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INTRODUCTION

Resource evaluation involves resource estimatiorclwimay require
pattern drilling on a set grid, and in the casewphide minerals, will
usually call for some geophysical techniques likgvd-hole probing of
drill holes, to delineate ore body continuity witlthe ground.

According to Braband, Geier and Kopke (2003),aressmwent of the
(natural) resource base is fundamental to any dpuatnt planning and
project formulation effort. This provides baseliméormation that will
help in formulating a strategy and identifying gas. It equally helps
in ensuring the sustainability of the planned ptgeMoving from the
physical to economic and financial evaluation. tme case of
environmental resources/assets, its requires apiolic of appropriate
and consistent values to each type of resourcé/asseording to
Domingo and Lopez-Dee (2007his allows aggregation of different
types of environmental assets, integration in wigkts of accounts and
comparison with non-environmental assets in terms tbeir
contributions to the wealth of a country. Accordilmgthe work, in the
System of National Accounts (SNA), assets are vhhtemarket prices
which often are not available for environmentaleésssince these are
rarely traded in the market. In the absence of stapkices, the best
available method of valuation is resorted to axyto market value.

Resource evaluation concentrates upon understatitengharacteristics
of natural resources and the processes throughhvwhey are allocated,
resource management emphasizes the control ortidimecf resource
development. In other words, resource managempresents the actual
decisions concerning policy or practices are atedtaand under what
conditions or arrangements resources may be deaeldp O'Riordan's
(1971a; 19) words, resource management may beedkéis a process of
decision making whereby resources are allocated space and time
according the needs, aspirations, and desires af mahin the
framework of his technological inventiveness, hditigal and social
institutions, and his legal and administrative agements. Resource
management should be visualised as a consciouggwaaf decision
involving judgement, preference and commitment, nehg certain
desired resource outputs are sought from certameped resource
combinations through the choice among various mameg technical
and administrative alternatives.

WHAT YOU WILL LEARN FROM THIS COURSE
Having gone through the introduction, you shouldnoy be familiar
with the definition of resource evaluation and rese management.

Whether considering a resource sector (air, walend, wildlife,
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minerals), a resource topic (demand, supply, gyalia resource
problem (carrying capacity, public involvement, eBommental
assessment) or a resource issue (conflicts amangateonists on a lake
or river), this framework emphasizes the substhntia and difficulty
of considerations involved in reaching decisionse Tfocus is upon
determining the way in which resources are actdatbpted and use, as
well as upon exploring alternative ways in whicleylcould or should
be utilised. As resource analysts as well as thegrggphers seek to
understand the fundamental characteristics of ahtesources and the
processes through which they are, could be, andldte allocated and
utilised. The actual allocation of resources liesthe domain of the
manager who mayor may not be a geographer. A kagideration in
this course material is to determine what distuectiole the geographer
has to be played and may playas a resource analyst.

COURSE AIM/OBJECTIVES

The objectives of this course will be a study of sequence of steps,
techniques or methods in the assessment of therétatesource. This
is fundamental to any development planning andegtojormulation
effort. This also provides baseline information tthaill help in
formulating a strategy and identifying projects. dgually helps in
ensuring the sustainability of the planned projedi®ving from the
physical to economic/financial evaluation. In ttese of environmental
resources/assets, it requires applying appropaate consistent values
to each type of resource/asset. According to Domiagd Lopez-Dee
(2007), this allows aggregation of different types of enmimental
assets, integration in wider sets of accounts amdparison with non-
environmental assets in terms of their contribugiom the wealth of a
country. According to the work, in the System oftiNaal Accounts
(SNA), assets are valued at market prices whichnodtre not available
for environmental assets since these are rarefiedran the market. In
the absence of market prices, the best availabtbadeof valuation is
resorted to as proxy to market value.

COURSE OVERVIEW
The course demands that you should spend gooddimead and attend

tutorial session where you will take advantage arhparing notes and
obtaining explanations from the tutor.
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COURSE CONTENTS

Module 1

Unit 1 Meaning and Types of Resource Evaluation

Unit 2 Methods of Resource Evaluation, Resource ag¢gmment
and Resource Development

Unit 3 Economic Methods of Resource Evaluation/Kmses

Module 2

Unit 1 Geomorphological Techniques

Unit 2 Geomorphometry

Unit 3 Seismic Techniques

Module 3

Unit 1 Electrical and Electromagnetic Methods

Unit 2 Solid Mechanics, Fluid Dynamics and Landsea

Evolution Modelling

COURSE MARKING SCHEME

Assignments

Marks

[s

TMAs 1-4 Four Tutor- Marked Assignmen
(best 3 taken) = 30%

End of course examination 70%

Total 100%

TEXTBOOKSAND REFERENCES

Every unit contains a list of references and furtieading. Try to get as
many possible of those textbooks and materialedisThe textbooks
and materials are meant to deepen your knowledgeeafourse.

FACILITATION//TUTORIALS

There are eight hours of tutorials provided fostbourse. You will be
required to belong to a tutorial group. Informati@garding date, time
and venues for tutorials will be communicated tas ytbrough your

study centre.
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Do not hesitate to contact your facilitator if you:

(@) do not understand any part of the course ma#teor assigned
readings

(b)  have difficulty with the TMA

(c)  have problem with grading of an assignment.

Your facilitator will be available to attend to yoguestions. Prepare a
list of questions when you are reading. This makessier for you to
treat each case and get instant solution. Partioipan class discussion
is a useful habit to build your confidence on wyad think you know.

ASSIGNMENT FILE

In this file, you will find all the details of the&ork you must submit to
your tutor for marking. The marks you obtain frohese assignments
will count towards the final mark you obtain forighcourse. Further
information on assignments will be found in the igasment file itself
and later in this course guide in the section @essment.

PRESENTATION SCHEDULE

The presentation schedule included in your couragenals gives you
the important dates for the completion of tutor-kedrassignments and
attending tutorials. Remember, you are requiredsubmit all your
assignments by the due date. You should guard stgaiiting behind in
your work.

ASSESSMENT

Your assessment will be based on tutor — markeldrasents (TMAS)
and a final examination which you will write at thed of the course.

TUTOR-MARKED ASSIGNMENT

Every unit contains at least one or two assignmefis are advised to
work through all the assignments and submit thema$sessment. Your
tutor will assess the assignments and select fduchwill constitute
the 30% of your final grade. The tutor — markedigasaents may be
presented to you in a separate file. Just knowftiagvery unit there are
some tutor-marked assignments for you. It is imgraryyou do them and
submit for assessment.

vii
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SUMMARY

The following are practical strategies for workithgough this course:

1.
2.

10.

viii

Read the Course Guide thoroughly

Organise a study schedule. Refer to the coursevieverfor more
details. Note the time you are expected to spendamh unit and
how the assignment relates to the units. Importaettils, e.g.
details of your tutorials and the date of the fidtay of the semester
are available. You need to gather together allethef®rmation in
one place such as a diary, a wall chart calendanoorganiser.
Whatever method you choose, you should decide dnwaite in
your own dates for working on each unit.

Once you have created your own study schedule,veoything
you can to stick to it. The major reason that stisldail is that
they get behind with their course works. If you oo difficulties
with your schedule, please let your tutor know befb is too late
for help.

Turn to Unit 1 and read the introduction and thgctives for the
unit.

Assemble the study materials. Information abouttwia need for
a unit is given in the table of content at the bagig of each unit.
You will almost always need both the study unit yare working
on and one of the materials recommended for funtbadings, on
your desk at the same time.

Work through the unit, the content of the unit litseas been
arranged to provide a sequence for you to follow. y®u work
through the unit, you will be encouraged to reasimfryour set
books.

Keep in mind that you will learn a lot by doing ajour
assignments carefully. They have been designeelf you meet
the objectives of the course and will help you ghssexamination.
Review the objectives of each study unit to confthat you have
achieved them. If you are not certain about anyhefobjectives,
review the study material and consult your tutor.

When you are confident that you have achieved gsumbjectives,
you can start on the next unit. Proceed unit byt thmough the
course and try to pace your study so that you esp kourself on
schedule.

When you have submitted an assignment to your tatamarking,
do not wait for its return before starting on thexnunit. Keep to
your schedule. When the assignment is returned, gaaicular
attention to your tutor's comments, both on theortumarked
assignment form and also written on the assignnm@omsult you
tutor as soon as possible if you have any questiopsoblems.
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11. After completing the last unit, review the coursedaprepare
yourself for the final examination. Check that yloave achieved
the unit objectives (listed at the beginning of lreamit) and the
course objectives (listed in this course guide).

RECOMMENDED TEXTS

Gabet, E.J., Reichman, O.J. &Seabloom, E.W. (2003)e Effects of
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Knighton, D. (1998).Fluvial Forms & Processes.Hodder Arnold, P.
383.

Leeder, M. (1999).Sedimentology and Sedimentary Basins, From
Turbulence to Tectonics. Blackwell Science. Pp. 592.

Mark, D.M. &Smith, B. (2004). A Science of Topoghgp from
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MODULE 1

Unit 1 Meaning and Types of Resource Evaluation

Unit 2 Methods of Resource Evaluation, Resource adament
and Resource Development

Unit 3 Economic Methods of Resource Evaluationgsia

UNIT 1 MEANING AND TYPES OF RESOURCE
EVALUATION

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 The Meaning of Resource Evaluation
3.2  The Nature of Natural Resources
3.3 Resource Evaluation

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

This unit provides you with the background defmitiof what resources
are and how we can recognise them in our envirohméau are

therefore expected to identify resources in yourmé® and

neighbourhood. In this unit also, the meaning cfotgce evaluation
shall be discussed. This is aimed at giving youewidnderstanding of
what resource evaluation really is. Also, the mdghmf resource
evaluation which can be broadly divided into tw@mE@aches namely,
the physical approaches and the economic methodie i§sues
surrounding these approaches are discussed iarthis

2.0 OBJECTIVES

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

o define resources
o mention and discuss the types and examples of nesou
o state the meaning of resource evaluation.
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3.0 MAIN CONTENT
3.1 Whatis a Resource?

A resource is anything that is useful to man, paldrly within a

specific cultural setting where specific values atached to the specific
items. Resources are economic phenomena in the seaisthey meet
human needs within the constraints of their linmta$ in quantity and
spatial distribution. A resource is any substanceterial being or
phenomenon that has value and which can ultimaledy to the

satisfaction. In other words, it is the intangilalspect of environment
(natural or man-made) that is useful at a certame.t However, the
natural aspect of the resource is what environnistgaare more
concerned.

Furthermore, a resource must be quantifiable exasngtosystem, soill,
air, energy (electricity) water, all mineral degositc. A resource
evaluation could be termed as a scientific whereethprocedures of
problem, evidence and conclusion are adopted tdyssasuch a
resource; in essence, a resource could be analylseshed, managed or
developed.

Two types of resources can be identified namelyunah resource and
artificial resource.

The natural resources comprise land in a strich@coc sense — rocks
and minerals, forests and vegetable matters, stremmd lakes, and
energy resources. Although they seem to be boligtifrovided by
nature, their distribution becomes more limited there the frame of
reference broadens from a local to a regional @bal scale. For
example, although forest resources can be saicetpléntiful in the
rainforest areas of West Africa, they are virtualgn-existent in the arid
area of south-eastern Ghana; and whereas the sgdmeock areas of
Africa abound in limestone for cement productiong an underground
water aquifers for well water supply, the basenwamplex areas of the
region are deficient in these important resources.

Man-made resources on the other hand include athdoof human
devices and fabrications for meeting human neealsts,t machinery,
equipment, factories, farms, mines, human habitatend work places,
recreation centres and goods. All these have camexist through
human efforts. The greater the input of human inggnthe higher and
more satisfying the quality of these resources.San for example, the
difference between subsistence farm and a plantatidoetween a hoe
and a tractor in terms of the level of human nebds each can satisfy.

2
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From the point of view of economics, human resosi@@nstitute a very
important part and require close study and chargeteon.
Consideration must be taken of the labour inpuibfadts wide variation
in quality and numbers and its changing structaresvalues over time.
It can also be argued that the human populaticn nesource not only
through directly productive sector but also indike@s in production
through the consumption of the direct products atfour (goods and
services). It must be noted that production andespurces is neither
useful nor encouraged if the products are not amesuby humans.

3.2 The Nature of Natural Resources

Zimmermann (1933; 3-9) provided a functional intetption of
resources which is as relevant today as whengdngtosed in 1933. He
argued that neither the environment as such nds pathe environment
are resources until they are, or are considerée tgapable of satisfying
human needs. That is, resources are an expressiappoaisal and
represent an entirely subjective concept. To iatst he explained that
coal was not a resource without people whose waligtd capabilities
gave it utility. He thus viewed the concept of aa@rce as a subjective,
relative and functional one.

In a revised edition, Zimmermann (1951; 3-20) etabed upon this
functional interpretation of resources. He stredbad natural resources
are dynamic, becoming available to man through mnbtoation of

increased knowledge and expanding technology a$ agelkchanging

individual and societal objectives. From this posif attributes of

nature are no more than 'neutral stuff until maalke to perceive their
presence, to recognise their capacity to satisfjmdm wants, and to
devise means to utilise them. Consequently, ressuevolve from a
three-way interaction of natural, human and cult@ssets. In other
words, in the frequently quoted words from his hdoksources are not,
they become; they are not static but expand anttann response to
human wants and human actions' (Zimmermann, 1991; 1

In summary, "natural resources are defined by hupeceptions and
attitudes, wants, technological skills, legal, finml and institutional
arrangements, as well as by political customs. Wihatnatural resource
in one culture may be neutral stuff in anotherurelt Resources, to use
Zimmermann's words, are subjective, relative amdtional.

3.3 Resource Evaluation

We can use the term ‘evaluation’ to mean the 'eratiin of
phenomena’s parts to find out their essential festu Following this

3
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definition, four types of geographical researchre@source analysis
suggest themselves. These are:

(1) Studies of natural resources themselves: gurge mapping and
measurement of the supply of and demand for ressuss well
as their characteristics and properties.

(2)  Studies of alternative allocations (spati@mporal, functional) of
resources in terms of users, facilities and aotisit

(3) Studied of variables (biophysical, technoladjic economic,
social, political, institutional, legal) which cotidn resource
allocation or development.

(4)  Studies of the impact of specific resourcectmns.

The orientation of these types of research activitlcates a role for the
geographer as resource analyst. They indicate dispisition towards
the compilation and manipulation of data about redttesources, or the
inquiry into the manner in which resources are calted among
competing uses and users. The focus is upon detegnthe way in

which resources are actually located and use, dsawe@ipon exploring

alternative ways in which they could or should Ibiésed. As resource
analyst, the geographer seeks to understand thelarfuental

characteristics of natural resources and the psesethrough which they
are, could be, and should be allocated and utilisad actual allocation
of resources lies in the domain of the manager mhy or may not be a
geographer. A key consideration in this course nates to determine
what distinctive role the geographer has played aay play as a
resource analyst.

4.0 CONCLUSION

This unit provided you with an interesting overvieivyour ability to
think, and define resource evaluation. The unit lugened your
understanding to the resources in your environmant some
environmental resources commonly found in your mment.

5.0 SUMMARY

In this unit, the meaning of resource evaluatios @@cussed. You have
learnt how the various scholars have given diffed#dmensions to the
meaning of resource evaluation. You would havecedtithe differences
in each definition with regard to resource evalatiYou also noticed
that the type of question and the need to find answo them will vary
with the level at which you work in an organisatidiinis unit therefore
has built in you the habit of questioning about twiggource is available



ESM 422 MODULE 1

in your environment and your ability to find answéo these impending
guestions.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the nature of natural resources.
2. Explain what you understand by resource management.

7.0 REFERENCES/FURTHER READING

Braband, D., Geier, U. & Kopke, U. (2003). “Bio-Resce Evaluation
within  Agri-Environmental Assessment Tools in diffat
European CountriesAgriculture, Ecosystems and Environment,
98, (2003), 423-434.

Wikipedia, the Free Encyclopedia:
http://en.wikipedia.org/wiki/Mineral_exploration.

Domingo, E. V. & Lopez-Dee, E. E. P. (2007). “walion Methods of
Mineral Resources.”l1th Meeting of the London Group on
Environmental Accountinglohannesburg, 26-30 March 2007.

M. del Mar Rubio Varas (2005). "Value and Depraoiatof Mineral
Resources over the Very Long Run: An Empirical Castt of
different Methods." Economics Working Papers 867
Department of Economics and Business, Universibateu.

Fabra. Found at:
http://www.econ.upf.edu/docs/papers/downloads/867.p
Accessed date: February 22, 2007.
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UNIT 2 METHODS OF RESOURCE EVALUATION,
RESOURCE MANAGEMENT AND RESOURCE
DEVELOPMENT

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Categories of Natural Resources
3.2 Differences between Resource Evaluation aado&ce
Management
3.3  Methods of Resource Evaluation
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit will expose you to the necessity to beasawof the variety of
dimensions in resource evaluation. So, it is essetat be aware of the
different stages in resource management or resodegelopment to
which the analyst will be expected to contribute.

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

identify the major categories of natural resources

identify methods of resource evaluation

explain resource evaluation as it relates to envirent

highlight the differences between resource managenaad
resource development.

3.0 MAIN CONTENT
3.1 Categories of Natural Resources

Firey (1960; 20) has identified three broad grogpinof concern
regarding natural resources: physical habitat, muncalture, and
economic scarcity. If these three groups are coewbiwith the ideas
advanced by Zimmermann, the following perspectie@serge: bio-
physical, economic, social, political, legal, itgtional, and techno-

6
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logical. In other words, analysis of resource peald may be pursued
through one or more of these perspectives. If teaipand spatial
components are added, a matrix is created whichhasmges the
importance of achieving in-depth knowledge abouecH per-
spectives, time periods and spatial scales, asasedin appreciation of
their interactions.

Whether considering a resource sector (air, walnd, wildlife,
minerals), a resource topic (demand, supply, gyalia resource
problem (carrying capacity, public involvement, Bommental
assessment) or a resource issue (conflicts amangateonists on a lake
or river), this framework emphasizes the substhntia and difficulty
of considerations involved in reaching decisionsu@ger and Mitchell,
1977; 6). To develop a thorough grasp of even aemspective, time
period or spatial scale represents a monument&l tHsis situation
emphasizes the importance of being able to idenéihd define
problems, to assess the adequacy of evidence, andeparate
conclusions based upon evidence from those notostgapby proof or
logic. These aspects are crucial, because as KraegeMitchell (1977;
6) have observed, 'Those in management positionsadohave the
luxury of studying and contemplating forever befonaking decisions.
Conflicting demands for the use of resources irsgearoblems occur,
issues arise and action must be taken.' As a raeswtdition to seeking
in-depth understanding, the analyst must be abbatance the need for
more understanding against the necessity of compglen investigation
in time so that its results can be used in a managéedecision.

3.2 Differences between Resource Evaluation and Reso@rc
Management

Resource evaluation concentrates upon understatitgngharacteristics
of natural resources and the processes throughhwihey are allocated;
resource management emphasizes the control ortidimeaf resource

development. In other words, resource managempreasents the actual
decisions concerning policy or practice is allodasnd under what
conditions or arrangements resources may be deseldp O'Riordan’s
(1971a; 19) words, resource management may beededis a process of
decision making whereby resources are allocated space and time
according the needs, aspirations, and desires afi mahin the

framework of his technological inventiveness, hditical and social

institutions, and his legal and administrative ag@ments. Resource
management should be visualised as a consciouggzaaf decision
involving judgement, preference and commitment, nehg certain

desired resource outputs are sought from certameped resource
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combinations through the choice among various menalg technical
and administrative alternatives.

More succinctly, resource management may be vietwette about

power and politics (Fernie and Pitketh, 1985; viilResource

management in this sense may involve either theagement of

production from a specific resource (a forest)hm overall planning of
the development and use of resources in an areggian. It is generally
executed by elected or appointed officials in thblig or private sector.
In reaching decisions, the resource manager wauently seek
guidance from the resource analyst, although ttieria advice usually
representational one of many inputs to be consid@rethe decision
processes. In contrast, resource development epseshe actual
exploitation or use of a resource during the tramsétion of 'neutral
stuff' into a commodity or service to serve humards and aspirations.
According to Wikipediaresource evaluationis carried out in order to
quantify the grade and tonnage of a mineral ocageeThe aim here is
to achieve by drilling sample, the prospectiveizuwr or strata where
the minerals of interest are deposited. The uliémgdal of resource
evaluation is to generate a density of drilling @yio to meet the
economic and statutory standards. Depending otfirtaacial situation

and size of the deposit and the structure of thepamy, the level of
detail required to generate this resource and ssagehich extraction
can commence varies. For small partnerships amatprnon-corporate
enterprises a very low level of detail is requirethereas for

corporations which require debt equity (loans) tddcapital intensive

extraction infrastructure, the rigour necessaryegource estimation is
far greater. (Wikipedia, URL).

Resource evaluation also involves resource estimatwhich may
require pattern driling on a set grid, and in tbase of sulphide
minerals, will usually call for some geophysicattiriques like down-
hole probing of drill holes, to delineate ore bambyntinuity within the
ground.

According to Braband, Geier and Kopke (2003), asessment of the
(natural) resource base is fundamental to any dpuatnt planning and
project formulation effort. This provides baseliméormation that will
help in formulating a strategy and identifying gas. It equally helps
in ensuring the sustainability of the planned prtge

Considering from the physical to economic/finanef@hluation point of
view, in the case of environmental resources/asgaequires applying
appropriate and consistent values to each type esburce/asset.
According to Domingo and Lopez-Dee (200fis allows aggregation

8
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of different types of environmental assets, integrain wider sets of
accounts and comparison with non-environmental tesige terms of
their contributions to the wealth of a country. Aading to the work in
the System of National Accounts (SNA), assets aleed at market
prices which often are not available for environtaéassets since these
are rarely traded in the market. In the absenaearket prices, the best
available method of valuation is resorted to axyto market value.

3.3 Methods of Resource Evaluation
Various methods of resource evaluation exist. Tihelde:

Experimental design
None—experimental design
Quasi-experimental designs
Document review
Interview/focused groups
Observation

Secondary source/data review
Survey/questionnaires
Test/assessment.

4.0 CONCLUSION

Evaluation is inherently a theoretically informegpeoach (whether
explicitly or not), and consequently any particuldefinition of
evaluation would have been tailored to its contegpace, the theory,
needs, purpose, and methodology of the evaluatimteps itself.
Having said this, evaluation has been defined ag/Séematic, rigorous,
and meticulous application of scientific methodsassess the design,
implementation, improvement, or outcomes of a poyrlt is a
resource-intensive process, frequently requiringoweces, such as,
evaluation expertise, labour, time, and a sizabhtigkt.”

"The critical assessment, in as objective a mamsepossible, of the
degree to which a service or its component patiigistated goals” (St
Leger and Wordsworth-Bell). The focus of this deigm is on attaining
objective knowledge, and scientifically or quariitaly measuring
predetermined and external concepts.

5.0 SUMMARY

Irrespective of the method used, the aim of reswwealuation is to
expand the known size of the deposit and minetaisaThe method
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discussed above pertains to the evaluation of mlineesources.
However, when other forms of resources and assetgaolved, some
other methods may be used. It therefore makes semsiaclude
economic methods of resource evaluation in thisudision.

6.0 TUTOR-MARKED ASSIGNMENT
Mention five methods of resource evaluation.
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1.0 INTRODUCTION

As you read through this unit, you will understatite different
approaches used in resource evaluation. The mardslimitations in
each approach will also be discussed in this unit.

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

o identify the different approaches of resource eatibm

. highlight the advantages and disadvantages of eathod of
resource evaluation

o show how to carry out resource evaluation.
3.0 MAIN CONTENT
3.1 The Market Price Approach

This has to do with applying the prevailing margetes where stocks
of environmental assets are tradable in the mar8eth must be
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observed in the market by the quantity of assetslgoproduced or
placed in stock. Examples of such minerals inclpdé&oleum, gold,
copper, etc. According to Domingo and Lopez-Dee0O{20 only the
produced mineral resources and proven mineral vesazan be valued
at direct market prices. Domingo and Lopez-Dee T20flso stressed
that there are four advantages in using the MdPkete Method. They
are:

a. The market price method reflects an individuallllingness to
pay for costs and benefits of goods that are boagltsold in
markets, such as timber, mineral or fuel wood. Thpeople's
values are likely to be well defined.

b. Price, quantity and cost data are relativelyy etas obtain for
established markets.

C. The method uses observed data of actual conqueierences.

d. The method uses standard, accepted economitdeels.

Limitations (Domingo and Lopez-Dee, 2007)

a. Market data is available only for a limited numloérgoods and
services provided by the resource and do not teflecvalue of
all benefits/uses of the resource.

b. The true economic value of goods or services naybe fully
reflected in market transactions due to market mni@g&ons
and/or policy failures.

C. Seasonal variations and other effects on price imeisbnsidered.

d. Usually, the market price method does not dednet market
value of other resources that are used to bringystem products
to market, and thus may overstate benefits

3.2 The Income Approach (Domingo and Lopez-Dee, @Q0)

The income approach is used as a proxy measureudfetvalue or an

indirect way of using market values, where theserat present. There
are five (5) methods available and which take iatxount future

benefits/income streams that can be derived framntineral assets as
provider of capital services. These are:

3.3 Net Price Method

The net price method which can be an alternativi@bPresent Value
(NPV) is based on the Hotelling rent model whickusses that, as the
resource becomes scarce and under certain markelfitioos, non-

renewable resource rent will rise at a rate equahé rate of discount
(interest rate). The value of the resource stocklmacalculated simply

12



ESM 422 MODULE 1

as the current rent per unit of resource multiplsdthe size of the
stock. Since rent rises over time at a rate exaetfficient to offset the
discount rate, there is no need to discount futeseurce income. This
method is easy to apply, but is found to overedentize market value of
the valued resource/assets. Some countries of trd vapply this
method in some of their resource evaluations. Exarmzludes: The
Philippines which made use of the net price methats initial mineral
accounts series and was exploring movement to netept value
method; while Canada applied both the NPV methatl tae net price
method(Domingo and Lopez-Dee, 2007).

Limitations

a. The assumption of the Hotelling model that underfert
competition, the rents would rise in line with ttage of interest
may not hold in reality due to market imperfection.

b. The rent used may include other forms of rent, e2gt due to
the differences in the cost of production, monop@gts due to
the exercise of market power in setting price, didion to the
true resource rent.

C. The world prices of minerals are not governed lerfgrt
competition.

3.4 El Serafy Method or User Cost Method

This method is applied to environmental resourcsets that generate
marketed services. It makes a distinction betwgeritrue income” and

the “gross receipts” generated by an asset. Ihdsftrue income as the
amount of income that would be sustained indefiyitegardless of the

actual finite lifetime of the asset by suitably @sting a portion of the

gross receipts generated which can be the depletst, otherwise

referred to as the user cost. In terms of formilla relationship between
true income and gross receiptshis: X=N/(1+)n+ 1

Where: X is the true income that can be consumed,

N is the total annual receipts (net of extractiornt);os

i the rate of discount and

n the further number of years for which current estin rates could be
sustained.

In order to apply the user costs method, many agssans are required
that are likely to bias the estimates. Regardiigthe current level of
receipts is held constant during the life timeldd tesource. The rate of
extraction is also assumed constant until the fesdaustion of the
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resource. Thus, the life expectancy of the resartbe present yean,
is not allowed to change over time. It also assumesnstant discount
rate.

3.5 Net Present Value (NPV)

The NPV for valuing mineral resource stocks andhgea in stocks has
been recommended by the System of National Acc(@MA) as well as

other environmental accounting agencies. The stadyducted by

Domingo and Lopez-Dee (2007) for the sub-soil resefassets group
indicates that almost all the countries surveyeampsetl the NPV method
except for the Philippines. The NPV is a standaethmd that predicts
the net income flows of an asset over its entiemic life. It entails

forecasting the stream of future net revenues amairresource would
generate if exploited optimally, and then discougptihis revenue stream
using an appropriate cost of capital. Under certainditions - such as
no taxes — the sum of the discounted revenue vdioes each time

period will equal the market value of the resource.

Advantages
NPV has four key elements to evaluate an asse8iment:

Time Value of Money: NPV recognises the concept that a dollar earned
today is worth more than a dollar earned five yéans now.

Income Flows: NPV calculates a resource’s expected income flamds
includes the unique risks of these. Using NPV hdipseliminate
accounting inconsistencies, since the income flemsompasses all the
benefits not just the profits.

Risks: NPV incorporates the risks associated with a nesowia the
expected income flows and/or discount rate.

Flexibility: NPV provides flexibility and depth, since the NBguation
can adjust for inflation and be used with otherlgial tools such as
Scenario Analysis.

NPV is consistent with maximising the value of anfiand is used by
investors in the evaluation of a company or in t@pbudgeting
decisions when comparing the value of differentjgmis. Despite its
many benefits, however, NPV has some limitationdctwvhvaluators
need to be aware of.
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a. Income Flows and Discount Rate

An NPV analysis has two main inputs: income flovd @ost of capital.
Income f\low represents the forecasted Net Bendfiting the lifetime
of the resource. In most real-life situations, deiaing this is not easy,
considering the number of assumptions and expentatinderlying the
actual income flow. Choosing an appropriate distoate is crucial to
the NPV calculation. There are several ways to@pprate the discount
rate but the most common is to look for an invesiinod equivalent risk
whose discount rate is known. A basic approach efecting an
appropriate discount rate is to consider the rdteeturn which the
capital needed for the project can yield if investa an alternative
venture. Obviously, NPV value obtained using vddathscount rates
within the lifetime of the resource is more reatighan that calculated
using constant discount rate for the entire liféhaf resource.

For some professional investors, their investmentd$ are committed
to target a specified rate of return. In such cases rate of return can
be applied as the discount rate for the NPV calmrialn this way, a
direct comparison can be made between the prdftiabif the project

and the desired rate of return. The interest raggluo discount future
income flows to their present values is a key imgfuhis process. Most
firms have a well-defined policy regarding theipital structure. So the
weighted average cost of capital (after tax) israppate for use in all
projects.

Alternately, higher discount rates can be usednfore risky projects.
Another method is to apply higher discount ratesirtcome flows
occurring further along the time span, to reflée yield curve premium
for long-term debt.

b. Availability of Capital

It is assumed that a positive NPV will be adoptedardless of the
capital required. Capital is assumed to be reaalgilable, no matter
how much is needed or what are the constraints iBhiarely the case
because access to capital markets is limited acwpr the overall
performance of the company. Therefore, large NPy be foregone,
given the capital requirements.

C. Option Investments

The capital requirements may change over time, inegudecisions
along the way that may change the risk profile. Ni®és information
known at the time of the completion of the analyRiss calculated in a
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static manner that does not allow for any futuranges. The rigidity of
this assumption will lead to underestimation ofues.

d. Reinvestment Rate

There are assumptions made about what rate ohrietuealized on cash
that is freed-up before the end of the projectth@ NPV model it is
assumed to be reinvested at the discount rate Uibeslis appropriate in
the absence of capital rationing. In the IRR model,assumption is
made about the reinvestment rate of free cash,hikinds to exaggerate
the calculated values. Some people believe thatthg firm's
reinvestment rate is higher than the Weighted Ayer@ost of Capital,
it becomes, in effect, an opportunity cost and &hdae used as the
discount rate.

The advantage of this method is that it does nquire an explicit
assumption about the return to invested capitab@ated with the
resource.

3.6 Appropriation Method

In many countries, governments are the primary osvoé the nation’s
natural resources. As landowners, governmentsatollee entire rent
derived from extraction of the resources they oResource rent is
normally collected by governments through feesgsaand royalties
levied on companies that carry out extraction. @ag of estimating the
economic rent attributable to a resource is to eqgttas with the fees,
taxes and royalties collected from the companiesmlued in the
resource extraction. However, in practice, feesgegaand royalties tend
to understate resource rent as they may be satugrgments with other
priorities in mind; for instance, implicit price Issidies to extractors, and
encouraging employment in the industry. Also, tht rof payments to
government may not move in line with market priéasthe extracted
product though one would expect the true econoent to do so. When
these data are not separately identifiable, oabl&t resource rent must
be imputed using various indirect methods. Howeldhe two sets of
data are available, publishing a comparison ofvéilaes may be useful
for economic policy analysis (SEEA, 2003).

3.7 The Cost Approach

The cost approach provides an alternative way hiimg mineral assets.
This is used to value depletion which considers ¢bst needed to
replace a certain mineral assets. This approacheasured based on
how much asset plus or minus a discount or prenaisithe case may be
e.g. replacement cost less accrued depreciation.
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3.8 The Appraised Value Method

This method is based on the premise that the edaéwof an exploration
property or a marginal development property liegsrpotential for the
existence and discovery of an economic mineral siepbhe Appraised
Value Method assumes that the amount of exploraégpenditure
justified on a property is related to its valueeTdost approach is given
some validity by the fact that option agreementsroneral properties
are often based on expenditures required to eammenest.

The basic tenet of the appraised value methodast ah exploration
property is worth the meaningful past exploratiotpenditures plus
warranted future cost. . An important element o thethod, which is
often overlooked in its application, is that onhose past expenditures
which are considered reasonable and productiveedagned as value.
Productive means that the results of the work gmuéficient
encouragement to warrant further work by identidypotential for the
existence and discovery of an economic mineral siepdvarranted
future costs comprise a reasonable exploration d&udg test the
identified potential, which can be geophysical oeochemical
anomalies, or promising showings or mineralised ezoralready
identified. As noted previously, if exploration wkordowngrades
potential, it is not productive and its cost shomdd be retained as value
or should be reduced. Obviously, if the propertgossidered to have
negligible exploration potential, it has little 0o value.

Past expenditures are usually analysed on an atas#. In times of
high inflation, past expenditures are escalatethéo effective date of
valuation or current unit costs are applied towmek retained. Usually
little of the expenditures more than five or sorggarior to the effective
valuation date are retained.

In the case of dual or multiple property ownershiy@appraised value
of the whole property is determined first. Then Wadue is apportioned
to one or more of the property owners. During atioopor earn-in
period, the property interests of each party aseimgd to be the final
earned interests. Some properties carry a royatigpmonly as a net
smelter return or net profits interest. Such rogalare deducted ageo
rata percentage from the appraised value apportiondgetmon-royalty
holder. This is done to recognise the existencth®froyalty and is not
meant to imply a value for the royalty. In some esast may be
necessary to differentiate between a net smelterrreand net profits
interest royalty by using a higher percentage lher former relative to
the latter.
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The derivation of an appraised value by adding téwined past
expenditures to the warranted future costs shoaldhbught of as an
abstract exercise to determine the cost of an exjpbm ‘play’ on a

property, which is considered to be the appraisddev It should not be
thought of in terms of who pays for the future exption program,

although it is similar to the earn-in aspect of sapption agreements. It
should also not be thought of as an accounting ceseerwhere

exploration expenditures are booked and can beenrdff over time or

against income.

Limitations

The appraised value method is best applied to ptiepewhich are
actively being explored. It is more difficult to @p the method to
properties that have been idle for some years,cedpethose which
have had substantial expenditures in the past.

The appraised value may have to be adjusté@ioMarket Valueif the
local market for properties is markedly depressecharkedly high as of
the effective date of the valuation. These condgican be recognised
by applying a subjective market factor, usuallynarements of 25%, as
either a discount or a premium to the appraisedevah premium may
be applied to the appraised value to recognisedaardageous location
such as proximity and geological similarity to gremting mine or new
discovery.

One advantage of the appraised value method isetfaobration cost

information and technical data are readily avaddbl most exploration
properties and marginal development propertiess ld good way of

comparing the relative values of exploration préipsr The main

disadvantage is that experienced judgment is requio separate the
past expenditures considered to be productive frmse considered not
to contribute to the value of the property, andassess what is a
reasonable future exploration program and costs Tdaves the method
open to misuse and possible abuse.

3.9 The Contingent Valuation Method

The Contingent Valuation Method (CVM) is an econonmon-market
based valuation method especially used to infewiddal’'s preferences
for public goods, notably environmental qualitywis first proposed in
theory by S.V. Ciriacy-Wantrup (1947) (WikipediaRU) as a method
for eliciting market valuation of a non-market goothe work was
published in the Journal of Farms Economics. ltaisurvey-based
economic technique for the valuation of non-mamesburces, such as
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environmental preservation or the impact of contetion. While these
resources do give people utility, certain aspetthem do not have a
market price as they are not directly sold — foaraple, people receive
benefit from a beautiful view of a mountain, butvbuld be difficult to
value using price-based models. Contingent valoasarveys are one
technique which is used to measure these aspeutdinGent valuation
is often referred to as stated preferencenodel (Wikipedia, URL), in
contrast to a price-basadvealed preferencenodel. Both models are
utility-based. Typically the survey asks how mucbnay people would
be willing to pay to maintain the existence of lpercompensated for the
loss of) an environmental feature, such as bioditser

The first practical application of the techniqueswa 1963 when Davis
used surveys to estimate the value hunters andsteuslaced on a
particular wilderness area. He compared the sumasults to an
estimation of value based on travel costs and fogmad correlation
with his results.

In this method, the following conditions are regdir

. Personal interviews should be used to conduct theeg, as
opposed to telephone or mall-stop methods.

. Surveys should be designed in a yes or no refererfdumat put
to the respondent as a vote on a specific taxdtepr a specified
resource.

. Respondents should be given detailed information tbe

resource in question and on the protection meatheg were
voting on. This information should include thretighe resource
(best and worst-case scenarios), scientific evialiabf its
ecological importance and possible outcomes of eptan
measures.

. Income effects should be carefully explained to ueas
respondents understood that they were to expressr th
willingness to pay to protect the particular reseum question,
not the environment generally.

. Subsidiary questions should be asked to ensureomdspts
understood the question posed.

The quiding principle behind these recommendatiores that the
survey operator has a high burden of proof to fyabsfore the results
can be seen as meaningful.

The typical CVM survey consists tifree sections.

19



ESM 422 RESOURCE EVALUATION

Thefirst section is characterised by the description oetidronmental
change as conveyed by the policy formulation amrddiscription of the
contingent market.

The second section is where the respondent is asked to gtate
monetary valuation for the described policy forntioka.

The third section of the CVM instrument is a set of quedtidhat
collect socio-demographic information about thepoeslents.

As a result, current contingent valuation methogdgloorrects for these
shortcomings, and current empirical testing ingisahat such bias and
inconsistency has been successfully addressed (i@om2007).

As shown by Mundy and McLean (1998), contingenugtbn is now
widely accepted as a real estate appraisal tec@nipgarticularly in
contaminated property or other situations whereesaad preference
models (i.e. transaction pricing) fail due to disdéigrium in the market.
McLean, Mundy, and Kilpatrick (1999) demonstrate #tceptability of
contingent valuation in real estate expert testyncend the current
standards for use of contingent valuation in liiigEa situations is
described by Diamond (2000).

There are a set of guidelines in the applicatiorCv¥M applications,
concerning the design and execution of the sumstrument. These are
summarised below:

1. CVM should rely on face-to-face interviews rathwari telephone
interviews, and whenever this is not possible (spgcbecause
of the high costs associated with the personalnirees)
telephone interviews are preferable to mail suryeys

2. CVM should elicit the respondent's WTP to prevenfuéure
incident rather than WTA (Willingness to Accept) &n incident
already occurred;

3. CVM should use a dichotomous choice referendumtation
format, i.e., the respondents should be asked hmy would
vote (favour or against) upon a described environtalequality
change. The main reason for the dichotomous chsitigat such
a take-it-or-leave-it survey valuation questionmsre likely to
reflect real daily world market decisions which induals are
confronted with. Moreover, the dichotomous choiegerendum
reveals itself to be less vulnerable to strategpiclibg behaviour
than, for example, the open ended elicitation farma

4. CVM should contain an accurate and understandadseribtion
of the program or policy under consideration anel dlssociated
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environmental benefits in each of the two scenaries with and
without the policy. Interdisciplinary work with o#h research
areas, namely the biological sciences, is recomettnd

5. CVM should include reminders of the substitutes fiwe
commodity in question as well as its budget. Imatext where
the respondents are being asked how they would waotea
financial contribution to protect a natural arda respondents
should be reminded of the existence of the othessathat exist.
Moreover the respondent should be reminded thath suc
contribution would reduce the amount of money thator she
has available to spend on other things. The mdga here is to
make such a (hypothetical) valuation exercise réseias closely
as possible an actual market transaction;

6. CVM experiments should include a follow-up sectetnthe end
of the questionnaire to be sure if the respondentierstood (or
not) the choice that they were asked to make.

3.10 Cost-Benefit Analysis

Cost-Benefit Analysis (CBA) estimates and totals thp equivalent

money value of the benefits and costs to the conitoh projects to

establish whether they are worthwhile. These ptsjeay be dams and
highways or can be training programs and healthe cgystems.

(Watkins,Valley and Alley, URL).

Cost—benefit analysis (CBA), sometimes called hermdst analysis
(BCA), is a systematic process for calculating anthparing benefits
and costs of a project, decision or government cpolfhereafter,
"project”). CBA has two purposes:

1. To determine if it is a sound investment/decision
(justification/feasibility).
2. To provide a basis for comparing projects. It imesl comparing

the total expected cost of each option againstidted expected

benefits, to see whether the benefits outweighctists, and by

how much.
The concept of CBA dates back to an 1848 articldidgs Dupuit and
was formalised in subsequent works by Alfred MalisDBA is related
to, but distinct from coseffectiveness analysis. In CBA, benefits and
costs are expressed in money terms, and are adljisst¢he time value
of money, so that all flows of benefits and flowlspooject costs over
time (which tend to occur at different points imé&) are expressed on a
common basis in terms of their "net present value."
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Cost—benefit analysis is often used by governmamid others, e.g.
businesses, to evaluate the desirability of a gpaity. It is an analysis
of the expected balance of benefits and costsudimy an account of
foregone alternatives and tisatus quo, helping predict whether the
benefits of a policy outweigh its costs, and by howch (i.e. one can
rank alternate policies in terms of the ratio o$tscand benefit(Braband,
2003). Altering the status quo by choosing the Ewmst-benefit ratio
can improve Pareto efficiency, in which no altemwatpolicy can
improve one group's situation without damaging heot Generally,
accurate cost-benefit analysis identifies choidest increase welfare
from a utilitarian perspective. Otherwise, costddf@granalysis offers no
guarantees of increased economic efficiency oresmes of social
welfare; generally positive microeconomic theorynsot when it comes
to evaluating the impact on social welfare of agyo{Domingo, 2007).

Steps

The following is a list of steps that comprise angmc cost-benefit
analysis:

1. List alternative projects/programs.

2. List stakeholders.

3. Select measurement(s) and measure all cost andfitbene
elements.

4. Predict outcome of cost and benefits over reletiang period.

5. Convert all costs and benefits into a common cayen

6. Apply discount rate.

7. Calculate net present value of project options.

8. Perform sensitivity analysis.

9. Adopt recommended choice.

Principles of Cost Benefit Analysis

One of the problems of CBA is that the computatioh many
components of benefits and costs is intuitivelyiobs but that there are
others for which intuition fails to suggest methoaofs measurement.
Therefore some basic principles are needed asdea.gui

There Must Be a Common Unit of Measurement

The choice of the appropriate interest rate tofas¢he discounting is a
separate issue that will be treated later in thysep.
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o CBA valuations should represent consumers or prduc
valuations as revealed by their actual behaviour.

. Benefits are usually measured by market choices.

o Gross benefits of an increase in consumption igraa under the
demand curve.

o Some measurements of benefits require the valuatidruman
life.

o Decision criteria for projects.

o Cost benefit analysis involves a particular studaa

. Double counting of benefits or costs must be awhide

o The analysis of a project should involvewgh versuswithout

comparison.

4.0 CONCLUSION

The key to resource evaluation of any environmentai realistic
assessment of the exploration potential, whichctdnd in the form of
untested targets, potential to increase the grad¢omnage of the
existing resource, or potential for development hwithanges in
technology or economic conditions.

5.0 SUMMARY

You have learnt in this unit the numerous methosieduin resource
evaluation. Many economists question the use dedtareference to
determine willingness to pay for a good, preferrtagely on people's
revealed preferences in binding market transacti&asly contingent
valuation surveys were often open-ended questidrtheoform "how
much compensation would you demand for the destrucif X area" or
"how much you would pay to preserve X". Such susvewptentially
suffer from a number of shortcomings; strategic dwsbur, protest
answers, response bias and respondents ignorirmgnenconstraints.
Early surveys used in environmental valuation sektoendicate people
were expressing a general preference for envirotahespending in
their answers, described as the embedding effealdbsactors of the
method.

6.0 TUTOR-MARKED ASSIGNMENT

1. State the disadvantages of the market price appro resource
evaluation
2. List steps that comprise a generic cost-beneétysis
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1.0 INTRODUCTION

In this unit, the geomorphological techniques rafldgvto resources
evaluation are considered. In this case, and is flst unit, it is
expedient to introduce the subject matter of gepimaiogy generally
with a view to enhancing understanding of the d#fe¢ techniques
which shall be discussed later in the module. Sitiee unit is on
geomorphological technigues, it makes sense todotte quantitative
geomorphology and the geomorphological processéshwvthe different
techniques are meant to analyse and address.

20 OBJECTIVES

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

o give a general introduction on the evolution of meophological
techniques

o state the geomorphological processes

. explain quantitative geomorphology relevant to tgees
evaluation.
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3.0 MAIN CONTENT

3.1 Meaning of Geomor phology

According to Wikipedia (URL), geomorphology is teeientific study
of landforms and the processes that shape theseeks to understand
why landscapes look the way they do, to understandform history
and dynamics, and to predict future changes thraugbmbination of
field observations, physical experiments, and nicaémodeling. Land
itself is a resource and the processes that shapertm of the land and
its resources can certainly degrade it. Consequenti resource
evaluation, techniques of addressing the diffeqgmicesses and the
problems associated with them needs be studied.

3.2 Geomorphological Processes
a. Fluvial processes

Rivers and streams are not only conduits of wdnetr,also of sediment
(Wikipedia, URL). The water, as it flows over theannel bed, is able to
mobilise sediment and transport it downstream, eeiths bed load,
suspended load or dissolved load. The rate of sadinmansport is a
function of the availability of sediment itself amide discharge of the
river itself Knighton (1998).

Rivers are also capable of eroding into rock améting new sediment,
both from their own beds and also by coupling t® sharrounding hill
slopes. In this way, rivers are thought of as isgtthe base level for
large scale landscape evolution in non-glacial mments (Burbank,
2002, in Wikipedia, URL). Rivers are key links time connectivity of
different landscape elements.

As rivers flow across the landscape, they generaltyease in size,
merging with other rivers. The network of riversushformed is a
drainage system and is often dendritic, but a iffe pattern may result
depending on the regional topography and underlgewogy.

b. Eolian processes

Eolian processes have to do with the activity af thinds and their
ability to shape the surface of the Earth. Winds @apable of eroding,
transporting, and depositing materials, and arecteffe agents in
regions where vegetation is sparse and also where ts a large supply
of unconsolidated sediments. Although water andsnfesv tend to
mobilise more material than wind in most environtseneolian
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processes are important in arid environments sacdtheaerts (Gabeds
al, 2003).

Mesquite Flat Dunes in Death Valley looking towainé Cottonwood
Mountains from the northwest arm of Star Dune (30@3Wikipedia,
URL).

C. Hillslope processes

Example of mass wasting at Palo Duro Canyon, TdXdikipedia,
URL).

Soil, regolith, and rock move downslope under tbecd of gravity
through creep, slides, flows, topples, and fallscls mass wasting
occurs on both terrestrial and submarine slopes,hais been observed
on Earth, Mars, Venus, Titan and lapetus.

Ongoing hillslope processes can change the topotdgie hillslope
surface, which in turn can change the rates ofetlppscesses. Hillslopes
that steepen up to certain critical thresholds @pable of shedding
extremely large volumes of material very quicklyaking hillslope
processes an extremely important element of lapeéscan tectonically
active areas (Church and Ryder, 1972).

d. Glacial processes
Features of a glacial landscape (Wikipedia, URL).

Glaciers are geographically restricted as well @sd effective agents
of landscape change. When ice gradually moves dgowalley, it results
in abrasion and plucking of the underlying rock.r&dion produces fine
sediment known as glacial flour. The debris trantgubby the glacier,
when the glacier recedes, is termed a moraine. oty to Dietrich

and Perron (2006), glacial erosion is responsibteU-shaped valleys,
as opposed to the V-shaped valleys of fluvial origi

e. Tectonic processes

Tectonic effects on geomorphology can range froatescof millions of
years to minutes or less. The effects of tectonitdandscape depend
heavily on the nature of the underlying bedrockitathat more or less
controls what kind of local morphology tectonicschape (Wikipedia,
URL). Earthquakes can, in terms of minutes, subméagge extensions
creating new wetlands. Isostatic rebound can adctamsignificant
changes over thousand or hundreds of years, aodsakrosion of a
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mountain belt to promote further erosion as masgnsoved from the
chain and the belt uplifts (Wikipedia, URL).

Features of deeper mantle dynamics such as plungededamination of
the lower lithosphere have also been hypothesisedlay important

roles in the long term (> million year), large scgthousands of km)
evolution of the Earth's topography (Wikipedia, URLBoth can

promote surface uplift through isostasy as hotkess dense, mantle
rocks displace cooler, denser, mantle rocks athdephe Earth.

f. I gneous processes

Some landscapes are dominated by igneous procékse¥illarrica
National Park in the picture (Wikipedia, URL).

Both volcanic (eruptive) and plutonic (intrusivgneous processes can
have important impacts on geomorphology. The actibrvolcanoes
tends to rejuvenise landscapes, covering the old faurface with lava
and tephra, releasing pyroclastic material andrigravers through new
paths. The cones built by eruptions also build wriml new
topography, which can be acted upon by other sefaccesses.

g. Biological processes

Beaver dams, as this one in Tierra del Fuego, ttotest specific form
of zoo-geomorphology, which is a type of bio-geopmmiogy
(Wikipedia, URL).

The interaction of living organisms with landformsr bio-
geomorphologic processes, can be of many diffeferhs, and is
probably of profound importance for the terrestgabmorphic system
as a whole. Biology can influence very many georhmrprocesses,
ranging from biogeochemical processes controllindiencical
weathering, to the influence of mechanical procesike burrowing and
tree throw on soil development, to even controligigbal erosion rates
through modulation of climate through carbon diexidalance.
Terrestrial landscapes in which the role of biolagynediating surface
processes can be definitively excluded are extremagk, but may hold
important information for understanding the geonhatpgy of other
planets, such as Mars.

3.3 Quantitative Geomor phology

Quantitative geomorphology emerged as a resulhefearly work of
Grove Karl Gilbert around the turn of the 20th ceynt According to
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Wikipedia (URL), a group of natural scientists, pgpsts and hydraulic
engineers including Ralph Alger Bagnold, John Hdadkna Leopold,
Thomas Maddock and Arthur Strahler started to mesean the form of
landscape elements such as rivers and hillslopesdking systematic,
direct, quantitative measurements of aspects ahthad investigating
the scaling of these measurements. These methogksn b® allow
prediction of the past and future behaviour of &rapes from present
observations, and were later to develop into whatmhodern trend of a
highly quantitative approach to geomorphic probler@iantitative
geomorphology consequently involve techniques liked dynamics
and solid mechanics, geomorphometry, laboratorydiss, field
measurements, theoretical work, and full landseymdution modeling.

4.0 CONCLUSION

This unit gave a general introduction to geomorpgplwith bias on
guantitative geomorphology and the processes imblvin
geomorphology. These approaches are used to uadeérsieathering
and the formation of soils, sediment transportd¢mape change, and the
interactions between climate, tectonics, erosiod, @eposition.

50 SUMMARY

From the foregoing facts, it is clear what quatitiea geomorphology

means. Also, the different processes includingidlieolian, hillslope,

glacial, tectonic, igneous and biological processtsch sum up the
subject matter of geomorphology were briefly disags With the

understanding from these, the different technicarespresented in the
units that follow.

6.0 TUTOR-MARKED ASSIGNMENT

Discuss any three geomorphological processes.
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1.0 INTRODUCTION

In this unit, the aspect of quantitative geomorplggl known as
geomorphometry will be discussed. This techniqueolwes the
quantitative analysis of the land surface. Theqpples of the technique
as well as application are presented in this sectio

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

o explain the technique of geomorphometry
o state the principles of geomorphometry.

3.0 MAINCONTENT
3.1 Meaning of Geomor phometry

Geomorphometry is the science of quantitative lsumdace analysis
(Pike, 1995, 2000a; Rasemasinal., 2004 in Pike, Evans and Hengl,
2009). According to the work as cited from Tobl&976, 2000), it is a
modern, analytical-cartographic approach to reprasg bare-earth
topography by the computer manipulation of terfamght. Pike, Evans
and Hengl (2009) in their work, looks at geomorpletmas the science
of topographic quantification; its operational fscis the extraction of
land-surface parameters and objects from digitavaglon models
(DEMs). Geomorphometry is an interdisciplinary dighat has evolved
from mathematics, the Earth sciences, and — masntly — computer
science. Although geomorphometry has been regasdedn activity
within more established fields, geography and gephmogy, soil
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science and military engineering, recently, it baslved as a discipline
in its own right. (Pike, 1995 in Pike, Evans anchble2009).

Central to geomorphometry is the numerical repregiem of the land
surface which some authors refer to as terrain ttinge(example Pike,
Evans and Hengl, 2009 and Li et al., 2005), whdme others refer to it
as terrain analysis (Wilson and Gallant, 2000), athers like Mark and
Smith (2004) call it the science of topographye™ord terrain here
can be used to mean different things to differemvpgbe. It may be
associated with land form, hydrographic featured, segetation, and
geology. It may also be used to refer to the secmnomic aspects of
an area (Liet al., 2005). Terrain also can signify an area of groumd,
region . . . unrelated to shape of the land surfRdee, Evans and Hengl,
2009). Allderet al. (1982) in Pike, Evans and Hengl (2009) remarked
that Digital elevation model (DEM) has become theolred term for
the data most commonly input to geomorphometryr suee the U.S.
Geological Survey (USGS) first began distributioh 3arc-second
DEMs in 1974. The square-grid representation isalliswsed as input
in geomorphometric analysis of the land surfacas Tiodel is what is
referred to as a digital elevation model (DEM) dagital land surface
model (DEM or DLSM). In terrain modeling, series ¥f Y and Z
coordinates are used. When the Z values refer fapalyi to land
surface characteristics (altitude), the the tergitali elevation model
(DEM) is appropriately used, but when the Z valueude other things
like socio-economic characteristics, the generiontaligital terrain
model (DTM) is used.

3.2 TheBasic Principlesof Geomorphometry

According to Pike, Evans and Hengl (2009), the &mdntal operation
in geomorphometry is extraction of parameters dndats from DEMS,
are the primary input to morphometric analysis. @é&ding to the
authors, “in GIS (geographic information systeminie, a DEM is
simply a raster or a vector map showing the heaflthe land surface
above mean sea level or some other referent horZenmorphometry
commonly is implemented in five steps (After Pikans and Hengl,
2009).

Sampling the land surface (height measurements).
Generating a surface model from the sampleghitei
Correcting errors and artefacts in the surfaodel.
Deriving land-surface parameters and objects.
Applications of the resulting parameters aneab.

®ooop
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Land-surface parameters are grouped into threelgame

I Basic morphometric parameters and objects.
ii. Parameters and objects specific to hydrology.
iii. Parameters and objects specific to climate andoratayy.

40 CONCLUSION

It is well to keep in mind the two overarching medef first

distinguished by Evans (1972) identified and adyualistinguished
between two modes of geomorphometric analysis: iBpeavhich

addresses discrete surface features (i.e. landfpansd general, which
deals with the continuous land surface. Most badkSeomorphometry
principally deal with the computer characterisatiand analysis of
continuous topography.

50 SUMMARY

The geomorphological technique called geomorphome#s discussed
in this unit. The digital elevation model was idéatl as the major input
source of data for its analysis.

6.0 TUTOR-MARKED ASSIGNMENT
What is geomorphometry?
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1.0 INTRODUCTION
In this unit, seismic techniques will be present&thder this, the
refraction and reflection techniques are considefé advantages and

disadvantages of each are highlighted as well. fapb issues
surrounding these techniques are also discusd@dsinnit.

20 OBJECTIVES

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

o explain the different seismic techniques

o discuss how the refractive as well as reflectivhmeques can be
applied in problem solving

o state the advantages and disadvantages of theediffseismic
techniques.

3.0 MAINCONTENT
3.1 Seismic Refraction Techniques

Seismic refraction is a geophysical principle whislrks based on
Snell's Law. Snell's law (also known as law of aefion) in optics is a

formula used to describe the relationship betwelea #&ngles of

incidence and refraction, when referring to lightother waves passing
through a boundary between two different isotropexia, such as water
and glass. It is used in the fields of engineegeglogy, geotechnical
engineering and exploration geophysics. Seismiacébn traverses are
carried out using a seismograph(s) and/or geopkpne(an array and
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an energy source (Wikipedia, URL). This techniqutlises the
refraction of seismic waves on geologic layers amck/soil units in
order to characterise the subsurface geologic tiondi and geologic
structure. According to Kesel (2005), the portabtefraction
seismograph provides a useful research tool forerdehing the
characteristics and thickness of surficial wasteec®. Several types of
instruments are used.

According to Wikipedia (URL), the methods dependtbe fact that

seismic waves have differing velocities in differéppes of soil (or

rock). The waves are refracted when they crossthadary between
different types (or conditions) of soil or rock. &lmethods enable the
general soil types and the approximate depth aiastsoundaries, or to
bedrock, to be determined.

There are two types of refraction methods namély;R-wave refraction
(compression wave refraction) and S-wave refract{gshear wave
refraction). The P-wave refraction evaluates thenm®@ssion wave
generated by the seismic source located at a krtbgtance from the
array. The wave is generated by vertically strikengtriker plate with a
sledgehammer, shooting a seismic shotgun into theungl, or
detonating an explosive charge in the ground. Stheecompression
wave is the fastest of the seismic waves, it isetones referred to as
the primary wave and is usually more-readily idgattie within the
seismic recording as compared to the other seisaves.

On the other hand, the S-wave refraction evalu#itesshear wave
generated by the seismic source located at a krtbgtance from the
array. The wave is generated by horizontally stgkan object on the
ground surface to induce the shear wave. Sincestiear wave is the
second fastest wave, it is sometimes referred thesecondary wave,
When compared to the compression wave, the sheare wa
approximately one-half (but may vary significanttpm this estimate)
the velocity depending on the medium.

Advantages

This technique employs fewer source and receivesitions and these
therefore are relatively cheap to acquire.

a. Refraction observations require little obseomatiwith the

exception of trace scaling or filtering which helpspicking the
time of arrival of the initial ground motion.
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b. Since a small portion ground motion is recorded used, it is
easy to develop models and interpretations comptyedther
geophysical surveys.

Disadvantages
(After

http://www.earthsci.unimelb.edu.au/ES304/MODULES&SROTES/s
adv2.htm}

a. Refraction seismic observations require relbtivarge source-
receiver offsets (distances between the source vamete the
ground motion is recorded, the receiver).

b. Refraction seismic only works if the speed aticlvhmotions
propagate through the Earth increases with depth.

C. Refraction seismic observations are generatBrjpmeted in terms
of layers. These layers can have dip and topography

d. Refraction seismic observations only use thevartime of the
initial ground motion at different distances frohetsource (that
is, offsets).

e. A model for the subsurface is constructed bgnaiting to

reproduce the observed arrival times.
3.2 Reflection Methods

Reflection seismology (or seismic reflection) is g@eophysical
exploration method that makes use of the principleseismology to
estimate the properties of the Earth's subsurfema feflected seismic
waves. This method requires a controlled seismiccgoof energy, such
as dynamite/Tovex, a specialised air gun or a seiswbrator,
commonly known by the trademark namibroseis (Wikipedia, URL).
Reflection seismology is similar to sonar and ecbation.

Seismic waves are mechanical perturbations thegltra the Earth. Any
medium that can support wave propagation may berithesl as having
an impedance. The seismic (or acoustic) impedanisedéfined by the
equation:

Z=V p,

Where:

V is the seismic wave velocity and

p (Greek rho) is the density of the rock.

When a seismic wave encounters a boundary betweendifferent
materials with different impedances, some of thergy of the wave
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will be reflected off the boundary, while some oill be transmitted
through the boundary.

A reflection experiment is carried out by initiaggira seismic source
(such as a dynamite explosion) and recording tflected waves using
one or more seismometers. On land, the typicahs®iseter used in a
reflection experiment is a small, portable instram&nown as a
geophone, which converts ground motion into an anatlectrical

signal. In water, hydrophones, which convert pressthanges into
electrical signals, are used. As the seismomettectthe arrival of the
seismic waves, the signals are converted to difptah and recorded,;
early systems recorded the analog signals direxttp magnetic tape,
photographic film, or paper. The signals may thendisplayed by a
computer as seismograms for interpretation by smsabgist. Typically,

the recorded signals are subjected to significanbumts of signal
processing and various imaging processes befoxe ahee ready to be
interpreted. In general, the more complex the gpolaf the area under
study, the more sophisticated are the techniquepsresl to perform the
data processing. Modern reflection seismic surveggquire large

amounts of computer processing, often performedup@rcomputers or
on computer clusters.

3.3 Réeflection and Transmission

When a seismic wave encounters a boundary betweenntaterials

with different impedances, some of the energy ie Wave will be

reflected at the boundary, while some of the enengly continue

through the boundary. The amplitude of the refléctave is predicted
by multiplying the amplitude of the incoming wave khe seismic
reflection coefficient R, determined by the impeckawontrast between
the two materials.

For a wave that hits a boundary at normal incide(re®ad-on), the
expression for the reflection coefficient is simply

R=(4-2%)
(4+ Zy)

where Z0 and Z1 are the impedance of the first sgwbnd medium,
respectively.

Similarly, the amplitude of the incoming wave is Itiplied by the

transmission coefficient to predict the amplitud¢he wave transmitted
through the boundary. The formula for the normalkidence
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transmission coefficient (the ratio of transmitted incident pressure
amplitudes) is

T=(2% Zi)

(4+ Z)
As the sum of the squares of amplitudes of thectfd and transmitted

wave has to be equal to the amplitude of the imtigkave, it is easy to
show that:

1-R=(Z+ Zo) - (Zu— 2o
(Z1+ Zo)’
= 47y Zy)

(Z1— Zo)?

S

By observing changes in the strength of reflectsesmologists can
infer changes in the seismic impedances. In tuhgy tuse this
information to infer changes in the properties bé trocks at the
interface, such as density and elastic modulus.

For non-normal incidence (at an angle), a phenomé&nown as mode
conversion occurs. Longitudinal waves (P-waves) emaverted to
transverse waves (S-waves) and vice versa. Thennged energy will
be bent, or refracted, according to Snell's lawe €Rpressions for the
reflection and transmission coefficients are fouhg applying
appropriate boundary conditions to the wave equnatotopic beyond
the scope of this article. The resulting formulast determined at the
beginning of the 20th century, are known as theppd& equations.
The reflection and transmission coefficients govera signal strength
(amplitude) at each reflector. The coefficients aatgiven angle of
incidence vary with (among many other things) thuedfcontent of the
rock. Practical use of non-normal incidence phenan&nown as AVO
(amplitude versus offset) has been facilitated tgotetical work to
derive workable approximations to the Zoeppritzgua&ions and by
advances in computer processing capacity. AVO studttempt with
some success to predict the fluid content (oil, gasvater) of potential
reservoirs, to lower the risk of drilling unprodivet wells and to
identify new petroleum reservoirs.
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I nter pretation of reflections

The time it takes for a reflection from a partiguteundary to arrive at
the geophone is called the travel time. If thers@svave velocity in the

rock is known, then the travel time may be usedstimate the depth to
the reflector. For a simple vertically traveling wea the travel time t
from the surface to the reflector and back is datlee Two-Way Time

(TWT).

A series of apparently related reflections on saveeismograms is
often referred to as a reflection event. By cotmetpreflection events, a
seismologist can create an estimated cross-secfothe geologic
structure that generated the reflections. Integpiat of large surveys is
usually performed with programs using high-end ¢hdimensional
computer graphics.

Reflection seismology is extensively used in exgion for
hydrocarbons (i.e., petroleum, natural gas) andh suber resources as
coal, ores, minerals, and geothermal energy. Refleseismology is
also used for basic research into the nature amginoof the rocks
making up the Earth's crust. Reflection Seismolagyalso used in
shallow application for engineering, groundwated amnvironmental
surveying. A method similar to reflection seismaglogvhich uses
electromagnetic instead of elastic waves is knowsy Ground-
penetrating radar or GPR. GPR is widely used foppmay shallow
subsurface (up to a few meters deep).

3.4 Environmental Impact

As with all human activities, reflection seismigpeximents may impact
the Earth's natural environment. On land, condgcéinseismic survey
may require the building of roads in order to t@ors equipment and
personnel. Even if roads are not required, vegetathay need to be
cleared for the deployment of geophones. If theesurs in a relatively
undeveloped area, significant habitat disturbanag rasult. Many land
crews now use helicopters instead of land vehiclesmote areas.

The main environmental concern for marine surveythe potential of
seismic sources to disturb animal life, especialgtaceans such as
whales, porpoises, and dolphins. Surveys involeggang an array of
15-45 pneumatic air guns below the ocean surfatentethe survey
vessel and emit sound pulses of a “predominantly fiequency (10—
300 Hz), high intensity (215-250 dB). These animiaés’e sensitive
hearing and some scientists (who?) believe therwader sound waves
created by air guns might disturb the animals @nedamage their ears.
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Seismic surveying can damage the reproductive psese auditory
functions and other damaging effects to highly dtize marine species
(lobster, crab) and it poses potentially fatal effeto marine mammals.
Seismic testing is not fully responsible for whalesning ashore or
becoming stranded, but there is evidence thataysla major role.
Studies of seismic effects on several whale spesieh as Gray,
Bowhead, Blue, Humpback and Sperm whales indicatguostantial
effects in behaviour, breathing, feeding and divpadterns. Dr. Bernd
Wiirsig, a professor for marine biology at Texas A&bhiversity in
Galveston, Texas states that the Gray whale wibichvts regular
migratory and feeding grounds by >30 km in arease$mic testing.
Similarly the breathing of gray whales was shownb& more rapid,
indicating discomfort and panic in the whale. It e¢gcumstantial
evidence such as this that has led researchermsligy® that avoidance
and panic might be responsible for increased whabeching although
research is ongoing into these questions.

However, the research carried out by both the E&kRploration and
production) sector and by environmental groups sd¢ede considered
carefully in terms of impartiality as both may nefiece research or
publish data that only promotes their own aims godls. For example,
the following quote comes from a position paperlighied by an E&P
representative group which would appear to conttatie conclusions
stated above. The quote from the executive sumstatgs that:

The sound produced during seismic surveys is coaipbar

in magnitude to many naturally occurring and othnam-
made sound sources. Furthermore, the specific
characteristics of seismic sounds and the opewdtion
procedures employed during seismic surveys are thath
the resulting risks to marine mammals are expetddae
exceptionally low. In fact, three decades of waxide
seismic surveying activity and a variety of resharc
projects have shown no evidence which would suggest
that sound from E&P seismic activities has resuitedny
physical or auditory injury to any marine mammataps.

Advantages

a. Reflection seismic observations are collectedsmall source-
receiver offsets.

b. Reflection seismic methods can work irrespeativthe speed at
which motions propagate through the Earth varig¢h depth.

C. Reflection seismic observations can be moreilseatderpreted

in terms of complex geology.
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Reflection seismic observations use the entieflegted
wave field.

The subsurface can be directly imaged from thquieed
observations.

Disadvantages

a.

Because many source and receiver locations beigised to
produce meaningful images of the Earth's subsurfeefkection
seismic observations can be expensive to acquire.

Reflection seismic processing can be very coerpuitensive,
requiring sophisticated computer hardware and atively high-
level of expertise. Thus, the processing of reibectseismic
observations is relatively expensive.

Because of the overwhelming amount of data cwte the
possible complications imposed by the propagatibrground
motion through a complex earth, and the complicetionposed
by some of the necessary simplifications requirgdthe data
processing schemes, interpretations of the reflecseismic
observations require more sophistication and kndgdeof the
process.

Advantages of Seismic Techniques

a.

b.

It can detect both lateral and depth variationg physically

relevant parameter: seismic velocity.

It can produce detailed images of structuraiuies present in the
subsurface.

It can be used to delineate stratigraphic amdsome instances,
depositional features.

Its response to seismic wave propagation is ragre on rock

density and a variety of physical (elastic) consaithus, any
mechanism for changing these constants (porositgngss,

permeability changes, compaction, etc.) can, imqgjpie, be

delineated via the seismic methods.

The direct detection of hydrocarbons, in somstaimces, is
possible.

Disadvantage

a.

b.

Amount of data collected in a survey can rapibdlgcome
overwhelming.

Data is expensive to acquire and the logistfadata acquisition
are more intense than other geophysical methods.
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C. Data reduction and processing can be time coimglimequire
sophisticated computer hardware, and demand coabige
expertise.

d. Equipment for the acquisition of seismic obstoves is, in

general, more expensive than equipment requiredhi®rother
geophysical surveys considered in this set of notes

e. Direct detection of common contaminants presantlevels
commonly seen in hazardous waste spills is notilpless

40 CONCLUSION

Most countries require that seismic surveys aredgoted according to
environmental standards established by governnmegplation. Higher
environmental standards have encouraged the dewelutpof lower
impact seismic vehicles and acquisition method@egi Similarly
modern seismic processing techniques allow seidimés to deviate
around natural obstacles, or use pre-existing m@ght tracks and
trails with less loss of data quality than woulccerhave been the case.
The more recent use of inertial navigation instrotador land survey
instead of theodolites decreased the impact ohseiby allowing the
winding of survey lines between trees.

50 SUMMARY

You have learnt in this unit that the more compllee geology of the
area under study, the more sophisticated are ttigues required to
perform the data processing. Modern reflectionrseisurveys require
large amounts of computer processing, often perdrmon
supercomputers or on computer clusters.

6.0 TUTOR-MARKED ASSIGNMENT

1. Highlight the advantages of Reflection seismichodt
2. List the disadvantages of Reflection seismic me&tho
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MODULE 3 OTHER TECHNIQUES OF RESOURCE

EVALUATION
Unit 1 Electrical and Electromagnetic Methods
Unit 2 Solid Mechanics, Fluid Dynamics and Langsxa

Evolution Modelling

UNIT 1 ELECTRICAL AND ELECTROMAGNETIC
METHODS

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 DC Resistivity
3.2 Induced Polarisation (IP)
3.3  Self Potential (SP)
3.4  Electromagnetic (EM)
3.5 Magnetotelluric (MT)

4.0 Conclusion

50 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

In this unit, you will learn the electrical and elmagnetic geophysical
techniques which represent some of the oldest metesgploring the

Earth's interior. For example, the Self Potent®®) method described
below dates back to the 1830s when it was usedommvzall, England

by Robert Fox to find extensions of known coppepasits. Natural

electrical currents in the Earth, referred to dlsiie currents were first

identified by Peter Barlow in 1847. The EM methodswdeveloped in
the 1920s for the exploration of base-metal deposit

20 OBJECTIVES

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

. identify the various methods used in electrical and
electromagnetic evaluation
. explain the additional methods of resource evamatias

discussed in the unit.
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3.0 MAIN CONTENT
3.1 DC Resistivity

This is an active method that employs measuremenhtglectrical
potential associated with subsurface electricalerurflow generated by
a DC, or slowly varying AC, source. Factors thdeelf the measured
potential, and thus can be mapped using this methodude the
presence and quality of pore fluids and clays. @scussions will focus
solely on this method.

3.2 Induced Polarisation (IP)

This is an active method that is commonly doneanjenction with DC
Resistivity. It employs measurements of the tramsiéshort-term)
variations in potential as the current is initiadigplied or removed from
the ground, or alternatively, the variation in ttesponse as the AC
frequency is changed. It has been observed thanwveheurrent is
applied to the ground, the ground behaves mucheligapacitor, storing
some of the applied current as a charge that 8pdited upon removal
of the current. In this process, both capacitatwel electrochemical
effects are responsible. IP is commonly used teaietoncentrations of
clay, and electrically conductive metallic minegahins.

33 Sdf Potential (SP)

This is a passive method that employs measuremaitsaturally
occurring electrical potentials commonly associateith shallow
electrical conductors, such as sulphide ore bodlessurable electrical
potentials have also been observed in associatitbngnoundwater flow
and certain biologic processes. The only equipmeaeded for
conducting an SP survey is a high-impedance voéinatd some means
of making good electrical contact to the ground.

3.4 Electromagnetic (EM)

This is an active method that employs measurenenastime-varying
magnetic field generated by induction through auiridow within the
earth. In this technique, a time-varying magneetdfis generated at the
surface of the earth that produces a time-varylagtical current in the
earth through induction. A receiver is deployedttieampares the
magnetic field produced by the current-flow in tearth to that
generated at the source. EM is used for locatimglective base-metal
deposits, for locating buried pipes and cables, tf@ detection of
unexploded ordnance, and for near-surface geoplysiapping.
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3.5 Magnetoteluric (MT)

This is a passive method that employs measuremantsaturally
occurring electrical currents, telluric currentgngrated by magnetic
induction from electrical currents in the ionosgherhis method can be
used to determine electrical properties of materadl relatively great
depths (down to and including the mantle) inside HEarth. In this
technique, a time variation in electrical potent&aimeasured at a base
station and at survey stations. Differences inrfo®rded signal are used
to estimate subsurface distribution of electriesistivity.

40 SUMMARY

The unit has highlighted DC resistivity, inducedgrsation (IP), self
potential (SP), electromagnetic (EM) and magnétgaiel (MT) as
additional methods of resource evaluation. Youexgeected to take note
of their meanings as well as the differences irheaethod.

50 CONCLUSION

The electrical methods employ a variety of measergmof the effects
of electrical current flow within the Earth haveebediscussed in this
unit. The phenomena that can be measured includeentuflow,

electrical potential (voltages), and electromagnields. A summary of
the better-known electrical methods was also hyditéid in this unit.

6.0 TUTOR-MARKED ASSIGNMENT

Explain induced polarisation as a method of resoexaluation.
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UNIT 2 SOLID MECHANICS, FLUID DYNAMICS AND
LANDSCAPE EVOLUTION MODELLING

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Solid mechanics
3.2 Fluid Dynamics
3.3 Landscape Evolution Modelling
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Soil mechanics is defined as the application ofléines and principles of
mechanics and hydraulics to engineering problenadirdg with soil as
an engineering material. Soil has many differenannegs, depending
on the field of study. To a geotechnical engines] has a much
broader meaning and can include not only agrononaterial, but also
broken-up fragments of rock, volcanic ash, alluviufeolian sand,
glacial material, and any other residual or tramsgebproduct of rock
weathering.

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

o examine the laws and principles of soil mechanics
o identify agent of soil mechanics.

3.0 MAIN CONTENT
3.1 Solid Mechanics

Solid mechanics is the branch of mechanics, physied mathematics
that concerns the behaviour of solid matter undégraeal actions (e.qg.,
external forces, temperature changes, appliedatispients, etc.). It is
part of a broader study known as continuum meckBaQloe of the most
common practical applications of solid mechanicthesEuler-Bernoulli

beam equation. Solid mechanics extensively usesotento describe
stresses, strains, and the relationship between. the
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3.2 Fluid Dynamics

In physics, fluid dynamics is a sub-discipline afid mechanics that
deals with fluid flow - the natural science of flsi(liquids and gases) in
motion. It has several sub-disciplines itself, itthg aerodynamics (the
study of air and other gases in motion) and hydnadyics (the study of
liquids in motion). In the geomorphology, we aretjgalarly concerned
with hydrodynamics. Fluid dynamics has a wide raofeapplications,
including determining the mass flow rate, predigtiweather patterns,
etc.

Fluid dynamics offers a systematic structure - Wwhimderlies these
practical disciplines - that embraces empirical aathi-empirical laws

derived from flow measurement and used to solvetya problems.

The solution to a fluid dynamics problem typicaltywolves calculating

various properties of the fluid, such as velocpygssure, density, and
temperature, as functions of space and time.

3.3 Landscape Evolution M odel

Landscape evolution model is a physically basedearigal model that
simulates changing terrain over the course of tifries can be due to
glacial erosion and deposition; erosion, sedimersnsport, and
deposition in fluvial systems such as rivers; rggoproduction; the
movement of material on hill slopes; more interemttevents such as
rock falls, debris flows, landslides, and otheface processes. This can
also be due to surface uplift and/or subsidenceaygcal landscape
evolution model takes many of these factors intoant.

Landscape evolution models are used primarily ie tield of
geomorphology. As they improve, they are begintoge consulted by
land managers to aid in decision making.

The earliest of these models were developed in1$i&0s. In these
models, water was run across a mesh, and celltelagavere changed
in response to calculated erosion.

40 CONCLUSION

As the name soil mechanics implies, the subjecbiscerned with the
deformation and strength of bodies of soil. Itldesith the mechanical
properties of the soil materials and with the amilon of the
knowledge of these properties to engineering praobleIn particular, it
is concerned with the interaction of structureshwileir foundation
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material. This includes both conventional struetuand also structures
such as earth dams, embankments and roads whichaae of soil.

50 SUMMARY

This unit has discussed the meaning of soil meckaas well as fluid
dynamics. It has also mentioned some environmeotaditions that can
influence soil mechanics. You will have to studggd environmental
conditions with regards to the resources in padiculocation.

Historically, hydrodynamics meant something différehan it does
today. Before the 20th century, hydrodynamics wassymous with

fluid dynamics. This is still reflected in namessaime fluid dynamics
topics, like magnetohydrodynamics and hydrodynastability - both

also applicable in, as well as being applied tsega

6.0 TUTOR-MARKED ASSIGNMENT

1 Define soil mechanics.

2. Mention and discuss environmental conditiorsd thay influence
soil mechanics.

3. What is fluid dynamics?

4 Write short note on landscape evolution model.
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