupported. Many of these regions are neargsiand drainage. Loss of soll
due to erosion removes useful farmland, adds tomssd loads and can help
transport anthropogenic fertilizers into the riveystem, which leads to
eutrophication, with negative consequences on axjias.

3.6 Sediment Control

Sediment control is a practice or device designedkeéep eroded soil on a
construction site or other places, so that it does wash off and cause water
pollution to a nearby stream, river, lake, or b&gdiment controls are usually
employed together with erosion controls, which a@®@signed to prevent or
minimise erosion and thus reduce the need for sadicontrols.

Coordinated efforts by federal and state agricaltprogrammes can help reduce
the amount of soil erosion and sedimentation. Fesnsbould be encouraged to
utilize a variety of conservation practices to reglerosion and limit sedimentation,
such as conservation tillage methods, use of ceasen buffers and riparian
habitat, and establishment of conservation easeament

Water quality can be protected by controlling andimising erosion. Federal and
state laws should provide some consideration fosien and sedimentation control
along streams and lakes during flood control, dgé highway, bridge, and other
stream-related construction projects. Both theipwid private agencies should be
engaged in a variety of programmes for erosionrobnfuch programmes should
include research projects, education programmednieal assistance, regulatory
measures, and cost-share financial assistance.

In a nutshell, preventive measures for reducingessiwe sediment load in streams
should include:

proper repair and maintenance of drainage ditchddevees.
minimal disturbance of the stream banks.

avoidance of structural disturbance of rivers.

reduction of sediment excesses arising from coatstim activities.
application of artificial and natural means fory@eting erosion, and
use of proper land and water management practicéseowatershed.

These preventive measures are preferred over ratmadasures, which include:

. construction of detention reservoirs, sedimentgbonds, or settling basins.
o development of side-channel flood-retention basith a
) removal of deposited sediment by dredging.
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SELF-ASSESSMENT EXERCISE

Examine the relationship between sediment and @rgmiocesses and account for
the sources, transport mode, impacts and contratures of sediment.

4.0

CONCLUSION

Discussions in this unit have established the cteEdionship between erosion and
sedimentation processes. Erosion process exacerlsagimentation problems;
therefore, in designing any control measures fdimsentation problems, accounts
must be taken of erosion control.

5.0

SUMMARY

In this unit, you have learnt that:

Vi.

sediment is naturally occurring material that iskem down by processes of
weathering and erosion, and is subsequently tratespdy the action of
wind, water, or ice, and by the force of gravityiag on the particle itself
There are several sources of sediment, which ieclexbded uncovered
soils, construction sites, dredging and channébsabdf streams, grazing
along riverbanks, and so on

sediment is transported based on the strengtheofidiv that carries it and
its own size, volume, density and shape. Sedinrentn@st often transported
by water, wind and glacier

some of the major impacts of sediment are pollutiomcrease in water
turbidity, eutrophication, and disruption of aquacosystems

there are two broad categories of sediment cortprkventive and remedial
measures. Preventive measures are proactive, vemedial measures are
reactionary.

TUTOR-MARKED ASSIGNMENT

Sediment load may be increased by both natunél| a _ activities.
Sediment is most often transported by watendiand

Solid sediment load can be divided into twongmnents on the basis
of the mode of transportation; they are suspeated sediment.
Which of the following is not a means of sedimh&ansport?

(a) wind (b) ice (c) water (d) none of the abov

Which of the following activities is most likelyo contribute less to
sedimentation?

(a) riparian vegetation (b) grazing (c) deforesta (d) dredging

The total quantity of sediment transported frawatershed at a given
location in a given period of time is called.

(a) sediment transport (b) sediment load (c) medi yield (d) sediment
deposit
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1.0 INTRODUCTION

One of the most fundamental objects of hydrologstatlies is to provide adequate
water supply for domestic, industrial and agricidtwses. In spite of this however,
the problem of inadequate water supply is stilivptent in most parts of the world

including Nigeria. The question now is how can wevelop and manage water
resources to meet our current and future forecasteds? This question will form

the central theme of discussions in this unit.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

) define water resources development
o list and discuss the key dimensions in the devetogmand management of
water resources.

3.0 MAINCONTENT
3.1 Defining Water Resour ces Development

Water resources development is the process by whihvorld water sources are
engineered to deliver adequate quantities of higgdity water to serve the
forecasted need of society. Management of wateruress for water supply is a
complex issue, which becomes more difficult as reitwater demand increases.
This difficulty will be especially apparent in treemiarid and arid parts of the
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world where water is or soon will be in short syppDptions for minimising
potential water supply problems include locatintgralative water supplies and
managing existing supplies better. These optionse ve¢éso advocated by Miller
(1999) who stated that the two general approach@ster resources management
are to increase the unstable supply and to decna@secessary loss and waste.
Most water resource experts believe that any e¥fegilan for water management
should combine these approaches.

32 Key Dimensions in Water Resources Development and
M anagement

According to Mcdonald and Kay (1988), water manageinis multidimensional. It
embraces planning, design, construction, operadioth maintenance. It must be
conducted within the constraints of technology,iaogoals, laws and regulations,
political viewpoints, environmental concerns, andore@mic realities. To be
effective, water management must recognise and tadvantage of
interconnections between surface and groundwatgiebolt must also exploit the
potential for coordinated use of existing facikti@cknowledge that water quantity
and quality are single issue, devise new ways teraip old systems, blend
structural and non-structural approaches, acceyit ttie expansiveness of water
resources systems may require regional rather |t solutions to problems. In
concept, water management is simple; the troublthas the boundaries of the
physical systems that must be dealt with oftenedifharkedly from the political
boundaries that affect how water is used and deeelo

According to Wurbs (2003), the development and rganeent of water resources
include the following key dimensions.

Facilities provision

Demand management
Desalination

Water allocation

Integrated water management

3.2.1 Facilities Provison

Water supply facilities include wells, dams andrafy@ reservoirs, pipelines and
pump station, water treatment plants, municipaltrithstion pipe network,
wastewater collection and treatment systems, angaiion equipment. Dams,
reservoirs, and associated structures play a kdgy mo water supply and
multipurpose water management. Most of the wortdiers are characterised by
highly variable flows, with seasonal fluctuatiorggeavated by severe droughts and
extreme floods. Reservoir storage is therefore ssarg to regulate stream flow
fluctuations and develop reliable water suppliesu(dg, 2003). Also, highlighting
the role of dams in water resources managemertatsisy Miller (1996) stated
that rainwater and water from melting snow that Moatherwise be lost can be
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captured and stored in large reservoirs behind danisacross rivers. He further
noted that damming increases the annual supplyobgcting fresh surface water
during wet periods and storing it for use during periods.

3.2.2 Demand Management

Hydrologic, environmental and economic conditionavéh led to heightened
constraints on developing additional water suppli€onsequently, demand
management in the form of reducing waste and isongaefficiency of use has
become a major focus in the development of watssukees in some parts of the
world.

Water demand management strategy is concerned thdtlprevention of water
wastages in any form — domestic, industry or adjtice. Water wastages through
undetected pipeline leaks in aging water-distridnutsystems, agricultural losses
through seepage and evaporation, and other forrnmosés are therefore involved
in the strategy.

3.2.3 Desalination

Removing dissolved salts from ocean water or beckslightly salty) groundwater

is an appealing way to increase freshwater suppkesuse of the huge volume of,
seawater adjacent to coastal cities. Until recerthg high salt content of the

oceans, inland seas, and certain segment of rargisgroundwater has severely
restricted our ability to use their waters. Nowwewoer, desalination technology is
well established and readily available.

The primary limiting factor of desalination is i&®st relative to the water-supply
options. However, due to over drafting of the gmbuater system, large wetlands
area extent are being permanently damaged witls ldkging up, and domestic
wells for hundreds of families being lost. This ¢ypf scenario will lead to

increased usage of improved efficient desalinatemhnology, with the challenge
for future research and development being to camtito minimise cost without

compromising the effectiveness and efficiency eftdchnology.

3.2.4 Water Allocation

Water rights systems and interstate and internaltiagreements allocating water
resources are becoming increasingly important. Adotlne world, 261 river basins
are shared by two or more countries, often leatbngdjsputes and conflicts related
to water supply. As a result, methods of coopenadiod conflict mitigation need to
be brought into play. Example of such cooperatisnthe Niger River Basin

Development Authority.
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3.25 Integrated Water Management

Water resources are tapped by multiple users feargety of purpose. Effective
water management therefore requires a systems agpravith comprehensive
integration of a number of factors with particulatiention being given to both
water quality and quantity. Conjunctive managen@ngroundwater and surface
water resources is also required and the watersnedoe appropriately allocated to
the various users. In addition, human needs musbdl@nced with ecosystem
needs, economic development with environmentalegtmn. It should be noted
that efforts have to be made toward optimising riig of demand management
programmes, new facilities construction, and impbweperations and maintenance
of existing facilities. Water-management approachés need to incorporate
ongoing advances in water supply technologies sisctiesalination processes and
efficient irrigation techniques — and the techngl@tposen have to be appropriate
for the particular country, region, and local crdtu In addition, computer
technology can be used adequately in the areatafatdlection, analysis, systems
modeling and management.

SELF-ASSESSMENT EXERCISE

As a newly appointed minister of water resourcdsatvare the measures you will
put in place to ensure effective and efficient depment and management of water
resources in Nigeria?

40 CONCLUSION

As we look to the future, we can expect that tlaping and management of water
resources will move toward a holistic systems aggino which will coordinate and
integrate various aspects, including water suppdy flomestic, industrial, and
agricultural needs), hydroelectric power, flood ttoh and ecosystem
conservation. The reduction of waste and enhancewieefficiency should be
increasingly stressed. And the decision making gssawill have to consider the
views of various stakeholders such as scientistgineers, political officials,
interest groups, users and the public at large. Slezess of this approach will
depend on how well the diverse factors are integré&d make up the larger picture
of water resources development and management\rarke

5.0 SUMMARY

In this unit, you have learnt that:

. water resource development is the process by wthehworld’'s water
sources are engineered to deliver adequate qesnitinigh-quality water to
serve the forecasted need of society
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o the key dimensions in water resources developmewkt @anagement
include facilities provision, demand management, tewaallocation,
desalination and integrated water management.

6.0 TUTOR-MARKED ASSIGNMENT

I The process of removing dissolved salts fromaocevater or brackish
groundwater is called
. Which of the following options is not a key démsion in water resources
development?
(a) Desalination (b) facilities provision (c)rdand management
(d) none of the above
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1.0 INTRODUCTION

Several problems militating against water resourdeselopment have been
identified in literature. Some of the identifiedoptems include precipitation
pattern, population growth, pollution, increaselwshce, economic growth and
development, corruption in the water sector, enefigance, technology, political
will and management. These problems are not lintibeckrtain regions but extend
throughout the world.

2.0 OBJECTIVES
At the end of this, you should be able to:

) list the major problems of water resources develkapm
) discuss how these problems militate against watsurces development.

3.0 MAINCONTENT

3.1 Precipitation Patterns

Precipitation patterns have been identified as ohethe primary problems
militating against water resources developmengesiprecipitation is the primary
source of replenishment of both surface and groateisources. In areas where
there is lower than normal precipitation, theraussially water stress, which may
result to a drought situation. It should be notedttreduced average annual
precipitation, higher than normal temperaturesboth, usually trigger drought
situation. Such situations do not favour adequattekwresources development.
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3.2 Population Growth

Population growth has been identified as a majatofain water resources
development. At the most fundamental level, waseneeded to supply people’s
basic domestic needs, in quantities directly propoal to the number of people.
For instance, the National Research Council (19898)ed that with population
growth; demand for the world’s finite fresh wateipply is rising, putting strains
even on the industrialized countries. Global pofattaprojections suggest that the
world population of over 6 billion people in 2000llvwncrease by 20 per cent to
over 7 billion by 2015, and to 7.8 billion by 202&,30 per cent rise. Thus,
enormous strains will be put on existing servicgasce substantial increases in the
provision of water and sanitation will be needednieet the needs of the ever-
growing population. As populations grow and demdidsvater and other services
expand, pollution levels will be at increase thgrekducing water resources
accessibility, which will then reduce the availépilof water available for human
consumption.

3.3 Pollution

Pollution is another major problem in the developtmef water resources. Water
pollution according to Botkin and Keller (1998) eed to degradation of water
guality. In defining pollution, the intended usetbé water, needs to be considered
in its disparity from the norm, its effects on pualiealth, or its ecological impacts.
From a public health or ecological view, a pollutenany biological, physical or
chemical substance that in identifiable excessnswh to be harmful to other
desirable living organisms. Water pollutants in€luekcessive amounts of heavy
metals, certain radioactive isotopésecal coliform bacteria, phosphorus, nitrogen,
sodium, and other useful (even necessary) elemastgiell as certain pathogenic
bacteria and viruses.

The primary causes of deterioration of surface wgtality are municipal and
domestic wastewater, industrial and agriculturaktes (organic, inorganic, heat)
and solid and semi-solid refuse. Groundwater quadiinfluenced by the quality of
its source. Changes in source water or degradelityqo& source supplies may
seriously impair the quality of the groundwater @yp Municipal and industrial

wastes entering an aquifer are major sources @nicgand inorganic pollution. A
municipal obtaining its water supply from a surfdusly may find its source so
fouled by wastes and toxic chemicals that it becommesuitable or too costly to
treat for use as a water supply.

Another form of pollution that has impacted negealyv on water resources
development, especially in the coastal regiondhefworld is salt-water intrusion.
According to Oteri and Atolagbe (2003), potable evasupply to inhabitants in
some of the communities in the coastal belt of Negbas been a major problem
due to salt-water intrusion. For instance, comnmesisuch as Burutu in Delta State
and Aiyetoro in Ondo State have no potable watercs their surface water is
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salty, thus all the boreholes drilled so far haiedysaline water. The inhabitants
therefore depend on rainwater harvesting (in th#stof numerous gas flares from
oil production platforms) and water vendors frone thinterland in boats. They
noted that the high degree of restiveness andtagisaagainst oil companies and
installations in their areas is partly due to thekl of basic infrastructure especially
potable water.

34 Corruption

Corruption has also been identified as a major Ilprabof water resources
development worldwide. For instance, Stalgen (2007%)is analysis of corruption
in the water sector observed that the main reasothé inadequate water supply is
not the lack of a natural supply of water nor ipritnarily an engineering problem,
that is, stemming from the lack of technical saos. Instead, the global water
crisis is primarily problem of governance. As alugr®f experts working under the
UN Millennium Project puts it, the problem is “theck of appropriate institutions
at all levels and the chronic dysfunction of exigtiinstitutional arrangements.”
Stalgren affirms that corruption is at the cordhed governance crisis in the water
sector. Whereas the scope of corruption variestantially across the sector and
between different countries and governance systestsnates by the World Bank
suggest that 20 per cent to 40 per cent of watetlosénances are being lost to
dishonest and corrupt practices. The magnitude haf figure is distressing,
especially, if one considers current efforts toraggte the $6.7 billion needed
annually to meet the Millennium Development GoadDGs) for water and
sanitation in sub-Saharan Africa. An average lefetorruption of 30 per cent
represents a leakage of $20 billion over the nexdade. This situation is not
healthy for water resources development.

3.5 Energy

Inadequate energy supply has also been identised tactor in water resources
development, most especially in developing econenmyekakeyah (2007) in his
analysis of national power blackout and water syppbted that Nigerians lives in
cities without water, and that the absence of poteerpump water further
compounds the problem. He stated that water suspljirectly tied to regular
supply of electricity. Without electricity, therarm be no potable water supply. Pipe
water flows when power is energized. But in a sitbtmwhere the entire nation is
in blackout, water supply is drastically reduced aercomes critical.

3.6 Other Factors

Apart from the problems discussed above, otheofadhat affect the development
of water resources include poor maintenance culfevédence abounds of pipe
leakages, rusted pipes, unlocked taps, broken wetiwe high cost of facilities,
economic growth and development (putting pressure existing water
infrastructure) and increasing affluence (increasdemand for water, through the
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use of washing machines, dishes, and the watefitgwms). All these factors act
in one way or the other to militate against wagsources development.

SELF-ASSESSMENT EXERCISE

What are the factors you can identify as militatiagent water resources
development in your locality?

40 CONCLUSION

The discussions above have made it very clear ttteae are several problems
militating against adequate water resources dewsop worldwide. Apart from
precipitation pattern, which is an obvious natui@dtor, the others are human
factors that can be surmounted. With adequate pigremd management, change
of negative habits (pollution, corruption, poor ntanance and wastages) the task
of water resources development, can be made eawieg, effective and efficient.

50 SUMMARY

In this unit, you have learnt that:

. problems militating against water resources devakam over the world are
similar; though vary in severity from one regioncountry to another

. the problems can be classified into human and aktlrecipitation seems
to be the only major natural factor

) the human factors include pollution, energy, catinrg population growth
and so on

o with adequate planning and management, and chdnggative habits, the

task of water resources development could be Shigbli
6.0 TUTOR-MARKED ASSIGNMENT

(1) The problems of water resources developmenteacdlassified into human
and

(2) The act of degradation of water resourceslisdta

(3)  Which of the following is a problem affectingater resources development?
(a) population growth (b) high precipitation (deguate power supply

(d) none of the above
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