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INTRODUCTION

Water is used for a variety of purposes, and tlnese very different
guantity, quality, and timing characteristics. & a fundamental
natural resource that influences human health,oggoand economic
development. Man requires it for his cooking, waghisanitation,
drinking and for growing his crops and running fastories. Man has
used water to generate hydropower or regulate fivev; extensive

groundwater schemes have also been linked to compldti-source

centralised public water supply systems in somenteas. Water has
also been used for waste disposal and irrigatectudgire. Demands
for water, has however fluctuated from year to yéggpending on the
weather patterns. It is therefore important to usschow this delicate
resource is studied, managed and evaluated toisutstaisefulness

Water Science, hydrology or in general terms, watkerdy is an
applied science, borrowing from engineering, purel ghysical
science, social sciences and management. Its shedgfore requires
a sound, broad based education in these areaspfEsent course
structure however employs a beginner’'s approachh& study of
water resource management and evaluation. Theréwaréviodules
(2) in this course, each with six units (6). Theach is the system
form that makes use of the variables in water cybbe its
explanations, in order to lead you through a cleddfined pathway
of the water cycle system, and the way each isuatadl.

Unit 1 introduces you to the nature and distribouitaf water on the
earth.

Unit 2 explains the concepts of hydrological or evatycle. It provides
information about how water cycling occurs througke processes of
evaporation, condensation, precipitation, runodf,groundwater flow
and the processes involved.

Units 3 to 5 describe the processes involved iremagcle to some level
of details, the reservoirs; particularly the suefand subsurface sources.
The concept of the unit of hydrological measuremetitainage basin is
discussed in unit 6.

The Units 1 to 5 of Module 2 focused on the dismrssof the
precipitation, evaporation, runoff and stream floim, that order.
Techniques for obtaining information about thesealdes were also
highlighted.

Finally, water quality in the surface and subswufdasins forms the
basis of discussion in Unit 6. Pollution and thgulating framework for
water management in some parts of the world, inctudNigeria are
also discussed here.



ESM 222 COURSE GUIDE

THE COURSE

This Course Guide tells you briefly what to expfom this material.
The study of Water is not only an academic endeaubis a lifelong
determining process. Where is Earth's water locatetlin what forms
does it exist? Is it safe for drinking? Can fishdasther aquatic life
thrive in streams and lakes that are affected bygaractivities? What
is the water quality? All these are questions #ratrelevant to human
survival on earth.

Hydrology is the science that studies the Eartldsewmolecules and
their movement through the hydrologic cycle. Thertkaand its

various abiotic and biotic systems are greatlyuafice by water.
Water is essential for life and plays an importaoié in atmospheric
and lithospheric processes.

The hydrologic cycle is used to model the storage movement of
water molecules between the biosphere, atmosph#resphere and
hydrosphere. Water is stored in the following resgs: atmosphere,
oceans, lakes, rivers, glaciers, soils, snowfiells] groundwater. It
moves from one reservoir to another by procesdes Bvaporation,
condensation, precipitation, deposition, runoffiltration, sublimation,
transpiration, and groundwater flow.

Precipitation can be defined as any aqueous depodiguid or solid
form, that develops in a saturated atmospheric renment and
generally falls from clouds. A number of differgrecipitation types
have been classified by meteorologists including,r&ceezing rain,
snow, ice pellets, snow pellets, and hail. Fog @éeents the saturation
of air near the ground surface. Classification ofg ftypes is
accomplished by the identification of the mechantbiat caused the
air to become saturated.

The distribution of precipitation on the Earth'sfage is generally
controlled by the absence or presence of mechantbaus lift air
masses to cause saturation. It is also controletthés amount of water
vapor held in the air, which is a function of antperature. A figure
is presented that illustrates global precipitapatterns.

Evaporation and transpiration are the two proce#isas move water
from the Earth’s surface to its atmosphere. Evapmoras movement of
free water to the atmosphere as a gas. It reqlarge amounts of
energy. Transpiration is the movement of wateruploa plant to the
atmosphere. Scientists use the term evapotrangmirat describe both
processes. In general, the following four factaratml the amount of
water entering the atmosphere via these two presessnergy
availability; the humidity gradient away from theagorating surface;
the wind speed immediately above the surface; amigmavailability.

Agricultural  scientists sometimes refer to two typeof
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evapotranspiration:  Actual Evapotranspiration andoteRtial
Evapotranspiration. The growth of crops is a fumttof water supply.
If crops experience drought, yields are reducedgdtion can supply
crops with supplemental water. By determining bo#ttual
evapotranspiration and potential evapotranspirateonfarmer can
calculate the irrigation water needs of their crops

The distribution of precipitation falling on theaymd surface can be
modified by the presence of vegetation. Vegetationgeneral,
changes this distribution because of the fact thaitercepts some
the falling rain. How much is intercepted is a ftion of the
branching structure and leaf density of the vegatatSome of the
water that is intercepted never makes it to theugdo surface.
Instead, it evaporates from the vegetation surthectly back to the
atmosphere. A portion of the intercepted water tanel from the
leaves to the branches and then flow down to tloeumg via the
plant’'s stem. This phenomenon is called stem fléwother portion
of the precipitation may flow along the edge of gant canopy to
cause canopy drip. Both of the processes descrdisave can
increase the concentration of the water addeddasthl at the base of
the stem and around the edge of the plant’s canBpyn that falls
through the vegetation, without being interceptedcalled through
fall.

Infiltration is the movement of water from precagdibn into the soil
layer. Infiltration varies both spatially and temalbly due to a number
of environmental factors. After a rain, infiltratiocan create a
condition where the soil is completely full of wat&his condition is,
however, only short-lived as a portion of this watgiickly drains
(gravitational water) via the force exerted on wWeder by gravity. The
portion that remains is called the field capacity.the soil, field
capacity represents a film of water coating alliviadtlial soil particles
to a thickness of 0.06 mm. The soil water from 0D@o 0.06 mm
(known as capillary water) can be removed from sbi through the
processes of evaporation and transpiration. Botliheke processes
operate at the surface. Capillary action moves miaten one area in
the soil to replace losses in another area (bigigpsses tend to be at
the surface because of plant consumption and eatpo). This
movement of water by capillary action generally ates a
homogeneous concentration of water throughout tbi profile.
Losses of water stop when the film of water arowod particles
reaches 0.0002 mm. Water held from the surfacbefoil particles to
0.0002 mm is essentially immobile and can only ima@letely removed
with high temperatures (greater than 100 degredsiuSg Within the
soil system, several different forces influencegtwrage of water.

Runoff is the surface flow of water to areas of dovelevation. On the
microscale, runoff can be seen as a series otrelatents. At the global
scale runoff flows from the landmasses to the osedine Earth's

Vi
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continents experience runoff because of the imlalabetween
precipitation and evaporation.

Through flow is the horizontal subsurface movemehtwater on
continents. Rates of through flow vary with soipéy slope gradient,
and the concentration of water in the soil. Grouatdw is the zone in
the ground that is permanently saturated with waildre top of
groundwater is known as the water table. Groundwatso flows
because of gravity to surface basins of water (@&ekcated at lower
elevations.

The flow of water through a stream channel is comiymnacalled
stream flow or stream discharge. On many streanmahs gauge
stream flow because of the hazards that can résurit too little or
too much flow. Mechanical gauging devices recond thformation
on a graph known as a hydrograph. In the onlineesxdhere is a
representation of a hydrograph showing some dijfgal features.

COURSE AIM

The aim of this study is to provide an understagdind appreciation of
water resources

COURSE OBJECTIVES

Sequel to the aim above, this course sets to aelgeme objectives.
After reading this course, you should be able to:

discuss the nature of water and its distributiorearth
describe the hydrological cycle

describe the processes of water transfer in theotygical cycle
enumerate surface water resources

enumerate the various forms of groundwater sources
describe the drainage basin

enumerate precipitation forms and describe ways of
measuring rainfall

) describe the processes of evaporation and hightigiv they
could be measured

describe discharge measurement in a stream

define water quality and enumerate the source dufants
intowater sources.

WORKING THROUGH THE COURSE

You are advised to study this course material weeyl. The course
may not be that simple but you may be assuredgiest efforts have
been put into its development in the attempt to endkvery readable
and comprehensible. Nevertheless, you must studserny well. |

would advise that you avail yourself the opportynaf attending

vii
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tutorial sessions where you would have the oppanrtwof comparing
knowledge with your peers.

THE COURSE MATERIAL

You will be provided with the following materials;

Course Guide and Study Units

In addition, the course comes with a list of recanded textbooks

which though are not compulsory for you to acquirendeed read, are
necessary complements to the course material.

STUDY UNITS

This course is made up of two Modules (2) each sihunits (6)

Module 1

Unit 1 Nature and Distribution of Water on the Bart
Unit 2 Water (Hydrological) Cycle

Unit 3 Processes of Water Transfer

Unit 4 Surface Water Sources

Unit 5 Groundwater Sources

Unit 6 The Concept of Drainage Basin

Module 2

Unit 1 Precipitation Forms and Rainfall Measurement
Unit 2 Evaporation and Evapotranspiration

Unit 3 Runoff

Unit 4 Streamflow

Unit 5 Streamflow Measurements

Unit 6 Water Quality Assessment

REFERENCESFURTHER READING

Bras, R.L.Hydrology: An Introduction to Hydrologic Science,
Massachusetts: Addison-Wesley, 1990.

Christopherson, R. WGeosystems: An Introduction to Physical
Geography. 5th Edition New Jersey, Prentice Hall, 2005.

Davie, T.Fundamentals of Hydrology, Routledge Publishing, 2002.
Singh, V.P. Elementary HydrologlPearson Education, 1997.

Alan H. and Arthur StrahleRhysical Geography: Science and Systems
of the Human Environment. 2nd Edition, New York: John Wiley
and Sons, 2003.
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Viessman, W. and G.L. Lewilntroduction to Hydrology, 5th edition.
New Jersey: Prentice Hall, 2003.

ASSESSMENT

There are two components of assessment for thisseo0'he Tutor-
Marked Assignment (TMA), and the end of course d@ration

TUTOR-MARKED ASSIGNMENT

The TMA is the continuous assessment componeniof gourse. It
accounts for 30% of the total score. You will beegi TMAS to answer.
You must answer all these before you are allowedrite the end of
course examination. The TMAs would be given to Yoy your
facilitator and returned after you have done them.

END OF COURSE EXAMINATION

This examination concludes the assessment comptorethie course. It
constitutes 70% of the whole course. You will bloimed of the time
for the examination. It may or not coincide withethiUniversity
semester’s examination

SUMMARY

This course intends to provide you with some ungegl knowledge
of water resources and the way they are assessetheBtime you
complete studying this course, you will be able @oswer the
following questions:

What is streamflow? Describe the effect of an iséestorm on
streamflow using a hydrograph.

Distinguish between evaporation and evapotranspira¥Vhat factors
control the rate of evapotranspiration?

Discuss the movement of water into soils. How ahg does
infiltration vary with time?

Why does runoff occur?
What is potential evapotranspiration and how dodgfer from actual

evapotranspiration. What factors control the ratgrach water leaves
the Earth's surface by way of evaporation and piaason?
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Explain the global distribution patterns of pretapion. What is the

importance of water cycle

| wish you success in this course. In particuldrppe you will be able
to appreciate the importance of water as commonyabée but
endangered resource.

Best wishes
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MODULE 1

Unit 1 Nature and Distribution of Water on the Bart
Unit 2 Water (Hydrological) Cycle

Unit 3 Processes of Water Transfer

Unit 4 Surface Water Sources

Unit 5 Groundwater Sources

Unit 6 The Concept of Drainage Basin

UNIT1  NATURE AND DISTRIBUTION OF WATER ON
THE EARTH

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content

3.1 Properties of Water
3.1.1 Chemical Properties
3.1.2 Physical Properties

3.2 Distribution of Water
3.2.1 Water Supply

Conclusions

Summary

Tutor-Marked Assignments

References/Further Reading

No oA
©OOoo

1.0 INTRODUCTION

It is assumed that you have read the summary afdh&ents of the Course
Guide that has been prepared alongside this matéryau have done this,

you would have gotten an overview of what this waittains. In this unit,

you are introduced to water and its properties,teowl it is distributed over

the earth.

Before we discuss this, it is good that you knownjearning expectations
for the unit. These are included in the learningeotives stated below.

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

mention the physical and chemical properties oewdifferentiate between
polluted and normal water describe the distribubbwater over the earth
surface.
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3.0 MAIN CONTENT

3.1 Propertiesof Water

What are the physical and chemical properties aewthat make it so
unique and necessary for living things? When yak lat water, taste and
smell it. Pure water is virtually colourless ands o taste or smell. But
the hidden qualities of water make it a most irdéng subject. Thus,
water is known to possess two main categories opgmties, namely;
chemical and physical properties.

3.1.1 Chemical Properties

You probably know that water's chemical formulaH20. One atom of

oxygen bound to two atoms of hydrogen. The hydrogémms are

"attached" to one side of the oxygen atom, resmlima water molecule

having a positive charge on the side where thedgeir atoms are and a
negative charge on the other side, where the oxyaem is. Since

opposite electrical charges attract, water molecwénd to attract each
other, making water kind of "sticky." The side wite hydrogen atoms
(positive charge) attracts the oxygen side (negativarge) of a different
water molecule.

All these water molecules attracting each othermtbay tend to clump
together. This is why water drops are, in factpgdtdf it was not for some
of Earth's forces, such as gravity, a drop of wateuld be ball shaped - a
perfect sphere.

Water is called the "universal solvent" becausksisolves more substances
than any other liquid. This means that whereverewgbes, either through
the ground or through our bodies, it takes alontpalde chemicals,
minerals, and nutrients. Pure water has a neuttabfp/, which is neither
acidic nor basic.

3.1.2 Physical Properties

Water is unique in that it is the only natural gabse that is found in all
three states -- liquid, solid (ice), and gas (steamat the temperatures
normally found on Earth. Earth's water is constaintteracting, changing,
and in movement.

Water freezes at°0Celsius (C) and boils at 1D at sea level. In fact,
water's freezing and boiling points are the baselith which temperature
is measured: Von the Celsius scale is water's freezing poind, 00 is
water's boiling point. Water is unusual in that #adid form, ice, is less
dense than the liquid form, which is why ice floats



ESM 222 MODULE 1

Water has a high specific heat index. This meaaiswater can absorb a lot
of heat before it begins to get hot. This is whytevais valuable to
industries and in your car's radiator as a cool@dhe high specific heat
index of water also helps regulate the rate at whic changes temperature,
which is why the temperature change between seasoggadual rather
than sudden, especially near the oceans

Water has a very high surface tension. In otherdw/owater is sticky and
elastic, and tends to clump together in drops ratien spread out in a thin
film. Surface tension is responsible for capillagtion, which allows water
(and its dissolved substances) to move throughrtloés of plants and
through the tiny blood vessels in our bodies.

3.2 Didtribution of Water

Where is Earth's water located and in what formasdb exist? You can
see how water is distributed by viewing the barrthaelow. The left-

side bar shows where the water on Earth existsyuta®é percent of all

water is in the oceans. The middle bar shows th&ildution of that three
percent of all Earth's water that is freshwatere Thajority, about 69
percent, is locked up in glaciers and icecaps, mam Greenland and
Antarctica. You might be surprised that of the rammay freshwater,

almost all of it is below your feet, as ground wafdo matter where on
Earth you are standing, chances are that, at seypth dthe ground below
you is saturated with water. Of all the freshwaterEarth, only about 0.3
percent is contained in rivers and lakes—yet rivard lakes are not only
the water we are most familiar with, it is also whenost of the water we
use in our everyday lives exists.

Fresh-
water 3% Other 0.9% mm  Rivers 2%
Ground SW
water
30.1%
Earth's water Freshwater Presh
surface walter
liguie}

Figure 1.1: Distribution of water on the earth
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3.2.1 Water Supply

How much of this water is available for our usesand in what forms
does it exist? You can best see how water is digked by viewing these
pie charts (Figure 1.2). The top pie chart shoves ttver 99 percent of all
water (oceans, seas, ice, most saline water, andsgheric water) is not
available for our uses. And even of the remainmagtion of one percent,
much of that is out of reach. Considering that nodghe water we use in
everyday life comes from rivers, you will see tha¢ generally only

make use of a tiny portion of the available watgy@ies. The bottom pie
shows that the vast majority of the fresh waterilabée for our uses is
stored in the ground. For a detailed explanation hofv water is

distributed, look at the data table below. Noticavhof the world's total
water supply of about 1,386 million cubic kilomedref water, over 96
percent is saline.

And, of the total freshwater, over 68 percent iskkxd up in ice and
glaciers. Another 30 percent of freshwater is & ¢fnound. Thus, surface-
water sources (such as rivers) only constitute ©b®8,100 cubic

kilometres, which is about 0.0067 percent of tetater, yet rivers are the
source of most of the water people use.

All water on Earth

rx__ﬂ_l.:rnusable 29% __1

Water usable by humans 15%o

Groundwater Q9% 3

Lakes O 86 9% Rivers O 02%

Figure 1.2: Global water availability and use
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Table 1.1: Distribution of water in volume and percentagefreshwater

available for use.

MODULE 1

W at volume % f fr % of total
\Water source (kr6r113e)r o eWatero 0 Wate(r) o
CB);:;sns, Seas, 338 000,000 | 0 96.5
e a0 00 667 | 174
Groundwater 23,400,000 -- 1.7
Fresh 10,530,000 30.1 0.76
Saline 12,870,000 - 0.94
Soil Moisture 16,500 0.05 0.001
Sé‘r’r‘:]r;?mst'ce 300,000 0.86 0.022
Lakes 176,400 - 0.013
Fresh 91,000 0.26 0.007
Saline 85,400 - 0.006
Atmospher 12,900 0.04 0.001
Swamp Water 11,470 0.03 0.0008
Rivers 2,120 0.006 0.0002
Biological Water | 1,120 0.003 0.0001
Total 1,386,000,000  |100.04g 100

Source:www.ga.water.usgs.gov/edu.html

4.0 CONCLUS

ON

In this unit, you have learnt about the constitaesft water, and how it is

distributed across the earth. You have also rahlideat a tangible

proportion of water available on the earth is rexful, and although we use
water everyday, the amount available for use is]jds.

You should at this point attempt to identify theedeo conserve the little
water that you have and think of possible waysdoect your previous
believe that water is abundance. Can you identiyes possible sources
of water in the arid region and deserts? What Wippen if the little
available water in the region is wasted?
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5.0 SUMMARY

This unit has focused on the characteristics ofewats distribution and

availability for use. Good water should be tastgleweither acidic nor

basic. It should also be odourless, etc. it shdaddree from pollutants.

The unit also showed that of the total water avddan the earth surface,
only 1% is available for use. Others are eitheidbid somewhere or are
not in desired form for use. Unit 2 will discusethrocess with which

this water gets to us in the earth system.

6.0 TUTOR-MARKED ASSIGNMENT

1. Highlight three, each of the chemical and physicedperties of
water.

Differentiate between a polluted and good (purefewa

Describe in your own words, how water is distrilcutever the
earth.

7.0. REFERENCESFURTHER READING

wn

Singh, V.P Elementary HydrologyPearson, 1997.

Strahler, Alan H. and Arthur StrahldPhysical Geography: Science and
Systems of the Human Environme2d Edition John Wiley and
Sons, New York, 2003.

www.ga.water.usgs.qgov/edu.html
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UNIT 2 WATER (HYDROLOGICAL) CYCLE
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1  Whatis Water Cycle?
3.2 Elements of the Water Cycle
3.3 The Water Cycle Processes
3.4 Importance of the Water Cycle

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignments

7.0 References/Further Reading

1.0 INTRODUCTION

Unit 1 elucidates the properties and distributidnwater on the earth
surface. This Unit explains further the way thistevas transferred from
one form to another, and how and where they aredto

2.0 OBJECTIVES

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

define the water (hydrological) cycle
identify the components of water cycle
describe the processes of water cycle
discuss the importance of the cycle.

3.0 MAIN CONTENT

3.1 WhatisWater Cycle?

Earth's water is always in movement. The wateregyalso known as the
hydrologic cycle, describes the continuous movenoéntater on, above,
and below the surface of the Earth. It is a unisgdtem which describes
the way the hydrosphere (earth’s water bodies)cesthe water cycle is
truly a "cycle," there is no beginning or end. Watan change states
among liquid, vapour, and ice at various placeshan water cycle, with
these processes happening in the blink of an egeoaer millions of
years. Although the balance of water on Earth resdairly constant
over time, individual water molecules can come godin a hurry. The
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primary source of water into the earth is the poiation, in form of
snow or rain.

3.2 Elementsof the Water Cycle

The key elements of the water (hydrological) cyele atmospheric
water, surface water, soil water and ground wathe atmospheric water
is made up of water vapour and clouds. Water vapaist in the gaseous
state, clouds are tiny droplets of water in thecsphere. In order to have
rain there must be a cloud. A cloud is made up atewin the air (water
vapour). Along with this water are tiny particlealled condensation
nuclei. For instance, the little pieces of salttdeér after sea water
evaporates, or a particle of dust or smoke. Corateors occurs when the
water vapour wraps itself around the tiny particldsach particle
(surrounded by water) becomes a tiny droplet betw@6001 and 0.005
centimetre in diameter. (The particles range inegsitherefore, the
droplets range in size). However, these dropletg@o light to fall out of
the sky.

The surface water is either flowing exposed, sicmaivers, streams or
pond on land, such as in lakes, ponds, lagoonss sea oceans.
Subsurface water is that which occupies openinghm soil or rock.

When it is held in the soil within a few meterstbé surface, it is known
as soil water. However, when held in the openinfgthe bedrock, it is

referred to as groundwater. Subsurface water ietbee made up of two
components; soil water and groundwater.

3.3 TheWater Cycle Process

Picture a huge room full of tiny droplets millingoaind. If one droplet
bumps into another droplet, the bigger droplet weht" the smaller
droplet. This new bigger droplet will bump into ethsmaller droplets
and become even bigger — this is called coalesceSmen the droplet is
so heavy that the cloud (or the room) can no lomgdd it up and it starts
falling. As it falls it eats up even more droplef$e can call the growing
droplet a raindrop as soon as it reaches the $ipebanm in diameter or
bigger. If it gets any larger than 4 mm, howevewill usually split into
two separate drops.

The raindrop will continue falling until it reachéise ground. As it falls,
sometimes a gust of wind (updraft) will force theag back up into the
cloud where it continues eating other droplets gatling bigger. When
the drops finally reach the ground, the biggespdrwill be the ones that
bumped into and coalesced with the most droplets. Smaller drops are
the ones that didn't run into as many dropletsn&aips are of different

8
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sizes for two primary reasons; initial differen@egarticle (condensation
nuclei) size and different rates of coalescence.

The resulting precipitation falls to the earth, dnereby adds to the surface
water (lakes, rivers, oceans, etc). Some of theiptation will percolate
the soil to contribute to soil water or groundwatBnrough the subsurface
flow, the soil water and groundwater will reachestns and rivers. The
falling rain drops may on account of either itsemgity or soil moisture
condition; contribute to surface runoff, which etely empties into
streams and rivers. The rivers will eventually Haage their waters into the
sea.

The cycle is completed by the return of water ® @tmosphere in form of
vapour through evaporation from the surface waterthirough the process
of evapotranspiration from vegetated surface. Thelic movement of
water is illustrated in Fig. 2.1.

'95 ¥ EE'w;\pf:nratmn
Prempltatlon .

B G T
kfi.‘tlia!-;}
T

. __(ln oceans)

HsiiRi

Flgure2 1 The Water Cycle (the digits are available wateumrb in knd)

3.4 Importance of hydrological cycle

The hydrological cycle is very vital to life sustarte on earth. The
followings are some of the specific importance:

1. The circulation of water from the oceans and lamdases into the
atmosphere and back again creates a resource) vghimlimited in
global terms.
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2. It is the largest circulation of matter within tlearth-atmosphere
system. As the ultimate recycling process, it veashway waste
products in rainfall and purifies supplies by ewagtion.

3. The supply of freshwater on earth is entirely daehydrological
cycle.
4. The solar energy and the gradients in water coragm between

surface and atmosphere that drive evaporation alsive
transpiration, the process that causes the sapisé in most
terrestrial plants. In this sense, the hydroldgmeale shares with
solar radiation the role of driving force behindnpary biological
production, basic food production on land.

5. By maintaining vapour in the atmosphere, the wat@le creates
climate for life. Water vapour creates a ‘greeruse effect’ by
absorbing heat loss from the surface of the earth.

4.0 CONCLUSION

In this unit, you have learnt about the water cyeled how water from

rains gets to the earth surface. Some of the cosmienand processes
were also discussed. You should at this point ble &b describe, in

simple terms, the principle of water cycle, andeflyi explain the

components and processes involved.

5.0 SUMMARY

You have learnt in this unit that the primary sauof water to the earth
is rainfall. The rainfalls, and the water undergaesontinuous cycle, that
the water fall passes through some stages and tpieback to the
atmosphere, for the cycle to continue. The impasamf this was
highlighted, part of which include the ability tdreulate the global
energy resource. The importance of this cycle mrmious and all other
activities on the earth are dictated by it, anccamponent

6.0. TUTOR-MARKED ASSIGNMENTS

1. Sketch and explain the hydrologic cycle.
2. Mention 3 reasons why water cycle is an importdrmmenon.

7.0 REFERENCESFURTHER READING

http://ga.water.usgs.gov/edu/watercycle.html
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Jeje, L.K. and Adesina, F. AMan and Environment — an introductory

note Lecture note, Obafemi Awolowo University, lle-|f2002.
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1.0 INTRODUCTION

You have learnt that water is transferred during kydrological cycle.
Water changes from one state to the other, and misees from one
medium to the other. As you have learnt in theiealnit, this is true. You
will learn more about the mechanisms through wiiiik is done and the
terms given to them by hydrologist. You will alsedin to see these terms
being frequently used in subsequent Units. The firecess is of course
rainfall, which has been introduced to you in Uitand with more details
in Module 2 Unit 1.

2.0 OBJECTIVES

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

Stemflow

Infiltration
Throughfall, etc.

3.0 MAINCONTENT
3.1 Interception, Stemflow, Canopy Drip, and Throughfall
Vegetation often modifies the intensity and disttibn of precipitation

falling on it through its leaves and woody struetir The most obvious
effect plants have on falling precipitation is ntption.

12
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3.1.1 Interception

This can be technically defined as the captureretipitation by the plant
canopy and its subsequent return to the atmospheyegh evaporation or
sublimation. The amount of precipitation intercebby plants varies with
leaf type, canopy architecture, wind speed, avigleddiation, temperature,
and the humidity of the atmosphere.

Vegetation can intercept up to 50% of the rain ths on its leaves. The
leaves of deciduous trees commonly intercept angsvitem 20 to 30% of
the falling rain. Water dripping off leaves to ttp@und surface is
technically called leaf drip.

Precipitation that is not intercepted can be infked by the following
processes:

3.1.2 Stemflow

is the process that directs precipitation down fpbeanches and stems. The
redirection of water by this process causes theirgtoarea around the
plant's stem to receive additional moisture. Theoam of stemflow is
determined by leaf shape, stem and branch aramigecin general,
deciduous trees have more stemflow than conifevegstation.

3.1.3. Canopy drip

Some plants have an architecture that directsatiiof snowfall along the
edge of the plant canopy. This is especially triiecmiferous vegetation.
On the ground, canopy drip creates areas with higtuesture content that
are located in a narrow band at the edge of thet pglanopy.

3.1.4. Throughfall

This is used to describe the process of precipitapiassing through the
plant canopy. This process is controlled by factites plant leaf and stem
density, type of the precipitation, intensity oétprecipitation, and duration
of the precipitation event. The amount of precipia passing through
varies greatly with vegetation type.

When the water gets to the ground in any of thés& processes, some

will infiltrate the soll. It is therefore necessanylook at this process and its
implications.

13
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3.2 Infiltration and Soil Water Storage
3.2.1 Infiltration

Infiltration refers to the movement of water int@tsoil layer. The rate of this
movement is called the infiltration rate. If railhfatensity is greater than the
infiltration rate, water will accumulate on the fawe and runoff will begin.

Movement of water into the soil is controlled byawgity, capillary action,
and soil porosity. Of these factors soil porosgymost important. A soil's
porosity is controlled by its texture, structurejdaorganic content.
Coarse textured soils have larger pores and fisstiran fine-grained
soils and therefore allow for more water flow. Poead fissures found in
soils can be made larger through a number of factbat enhance
internal soil structure. For example, the burrowofgworms and other
organisms and penetration of plant roots can irsgéhe size and number
of macro and micro-channels within the soil. Theoamt of decayed
organic matter found at the soil surface can alsbaace infiltration.
Organic matter is generally more porous than mingod particles and
can hold much greater quantities of water.

The rate of infiltration normally declines rapidliyring the early part of a
rainstorm event and reaches a constant value aBgeral hours of
rainfall. A number of factors are responsible fdnst phenomenon,
including:

(1) The filling of small pores on the soil surface witlater reduces the
ability of capillary forces to actively move waiato the soil.

2 As the soil moistens, the micelle structure of ttiay particles
absorbs water causing them to expand. This expamsduces the
size of soil pores.

(3) Raindrop impact breaks large soil clumps into sengihrticles.

4) These particles then clog the soil surface pore$ r@duce the
movement of water into the soil.

3.2.2 Soil Water Storage

Within the soil system, the storage of water islu@nhced by several
different forces. The strongest force is the mdictorce of elements and
compounds found on the surface of soil mineralse Water retained by
this force is called hygroscopic water and it cetssiof the water held
within 0.0002 millimetres of the surface of soirfeles.

14
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The maximum limit of this water around a soil padiis known as the
hygroscopic coefficientHygroscopic water is essentially non-mobile and
can only be removed from the soil through heating.

Matric force holds soil water from 0.0002 to 0.0@llimetres from the
surface of soil particles.

This force is due to two processes: soil particlefexe molecular

attraction (adhesion and absorption) to water dwedcbhesion that water
molecules have to each other. This force declinedrength with distance
from the soil particle. The force becomes noneristpast 0.06

millimetres. Capillary action moves this water froameas where the
matric force is low to areas where it is high. Bexa this water is
primarily moved by capillary action, scientists aoonly refer to it as

capillary water. Plants can use most of this wdmgrway of capillary

action until the soil wilting point is reached. Wain excess of capillary
and hygroscopic water is called gravitational wat@ravitational water is
found beyond 0.06 millimetres from the surface oil particles and it

moves freely under the effect of gravity. When gational water has
drained away the amount of water that remains liea¢dhe soil's field

capacity.

Figure 3.1 describes the relationship between hiekriess of water film
around soil particles and the strength of the fdtwd holds this water.
Force is measured in units called bars. One bagusl to 1000 millibars.
The graph also displays the location of hygrosceyater, the hygroscopic
coefficient, the wilting point, capillary water, efd capacity, and
gravitational water along this line.

1000
‘E 100 Hygroscopic Water
g Hygroscopic Coefficient
S
= 10 Wilting Point
=2
=
b Capillary Water
os 1
o
—
=
=
7 al
= o1 Field Capacity
= Gravitational Water
0.01 +—— T T T
0.00001 a.0001 Q.01 o.M 041 1

Water Film Thickness (mm)

Figure 3.1: shows relationship between soil water film thieks and
moisture tension
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3.3 Throughflow and Groundwater Storage

3.3.1 Throughflow

Throughflow is the sporadic horizontal flow of wateithin the solil layer
(Figure 3.2). It normally takes place when the sotompletely saturated
with water. This water then flows underground uittiteaches a river,
lake, or ocean. Rates of water movement via thriboghare usually low.
Rates of maximum flow occur on steep slopes argemvious sediments.
The lowest rates of flow occur in soils composetheavy clays. Rates of
throughflow in these sediments can be less thaillibratre per day.

— e l’"'}:\"x -

C = § -::'\. Pale . i
1 s W& Yy
Evapotranspiration \.t\}ﬁ:‘/ B {‘x'_‘éf;:j/

Figure 3.1: Hydrologic movement of water beneath the Earthi$ase.

Water usually enters the surface sediments as ptaton. This water
then percolates into the soil layer. Some of thagew flows horizontally
as throughflow. Water continuing to flow downwardeatually reaches
a permanent store of water known as the groundwater movement of
groundwater horizontally is called groundwater flow

3.3.2 Groundwater flow

Precipitation that succeeds in moving from the $myler down into the
underlying bedrock will at some point reach an aadapermanent
saturation that is known as the groundwater zomgu(e 3.1). The top of
this zone is called the water table. Approximat&i#o of the fresh water
found at the Earth's terrestrial surface is stommsl groundwater.
Groundwater tends to flow by way of gravity to tpeint of lowest
elevation. Often groundwater flow discharges insudace body of
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water like a river channel, lake, or ocean. Typigabundwater flow
velocities lie in the range of 250 to 0.001 metpex day. Highest
groundwater flow velocities are commonly found irdsnentary
deposits (like gravel, conglomerate, or sandstdrezlause of their very
high permeability. The least permeable ground tgoeurs in dense
igneous rock materials like granite. Rock formasiothat store
groundwater water are known as aquifers. Rock fdiona that cannot
store groundwater are called aquicludes.

4.0 CONCLUSION

You will be exposed to more terms as you continuth whis module,
please try to use them to be able to remember daaquately. You have
so far learnt the processes involved in water feart® and from the main
earth reservoirs; the atmosphere (precipitationgeaas and the
groundwater. What names are given to the processviigh they are
distributed? Subsequent Units (4 and 5) inform gbaut the sources, and
the approach is to divide them into surface andiggavater sources for apt
understanding.

In this Unit, you should have learnt the meaning tefms like
interception, infiltration, throughfall, etc and @ain them in your own
words.

5.0 SUMMARY

This unit has taught you the many terms we useymlrdlogy and their
meanings. Interception refers to the process bychvisiome portions of
the rains are obstructed from reaching the eantfase. Some got to the
surfaces through stemflow, canopy drip, etc. at Hwface; some
infiltrate and mix with the groundwater as throughf etc. in other
words this unit has taught you the right word fam& hydrological
occurrences.

6.0 TUTOR-MARKED ASSIGNMENT

1. Distinguish between throughfall and throughflow.
2. Describe the process of infiltration.
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7.0 REFERENCESFURTHER READING

http://www.waterencyclopedia.com/St-Ts/Stream-H{olmg.html

Dingman, S. LPhysical HydrologyUpper Saddle River, NJ: Prentice Hall,
1994.
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1.0 INTRODUCTION

You would have learnt from Unit 2 that the wateattdrops as rainfall is

either collected as pond or lakes infiltrates tepsmto nearby surface water
or infiltrates deep into the ground to mix with tlygoundwater. The

importance of this unit is to teach you about thdace waters, part of the
water from the atmosphere that collects somewherine surface of the

earth, where they can be seen, and groundwaterhititen part. Their

importance for man in shaping the earth surfacédsis noted.

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

mention some examples of surface waters

. compare the surface waters described in 1 above
. identify different uses to which these water sosraee put, and their
limitations.

3.0 MAIN CONTENT

3.1 SurfaceWaters

Oceans, seas rivers, streams, creeks, etc. aramaés for water flowing on
the Earth's surface. As far as many literatureswater resources are
concerned, they are pretty much interchangealitend to think of creeks
as the smallest of the three, with streams beingamiddle, and
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rivers being the largest. The water in the rivestseams, creeks, lakes,
and reservoirs are vitally important to our evenrydiée. The main uses
of surface water include drinking-water and othablc uses, irrigation
uses, and for use by the thermoelectric-power itrguso cool
electricity-generating equipment. The majority ofater used for
thermoelectric power, public supply, irrigation, mmg, and industrial
purposes came from surface-water sources.

3.1.1 Riversand Streams

Rivers and streams begin their lives as smalleekseoften called "the
headwaters". These small tributaries run downhiltiluthey merge to

form bigger tributaries, which continue merging ftom larger rivers.

Rivers keep flowing to lower altitudes, towards teeans. River systems
are similar to the blood vessels in your body. Taapillaries that carry
blood keep merging together until all of the bloedhpties into large

veins, which deliver the blood to your heart.

All rivers are surrounded by a certain amount afdlahat is higher in
altitude than the actual river. Precipitation tfals in this area eventually
flows downhill towards the river. At any particulgoint on a river, the
land upstream is the river's watershed, or drairgen. This example of
a drainage basin gives a rough idea of how pretipit flows downhill
into rivers (and lakes). The concept of drainagsirb& the focus of the
Unit 5 of this module.

3.1.2 Lakes and Reservoirs

If people had to pick their favourite water bodizey would probably
choose a crystal-clear lake nestled in the mousit&iot all lakes are clear
or are near mountains, though. The world is fullakes of all types and
sizes.

A lake really is just another component of Earthusface water. A lake is

where surface-water runoff (and maybe some grouteiwseepage) has
accumulated in a low spot, relative to the surranmadountryside. It is not

that the water that forms lakes get trapped, kattttie water entering a lake
comes in faster than it can escape, either vidauih a river, seepage into
the ground, or by evaporation.

A reservoir is the same thing as a lake in manylesb minds. But, in fact,

a reservoir is a manmade lake that is created \ahgam is built on a river.
River water backs up behind the dam creating avese
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The Earth has a tremendous variety of freshwakeslafrom fishing ponds
to Lake Superior (the world's largest), to manyeresirs. Most lakes
contain fresh water, but some, especially thosereviaater cannot escape
via a river, can be salty. In fact, some lakeshsagthe Great Salt Lake, are
saltier than the oceans. Most lakes support af lagoatic life, but the Dead
Sea is not called "Dead" for nothing -- it is tadtg for aquatic life! Lakes
formed by the erosive force of ancient glacierghsas the Great Lakes,
can be thousands of meters deep. Some very ldtge taay be only a few
dozen meters deep.

3.1.3 Seas and Lagoons

The word ‘Sea’ has through usage been restrictedhtdler water bodies to
differentiate them from the oceans, which are esitenwater bodies. The
main difference between the sea and ocean is treraf size. Lagoons, on
the other hand are large sheets of water sepafatedthe open sea by
means of sand bars. They are often connected hetlopen seas by means
of channels known as creeks. Examples of lagoan$oaind around Lagos
in Nigeria, and around coastal areas in many ditise world.

3.1.4 Oceans

The world’s oceans comprise a system of intercamdewater bodies. It is
however, a common practice to recognise four ore fieceans.
Oceanographers distinguish these oceans into tlaatit the Pacific, the
India, the Arctic and the Southern oceans basettiein circulations. These
are as discussed below.

3.141 The Atlantic Ocean

This ocean separates the continents of Africa amdfie to the east from
the North and South Americas to the west. Its r@thioundaries include
the Arctic Ocean and part of the southern Atla@mean. The Atlantic
Ocean has some tributary seas, including the Caaibbseas, Gulf of
Mexico, the Mediterranean Sea, and the Black semyMivers including

the Amazon, Congo and Niger, Panama, MississippiL&®vrence and

River Rhine, also flow into the Atlantic Ocean.

The Atlantic Ocean is of great commercial valuenankind. It is the oldest
and most important seaway between Europe and mtmey parts of the
world. The ocean navigation and ocean cable nesvork the Atlantic
Ocean are among the densest in the world.
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3.14.2 The Pacific Ocean

This is the largest of all the oceans. It coversualmne third of the earth’s
surface, and represents nearly half the water seidathe earth.

It is larger than all the continents, put togethertotal area is 180 million
square kilometres! The pacific, like the Atlanticégan is connected with
other water bodies. Some large rivers, e.g. Yaniiaeg and Hwang Ho
in China and Colorado in the USA discharge intoRlaeific. The Ocean is
also a major highway for both commerce and passengad many
important shipping routes cross it.

3.14.3 The Indian Ocean

This important water body is about 40 million sq&ilometres in size.
Unlike the Pacific and Atlantic, it does not exteimdo the northern

hemisphere beyond the Tropic of Cancer, exceputiirahe Persian Gulf
and the Red Sea. It however has no physical boyrtdathe South. Seas
that drain into the Indian Ocean include the Red &&l the Persian Gulf,
and rivers, which drain into it, include the Gangasl Brahmaputra in
India. The monsoon winds initially hampered navigraton the Indian

Ocean but by the 19th century, this problem has lo#ercome.

3144 The Arctic Ocean

This is also called the North Polar Sea. It liesuad the North Pole. It is
about 14 million square kilometres in area. Marngagirivers from the Asia
and North America empty into it. Sea ice forms thyloout the Arctic basin
in most months of the year, thereby preventing ssdato the depth
beyond the surface. Since 1945 however, sevetalesrhave been making
regular flights over the Arctic region

3.145 The Southern or Antarctic Ocean

This Ocean surrounds the continent of the Antardtics separated from
the other oceans by the line of latitud€3i0For most part of the year, pack
of icebergs covers most of the water, moving withds and currents.

3.2 Importance of Surface Water Sourcesto Mankind

1. Rivers and streams have a great impact on both |dcal
landscape and our own lives. Flowing water cordilyuerodes
the land it runs through, and over millions of yethe topography
of the land can be greatly changed.

3. River water is used by humans for irrigation; rsvedeposit
mineral-rich soil in their flood plains where maan grow crops;
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rivers are used to transport people and their rizatwured
products; rivers can produce hydroelectric powand, if you
notice where towns and cities are located, pednldd their
communities next to rivers.

4. Rivers also transport soil and sediment from oree@lto another,
which has a great impact on the landscape. Thmp®rtant to our
stomachs, as silt that is deposited in flood gaoh rivers makes
excellent farmland (just ask the ancient Egyptiah® lived along
the Nile River and depended on the annual floodihthe river for
their livelihood).

5. Oceans and seas constitute the world’s best transpade, and the
greatest machinery for commerce and trade.

6. Oceans, Seas and Lagoons are the main sourcesm& gseful
chemically formed sedimentary rocks, such as reak (gypsum)
and potash which are of great industrial and déimases

4.0 CONCLUSION

You have learnt in this Unit some of the many ex®mmf the surface
water bodies. The features of these water bodies &lso been highlighted.
The problems facing their use have also been Igigtdd. | advise that you
go through Unit 1 again and see why we illustrateat most of the water
bodies covering the earth surface are not accessibhgine the water held
in the Arctic and the Antarctic Oceans! Again, gleaote that the waters
contained in the ocean and seas are of great@akmt (i.e. saline). They
can therefore not be consumed.

5.0 SUMMARY

This unit has discussed the sources of surfacerwateclude rivers, lakes,
reservoirs and oceans. The importance of the veai@rces to human kind
was also highlighted. You should be able to notséh especially since
some of them are obvious things within the envirenm

6.0 TUTOR-MARKED ASSIGNMENTS

Make an inventory of water bodies around you, dadsify them according
to the different examples we have discussed.
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7.0 REFERENCESFURTHER READING
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1.0 INTRODUCTION

Figure 5.1 shows an example of groundwater expioria There is an
immense amount of water in aquifers (when a wagamrhg rock readily
transmits water to wells and springs, it is calked aquifer) below the
earth's surface. In fact, there is a hundred timese water in the ground
than is in all the world's rivers and lakes.

Figure5.1: A form of groundwater exploitation

This unit will essentially discuss this, and di#at forms of groundwater
will be exposed to you to know. It is better thatuyread this section
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carefully because you may not have been used toe smmms used
therein.

2.0 OBJECTIVES

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

discuss the occurrence of groundwater

mention some sources of groundwater
define water dowsing.

PonNE

3.0 MAIN CONTENT

3.1 What is Groundwater ?

Groundwater occurs only close to the Earth's setfathere must be
space between the rock particles for groundwateldour, and the
Earth's material becomes denser with more depterimlly, the weight
of the rocks above condenses the rocks below andezg out the open
pore spaces deeper in the Earth. That is why gnwataet can only be
found within a few metres of the Earth's surface.

Groundwater is an important part of the water cydteis the part of
precipitation that seeps down through the soil luittireaches rock
material that is saturated with water. Water in gineund is stored in the
spaces between rock particles as groundwater (drereno underground
rivers or lakes). Groundwater slowly moves undewgdy generally at a
downward angle (because of gravity), and may ewalytuseep into
streams, lakes, and oceans.

Fig. 5.2 is a simplified diagram showing how thewgnd is saturated
below the water table. The ground above the watgletmay be wet to a
certain degree, but it does not stay saturated. ditieand rock in this
unsaturated zone contain air and some water anglosufhe vegetation
on the Earth. The saturated zone below the watde thas water that
fills the tiny spaces (pores) between rock particend the cracks
(fractures) of the rocks.
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Figure 5.2: A simplified form of the occurrence of groundwater
3.1.1 Forms of Groundwater
Groundwater occurs in two main forms.

1. Unconfined groundwater
2. Confined

Unconfined groundwater occurs when the flow of suiainean water is not
confined by the presence of relatively impermeddpjers (Figure 5.3). The
presence of an impermeable layer beneath this ¢ypgroundwater can
cause the formation of a perched water table. Themteires are elevated
some distance above the surface's main water tAlperched water table
that intersects the surface will often result ia thrmation of spring.

In some cases, groundwater can become confined ebatwtwo
impermeable layers. This type of enclosed watesametimes called
artesian. If conditions are right, a confined aguifcan produce a
pressurized ground to surface flow of water knowraa artesian well. In
an artesian well, water flows against gravity te #arth's surface because
of hydrostatic pressure. Hydrostatic pressureaated from the

27



ESM 222 WATER RESOURCES EVALUATION

fact that most of the aquifer's water resides aglamation greater than the
well opening. The overlying weight of this watereates the hydrostatic
pressure.

Recharge

dred

|
Artesian ‘ | |
well . Piczometric YTy
OWInge
W5 surface

2 G e artesian well
\

Perched wate!

Water table well HI‘:H“

Confining layers
(aguitards)

Figure 5.3: Sources of groundwater

When saturated conditions are found with imperneabaterial between
the aquifer and ground surface, we term this aronieed aquifer, water
table aquifer, or a phreatic aquifer. If a weldislled into this aquifer, the
water level in the well defines the water tableyealic surface or the
piezometric surface.

The piezometric surface moves up and down depermhnipe amount of
water in the aquifer. The addition of water to theuifer is termed
recharge. The elevation (above sea level) of tmtase of the aquifer is
termed the head. The change in head, or head Vafis, distance is
termed the hydraulic gradient. Groundwater flowsvdothe hydraulic
gradient.

3.2 Whyisthere Groundwater?

A couple of important factors are responsible fug existence of ground
water:
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3.2.1 The effect of gravitational force

The force of gravity pulls water toward the cerdféhe Earth. That means
that water on the surface will try to seep into treund below it. The
possibility of the percolation however will depend the underlain rock

type.

Try as it might, gravity does not pull water alketlway to the centre of
the Earth. Deep in the bedrock there are rock kyweade of dense
material, such as granite, or material that watas ta hard time
penetrating, such as clay. These layers may bernedth the porous
rock layers and, thus, act as a confining layerdtard the vertical
movement of water. Since it is more difficult fdret water to go any
deeper, it tends to pool in the porous layers almv fin a more

horizontal direction across the aquifer toward aposed surface-water
body, like a river.

3.2.2 The underlain rock type

The rock below the Earth's surface is the bedrdtkall bedrock

consisted of a dense material like solid granitenteven gravity would
have a hard time pulling water downward. But Eartiedrock consists
of many types of rock, such as sandstone, gramital limestone.
Bedrocks have varying amounts of void spaces imthkeéhere ground
water accumulates. Bedrock can also become brokeh feactured;

creating spaces that can fill with water. And sob®lrock, such as
limestone, is dissolved by water - which resultdarge cavities that fill
with water.

In many places, if you looked at a vertical crosst®n of the earth you
would see that rock is laid down in layers, esdician areas of
sedimentary rocks. Some layers have rocks thatremee porous than
others, and here water moves more freely (in azbatal manner)
through the earth. Sometimes when building a rahé, layers are
revealed by road cuts, and water can be seen gepepinthrough the
exposed layers.

3.2.3 Groundwater Sources

Many sources of groundwater exist. They are disuhselow:
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3.231 Groundwater wells

Wells are extremely important to all societiesmany places wells provide
a reliable and ample supply of water for home uisegation, and
industries. Where surface water is scarce, suah @esserts; people could
not survive and thrive without ground water of weModern wells are
more often drilled by a truck-mounted drill rigilSthere are many ways
to put in a well. Below are some of the common rod¢h

3.2.1.2Dug wells

Hacking at the ground with a pick and shovel is wag to dig a well. If

the ground is soft and the water table is shalldven dug wells can
work. They are often lined with stones to prevém@m from collapsing.
They cannot be dug much deeper than the water tgbt as you cannot
dig a hole very deep when you are at the beadrkeeips filling up with

water!

3.2.1.3 Driven wells

Driven wells are still common today. They are bt driving a small-

diameter pipe into soft earth, such as sand orejrav screen is usually
attached to the bottom of the pipe to filter oubdsaand other particles.
They however, can only tap shallow water, and beedhe source of the
water is so close to the surface, contaminatiomfsurface pollutants can
occur.

3.2.1.4 Drilled wells

Most modern wells are drilled, which requires alyacomplicated and
expensive drill rig. Drill rigs are often mounted big trucks. They use
rotary drill bits that chew away at the rock, pession bits that smash the
rock, or, if the ground is soft, large auger bidsilled wells can be drilled
more than 300 metres deep. Often a pump is plactdteottom to push
water up to the surface.

Groundwater users would find life easier if the evdevel in the aquifer
that supplied their well always stayed the sames8eal variations in
rainfall and the occasional drought affect the ¢hé¢l of the underground
water level. If a well is pumped at a faster rdtant the aquifer around it
is recharged by precipitation or other undergrofiod, then water levels
around the well can be lowered. The water levehiwell can also be
lowered if other wells near it are withdrawing tomuch water. When
water levels drop below the levels of the pump katg then wells will

begin to pump air - they will "go dry."
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4.2.1.5 A flowing (artesian) well

This has been described under 3.1.

3.3 M ethods of groundwater location

There are many methods of locating the positionpotential high
guantity of groundwater. These methods have be&ergHy classified
into two here; water dowsing and the scientific moels. They are
discussed below:

3.3.1 Water dowsing

Water dowsing refers in general to the practicasmng a forked stick, rod,
pendulum, or similar device to locate undergrourdern, minerals, or other
hidden or lost substances. This has been a subfecliscussion and
controversy for hundreds, if not thousands, of gear

Although tools and methods vary widely, most dowséalso called
diviners or water witches) probably still use tihaditional forked stick,
which may come from a variety of trees, includirng twillow, peach,
and witch-hazel. Other dowsers may use keys, wogd bangers, pliers,
wire rods, pendulums, or various kinds of elabotai®es and electrical
instruments. In the classic method of using a fdrkéck, one fork is
held in each hand with the palms upward. The botborbutt end of the
"Y" is pointed skyward at an angle of about 45 @egr The dowser then
walks back and forth over the area to be testede\e passes over a
source of water, the butt end of the stick is sggploto rotate or be
attracted downward.

Water dowsing seems to be a mainly European culplranomenon; it
was carried across the Atlantic to America by soofethe earliest
settlers from England and Germany. Case histonnek demonstrations
of dowsers may seem convincing, but when dowsingxXposed to
scientific examination, it presents a very diffargmcture. The natural
explanation of "successful" water dowsing is thatmany are as water
would be hard to miss. In a region of adequatefadlimnd favourable
geology, it is difficult not to drill and find watk

Some water exists under the Earth's surface alraestywhere. This
explains why many dowsers appear to be succesBtullocate ground
water accurately, however, as to depth, quantitg, guality, a number of
techniques must be used. Hydrologic, geologic,geaphysical
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knowledge is needed to determine the depths amaieat the different
water-bearing strata and the quantity and quafityaier found in each.
The area must be thoroughly tested and studiedtarmine these facts.

3.3.2 Scientific method of locating the groundwater

To locate ground water accurately and to deterrtive@edepth, quantity,
and quality of the water, several techniques meastubed, and a target
area must be thoroughly tested and studied to ifyehydrologic and
geologic features important to the planning and ag@ment of the
resource. The landscape may offer clues to thedhydist about the
occurrence of shallow groundwater. Conditions farge quantities of
shallow ground water are more favourable underyalthan under hills.
In some regions — in parts of the arid region, dgample- the presence
of "water-loving" plants, such as cottonwoods orlaws, indicates
ground water at shallow to moderate depth. Areasrehvater is at the
surface as springs, seeps, swamps, or lakes réflegresence of ground
water, although not necessarily in large quantitiesf usable quality.

Rocks are the most valuable clues of all. As at fatep in locating
favourable conditions for ground-water developmethie hydrologist
prepares geologic maps and cross sections showmglistribution and
positions of the different kinds of rocks, both ¢he surface and
underground. Some sedimentary rocks may extend maigs as
aquifers of fairly uniform permeability. Other typeof rocks may be
cracked and broken and contain openings large dnooigcarry water.
Types and orientation of joints or other fractunemy be clues to
obtaining useful amounts of ground water. Some saoky be so folded
and displaced that it is difficult to trace thendenground.

Next, a hydrologist obtains information on the wei the target area. The
locations, depth to water, amount of water pumped] types of rocks
penetrated by wells also provide information onume water. Wells are
tested to determine the amount of water movingutinothe aquifer, the
volume of water that can enter a well, and theat$fef pumping on water
levels in the area. Chemical analysis of water framalls provides
information on quality of water in the aquifer.

3.4 Usesof Groundwater

The main uses of ground water include irrigatioesjsdrinking-water
and other public uses, and for supplying domesttewto people who do
not receive public water supply. The majority oftaraused for self-
supplied domestic and livestock purposes came fr@grundwater
sources
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4.0 CONCLUSION

In this unit you have learnt about another mainreeuof water; the
groundwater. You should be able to cite some seumk this, and
explain them. Some importance of these water sguhas also been
highlighted. You should have also learnt about wal®wsing, and the
scientific ways of locating the groundwater. Youtlais point should be
able to describe these sources, and identify thé@mnwyour immediate
environments.

5.0 SUMMARY

You have leant about the groundwater sources;dima in which it exists
and the various ways in which it is tapped. Thecemt of groundwater
location; dowsing and the modern techniques wese alentifies. Some
of the uses of the groundwater were also highlidghteth some of the
associated landforms, particularly, the artesiah.we

6.0 TUTOR-MARKED ASSIGNMENTS

1. Describe various groundwater sources

2. Mention FOUR types of groundwater wells

3 Compare the water dowsing approach with the sdienway of
groundwater location.

7.0 REFERENCES/FURTHER READING

Viessman, W. and G.L. Lewidntroduction to Hydrology 5th edition.
Prentice Hall, Upper Saddle River, New Jersey, 2003

Price, M. Water from the ground. Inside ScienceNi&v ScientisEeb. 16.,
1991.
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UNIT 6 THE CONCEPT OF DRAINAGE BASIN
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1.0 INTRODUCTION

When looking at the location of rivers and the amtoof streamflow in
rivers, the key concept is the river's drainage ita&lso called
catchment or watershed). What is a drainage baBasy, if you are
standing on ground right now, just look down. Yo s&tanding, and
everone is standing, in a atershed. A drainagenbiasthe area of land
where all of the water that falls in it and draiof§ of it goes into the
same place. Basins can be as small as a footpritdrge enough to
encompass all the land that drains water into siitbat drain into River
Niger, where it enters the Atlantic Ocean.

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

defien a drainage absin, and dscuss its role atdoutne different types of
drainage basins disucss the impact of uirbanisdtiaimainage basins.

3.0 MAIN CONTENT
3.1 WhatisaDrainage Basin?

A drainage basin is the topographic region from ahkhia stream
receives runoff, throughflow, and groundwater flo8ometimes called
a watershed, drainage basins are surrou7nded bgadma divides, or
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topographic high points in the landscpae that flvmater downward
into a stream valley (Figure 6.1). The number, s@&l shape of the
drainage basins found in an area vary with theescdl examination.
Drainage basins are arbitrarily defined based oe thpographic
information available on a map.

Figure 6.1 shows the nested nature of drainage basins asrieésl from a
topographic map sheet. The lines describe the wetchfor the drainage
basins.

Drains basins are commonly viewed by scientistbedsg ipen systems.
Inputs to these systems include precipitation, smosit, and sediment.
Drainage basins lose water and sediment throughpogasion,
deposition, and streamflow. A number of factorguahce input, output,
and transport of sediment and water in a drainaggnb Such factors
include topography, soil type, bedrock type, clijadnd vegetation
cover. These factors also influence the naturehef gattern of stream
channels.
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3.2 Types of Drainage Systems

Drainage systems fall into one of several categoraepending on tr
topography ar geology of the land:

1 Dendritic drainage systems

Are the most common form of drainage system. Thenteendritic
comes from the Greek word “dendron”, meaning trdege to the
resemblance of the system to a tree. In a dendsytatem there is or
main river (like the trunk of a tree), which is joinmeuhd formed by
many smaller tributary rivers. They develop whehe tiver channe
follows the slope of the terra

Dendritic systems form in -shaped valleys; as a result, the rock types |
be impervios and o-porous arrangemenet of tributaries and main ri
like the branches on a tr.

2. Parallel drainage system

A parallel drainage system is a pattern of riveassed by steep slop
with some relief. Because of the steep slopesstteams are sw and
straight, with very few tributaries, and all flow th esame direction. Th
system forms on uniformly sloping surfaces, forrapé&e, rivers flowing
southeast from the Aberdare mountains in Ke
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/

3. Trellisdrainage system

Form in areas of alternating geology, particulatalk and clay. The main
river (the consequent) flows straight down hillbSequent streams develop
perpendicular to the consequent along softer ralrj arode it away,
froming vales. The consequent river thenc uts tinothe escarpments of
harder rock. Obsequent streams flow down the dipesbf the escarpments
to join the subsequent streams.

271 Riiges of
resisLant Yook

R )

4. Rectangular drainage system

Develops on a strongly jointed rocky terrain. Theetangular drainage
pattern is found in regions that have udnergonkifgu Streams follow the
path fo least resistance and thus are cocnentmatpldces where exposed
rock is the weakest. Movement of the surface duvatdting offsets the
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direction of the stream. As a result, the tributsineams make shape bends
and enter the main stream at high angles.

joint- plance patter
dir ection (r
ectangular m esh) ¢ S

5. Radial drainage system

Rivers radiate outwards from a central point, a.golcanic cone or from a
moutnain range batholith.

ol s central
] 4 depression
= 1

Radially outward
6. Deranged drainage system

Is a drainage system in watersheds where there herent pattenr tyo
the rivers and lakes. It happens in areas wheree thas been much
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geological disrption. The classic example is thaeddkan thield. During
the last ice age, the topsoil was scraped off itggmostly bare roc

The melting of the glaciers left land with manyegulaties of elevatior
and a great deal of water to collect in the lownp®i explaining the larg

number of lakesvhich are found in Canada. The watersheds are y
and are still “sorting themselves out”. Eventuallye system wil
stabilize.

3.3 Factorsthat can Alter Drainage Pattern

Many factors are capable of altering the shape dfaznage patten. Mo
important ones include:

a. Time

If the drainage basin is young (like after a gladias ploughed over ai
obliterated the former topography), a derangechdige pattern will appee
The topography is young, not yet eroded and deeelapto an efficien
dranage network. Characterized by lost of scattead@d, wetlands, bog
and wandering stream chann

b. Steep slope
If slopes are steep, gravity will sculpt drainaggworks that run linearl

downhill. This can produce parallel drainage (eegténclinedplane e.g
western Great Plains) or a radial drainage (a steep, like a mountair
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C. Differential rock resistance

If alternating weak and resustant rocks are expaséide surface, drainage
networks will preferentially erode into weaker maks.

This can produce a grid-like or rectangular dragmadollowing the
geometry of jointing patterns), or trellis draina@je regions of folded
strata).

3.4 Importance of Drainage Basins

Drainage basisn are very important to mankind. Sareas of their vitality
are explained below:

1. In hydrology, the drainage basin is a logical uwiitfocus for
studying the movementn of water within the hydratag cycle, becayse
the majority of water that discharges from the bamutlet originated as
precipitation falling ont he basin (see Unit 2). adarement of the
discharge of water from a basin may be made byearst garge located at
the basin’s outlet.

2. Drainge basins are important elements to consideria ecology.
As water flows over the ground and along riversah pick up nutrients,
sediment, and pollutants. Like the water, theytgmisported towards the
outlet of the basin, and can affect the ecologicatesses along the way as
well as in the receiving water source. Modern usatgartificial fertilizers,
containing nitrogen, phosphorus, and potassiumaffasted the mouths of
watersheds. The minerals will be carried by thesvgited to the mouth and
accumulate there, disturbing the natural minerkdriaze.

3. Becuase drainage basins are coherent entities hgdeological
sense, it has become common to manage water resoancthe basis of
individual basins. In the Nigeria, governmentaliteed that perform this
fucntion are called River Basins Development Auities. In New Zealand,
they are called Catchment Boards. In Brazil, théiddal Policy of Water
Resources, regulated by Act no 9.433 of 1997, kskeds the drainage
basin as territorial division of Brazilian water nagement.

3.5 Effect of Urbanisation on Drainage Basin

As urbanisation continues and more development recctihe natural
landscape is replaced by roads, buildings, housing
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developments, and parking lots. Impervious surfazzas have an effect
on local streams, both in water quality and stréawmfand flooding
charactersitics. Fig. 6.3a illustrates how watealiu problems can occur
from development. Sediment-laden water from a taby where
construction is tyaking place is shown enteringrifer.

Furthermore, a significant portion of rainfall iorésted watersheds is
absorbed into soils (infiltration), is stored aswnd water, and is slowly
discharged to streams through seeps and springmdiRg is less
significant in these conditions because some ofrtine@ff during a storm
is absorbed into the groun, thus lessenign the amofirunoff into a
stream during the storm.

Figure 6.3a, b: show effect of urbanisation on drainage systems

As drainage basins are urbanized, much of the a&getis replaced by
impervious surfaces, thus reducing the area whdikration to ground

water can occur. More stormwater runoff occurs roffithat must be

collected by extensive drainage systems that coentumbs, storm sewers,
and ditches to carry stormwater runoff directlysteeams. More simply, in
a developed basin, much more water arrives intdream much more
quickly, resulting in an increased likelihood of madrequent and more
severe flooding. As fig. 6.3b shows, frequent flogdcauses problems for
residents and also the
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local government which has to clean up the sandsitgal on the road,
and also had to install the drainage pipe to mostmoff the roadway
back into the stream.

4.0 CONCLUSION

You have now gotten an idea of what a drainagenbasitchment or
watershed is. The knowledge of this is essentialater resources. It is
the basic unit of study in water resources evabmatas you will

eventually see in the following Units. You will rember that Unit 2
informed us about how water reaches the ground)ated collected in
the stream (drainage basin). Unit 4 informed yoat tleven the
groundwater is later collected in a drainage basin.

5.0 SUMMARY

This unit has emphasised the use of drainage laasnydrologic unit of
study. Its characteristics and operational procehs@e been spelt out.
Different patterne  xists, including dendritic, lised, etc. The
importance of the drainage basin was also stressed.

6.0 TUTOR-MARKED ASSIGNMENT
i. What is a drainage basin?
i Enumerate three types of drainage system .

7.0 REFERENCESFURTHER READING

Christopherson, R. W.Geosystems: An Introduction to Physical
Geography (5" Edition). Prentice Hall, Upper Saddle River,
New Jersey, 2005.

http://en.wikipedia.org/wiki/Drainage basin
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UNIT 1 PRECIPITATION FORMS AND RAINFALL
MEASUREMENTS
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3.0 Main Content
3.1  Definition of Precipitation
3.2 Mechanism of Precipitation Development
3.3  Forms of Precipitation
3.4 How and why is Rainfall Observed?
3.5 What Aspect of Rain do we Measure?
3.6  Why do we Use a Rain Gauge?
3.7  Structure of a Rain Gauge

4.0 Conclusions

5.0 Summary

6.0  Tutor-Marked Assignments

7.0 References/Further Reading

1.0 INTRODUCTION

You have been introduced to the concept of pretipit in Unit 2 as all
forms of drops of water from the atmosphere unt éhrth surface. You
were probably did not know that rainfall is a foofnprecipitation. Yes it is.
But there are other forms. These include drizal@ws showers and hail.
Of most important significance is of course raihfél determines how
much water enters into the streams, soils and ghwater. In other words,
it determines how much water is available for crogsd of course our
survival on the earth. Therefore it is expected ytwa should learn about it
and understand how it could be quantified.

You will therefore be guided by the following learg objectives.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

define precipitation and describe its development

mention at least four forms of precipitation angtchguish
among them

describe a rain gauge

describe when and how you will measure rainfallwvthe rain
gauge.

3.0 MAIN CONTENT

3.1  Definition of Precipitation

We can define precipitation as any liquid or sdigueous deposit that
forms in a saturated atmosphere (relative humidiquals 100%) and
falls from clouds to the ground surface. It is imat to recognize that
most clouds do not produce precipitation. In maloyds, water droplets
and ice crystals are just too small to overcomentdeiral updrafts found
in the lower atmosphere. As a result, the tiny wateoplets and ice
crystals remain suspended in the atmosphere umy f@re converted
back into vapour

3.2  Mechanism of Precipitation Development

Water droplets and ice crystals can only fall te Earth's surface if they
grow to a size that can overcome updrafts. Conultitor growth can
develop in clouds via two different processes. Itouds with
temperatures above freezing, turbulent atmosphexi}dng can cause
droplets to grow through the processes of collimod coalescence. One
initial condition, however, must be met for thioopess to begin: droplet
size in the cloud must be variable. This initiahddion allows larger and
heavier droplets to collide and coalesce with kghsmaller droplets
during downdraft periods. If enough atmospheric ingx occurs the
larger droplets can expand by up to 250 times ad lwecome heavy
enough to fall to the Earth's surface.

The other mechanism of precipitation developmentolves clouds

whose temperature is below freezing. In these dplatge ice crystals
grow due to the differences in vapour pressure betwnice crystals and
supercooled water droplets. Vapour pressure diffege between ice and
supercooled water cause a net migration of watgowa from water

droplets to ice crystals. The ice crystal then absdhe water vapour,
depositing it on their surface. At the same tinhe, loss of vapour from
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the water droplets causes them to shrink in sizenekessary initial
requirement for this process is the presence df lbohdensation nuclei
and deposition nuclei. While deposition nuclei forge crystals at
temperatures just below zero degrees Celsius, osadien nuclei can
remain liquid (supercooled) to temperatures as lasv -40°Celsius
depending on size. Because of this phenomenon,atoldis can contain
both ice crystals and supercooled water droplet® fElative proportion
of these two types of particles determines whesemw crystals grow to a
Size to overcome atmospheric updrafts.

3.3 Forms of Precipitation

Many forms of precipitation exist. They are usualigtinguished by their
sizes. These include:

Rain: any liquid deposit that falls from the atmosphtre¢he surface and
has a diameter greater than 0.5 millimetres. Theimam size of a rain
drop is about 5 millimetres. Beyond this size inteslecular cohesive
forces become too weak to hold the mass of watgetter as a single
drop.

Freezing rain takes place when falling liquid water droplets anger a
surface with a temperature below 0° Celsius. Upontact with this
surface, the rain quickly turns into ice. Anothenportant condition
required for freezing rain is that the atmospheheng rain develops must
be above freezing.

Ice pellets or deet: are transparent or translucent spheres of frozer.
They have a diameter smaller than 5 millimetres.isThorm of
precipitation develops first as raindrops in a tigily warm atmosphere
where the temperature is above freezing. Thesamps then descend
into a colder lower layer of the atmosphere wheeeZing temperatures
occur. In this layer, the cold temperatures cabgeraindrops to freeze
into ice pellets during their transit to the grousdrface. Similar to
freezing rain, an air temperature inversion is neggufor the formation of
ice pellets.

Show is a type of precipitation common to the mid andhhiatitudes.
Snow develops when water vapour deposits itselipfskg the liquid
phase) directly on six-sided (hexagon) depositioalei as solid crystals,
at temperatures below freezing. The unique fornmsmdwflakes occurs
because ice crystal growth is most rapid at thepsints associated with
geometric shape of the deposition nuclei. Thesatpa@are more directly
exposed to the atmosphere and consequently comard water vapour
into ice. Snow is usually generated by frontainidt associated with mid-
latitude cyclones. Snowfall can occur in the fall,
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winter, and spring months when atmospheric temperatcan drop below
freezing. Much of the ground surface of North Amarican be covered
with snow for several months during a typical year

Hail is a type of frozen precipitation that is more tHamillimetres in
diameter Hailstones often have concentric shellsicaf alternating
between those with a white cloudy appearance aasethhat are clear.
The cloudy white shells contain partially meltebwifiakes that freeze
onto the surface of the growing hailstone. The rcikeells develop when
liquid water freezes to the hailstone surface. i&ropdrafts in mature
thunderstorm clouds provide the mechanism for faimation. These
updrafts move hailstone embryos (often large fror@ndrops) upward
through the storm cloud where they encounter lagérse crystals, snow,
and supercooled rain. Each encounter causes thstoma& to grow larger
in size as ice, snow, and rain accretes to theserfHailstones can grow
very large in size when they are carried upwardnoye than one updraft.
When the hailstone becomes too heavy to be supgpdayeupdrafts, it
begins falling under the influence of gravity. Desding hailstones can
lose a significant amount of their mass becausemefting as they
encounter the warm air found in between the cloaseband the Earth's
surface. Small hailstones often melt completelyobefthey reach the
ground.

Fog is simply a cloud of minute water droplets thaisexat ground level.
Fog develops when the air at ground level is co@edugh to cause
saturation (relative humidityequals 100%). Meteorologists have a very
specific definition to determine if fog exists. Shilefinition suggests that
fog is occurring when the visibility of the atmogpl, near the Earth's
surface, becomes less than 1 kilometre. Fog camrdaged by a variety of
processes:

Radiation fogor ground fog,is produced by near surface cooling of the
atmosphere due to longwave radiation emission. paiscular type of fog

is normally quite shallow and develops during threreng hours. Shortly
after sunrise the radiation fog disappears becafisarface heating due to
the absorption of solar radiation.

Upslope fogis created when air flows over higher topographen the
air is forced to rise in altitude because of thpographic barrier, it is
cooled by adiabatiexpansion. This type of fog is often found formig
the windward slopes of hills or mountains.

Advection fogis generated when air flows over a surface with a
different temperature. Warm air advection can paadiog if it flows
over a cold surface. The contact cooling associaii¢tl this process
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causes saturation to occur in a relatively thiretagf air immediately
above the ground surface.

Evaporation fogs a specific type of advection fog. It occurs wheu
get cold air advancing over warm water or warm,shilaind surfaces. In
this situation, fog forms as water from the surfav@porates into the
cold air and then saturates (Figure 8f-6). Thistyb fog can also be
calledsteam fogor sea smoke.

Frontal fogis a type of fog that is associated with weathents,

particularly warm fronts. In this situation, rairestending into the
colder air ahead of the warm front can increaseqtnentity of water
vapour in this atmosphere through evaporation. theg forms when
the quantity of water in the atmosphere ahead efftbnt reaches
saturation (relative humidity equals 100%).

3.4 How and why is Rainfall Observed?

Rainfall is an important natural resource whichviles us with the
water we drink and wash with, and which is widebgd in industry and
for leisure activities. It is therefore importahit the rain which falls is
measured so that water supplies can be managezbasdrved.

Observations of rainfall amount, for instance, aasy to make. This
explains why they are carried out at so many lacetj by both
amateur and professional observers. This also sgtae popularity
with schools of the simple rainfall measurementsciisatisfy the
National Curriculum requirements for the study ofather, climate
and the environment. Mathematics and Informatiochh®logy can
be used to manipulate the data for a variety ofiegfpons. You too
could be involved in this, i.e. to measure the falnin your
environment. Rainfall data are kept throughout Kigeby the
Ministry of Aviation, some agricultural research siitutes,
Agricultural Development Programme’s extension g&y, etc.

3.5 What Aspect of Rain do we Measure?

A particular place can experience long or shoriqus of heavy or
light rain, or no rain at all. The basic measuretdmrainfall is that of

how much rain falls in a specified period of tinBy how much, we
mean the depth of rain accumulating on a level amafwithout

soaking in, running away or evaporating. The demhusually

measured in millimetres. The standard periods laeehour, the day,
the month and the year. Measurements of rainfgltldever a period
of an hour or less are usually only required foesalised purposes,
and have to be made using automatic instruments.

The most common measurement of rainfall is the arn@alling in a
day. Meteorologists use a standardised day whiok from 9 O'clock
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GMT each morning to 9 O'clock GMT the next mornifi O'clock
Nigerian Standard Time). This period originatesrfrthe 19th century
when it was fashionable for amateurs, particulddgtors and vicars, to
make rainfall measurements at a time which convelyiditted in with
their professional activities. Daily rainfall amdsmmeasured routinely
can be added together to provide monthly and artotedk.

Since the required observation is that of the armadrainfall, then
the simplest way of obtaining this is to accumuldte rainfall in a
container and measure the amount at the end of dagh The
combination of a storage container and a devicenieasuring the
amount of rain collected is usually called a steragpuge. Most
storage gauges for professional use are intendethéasuring daily
rainfall amounts, although larger versions are mémtemeasuring
monthly totals at inaccessible locations.

3.6 Why do we use a Rain Gauge?

In answering this question we can partly explairywtorage gauges are
designed and operated the way they are. Suppose particular day
some rain falls on the ground; why do we not justogt and measure
the depth of the rain somewhere with, say, a ruler?

Consider what happens to rainwater when it fallstlom ground. It
collects in puddles, drains into gutters and stigasoaks into the
ground and evaporates. It is quite possible fouddte in a car park,
which collects water from a large surrounding ateahave a depth
ten times the depth of rain that fell. The areacolhhdrains into the
puddle may be dry soon after the rain stops falliRgin soaks into
porous ground, such as fields, very quickly andvésa no
accumulation to measure.

Obviously then, it is difficult to find a 'naturgilace where an accurate
representative measurement of depth of accumulatedall can be
made with confidence. We use a gauge to overcoese throblems.

3.7 Structure of a Rain Gauge
Many models of rain gauges exist, ranging from Gernto British
models. The British model for example uses the eod standard

gauge. It consists of a 5" diameter funnel wittharp rim, the spout of
the funnel being inserted into a glass collectarg The jar is in an inner
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copper can and the two are contained in the mady bbthe gauge, the
lower part of which is sunk into the ground (Fig6r&).

Inner can

i 3 inches l
127 mm
= e Bragy fevelled rim

Mmm |

178 mm
1
T

[~ Funnel N

ks Y AL

2 Tapered | T |
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transparent

glass o Quter case

e e

Figure 6.1: shows the skeletal system of a typical British nzdmain
gauge

The main features of the gauge are:

)

i)

The sharp inner edge of the funnel which allowsoithave an
accurate 5" internal diameter;

the whole gauge is set into the ground to keepadtise and upright
with the rim 12" above the surrounding short grasgravel, this
height being chosen so that no rain splashes fhensurroundings
into the funnel;

The gauge is set vertical so that the rim of thné&l is horizontal,

iv)

The inner can is provided so that the glass jar lmariowered
gently into the gauge and can also hold the wétehe jar
overflows or cracks in cold weather;

The funnel has a narrow spout so that there le kEttposure of the
water in the jar to the air, to reduce evaporation
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4.0 CONCLUSION

This Unit has taken you through what precipitatissy and the
mechanisms of its evolution. You have also been entd read the
various forms of precipitation and how the most artpnt to us, rainfall,
could be measured through a rain gauge. You hae lzen taught the
configurations of a British model rain gauge.

4.0 SUMMARY

This unit has taught you what precipitation is, &oav to read the various
forms of precipitation. You also learnt how the mamportant to us,
rainfall, could be measured through a rain gauge.

6.0 TUTOR-MARKED ASSIGNMENTS

i. In your own words, define precipitation

i Highlight the distinguishing differences in any fdarms of
precipitation

ii. Describe briefly the components of a rain gauge

7.0 REFERENCES/FURTHER READING

http://www.physicalgeography.net/fundamentals/8hlht

Davie, T.Fundamentals of Hydrology, Routledge Publishing, 2002.
Singh, V.P Elementary Hydrology, Pearson Education, 1997.
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1.0 INTRODUCTION

Evaporation is the primary process of water transfethe hydrological
cycle. The water is transformed into vapour andgperted of to the sky.
The evaporation plus transpiration from a vegetatdface with
unlimited water supply is known gmtential evaporation or potential
evapotranspiration (PE) and it constitutes the maximum possible raie d
to the prevailing meteorological conditions. Thus B the maximum
value of the actual evaporation (Et): PE = Et wheater supply is
unlimited.

Actual evaporation is the amount of water whiclevaporated a normal
day which means that if for instance the soil roos of water, the actual
evaporation is the amount of water which has beaperated, and not
the amount of water which could have been evapdrédtéhe soil had
had an infinite amount of water to evaporate. Beeaof the variability
of region and seasons, water managers who aremnsigp® for planning
and adjudicating the distribution of water resosgraeeed to have a
thorough understanding of the evapotranspiratiatess and knowledge
about the spatial and temporal rates of evapotreatsn.
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2.0 OBJECTIVES

With the background and what you learnt in Uniydu are expected to be
able to do the following by the end of this lecture

a. define and compare evaporation and transpiratiotgrpial
evaporation and actual evaporation;

b. describe TWO methods of measuring potential evdjgora

C. describe TWO methods of measuring actual evapeoratio

3.0 MAIN CONTENT

3.1 Definitions

Evaporation can be defined as the process where liquid water is
transformed into a gaseous state. Evaporation sgnoocur when water is
available. It also requires that the humidity o# #titmosphere be less than
the evaporating surface (at 100% relative humidiigre is no more
evaporation). The evaporation process requires lamounts of energy.
For example, the evaporation of one gram of wagquires 600 calories of
heat energy.

Transpiration is the process of water loss from plants througimsita.

Stomata are small openings found on the undersideaves that are
connected to vascular plant tissues. In most plaménspiration is a
passive process largely controlled by the humiditythe atmospheric
and the moisture content of the soil. Of the tramesp water passing
through a plant only 1% is used in the growth psscdranspiration also
transports nutrients from the soil into the rootsl aarries them to the
various cells of the plant and is used to keepu@ssfrom becoming
overheated. Some dry environment plants do havaliiigy to open and
close their stomata. This adaptation is necessaliynit the loss of water
from plant tissues. Without this adaptation the&mis would not be
able to survive under conditions of severe drought.

It is often difficult to distinguish between evaption and transpiration. So
we use a composite term evapotranspiration.

3.2  Factors Affecting Evapotranspiration

The rate of evapotranspiration at any instant fritkm Earth's surface is
controlled by four factors:
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1. Energy availability

The more energy available; the greater the ratevapotranspiration. It
takes about 600 calories of heat energy to changearh of liquid water
into a gas.

2. The humidity gradient away from the surface

The rate and quantity of water vapour entering ith® atmosphere both
become higher in drier air.

3. The wind speed immediately above the surface

Many of us have observed that our gardens need watering on windy

days compared to calm days when temperatures argarsi This fact

occurs because wind increases the potential fopatkanspiration. The
process of evapotranspiration moves water vapam fground or water
surfaces to an adjacent shallow layer that is @nfgw centimetres thick.
When this layer becomes saturated evapotranspiratiops. However,
wind can remove this layer replacing it with draer which increases the
potential for evapotranspiration.

4, Water availability
Evapotranspiration cannot occur if water is notilabde.
3.3 Measurement of Potential Evaporation

There are many different ways of measuring evamoraOne of the most
common methods is to use the lysimeter. Other @mesthe use of an
atmometer and the standardised Class A pan.

3.4 Lysimeter

Potential Evapotranspiration (PE) is what would be evaporated from a
surface if water was never a limiting factor. Pk d¢ee calculated using
empirical formulae, from the simple needing onlymperature, to
complicated ones requiring several observationg. that of Penman or
Thornthwaite were among the first). Alternativelf fhay be calculated
as the difference between two easily measurablentfigs. These
guantities are the input and output of water inystesm, which may be
anything from a large water catchment area to dlsoatainer.

Among the earliest attempts to measure evaporatiere those of Dr
Dobson in Liverpool between 1772 and 1775. Dr Dabgsed two well-
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tarnished tin vessels of 12 in (30 cm) diametee ohwhich was toserve
the purposes of a raingauge and the other an eatpgrvessel. Mr J
Dalton and his friend Thomas Hoyle made observatidrom 1795 to

the turn of the century, of the water balance oflend and Wales. They
used an apparatus resembling a transpirometer, rfarasuring

evaporation (transpiration) of plants. These meshaall involve

measurement of evaporation by difference, the sghtrn of one

guantity from another.

Early observations were somewhat inaccurate arficdif to interpret,
but in the 1960's, the late Frank Green did muchstendardise the
method and set up a national network of stationasmeng PE. Green's
lysimeter was made from two 40 gallon oil drums,c80 diameter. One
drum cut in half was the tank the other, full sidee receiving vessel.
The metal drums, although painted with bitumasamp tended to rust
and eventually leaked if the soil was acidic paiacly in peaty sites in
mountain areas.

The measurement of PE (Fig. 7.1) includes that tm@sevaporated to the
atmosphere from plants and soil. If the solil istkeyist (at or near field
capacity so that water is not limiting) by the dmh of water, and well
covered by vegetation (a grass sward is ideal)p@vanspiration is
controlled by the weather and is largely independeh the amount
(biomass) of the vegetation. If the soil and vetyetais confined within a
small tank (the lysimeter) and measurements areeroldhe wateinput
(Rainfall R and Additional waterA) and output (Percolated water P)
collected in the receiver (Fig. 7.2), then PE candstimated from the
equation:

PE=R+A-P

A criticism of this is that the result is dependantthe catch of rainfall

by the raingauge which, usually at standard healfdve ground, may

not be that received by the lysimeter at grouncllePE may therefore

be inaccurate by the same amount as the rainfallascurate. If both

apparatus are similarly exposed, and particuladly overexposed, then
reasonable results can be expected. (A ground tuede could be used
to try and obviate this criticism, but there areldems with these gauges
as well).

The difference between the water percolated anaviiter addedH - A) is
the Potential Water Balance (PWB). Both P and A are accurate
measurements which are independent of the ramigdisuremen®otential
Water Surplus (PWS) andPotential Water Deficit (PWD) can be estimated
from the same difference sum. If the answer istpasit is PWS and if
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negative it isSPWD. ThePotential Water Balance (PWB) is the arithmetic
sum ofPWS andPWD or, more simplyP - A.

These values are useful in their own right for etating with plant
growth and calculating runoff. Depositions of wai@s dew or frost
although not measured are effectively incorporatethe overall result.
During extremely dry weather when the ground sunddog the lysimeter
is dried out, values of PE will be abnormally hidhis is known as the
‘oasis effect'.

Evaporation
Water added PE il Rainfall
A l = [ ]
—> GRASS

L__,.. SOIL "

|

l” Percolated water

Fig. 7.1: A simplified pathway of water in an evapotranspagatmeasuring
apparatus.

"tangauge
Kl i_!_ul_ f'll Ha it 0l e L e 1 piiydl]
- Ej’J . %4 —-;a; = | = = Receiver |
- T T T |ptmenamenn| M
- 5! T gy P e | -
_ o - .

Figure 7.2: An image of a lysimeter apparatus for measuringemicl

evaporation
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4.5 ‘Class A’ Pan

There are a lot of standardized pans for meas@wagoration and the US
Class A pan is probably the most used. The pairdalar with a diameter
of 1.21 m and depth of 255 mm which gives it a wwduof about 0.3 th
The basin is put on a 150 mm high wooden frame tduair circulation
around the basin (Figure 7.2).

The water level is kept about 50 mm below the miwe to allowance of
percolation and the need of water. The water le/eheasured every day,
either you measure the difference between the presal the origin water
level or if you have chosen to obtain the waterelem the pan, you
measure the amount of water you have put into &me p

Due to that the sun hits the sides of the pantehgerature gets higher
which means that the evaporation gets higher tharattual evaporation.
To correct this value you multiply your evaporatiealue from the pan
with a coefficient, called pan coefficient and #slue depends on what
climate region your test have been taken.

Another kind of pan is the UK British Standard tamkich is a bit larger
than the American pan and put on the same levahasground. The
principle is almost the same as with the American.p

|

[T ]

- e j Wooden support
///f/// 77 /////////x/, Giliag
level

T T __[-
150 mm h__::‘___f:__;:;.—i. =
_f/rff////f/////f/f// 77

\\\'

IJ

Figure 7.3: An image of a US Class A pan
3.6 Atmometer

This is a device that can give direct measurementexmporation.

Atmometers basically consist of a wet, porous cezamp mounted on top
of a cylindrical water reservoir. The ceramic cgpcovered with a green
fabric that simulates the canopy of a crop. Theemasr is filled with

distilled water that evaporates out of the ceracoig and is pulled through
a suction tube that extends to the bottom of tlser®ir. Underneath the
fabric, the ceramic cup is covered by a special branme that keeps rain
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water from seeping into the ceramic cup. A rigidgemextending from the
top keeps birds from perching on top of the gatggufe 7.3).

g || 11§

XL
B
i
kS

TRilbs Mtmometer.

Figure 7.4:1mage of an atmometer for obtaining direct measererof
evaporation

3.7  Methods for Measuring Actual Evaporation
3.7.1 Use of Percolation gauge

Measuring actual evaporation is probably not asmom as measuring
potential. The most common method is the percalagjauge (see Figure
7.4).

The percolation gauge is actually regarded as aarel tool and not a
standard instrument for measuring evaporation aadspiration. There
are many different designs of the gauge but Figird. is the

recommended. On the left side can we see a 1 rdetgy hole filled up
with soil, rock and gravel and a pipe from the bottto the collection pit.
The top of the hole should be indistinguishablenfrthe surrounding
vegetation.

When you measure evaporation with a percolationggayou take no
consideration to changes in soil water storage.t Thaans that the
measurements should be made over a time period wergauge is
saturated.

57



e - o ey

R P oy e o)’
A - e e e e el e o vt .. Vegetation

972 [ - i | M - ¥ 2z

- 7 .
. Bare Soil iy . N }{’, éﬁ"i’ il
._.-/ P

Rock B

Gravel [

Figure 7.5: An image of percolation gauge for measuring actual
evaporation.

Another method to measure evapotranspiration ik @&ilysimeter which
takes consideration to how much water is storetthénsoil. The lysimeter
weigths the soil and gives a value on how much wetestored. This
method is more complex, expensive and harder tataiaithan percolation
gauges.

3.7.2 Estimating Evapotranspiration from SatelliteData

When a surface evaporates, it looses energy ank$ dself. It is that
cooling that can be observed from space. Sateltises map the infrared
heat radiated from Earth, thus enabling to distisiythe cool surfaces from
the warm surfaces. Very dry and desert-like sudasidow easily as they
get hotter than their surroundings. From this datiie reasoning, the
scientific objective is to determine quantitativelhe amount of
evapotranspiration that occurs at given locatidmgractice, it consists in
entering various types of satellite observationst (just infrared) into
mathematical models of the atmosphere. The modefs,various
complexities, are run in algorithmic form on cormgrgt

4.0 CONCLUSION

It is expected that you have noted the distingaghaharacteristics of the
potential and actual evaporation, as well as thatiomship between
evaporation and evapotranspiration. You have a&arnt the various
methods for determining them. You should now be teetanswer the
guestions in the next line.
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5.0 SUMMARY

In this unit, you have learnt the distinguishingadcteristics of potential
and actual evaporation, as well as the relationbleipveen evaporation
and evapotranspiration. You have also learnt theoua methods for
determining them. You should now be set to ansWwerquestions in the
next line.

6.0 TUTOR-MARKED ASSIGNMENTS

I. Define the following terms:

a) respiration.

b) evaporation.

c) actual evapotranspiration.

d) potential evapotranspiration.

il. Mention TWO methods, each for measuring potdrand
actual e vapotranspiration

7.0 REFERENCES/FURTHER READING

Whitlow, J.B. The Penguin Dictionary of Physical Geography, Second
Edition. Penguin, 2001.

http://www.physicalgeography.net/fundamentals/8nlht
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1.0 INTRODUCTION

In Unit 3, you learnt about some hydrological pssas, including
infiltration. Here, you will need to remember wiyatu learnt in that Unit to
understand this Unit. In other words, the undeditaq of the previous
Units is a prerequisite to the understanding of thnit. you are therefore
employ to concentrate in other to understand #dsien, so as to be able to
answer the questions in the next section, withioamd;

2.0 OBJECTIVES

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

J define runoff
. itemise the types of runoff
. discuss the effects of runoff on the receiving ssrvnent.

3.0 MAIN CONTENT
3.1 What is Runoff?

If the amount of water falling on the ground is apexr than the
infiltration rate of the surface, runoff or overthAow will occur. Runoff
specifically refers to the water leaving an areadadinage and flowing
across the land surface to points of lower elewvatibis the combination
of surface runoff and interflow. It is also equieat to quick flow.
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3.2  Types of Runoff
3.2.1 Surface Runoff

It is also a term used to describe the flowvater, from precipitation, over
the land, and is a major component of Weder cycle. It is not the water
flowing beneath the surface of the ground. It has the following forms of
generation

3.2.1.1Infiltration excess overland flow

This occurs when the rate of rainfall on a surfageeeds the rate at
which water can infiltrate the ground, and any @spron storage has
already been filled. This is called infiltration aess overland flow,
Hortonian overland flow (after Robert E. Horton)r onsaturated
overland flow. This more commonly occurs in ariddasemi-arid
regions, where rainfall intensities are high ane@ thoil infiltration
capacity is reduced because of surface sealing, paved areas.

3.2.1.2. Saturation excess overland flow

When thesoil is saturated and the depression storage filled, ram
continues to fall, the rainfall will immediately gutuce surface runoff. The
level of antecedent soil moisture is one factor affecting the time until soll
becomes saturated. This runoff saturation excess overland flowor
saturated overland flow.

3.2.1.3 Subsurface return flow

After water infiltrates the soil on an up-slope tomr of a hill, the water
may flow laterally through the soil, and exfiltrafffow out of the soil)
closer to a channel. This is callsdbsurface return flow or interflow. As

it flows, the amount of runoff may be reduced imamber of possible
ways: a small portion of it may evaporate; watelyrhacome temporarily
stored in microtopographic depressions; and a qguortif it may become
run-on, which is the infiltration of runoff as itofvs overland. Surface
runoff that remains eventually flows into a recetyiwater body such as a
river, lake, estuary or ocean.

3.2.1.3 Interflow
Interflow is the name given to the lateral movemainivater in the vadose

zone, the name given to the area between the atérwhich is above and
the ground water underneath.
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Interflow could be described as a 'semi-deep’ #ewt is above the regions
where baseflow takes place. Interflow is slowentttaoughflow but faster
than groundwater flow.

3.2.1.4Streamflow or channel runoff

This is the flow of water in streams, rivers, artleo channels, and is a
major element of the water cycle. It is one compomé the runoff of water
from the land to waterbodies, the other componemgdsurface runoff.

3.3  Global runoff

Oceans make up 71% of the Earth's surface andtheradiation received
here powers the global evaporation process. In #&% of the Earth's
evaporation occurs over the oceans, while only bt%urs over land. Of
the total amount of water evaporated into the aphese, precipitation
returns only 79% to the oceans, and 21% to the. I8aodace runoff sends
7% of the land based precipitation back to the wcta balance the
processes of evaporation and precipitation.

The distribution of runoff per continent shows somteresting patterns
(see Table 9.1). Areas having the most runoff hosd with high rates of
precipitation and low rates of evaporation

Table 9.3: Continental runoff values

Continent (Rnl‘ljg‘]c/);/fr.) Per Unit Area
Europe 30C

Asia 286

Africa 139

North and Central Ameri 265

South America 445

Australia, New Zealand ar New )18

Guines

Antarctica and Greenla 164

Source Lvovitch, M.L. 1972. World water balance, i8mposium of
World Water Balance, IASH-UNESCO. Report Number 92.

34 Effects of Runoff

A significant portion of rainfall in forested basins absorbed into soils
(infiltration), stored as ground water, and /oslswly discharged to
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streams through seeps and springs. Flooding isdggsficant in these
conditions because some of the runoff during anstierabsorbed into the
ground, thus lessening the amount of runoff inteteeam during the
storm.

As drainage basins are urbanized, much of the aBgetis replaced by
impervious surfaces, thus reducing the area whdikration to ground
water can occur. Thus, more stormwater runoff aceuwunoff that must be
collected by extensive drainage systems that coenbimbs, storm sewers,
and ditches to carry stormwater runoff directlysteeams. More simply, in
a developed drainage basin, much more water arintesa stream much
more quickly, resulting in an increased likelihoofi more frequent and
more severe flooding.

Drainage ditches to carry stormwater runoff to a&g@ ponds are often
built to hold runoff and collect excess sedimenbider to keep it out of
streams.

Runoff from agricultural land (and even our owndsjrcan carry excess
nutrients, such as nitrogen and phosphorus inéasts, lakes, and ground-
water supplies. These excess nutrients have tleniatto degrade water
quality.

Surface runoff is also one of the causesro$ion of the earth's surfacd.0

4.0 CONCLUSION

This unit is expected to have equipped you with vikeolge about

runoffs, and their types. Two basic types have beeted; the surface
runoff and the subsurface- the interflow runoff.efk, when they reach
the lowest part of elevation within the drainagesibaare joined with the

contribution of the groundwater to make the strdamf measurements
of the stream flow are very important, as will lees in the next unit.

In addition, runoff was also shown to impact huraativities. Your ability

to understand this unit will be tested with the gjioms in the Tutor Marked
Assignment.

5.0 SUMMARY

This unit has equipped you with knowledge aboubfis) and their types.
Two basic types have been noted; the surface ramofthe subsurface- the
interflow runoff.
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6.0. TUTOR-MARKED ASSIGNMENT

i. Distinguish between Hortonian overland flow andisation excess
overland flow.
i. Highlight THREE effects of runoff on man’s actias.

7.0 REFERENCES/FURTHER READING

Allaby, A. and M. Allaby (eds]Dictionary of Earth Sciences, 2nd Edition.
Oxford University press, London, 1999.

Strahler, Alan H. and Arthur Strahléthysical Geography: Science and

Systems of the Human Environment. 2nd Edition John Wiley and
Sons, New York, 2003.
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1.0 INTRODUCTION

You should well be aware now that all the runoffsatt escaped

infiltration into the groundwater will likely enchia stream, hence the
importance attached to streams. | believe that awe read and
assimilated the content of Unit 4 before reachinig stage. That will

introduce you to different categories of streanms] perhaps streamflow.
Streamflow is the term that is used to describe pghacess of water
flowing in the organized channels of a stream weri

Water flowing in channels comes from surface runfsfm adjacent
hillslopes, from groundwater flow out of the grourahd from water
discharged from pipes. The record of flow over tinge called a
hydrograph. Flooding occurs when the volume of wadrceeds the
capacity of the channel. Once rain falls, the sh®arespond
appropriately, once it receives through any of flmv paths. Such
reaction forms the basis for this unit.

2.0 OBJECTIVES

The main objective of this unit is therefore to ddse and discuss the
concept of hydrograph — a graph which plots theaoese of stream to the
part of precipitation that it receives. By the exfdhis unit, you should be
able to:

. define a hydrograph

) explain its structure
. mention the factors that will affect the structure.
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3.0 MAIN CONTENT

3.1 Concept of Hydrograph

A unit hydrograph is used to more easily represent the effect rdihte
on a particular basin. It is a hypothetical ungpense of the watershed to
a unit input of rainfall. This allows easy calcubext of the response to
any arbitrary input, by simply performing a convodm between the rain
input and the unit hydrograph output.

An instantaneous unit hydrograph is a further refinement of the
concept; for an IUH, the input rainfall is assuntedall take place at a
discrete point in time (obviously, this is not thmase for actual
rainstorms). Making this assumption can greatly pdityy the analysis
involved in constructing a unit hydrograph, andsitnecessary for the
creation of a geomorphologic instantaneous ydrograph (GIUH).

The creation of a GIUH is possible given nothingrenthan topologic
data for a particular drainage basin. In fact, alg number of streams
of a given order, the mean length of streams ofvargorder, and the
mean land area draining directly to streams of wemiorder are
absolutely required (and can be estimated rathem tlexplicitly
calculated if necessary). It is therefore possiblealculate a GIUH for a
basin without any data about stream height or flevihich may not
always be available.

3.2 Structure and Composition of a Hydrograph

There are two meanings for hydrographs both confrogn hydro-
meaning water, andgraph meaning chart. A hydrograph plots the
discharge of a river as a function of time. Thif\aty can be in response
to episodal event such as a flood.

In surface water hydrology, a hydrograph is a timeeord of the
discharge of astream, riveror watershed outlet. Rainfall is typically the
main input to a watershed and the streamflow igroftonsidered the
output of the watershed; a hydrograph is a reptesen of how a
watershed responds to rainfall. They are used idrdiggy and water
resources planning. The graph (Figure 10.1) belidwstrates a typical
hydrograph and its measurement of discharge ones. ti
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Hainfall
Event Crest

Discharge Rising
(Cubic Meters Limb
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Figure 10.1: Stream hydrograph.
From this graph we can observe the following things

A small blip caused by rain falling directly inthe channel is the first
evidence that stream discharge is changing beaduke rainfall.

A significant time interval occurs between the tstaf rain and the
beginning of the main rise in discharge on the bgdaph. This lag occurs
because of the time required for the precipitatiwat falls in the stream's
basin to eventually reach the recording statiorudllg, the larger the basin
the greater the time lag.

The rapid movement of surface runoff into the strsachannels and
subsequent flow causes the discharge to rise quickl

The falling limb of the hydrograph tends to be lsteep that the rise. This
flow represents the water added from distant tabes and from
throughflowthat occurs in surface soils and sediments.

After some time the hydrograph settles at a condéamel known as base
flow stage; most of the base flow comes from grousteér flow which
moves water into the stream channel very slowly.

3.3  Factors Affecting the Shape of Hydrograph

There are multiple factors affecting the dischaagd discharge rate of a
river, particularly after a high amount of rainfall

Relief or gradient of the area: The steeper the slopes, the lower the rate of
infiltration and faster the rate of runoff when thal is saturated (saturated
overland flow) or when rainfall intensity (rate penit of time) is high
(infiltration excess over land flow).

Geology, rock type and soil type: Runoff will occur quickly where
impermeable rocks are exposed at the surface acklguwhen the
impermeable rocks underlay soils (limited amounindiltration). Soils
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with large amounts of clay do absorb moisture boily overy slowly -
therefore their permeability is low. The deeper sl the more water
can be absorbed. Soils which have larger partizkesse.g those derived
from the weathering of sandstones) have largeltiafion capacities.

Presence of vegetation: Dense vegetation canopies intercept rainfall. In
particular, the significant volume of water heldfime spaces between pine
needles evaporates before reaching ground. Between events
evapotranspiration from soil, leaves and branche®wres water. Drier soll
infiltrates and retains more of the initial wat€mally plant root systems
facilitate infiltration of the precipitation, rathethan generating more
surface runoff. All this delays the onset of runathd reduces the initial
runoff flow.

Evergreen plants are able to transpire throughbet year (assuming
temperatures are high enough and moisture is &laila not frozen).
Deciduous trees have a much greater leaf area/B®rtiean evergreen
conifers and generally transpire more moisture dleryear (even though
they lose their leaves in winter) than evergrearifecs.

Dense underbrush and grasses increase surfacenssgghvhich slows
overland flows that are insufficient to flatten tegetation.

Urbanisation: Impermeable road surfaces, sloping roofs, guitgriand

underground sewer and drainage systems help trawsfier in an urban
area to rivers quickly. The increase of house Imgldn towns and villages
as people have opted to move from large settlenfeatsiter-urbanisation)
especially on river flood-plains has contributed the increase
responsiveness of river systems.

Agriculture: Irrigation and drainage ditches will increase gEeed of
water transfer (also occurs in fields where farmetsugh up and
downslope). One solution to this problem is contgplioughing.

Ploughing on wet land compresses the subsoil -tiagga "plough pan”
that can lead to decreased water holding, infitratand increased run-
off/erosion. The afforestation of the areas uprivaan increase the
interception and infiltration in the area, reducdigcharge.

Water use: Dams and reservoirs slow down the rate of dischatgeeak
times as water is held back, possibly to protea tbw-lying land
downstream. Water extracted for industry, irrigatiand domestic use, also
reduces discharge.
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Drainage density: This ratio is the length of river course per aoédand.
The larger the amount of streams and rivers pea Hre shorter distance
water has to flow and the faster the rate of respon

Precipitation: The rate and intensity of the rainfall will directhffect the
amount and rate of overland flow. Snowfall resuitdess runoff initially,
but a sharp rise in temperature may result in @kgthaw and a sharp
increase in overland flow, especially if the groumtlerneath the snow is
still frozen, and the melted snow will flow rapidbn ice, into the river,
increasing discharge.

Time of year/season: In the dry season, when evapotranspiration rates ar
higher, reducing the amount of surface runoff. Adlwphotosynthesis in
plants will be at a maximum - longer spells of sgyml and higher
temperatures will create more opportunities fortregstems to absorb
water, and leaf systems to transpire water.

4.0 CONCLUSION

This unit focused the explanation and usefulnessa diiydrograph. A
number of factors that will affect the shape ofydrograph have also been
highlighted. You are therefore requested to test thvel of your
understanding of the concept after the reading with questions in the
tutor marked assignments.

5.0 SUMMARY
In this unit, the emphasis was on the usefulnesstofdrograph. A number

of factors that will affect the shape of a hydrqmrahave also been
highlighted.

6.0 TUTOR-MARKED ASSIGNMENTS

i. What is a hydrograph?
i Mention three components of information that a bgdaph will
contain

ii. Highlight five factors that could affect the shaggea hydrograph
7.0 REFERENCES/FURTHER READING

Watson, I, A.D. Burnett and A.D. Watsddydrology: An Environmental
Approach, Lewis Publishers1999.

http://www.physicalgeography.net/fundamentals/8nlht
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1.0 INTRODUCTION

Now let us imagine that one of your favourite aitis is to sit with on a
quiet river bank, drink your glass of lemonade, apdnder the
complexities of life. Probably the question you asked is "How much
water is flowing in this river?" This section witefinitely guide you
through the discovery of the right answer. It ipracess involving two
concepts; measurements of Stream stage and tlhenstlischarge.

2.0 OBJECTIVES

The main objective of this unit is therefore to ddse and discuss how
stage and flow of a stream are measured. You sh@uétble to:

o measure the stage of a river or stream
) explain river discharge
) discuss stage to stream discharge.

3.0 MAIN CONTENT

3.1 Stream stage

Often during a large rainstorm, one can hear aroancement on the
radio like ‘River Niger is expected to crest lateday at 30 cm’. The
30 cm the announcer is referring to is the stresamges A number of
methods are used to measure the stream heightage,sincluding the
use of a staff gauge. The theory behind this isthat much different
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from just bolting a measuring rod to a bridge aadding how high the
water level is. But determining the amount of wallewing at various
stream heights is not so simple.

Stream stage (also called stage or gage heighieifieight of the water
surface, above an established datum plane whewstdbe is zero.

The zero level is arbitrary, but is often closethie stream bed. You can
get an idea of what stream stage is by lookingpigticture of a common
staff gage, which is used to make a visual readihgtream stage. The
gage is marked in centimetres intervals (Figurd 1.

F ‘ E ) i} i
F AT L ] | S - S | L

Fiure 11.1: A staff gaue (zgraduate ruler irmly fixed in a river
channel)

3.2 Stream Discharge

Stream discharge, is the volume of water flowingtpa fixed point in a
fixed unit of time. For water flow in streams, thalue could be expressed
in cubic meter per second {is).

In order to accurately determine stream dischamggasurements must be
made of its width, depth, and speed (velocity) loé twater at many
horizontal and vertical points across the stream.d€&velop a stream-
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stage/stream discharge relation (rating curve)gastflow must be
measured at many different stages. The well-deeelopting curve allows
for estimation of streamflows at virtually any stne stage. More simply, if
a stream is measured at stages of 3.5, 6, 7.hd91@&2 m, then an estimate
can be made for a streamflow at 8 m - that is thad.g

For example, let us say we need a measurementvef Example, when

it is at a stream stage of approximately 3 m. Fgetmeone has to go out
to the stream when the stage is near 3 m. Figur2 4Bows a cross-

section of River Example at a 3 m stage. Note thatstream stage does
not necessarily correlate to the actual depth efstiheam. Example River
is about 10 m wide. The stream-measurement proeeiduto go across

the stream at selected intervals and measure tfa¢ depth and the

velocity of the water at selected depths at eadkrwal across the

stream.

Fig. 11.3: Shows a current meter (attached abowee tdnpedo-looking
weight), which is lowered into the stream and messwater velocity. The
spinning cups on the current meter measure velocity

a . Width of the stream 10

Riwer f
bank Depth
15 of
the
2.5 stream

1 3
X Spot whebe a measurement is made.

so this areais 1 by 2 (m) or 2 sg. m.

Fig. 11.2:  Variables involved in the measurement water vejpand
consequent determination of stream discharge
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Fig. 11.3: A current meter inserted into the stream

In the Figure 11.2, the hydrologist would take aaswewement of how
fast the water is moving at every green 'X', andiddhen determine the
areas between all of the measured intervals, sacthe one shown by
the box.

Subsequently, water depth/velocity measurementstateaned horizontally
across the stream at 1, 3, 5, 7, and 9 m (theceétines in the diagram). At
each location, measurements of velocity and totgithl are obtained.
Depending on the depth and flow conditions, onenmre velocity
reading(s) are obtained in each vertical.

For our example, a water depth/velocity measurenerdbtained at a
point 5 m from the edge of the stream. The totagdtidas slightly more

than 3 m and velocity readings are obtained athdepf 1, 2, and 3 m
(the 'X's on the 5 m vertical line). The box remms an area that is
midway between this measurement point and the nneamnt points on

either side. The box area is 2 m across and onigHl, br 2 sq. m. The
measured velocity at the big X in the purple bof i® per second.

To compute the amount of water flowing in that kemea each second,
multiply the area of the purple box times the vijoof the water:

1) 2 m wide x 1 m high = 2 square meter

(2) 2 square meter x 2 meter per second = 4 cubic npetesecond.
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To compute the total stream discharge, the hydisiogas to create
imaginary boxes between all of the 'X's and, usirgvelocity of thewater
in every box, compute the streamflow for each boeaa Summing the
streamflows for all the box areas will give thealostream discharge.
Actually, the example above is a simplified expl@o@a of how
streamflow is measured. When an actual measurensemade, the
hydrologist takes measurements at about 20 poantssa the stream. The
goal is to have no one vertical cross-section gontaore than 5 percent
of the total stream discharge.

3.3 How Stream Height Relates to Streamflow?

4.3.1 How does the height of water in a streamteefla the amount of
water flowing? As Figure 10.3 shows, river banks aregular and tend
to be flat at the bottom, have a steeply risingkbaear the bottom, and
then have flatter banks as they near the surrognidind surface. Since
the river banks are irregular, the relation betwetream height and
stream discharge (flow) is not linear. In other d&mrwhen a stream's
height doubles from 10 m to 20 m, the flow can mitvan just a double.

Figure 11.4

The diagram shows this better than | can explaifitia gage height of 1 m,
our stream has the amount of water (flow) represkfiy the first layer.
Let's say it rains and the water rises to 2 m. &dditional flow is
represented by the next layer. Though the gagenhdmubled from 1 to 2
m, the total flow, represented by adding the fsdl second layers, is more
than double the flow at 1 m (first layer). Thisbscause the river bank has
flattened out as it went up from the bottom of tiver bed. Since the river
bank continues to flatten, by the time the rivglegie height goes to 4 m,
the flow, represented by all the layers combinganany times more than it
was at 1 m. Also, as you can imagine, the spedideofvater flowing during
a storm is much faster than during low flow - thamare flow at high water.
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3.3.2 The use of a Rating Curve

The rating curve (Figure 11.4) shows the relatigndbetween stream
stage and streamflow. The stage-streamflow relatsomsed to relate
water level to an associated streamflow. The ratinge for a specific
stream location is developed by making successiveansflow
measurements at many different stream stages tnedahd maintain a
stage-streamflow relation. These steamflow measenésn and their
corresponding stages are then plotted on a graphtirfious streamflow
throughout the year can be determined from thengatiurve and the
record of river stage. The rating curve is crubatause it allows the use
of stream stage, which is usually easily determinid estimate the
corresponding streamflow at virtually any streaagst
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Figure 11.4:Rating curve defines stage/streamflow relation

3.4 Factors that Could Change the Shape of a Ratinfgurve

Rating curves are not static - they occasionallystrhe recalculated.
Rating curves frequently shift due to changes ie flactors that
determine the relation between stream stage arshmftow. These
factors are:

Slope of the stream (affects velocity)
Roughness of the channel
Area of the channel at each stream stage
Backwater effects (when a tributary enters a largyer)
Filling in, scouring out, channel changes of ribanks

®oo o

Consider what can happen to a stream channel darlagge flood. Figure
11.5 shows a streambed before and after a flood, ¢hanging the relation
between the stream stage, and the amount of waten§ at that stage.
The dark area represents how much water is flonagh diagrams show
the same stage, but more water is flowing after ftbed because the
streambed profile has changed and now there is raea for water to

75



ESM 222 WATER RESOURCES EVALUATION

flow. Scouring occurs more often on the outsideeedfl a curve in a
stream, whereas sand build up occurs on the irside.

Before

Figure 11.5
3.5 Other Devises to Determine Water Level

Sometimes a simple information as a "seed line"leelp determine how
high the water was (and the subsequent stream)sthgeng a flood.
Instruments that read stream stage can indicatetglvthe stream stage
was during a storm, but cannot show how high wajet in the
surrounding land and how much land will flood whéme stream
overflows its banks (unless detailed surveys amdaoted). One way to
determine this is to use high-water marks that oawing floods. If
hydrologists can find a high-water mark on a treenailbox after a storm,
then that information combined with the stream-stdgta (from stream-
stage records) can be used to estimate how muoldifig will occur at
different stream stages.

Here are a couple of pictures taken on a river afdw days after high
water occurred during a storm. Hydrologists oftesitvstreams after a
large storm to check for high-water marks. If, é&@mple, records show
that stream stage reached 17 m during a stormgla\kater mark will

show the hydrologist what a stage of 17 m meanenms of how high

the water was on the riverbanks and surroundingl, lavhich helps to

estimate how much land alongside a stream will fudated at that
stream stage. This kind of information is valualsledeveloping maps
and information concerning the impact of floods t¢me adjacent
landscape, structures, and people living there.
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Line of
dried mud : *
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4.0 CONCLUSIONS

It is good that you have gone through this unituYave learnt that staff
gauge is the name of the instrument that we usdetermine the water
level. The discharge at different cross-sectiorhivitthe river could be

determined by the use of Current meter. Both theemavel (stage) and

stream discharge (flow rate) are related but setdtionship is affected by
certain characteristics of the drainage basinsahdr surrounding forces
of humans, and time. Now | ask you the followingesfions to assess your
understanding of what you have read.

5.0 SUMMARY
In this unit, you have learnt that staff gauge e thame of the
instrument that we use to determine the water leVhe discharge at

different cross-section within the river could bet@fmined by the use of
Current meter.

6.0 TUTOR-MARKED ASSIGNMENTS

1. Mention 2 instruments that we use in streamflow sneament

2. Describe how water level (height or stage) relatesstream
discharge

3. Compare the use of ‘seed line’ over the staff ganggetermining
stream level
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INTRODUCTION

All that you have learnt so far are processes whidduce water on the
earth surface, and the many pathways it takes totgehe streams,
groundwater supplies, etc. Wait a minute; have gbany period taken
time to ponder that the chemical characteristicsthef water may be
altered as it passes through many of its pathwHyéits so, do you think
that the quality may become undesirable for sones usy the time it
gets to the sources? Yes it will, but people do oate about this,
probably because situations have left them withchoice of theirs.
Others do simply not care. But the implications arer the places,
water related diseases, water poisoning etc. basdtiis | have desired
that you learn some principles of water quality

2.0

OBJECTIVES

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

define water quality

Justify the need for quality water

mention some sources of pollution or contaminabdmrarth
waters

assess the responsiveness of the stakeholdere fwrablem of
water pollution.
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3.0 MAIN CONTENT

3.1 Whatis Water Quality?

This is the physical, chemical and biological cltedstics of water it
relationship to a set of standards. Water quistandards are created -
different types of water bodies and water body tioca per desired use
The primary uses considered for such charactevizatie parameters whi
relate to drinking water, safety of human contaatd for health o
ecosystemslThe main classes of infectious diseases that E&deto wate
are shown in Table 12.1. Surface water sources naoee prone t
contamination than the subsurface sou

Table 12.1: Classification of Infectious Diseasess&ociated with
Water

Transmission mechanism .. Description : Examples of diseases

Waterborne Oral ingestion of pathogensinwater ~ Cholera, typhoid, bacillary
contaminated by urine or feces dysentery, infections hepatitis

Water-washed | Disease spread enbanced by scarcity Trachoma, scabia, dysentery,

. of water making cleanliness difficult louseborne fever

Water-based -. Water provides the habitat for inter- Schistosomiasis (bilharziasis),

mediate host prganisms, transmission dracuncyliasis {guinea worm}
: “'to humans through water contact
Water-related ' Tnsect veetors {e.g., mosquitoes) rely Malariz, filaciasis, yellow fever
K gn water for habitat, but human water onchocerciasis {river blindness),

contact not needed -~ dengue

3.1.1Sources of pollutants into water bodie
Figure 12.1 shows diagrammatically some sourcgmlbfitants in wate
S

Recharge area
e

Contaminated ' “

groundwater

. - — -

Source: Environment Canada

Figure 12.1:Pollutant sources and pathways into water sug
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The contaminants can be natural or human-indulledurally occurring

contaminants are present in the rocks and sediméstsvater flows

through sediments, metals such as iron and mangaresdissolved and
may later be found in high concentrations in thetewa Industrial

discharges, urban activities, agriculture, and aspp of waste all can
affect water quality. Contaminants from leaking Ifai@nks or fuel or

toxic chemical spills may enter the groundwater @odtaminate the
aquifer.

Pesticides and fertilizers applied to lawns andpsroan accumulate and
migrate to the streams and water table

3.2 Concept of Water Pollution

Water pollution is the contamination of water badgich as lakes, rivers,
oceans, and groundwater caused by human actiwil@sh can be harmful

to organisms and plants which live in these watatids. Although natural

phenomena such as volcanoes, algae blooms, stanmisarthquakes also
cause major changes in water quality and the emabgtatus of water,

water is only called polluted when it is not abtelte used for what one
wants it to be used for.

3.2.1. Causes of water pollution

Water pollution has many causes and characterigticseeases in nutrient
loading may lead to eutrophication.

Organic wastes such as sewage impose high oxygeramdis on the
receiving water leading to oxygen depletion withgmbially severe impacts
on the whole ecosystem.

Industries discharge a variety of pollutants inirtiveastewater including
heavy metals, resin pellets, organic toxins, oilgrients, and solids.

Discharges can also have thermal effects, espgdiatise from power
stations, and these too reduce the available oxygen

Silt-bearing runoff from many activities includingonstruction sites,
deforestation and agriculture can inhibit the peatetn of sunlight through
the water column, restricting photosynthesis angsice blanketing of the
lake or river bed, in turn damaging ecological syst
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3.2.2 Effects of Pollution

Pollutants in water include a wide spectrum of cioams, pathogens, and
physical chemistry or sensory changes. Many ofcimemical substances
are toxic.

Pathogens can produce waterborne diseases in dithnean or animal
hosts. Alteration of water's physical chemistry ludes acidity,
electrical conductivity, temperature, and eutrophian. Eutrophication
is the fertilisation of surface water hytrientsthat were previously
scarce. Even many of the municipal water suppliesdeveloped
countries can present health risks.

Water pollution is a major problem in the globalntext. It has been
suggested that it is the leading worldwide causaeatths and diseases, and
that it accounts for the deaths of more than 14piple daily.

Table 12.2:Selected Examples of Global Mortality and Populaiat
Risk, for Infectious Diseases Associated Water

_ Discase Vector Morbidity Mortality Population at risk
‘Diarrheal diseases Microorganisms > 1.5 billion 4 million > 2 bilkion
Schistosomiagis - Water snails 200 million 200,000 500-600 million
Malaria Mosquitoes 267 million 1-2 million 2.1 billion
Onchocerciasis Blackfiies 18 millien 20 to 50,000 90 million

Source: UNEP {1¥93).
3.3 Regulating Framework

In Nigeria, the Ministry of Environment in the Natial Policy on
Environment has set a guideline for water use & ¢buntry. This was
acting upon the earlier stand of the defunct Fddé&mavironmental
Protection Authority Act 56 of 1987. Although therigtness of the
implementation is another topic for discussion, tbé of the National
Agency for Food and Drug Administration and Con{ldéAFDAC) should
be commended.

In the UK there arecommon lawrights (civil rights) to protect the
passage of water across land unfettered in eithtity of quantity.
Criminal laws dating back to the 16th century eis¥d some control
over water pollution but it was not until thBiver (Prevention of
pollution) Acts 1951 - 1961 were enacted that any systematic control over
water pollution was established. These laws werengthened and
extended in theControl of Pollution Act 1984 which has since been
updated and modified by a series of further adtss & criminal offence
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to either pollute a lake, river, groundwater or Hea or to discharge any
liquid into such water bodies without proper auttyorin England and
Wales such permission can only be issued byBheironment Agency
and in Scotland bEPA.

In the USA, concern over water pollution resulted in the emaett of state

anti-pollution laws in the latter half of the 19ttentury, and federal
legislation enacted in 1899. Theefuse Actof the federal Rivers and
Harbours Act of 1899 prohibits the disposal of asfuse matter form into
either the nation's navigable rivers, lakes, stseaamd other navigable
bodies of water, or any tributary to such watersless one has first
obtained a permit. The Water Pollution Control Amtssed in 1948, gave
authority to the Surgeon General to reduce watkutpm.

In 2004, the United States Environmental Protection Agentsted
drinking water quality on commercial airline's aaft and found that 15
percent of tested aircraft tested positive for Itataliform bacteria,
according to a press release issued on Friday M8 cR008.

4.0 CONCLUSION

Here concludes the unit 12 lecture on water qualityis also the
conclusion of the module on water resources eviaoatin this unit,
issues relating to the quality assessment of theenwaave been taught.
These include water pollution. In fact, it is humdesire that water is
available in abundant quantity and in good qualdy the desired use.
Abundance water but at undesirable quality is remful, hence the need
to remind you of one of the old rhymes which saysmter, water
everywhere, but there is none for us to drink.

6.0 SUMMARY

li this unit, you have been taught some of theasswlating to the quality
assessment of water. One of them is include wattkutpon.

6.0 TUTOR-MARKED ASSIGNMENTS
If you have indeed studied this unit, you will Issassed by the following

guestions:

i. What is water quality?
i Mention THREE effects of water pollution.
ii.  Mention THREE sources of pollutant in the enviromie
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