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. FOREWORD

The present study contains a preliminary and brief review of latin
America's hydroelectrie rescurces, with special reference to the amount
of knowledge available on them, their approximate magnitude and the
part they play in supplying the region's energy requirements.

It is pointed out, in the analysis of the third aspect in the
Introduction, that ILatin American hydroelectric production is growing
at a steady pace and that its share in the consumption of commercial
energy — which is already nearly 15 per cent - is increasing, in comon
with the averages for the world and its main regions. Latin America's
contribution to total electric power production is slightly more than
50 per cent and is expected to expand, whereas the world average is a
little over 30 per cent and iscon the declins,

In chapter I of the present paper it is stressed that the latin '
American countries need to evaluate their water resources and plan their
utilization with a view te obtaining the greatest possible benefit, in ‘.'
keeping with the experisnce already acquired in the integrated multi-
purpose development of numerous river basins, |

For this purpose, the salient concepts on hydroelectric potential
are reviewed; the difficulties deriving from the use of this potential
are pointed out and the particular potentials recommended that would be
most suitable at the present stage of development in Latin America and
the current position of water resources ressarch there. The corresponding
methods of evaluation are also described. '

Generally speaking, a calculation should be made of the so-called
theoretical potentials which, while constituting ceilings that are
unattainable in practice, require a minimum amount of information and
enable potentials for economic use to ‘be.estimated within fairly narrow
limits by means of empiric coeffiecients, ‘ '

As the irregularity of stream flow has a strong influence on the
economic aspect of water resources development, & very useful coefficient,
which has been recommended by the Economic Commission for Europe, is
suggested for general programming studies, -

/In chapter
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In chapter II, up-to~date calculations of hydroelectric potentials
in Iatin America are given, together with the concepts in current usage
and a2 broad outline of their application.

With respect to theoretical potentials, the assessments made by the
United States Geological Survey (the sole source that covers research
throughout the world) are reported; the criteria adopted were fairly
uniform but the data vary in accuracy and scope. The calculatioh based
on average stream flow attributes 23 per cent of world hydroelectric
potential to Latin America, and there are no comparsative data in the
region against which the figures can be checked.

Conversely, in the field of economic potential, individual country
sssessments are available and have been compiled by the Economic Comnission
for Latin America. They differ considerably in method and principle. '
According to their data, the minimm economic potential of the region is
150 militon Kw, : :

The data on the economie potentials of selected river basins shows
that the geographical distribution of these basins is irregular,

It is clear that what is lacking is a systematic évaluation based on
the same criterion in every country of the region,

For purposes of illustration, an analysis is made of the variation in
the stream fiow of selected Veneguelan and Chilean rivers and, in the case
of Argentina, a very tentative curve is constructed for this factor, in
application of the calculation mentioned in chapter I,

An examination is then made of the extent to which hydroelectric
resources have been used in Iatin America (in the proportion of about 4
per cent of the economic potentiazls), from which it emerges that the low
percentage denotes the abundant nature of the resources rather than any
lack of interest in their development. . o ‘

Chapter II concludes by an account of some Qeneral features of existing
hydroelsctric works and explores the possibility fof establishing new plants
in the next few years, which would accentuate the sustained upward trend
of growth registered so far, -

/In chapter
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In chapter IIY, the facilities for research on Iatin Americals
water regources are studied, and stress is laid on the importance of
flow and rainfall measurements (continucus statistical series covering
an adequate number of years) for the proper execution of hydraulic works,

Most of the analysis is devoted to ascertaining the number of rain
gauges and flowmeters in service in the different countries and important
river basins, the span of the records in years is noted and the coverage
indices calculated (number of stations per 10,000 square kilomstres by
average years of registration),

Consideration is then given to the detailed plans showing contour lines
that are available, since they are another essential item of information
for the evaluation of theoretical potentials. It appears that, despite
the shortage of facilities for invb;tigating hydraulic resources in Latin
America, it would be possible to make a co-ordinated, systematic and
integrated evaluation of hydroelectric potentials.

Lastly, a list is given of the organizations that are responsible for
~ taking hydrological measurements in each country, together with observations
on the coordination of the work, centralization and the publication of data.

No analysis is made in this study of the unit costs of hydroelectrie
installation and production in Latin American countries, as they form the
subject of a special secretariat paper.

/INTRODUCTION
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INTRODUCTION |
The participation of hydraulie energy in total world production
of commercial and eleciric energy

An analysis of the part played by water resources in supplying
commercial energy during the last twenty years, and of their contribution

to electricity pro'duction in the prindipal regions of the world -~ especially
Iatin America -, paves the way for an objective appraisal of the importance
of thair present role and an estimate of future prospects, ‘

Table 1 shows that, in all the regions indicated, hydroelectric
production increased in the last twenty Fyears, usually far outpacing
commercial enerzy but lagging behind total electricity production, as will
be. seen in greater detail later, Without dwelling on aspects which are
dealt with at length in another ECLA si_:udy,y mention should be made of
the ra;ﬁid rate at ﬁhich. commercial and hydraulic energy are developing in
latin America, IR I |

While the ccnsumption of commercial enérg in 1959 amounted to 2,750
million tons of petroleum equivalent for the whole worid, at a cumilative
annuzl rate of growth of 5.5 per cent - the average for the last decade -
demand in Latin America reached 8, mi1lion tens with 2 growth rqteibf 7.6
per cent, In the United States and Westérn Burcpe, demand was 937 and 556
million. tons of petroleum equivalent respectively, and expanded annually.
at the rates of 3.5 and 3,8 per cent,

During the same two decades, the use of hydraulic energy to cover
the zbove~mentioned requirements increased not only in absclute but also
in relative terms, as may be seen from table 2,

Nevertheless, owing to the very unequal way in which the rates
progressed in the regions indicated, the percentage contribution of
hydraulic energy also changed in different degrees. It was highest
~ nearly 29 per cent - for the group of countries composed by Australia,

1/ Present status and recent development of electric energy in latin
America ST/ECLA CONF.'?/L.]-.O]. P

/Table L -
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Table 1

CUMULATIVE ANNUAL RATES OF GROWTH OF HYDROELECTRICITY, TOTAL
ELECTRICITY AND COMMERCIAL' ENERGY, a/1937~58

- {Percentage)
Commercial Total Hydro-
energy electricity electricity
Latin fmerica L 63 S 82 7.7
Western Europe ' 1.9 640 5.6
Eastern Burope ‘ 5.2 ‘ 8.4 10.0
United States 3.0 9.0 5.9
Other developed countries b/ _ 3.7 ‘ 5.9 5.5
Rest of the world 7.6 2.0 - 6.1

Source: ECLA, on the basis of direct information for Latin Jimerica, and
on United Nations, Statistical Papers, Series J. 1/3 for other
regions and countries.

5/ Commercial energy camprises peiroleum - including natural ges and its
derivatives, mineral coal and hydroelectricity. Hydroslectricity has
been evaluated by the amount of petroleum {at 10 700 kCal/kg) that
would be needsd to produce the same amount of electricity, due account
being taken of the average yields of thermoelectric plants. For further
details see Pregent status and recent development of electric energy
in Latin America, op.cit,’

b/ Australie, Canzda, Japan, New Zealand and the Union of South afrisa.

/Table 2
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Table 2
PARTICIPATION OF HYDROELECTRICITY IN GOMMERCIAL ENERGY -

CONSUMPTION

(Percentage)
1937 1949 1955 1958
Latin America | 13.5 13.6 12.7 14.0
- Western Europe ‘ - . Teb .97 | 11.6 © 134
Eastern Europe ' S T O Y N 2.3 ek
United States | Bl S 5.3 602
Other developed countries a/ | 4.0 26.6 27.4 28.8
Rest of the world ’ © 543 7.0 - 3,0 3.3
World total 6.6 7.5 80 8.9

Source- ECLA, on the basis of direct information for Latin America, and
on United Nations, Statisticsl Papers,Series J. 1/3 for other
regions and countries,

/Canada, Japan,
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Canada, Japan, New Zealand and the Union of South Africa, and at lowest
= 3.3 per cent — for the less-developed countries, excluding those of
Latin America. B |

Apart from the former group of countries, in which hydraulie energy
supplies more than a quarter of the commercial energy required to satisfy
consumption, its contribution is greatest in Latin America and Western
Europe, where it amounts to an eighth of the total.

The relative reduction in the part played by hydroelectric power in
Latin America in 1955, which is observable frem tables 2 and 3, was mainly
due to the fact that the public utility systems in Brazil, in spite of
having several hydraulic units in process of installation at Peixotos,
Cubatao, Nilo Peganha and Salto Grande, did not enter operation until
1956.

The share of hydraulic energy in world electricty production may
be studied in table 3, which covers the same regions and years as table 2,

In contrast to the trend of events observed in the production of
commercial energy, hydraulic energy is, on the whole, taking an increasingly
small part in total electricity production in spite of its steady increase
in absolute terms. This contraction is due to the more rapid development
of electricity in recent decades which, from constituting 17 per cent of
world commercial energy consumption in 1937, expanded to 22 per cent in
1949 and to about 35 per cent in 1958, without any apparent pause in its
upward c]imb.g/ _

The only regions where hydroelectric power increased its participation
in electricity production during the last two decades were Eastern Europe
(mainly because of progress in the USSR) and, to a lesser extent, Latin
America,

Together with the group of highly-developed countries consisting of
Australia, Canada, Japan, New Zealand ami the Union of South Africa, the
Ilatin American region and Eastern Europe used water resources more exten—
sively in their total electrieity production {in proportions of 70, 52 and
L1 per cent respectively), while the world average was 32 per cent..

2/ Present status and recent development of electric energy in latin
America, op cit,
{Table 3.
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Table 3

PARTIGIPATION OF HYDROFLECTRIGITY IN TOTAL ELECTRICITY
PRODUCTION a/

(Percentgge)

19m 1949 1955 1958
Latin America B - 50,9 52.1 49.8 52‘.'0
Western Burope | .Jli-‘lq-.S‘ 1.9 V k 41,0 41.3
Eastern Europe : : 11.5 L _é.? 11,2 15..8
United States : 37'.0 30,8 19.0° 20'.2
Other developed countries b/ ~  7Ths3 7746 7L.5 69,6
Rest of the world - hé2 . 5L 23.0 26.3

World total 428 0 B8 0.5 31,8

Source: ECLA, on the basis of direct information for Latin America, and on
United Nations, St.atlat,:.cal Papers, Series J. l/ 3 for other reglons
and countries,

5/ Gompr:.sing production for public consumption and production by private
services for their own use,.

b/ Australia, Canada, Japan, New Zealand and the Un:.on of South Africa,

/A sumary
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A summary of world hydroelectric pi'oduct.ion, which raveals the
accelerated developmﬁt of hydraulic resources in the world and in
latin America in particulsr, is given in table L in absolute terms,

Nevertheless, it may be said that Latin America has barely started
to tap its hydraulic potential, " The first confirmation of this statement -
comes from table 5, which shows the amount of hydroelsctric power that
was p*oduced per unit of arez in 1958.2/

When the table is analysed, it is interesting to note that the Latin
America and other less developed countries account for only l.5 and 0.4
mWh/Imz; while the world average is 4.5, and the respective figure-s for
Western and Bastern Europe are 21,1 and 13,8 nﬂm/!mz. It is undeniable
that hydraulie pctential varies considerably from one basin to another,
in accordance with topography, precipitation, evapo-transpiration and
underground infiltration, but sven without going into these aspects in
detail, it may safely be stated thet in no case are thay sufficiently
adverse in Latin America as a whole as to give rise to potentials that
are equal to only a third part of the world average, which is the st
of development in Latin America today.

- On the contrary, and despite the fact that the investigations made
so fa,r in this ficzld have been on a smell sca.ls » it may be aczepted that
the potential per unit of area is considerably bigher than the world
average as it stands at present. Hence, it is obvious that development
of hydraulic energy in Latin America is exceptionally low, although this
gsource plays an important part in electricity production,

Of the different guises in which water will help in the economic
development of the region, not the lsast important will be its role in
the production of electric energy. On the ome hand, the growth of demand

3/ 1t should be remembered that available head eand flow are the prime
factors determining potential in each hydroelectric plant, The former
is a function of the topographie conditions and the latter of a number
of elements, such as precipitation, evaporation, umlerground infiltration,
and the extension of the catchment area up to the point under congideration.
For this reasen, it is customary, in evaluating potential and hydre-
electric uses, to relate them to the wnit of area.

/table &
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Table 4
HYDROELECTRICITY PRODUCTION AND AVERAGE RATES OF
ANNUAL GROWTH
Produeticn Rates of growth
(milliohs of méh) - _-({percentage)
1937 1ok9 1955 1958 1330 1oed 1gg@
Latin America = 6.’75 13,6 7 21,1 29.8 6.6 7.6 12,1
Western Burope 62,3 92.1  '159.7 197.1 3.3 9.6 Toks
Eastern Europe 7.0 11.0 27.3 51,7 3.9 165 237
United States 44,0 90.0 120.4 147.0 6.1 5,0 6.9
Courtries & SLO 8.2 134 181 kb 7.5 6.6
Rest of the world 6.2 12.8 R % 21.7 6.§ | =] .8 19.0
World total 17,6.8. P4T L‘.tﬂl.a 605.4 3.1{ 7.6 8.6

Source: FCLA, on the basis of-direet information for Latin America, and on United
Nations, Statistical Papers, Series J. 1/3 for other regions and countries

8/ mstralia, Ganada, Japan, New Zealand:and the Union of South Africa.

/Table 5
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Table 5§
HYDROELECTRICITY PRODUCTION PER UNIT OF AREA, 1958
Millinns - Millions of
_ of mh square kih/km2
. © kilometres
Latin Amerdca : 29.8 20.38 1 4,60
Western Burocpe : 197.1 9.36 21 050
Eastern BEurope 51.7 374 13 810
United States M?oo 23.&2 6 280
' Other developed countries af 158.1 19.54 8 100
Rest of the world ' 21.7 58.93 30
world total 605.4 135.37 4 470

Source: ECLA, on the basis of direct information for Latin America, and en
~  United Nations, Statistical Papers, Series J. 1/3 for other regions
and countries,

af Australia, Canada, Japan, New Zealand and the Union of South Africa.

/for this
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for this form of energy, which is expected to increase at a rate of
between 7 to 12 per cent annually (doubling or trebling in 10 years!
time) according to the country in question,ﬁ/ and, on the other, the
wealth of hydraulic potential, on which little is known as yet, will
provide a sound economic basis for multi-purpose river development.

For this reason, it is becoming increasingly necessary to make
a proper evaluation of the inherent possibilities of the Latin American
river and lake systems.

The general review of facilities for investigating water resources
from the standpoint of stream flow, which comprises the last chapter and
was specially undertaken for the purposes of the study on hydroelectric
potentials, is wholly valid and can be used as a basis for other analyses,
including that of mmltiple~purpose developmeht.

L4/ Evaluation of future demand in latin Ameriea (ST/ECLA/CONF.7/L.1.11).

/Chapter I
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Chapter T
HYDRO-EIECTRIC RESOURCES: CONCEPTS AND METHODS OF EVAIUATION

1. General considerations

Water is in limited supply on every continent and is of vital importance
to menkind, It must therefore be used in the best interests of the
commnity as a whole, While this becomes more essential everywhere as time
goes on, it may even be a critical factor in some areas and seriously
curtail their prospects of economic development,

The experience gained in many parts of the world with respect to the
multiple-purpose development of rivers and basins and the evolution of the
many theories an the subject have clarified a number of problems arising
" from optimum use of water,

The lLatin~American countries, with their vast territories and untapped
water resources, thus have the opportunity to plan their development in the

light of this fact, and they muat deo so,. - |
| The following characteristics of a body of water must be determined
before it can be equitably distributed among consumers and used to the
best advantage: on the one hand, the volume, quality, geographical
distribution and rate of flow (within a hydrological year and from one
year to another) and, on the other hand, the amount required for various
purposes (drinking water, irrigation, power production, industry, naviga-
tion) as well as the benefits to be derived from regulating increases in
the flow of water, |

It should be borne in mind that }wdro-electrlc potential does not
only depend upon the volume of water available in the time unit; 41t also
implies that changes in elevation must be congidered as well as the rate
of stream.flow, Hence, the hydro-electric potential is proportional to the
product of these two factors,

It should alsoc be noted that the operation of a hydro-electric plant
as a source of energy depends as much on the demand for electricity within
the network or system to which it is attached as it does on the volume of
water available in the basin on which it is located to supply all the
water requirements for which it is intended. Hence, its method of operation

/should combine
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should combine the requirements of the various sectors in the best
possible way. Specific cases arising in practice may cover a wide range,
from a river primarily used for electric power generation to one where
such production is merely the lesser of several uses to which the water
is put, In most cases the design and administration of a hydro-electric
works will provide both for electric poﬁrer production and the use of the
water for other purposes, although the order of priority will not be the
same , :
It is therefore essential that the organs responsible for the develop-
ment of electricity services and those concerned with planning the mﬁltiple-
purpose use of water resources should work in close co-operation for the
benefit of the commnity as a whole, ZExperience nevertheless shows that
authorities often give high priority and adequate funds for investigation
of a specific development which can be completed within a short period of
‘time, They are less inclined to invest in general research aimed at -
planning the overall development of a basin or region, particularly those
involving long-term measuremsnts, These specific projects often fail to
achieve their purpose simply because data is'lacking which might have
‘been obtained had more time been taken over them, as advocated here,

Data essential to the planning of specific hydro-electric projects
should be divided into two types: information which can be obtained in
a relatively short period of time provided the necessary staff and
‘technical equipment (topographical maps, geological surveys, soil
mechanics, etc,) are available and the hydrological and hydro-msteorological
data requiring several years of uninterrupted observations. With regard
to the latter, it génerally takes from twenty to thirty years before
mean statistical values are obtained which can be considered reliable
for futurs use as mesn average values applicable td a specifie a.rea.y
It should be pointed out, however, that in many cases much less time is
required, provided thers are adequate correlations by which statistics on
stream flow can be extended within a tolerable margin of error and,

1/ See: ECAFE, Flood Control Series, No, 7, Multiple Purpose River
Basin Development, Part I, Manual of River Basin Planning and
ECAFE Methods of Assessment of Hydro-Eleectric Potentials.

I & NR/Sub,l/HFWP/1, ‘
/secondly, if
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secondly, if the economic loss resulting from this lack of absclute
accuracy is less than the loss suffered by the community if a particular
‘hydro-electric project were not carried out.

Generally speaking, overall development planning for an entire basin,
involving as it does many experts in various fields and diversified research,
‘must proceed slowly in view of the size of the investment required and the
benefits to be derived. - |

In any case, a good knowledge of the geographlcal dlstrlbutlon of
water resources and their specific features, including a knowledge of the
hydro-electric potential, is clearly a basic requisite for river basin
development planning. Full knowledge of a country'!s hydro-electric
resources facilitates proper power development programming, the selection
~ of the most suitable sites for electfic power plants of different types
(hydro-electric and thermal) and their relative role within each network,
including the lines of inter-connection and transmission, Similarly, if
hydro-electric power can be produced at sufficiently low cost, a valuable
basic element will have been provided for the location of certain chemical
and metallurgical industries which require a large supply of electric

power,

2, Qgginitidns of hydro—electric potentials

- The United Nations specialized-agencies,'and particularly the
Economic Commission for Europe and the Economic Commission for Asia and
the Far East, have carried out studies for the pﬁrpose of laying doﬁn
rules governing the uniform ev&luation,of hydraulic potentials at various
levels, baéed on available data. Only thus can valid international or
inter-regional comparlsona be made. 2/ -

~ The present p051tion, while already dlscussed at length, is summarized
below simply for the purpose of clarifying and emph351z1ng some practical

2/. See: Economic Commission for Europe, Hydro-electric potential in
Europe and its gross, technical and economic limits (E/ECE/EP/131),

. Economic Commission for Asia and the Far East, Report of the working
party on assessment of roelectric potentlal to the submcommlttee
on electric power (E/CN.11/T & NR/Sub.1/2) and Methods of Assessment
of Hydro-Electric Potentials (I & NR/Sub,1/HPNF/1).

J/aspects of
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aspects of immediate interest to the area, At the same time, a few
specific suggestions are offered,

Two definitions of potentials are of particular interest to overall
hydro-electric evaluationst

(a) The theoretical potential (sometimes called the gross potential)
fully measures the resources of a hypothetical annual production of energy
of a basin or river system in their natural state, that is to say without
any alterations produced by works tuilt to generate that energy. It is
considered that all water at an elevation above sea level is susceptible
of producing electric power; with s 100 per cent ocutput, . .

{b) The exploitable potential (also called "technical potential®™ or
"practical potential"} measures rescurces by existing power plants and
those capable of being installed at a given msment by conventional technical
methods for this type of structure or with present techniques, setting a
ceiling to the cost of installed kW, The concept of technically exploitable
potential may eeem very vague if no cost limit is set. In fact, if any
construction is considered physically realizable (excluding the cost
factor) the exploitable potential, or potential that can technically be
achieved, is close to the theoretical potential,

It should be pointed out that the theoretlcal potential, as defined
earlier, is an unalterable characteristic of each baain and is completely
independent of the attitude of man,é/ unlike the evaluations linked to
development, either technical or economically achievable,

Theoretical potential should be divided into two parts:

(1) The gross run—off potential which measures the theoretical annual
output of energy (or respectlve mean potentlal) by unit of area (kwh/km or
kW/km ) corresponding to the water of a basin or reg;on, neglecting the
losses of water, and measured by each unit of surface with its altitude
above sea level in its 1nit1al run~-off, )

3/ Not including changes in the rain pattern which may be produced by
the method of "artificial rainfsll® {increase in moisturs nuclei by
such .agents as vapours of silver iodide), It should be pointed out
that the evaluation of this potential must dlsregard the transfer
of water from one basin to another,

_/RainAwater
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Rain water falling on an area, it should be remembered, is divided
into three parts which follow one of the three processes set out below:

1, Evaporation or iranspiration from vegetatidn;

2, Surface run-offj

3. Infiltration with underground run-off,

-The gross surface potential of & basin should preferably be estimated
by "surface run-off" provided that there is adequate hydrologlcal data or
encugh general information on which to base an adequats indirect assessment
of the run-off coefficient (relation of voluﬁe of run-off to volume of
precipitation), | : : -

If this cannot be done, the volume of pre01p1tat10n (exnluding losses)
can be used to calculate the gross potential, )

As very different results are achieved, dépénding upon the method used
(by using the first method the estimated potential may be ahywhere from
20 to 80 per cent of the figure obtained by the second method), every
estimate of this type of potential should inélﬁdez {a) the uniform
application of one method fof the entire project; (b) a clear indication
of the method used, together with the specific values, (For mbre details,
consult the UN, ECE and ECAFE documents referred to).

(i1) The gross fivéf‘goteﬁtial — on river beds - which measures the

mean potential (or annual energy) along the course of each waterway and
thus gives the kW (or annual kWh) for the whole river or for each unit
of length.- : ' _ o

The criticism levelled at theoretical potentials, namely that they
are of no practical value because they only constitute unattainable upper
"limits, is valid if the problem is only considered from that point of view,
However, once this fact has been recognized, they nevertheless serve some |
purpose in the overall approach to the problem, In fact, such limits
should be considered unchangeable yardsticks agginst which actual progress
achieved in a country or region can be measured, The same practical
purpose can be sérved by the theoretical limit of thermo-dynamic
efficiency (also unattainable) in the steam cycle.

Similarly, within the exploitable or technical potential a fraction
is usually separated under the name of economic potential to define the

/potential that
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potential that can be used on a short or medium term basis within

the framework of the general economic development of the country
concerned., In relation to the techniecally exploitable potential, the
economic potential excludes that part of the development or portion

. of annual production which; in the event of insoluble conflicts with
other water uses, do not have any priority over them when an integral
analysis is made, It also excludes those incapable of supplying the
same category of power (load factor, reliability of service, stc,) at

a cost equal or less than that obtainable from other sources of eleetriec
pawer.ﬁ/ | '

In addition to hydrological and topographical data (to which
theoretical potentials are limited) the concept of exploitable poten-~
tial requires detailed information on geological conformation (including
background data on soil mechanics)., Moreover, economic potential calls
for research into the characteristic features of each particular case
as it relates to the most proper use of water resources for the com—

munity and provision of'lts power requirements at minimum cos
3a leflcultlea in methods of evaluatlon

Estimates of the hydro-~electric potential of river basins and
~countries, linked always to develbpment sites considered economically
exploitable, have for some time now been made in various parts of the
world. : :
If the results of separate estimatea on the same country or river
system are compared, they will be found to differ widely, .the most recent

L/ The cost of hydro-~electric power, when used for maltiple purposes,
obviously must be determined after a judicious distribution of
investment among the several consumers. It is equally obvious
that in each specific case the delay before the plant begins to
operate and the foreign exchange investment are factors which
must be borne in mind. :

/eétimateé being
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estimates being frequently the highest;é/ The explanation for these
ancmalies may be briefly sumwed up in the following main points:z

1. Lack of hydrological and geomorphological data.

2, Lack of uniform evaluation eriteria.

3. Evolution of construction techniques and methods.

Proper investigation of a river or lake system calls for the establish-~
ment of measurement units along the main waterways and the installation of
flowmeter and hydro-meteorological stations by which the flow at key points
can be meagured over a period of years. The statiéticél series relating
to basic pluvianeter stations must at least provide”measurements covering
~a period of several decades, with a minimm of 15 years for the flowmeters
in order to establish a correlation with the former by-which the statistical
series can be extended to 20 or more years (preferably over 30) before the
final plans for hydro—elecfric development are carried out. The difficulty

5/ There are numerous cases in Latln America, among. which the followlng
may be mentioned:

(1) Argentina, with estimates of 6.5, 7, 11, 13 and 20 million kW
within a period of not more than ten years (Guillermo A, Mazza,
paper submitted at the Madrid Sectional Meeting of the World
Power Conference held on 9 June 1960),

(ii) Colombia, with an estimated power potential of slightly over
4 million KW up to 1954. Very broad estimates on the subject
made by Electricitéd de France and Gibbs & Hill Inc. (1955)
now place the figure at 40 million kW,

(iii) Venezuela, with a potential previously estimated at 3.2 million
KW up to 1955, is now .considered to have a potential of 16
million kil following studies and research carr1ed out mainly
on the Caroni River,

The following cases can be mentioned for EurOpez‘

(1) switzerland, with estimates of 15, 20 and 27 million miWh in
1914, 1934 and 1946 respectively, for annual technically
exploitable energy.

(ii) Sweden, with 40, 50 and €0 million mWh in 1938, 1952 and
1955, also for technically exploitable power. (E/ECE/EP/131)
Hydro—electric Potential in Europe and its Gross, Technical
and Economic Limits, and A, J. Dllloway "Comparative Study of

dero-electrlcal Resources as Exemplified by European Experience
~ paper submilted to the World Power Conference — 9 June 1960},

/of obtaining
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of obtaining the above statistics will be more cléarly appreciated if it
is pointed out that very often a high percentage of the hydrometrical
stations required have to be maintained over a period of years in remote
areas difficult to reach. .In Latin America the sites must range from
high mountain zones to wooded areas with a tropical climate,

| On the other hand, changes in elevation along rivers are difficult
to measure mainly because of their inaccessibilitj, there being few roads
over which they can be reached, However, general estimates of hydro-
electric potential can now be made and c¢ivil engineering projects planned
by means of aerophotogrammetry, which has become an efficient and rapid
method of obtaining the necessary prelmna.ry data, except perhaps in

' very densely wooded areas,

It should be pointed out that the data provided by the type of
investigation mentioned ahove merely covers "volume of flow" and “head”,
to the product of which the theoretical potential of a waterway is pro-
portionally related; it does nol provide other information which is
essential to the definition of the exploitable or ecbnomic i)otential of
a aite, such as data relating to gesological characteristies, soil mechanics,
volume of flow regulation, the complementary or conflicting nature of the
development with other uses of water, etc, |

Determination of hydro-electric potent.ials in La.ti.n Amer:.ca has not
only suffered from lack of basic hydrological and topographical data
but also from lack of uniformity in the definitions and procedures used
in different countries and even within the same country. Estimates have
been made with respect to the same rivers or ﬁver_systems_, based on the
same background information, which have produced vastly different resulis
depending upon the expert or institution entrusted with the survey,®

It is therefore essential that the coﬁnti-ies in the region should
agree on specific definitions of potential so that uniform estimates at
various levels can be achieved 'oﬁ the basis of the data available. Only
a very few countries in the area have adopted the rglevant recomendations

&/ For instance, the potential of lake Titicaca has been estimated at
anywhere from under 1 million kW to over 2.5 million IW,

fof the
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of the World Power Conference and even in those countries the recommenda-
tions have not always been carried out,

The widespread practice in the region of evaluating potentials solely
on the bases of sites "considered to be economically exploitable® has,
it should be pointed out, created speciflc difficulties even though it
has been applied on the basis of uniform criteria,

In fact, the personal factors which affect the overall concept of
every project in determining its possible use introduce an element of
extreme variability which mist be reduced to the minimm, Moreover,
improved techniques and .construction methods, inter alia, may in time
substantially modify the economic aspect of projecté so that some, con~
sidered unjustified in the past, may be recommended as feasible in the
future, ‘

Since a study of the "economic electric exploitability" of water
resources should include not only electric power but the other uses to
which the water can be put, harmonic plans should bé formilated for its
maltiple use on the‘basis of general economic considerations which lessen
the viable and categorical nature of the estimates of the potential in
question. There should be, among other thiﬁgé;.étandard criteria for
determlnlng the priority of a group of structures w1th1n the overall
development plan. ‘

In practice, it is difficult to lay down a rigid method by which
systematlc determination of economic potentials on a 10 or 15 year hasis
can be effected. Thé conditions affecting the economic character of a -
project are linked to a number of unpredictable factors such as the
volume and stfucture of demand; the availability and price of other
" competing sources of electric power production; characteristics of the
consumer pattern to be met not only as a result of demand growth but
also of the type and economic features of the plants built prior to the
development project under consideration; the complementary or con-
flicting nature of the project with other uses of water and criteria
for the distribution of investments made in multiple~purpose projects;
development of construction techniques and costs; time required for a
project to "ripen", etc., Even the rates of interest, which vary, have

- /a substantial



ST/ECLA/CONF . 7/L.3.0
Page 24

a substantial effect on changes in the cost of electricity from a single
source since, under present average conditions, capital costs represent
up to 85 per cent of the cost of power in a hydro-electric plant as
against only 4O per cent for a thermal plant.

Moreover, its general application is hardly feasible in ILatin
America at present because so much déta and background information of
different types is needed which requlre time and specialized staff and
equipment,

In short, for developing countries such as those in Latin America
it is essential that the study of a particular river development project
under construction should include an evaluation of the hydro-electric
potential limited to the economically exploitable "gquantum® (together
with criteria for the optimum utilization of water), However, evalua-
tions on a larger scale for purposes of planning, which should be carried
out as rapidly as materiel conditions in each country will allow, cazll
for the adoption of simpler, more expeditious, concepts and criteria,

Le Sugpested methods of evaluation

{a) Gross runoff potential

The method of determining the gross runoff potential requires the
division of the region or country under study into small sub-basins for
which information is available on stream flow, with statistics covering
2 long period (not less than twenty years) or, if the period covered is
only-some twelve or fifteen years, with statistics that can be extended
by covariation with rainfall, subject to prior verification of a satis—
factory correlation. : o

In brief, the theoretical runoff potential in millions of kiWh a year is
given by formla (1), assuming full utilization and a 100 per cent yield.

'Ps = V—Tﬂ;? v - (1)

7/ Given the known formula P(kW) = 9.8 x Q x H, which expresses the output
of a fall of water in kW in function of the flow Q (cubic metres per
second) and height H (metres), with an ideal yield of 100 per cent, the
formula can be found for the annual power in kWhs

Ps=9.8xH31 5x
where the new numerical coefficients are:

8,760 = number of hours in the year
31.5 = number of seconds in the year, in millions,
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Here V is the volume of annual runoff in millions of cubic metres
(average for a period of years as described above) originating exclusively
in precipitation in the sub-basin in question, and H is the average
height of the sub-basin above sea level in metres, The addition of these

-values gives the hydroelectric potential in a region or a country.

Dividing the potential, thus calculated, of each sub=~basin by its.
area in square kilometres gives the specific value of its potential in
kWh/km . '

If the value of the specif:l.c ‘potential of the sub-basm is marked at
its geometric centre on a map, and the process is repeated on a larger
scale (national or regional) covering the whole area, equipotential lines
.can be interpolated,

In such countries as those of lLatin America, where hydrological
information is limited, the main problem is that of the means of determining
the value of ¥, and in some cases of H, for each sub-basin, ,

In this connexion, the best method of establishing V in the sbsence
of direct hydrological information is by use of runoff data deduced from
rainfall data but checked against actual flow data recorded at a stream-
gauging station. (Details are given in the Annex, section 1,)

In countries with rivers that cross the frontier it is necessary
in determining the national potential to reduce the potential of the
basins concerned, since the average elevation of each micro-basin is
reduced by being calculated not from sea level but from the elevation
at the point where the river into which it flows crosses the frontier.

Land-locked lakes in which underground filtration and evaporation
balance the flow of the affluents (enclosed basins) are s special case .
Automatic application of the principle of evaluating the hydro-electric
potential as linked to the area of the basin of its first runoff, with
100 pér cent utilization of the slope to the sea N would exclude any
exceptions, although nature itself limits the slope by the level of
the lowest point in the basin. A typical example in Latin America is .
the Lake Tiﬁicacé-nesggqadem R_:fi.v_er-lal_:e-l?bopts_ system, where a high
proportion of the potential can be exploited on the basis of the. potential

/head above



ST/ECLA/CONF.7/L.3.0
Page 26

head above sea level, by substantial reduction of evaporat.ion§/ , and as
a result of other favourable features such as altitude, geographic situa-
tion, topography, aﬁd so forth. '

Examples of a diametrically opposite situation are to be found in
the case of enclosed basins in Mexico in the States of Chihushua, Durango
and Coahuila, where it would appear logical in view of natural features
very different from those described above to regard the potential as
limited by the level of the lakes concerned,

For ;tahe sake of uniformity it would be advisable in every case to give
the theoretical surface potential in relation to sea level, with a specific
separate indication of the potential that should be discounted because of
the difference in elevation between the surface of undrained land-locked
lakes and sea level,

{b) Gross river  potential
The recommended method for caleculating the gross river potential,

widch is also a constant intrinsic characteristic of the river system of
a country or region, is as follcws:y each river or walter course in
the area is divided into sections bounded by the points of confluence
of successive tributaries; however, for practical reasons these sections
should not exceed 10 kilometres in length, '
For each section the potential is caleulated by the formula:
Pp=9%8xmxH . (2)
Here Py is the average potential in kW; @Qm is the average flow at
each end of the section (Qm = ~2-3~=); and § is the difference
in elevation between the water level at each end, in metres,

8/ It would clearly be possible from the strictly technical point of
view to reduce evaporation by lowering the level of Lake Titicaca
by construction of a drainage system that would reduce the area
of that lake and of Lake PoopS, with a consequent. reduction of
the volume of water evaporated,

9/ This method is that used in France to evaluate hydro-electrlc
potential by Electricité de France (see United Nations, Hydro-

‘electric potential in Fu and its gross, technical and economig
iimits ZEIECE?’E_PhBl” . .

/Repeating the
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" Repeating the same procedure for all sections of the river and its
tributaries and adding the results gives the gross river potential of the
whole basin, country or region. .

However, this method is not usually employed in the upper reaches of
the trlbntarlesror the lower reaches of the river (near the mouth), those
stretches being excluded from the point where the potentials are lower
than 15-20 kiW per kilometre, In Latin America the higher limit could be
adopted, _ | _ - ' ', a

To calculate the annual energy that corresponds to the gross river
potentlal given in K, it is sufficient to multiply the latter by 8, 760
(number of hours in the year) to get the number of kih,

The river pouentlal can conveniently be marked on a map by draw1ng
llnes of dlffereﬂt thicknesses following ‘the rlver, varying accordlng to
a given scale with the potentlal per unit length obtained in kw.per
kilometre for each section. ’ |

The graphic representatlon of this potentlal and the advantages it
provides are given in the Annex, section 2,

(¢) Exploitable or technical potential

The best method of evaluating this potentlal and the only direct

method, is to draw up detailed schemes for the regulatlon and utilization

of the waters of the river or river system in question. By this method
it can be clearly established what will be the geographical location,
quantlty, seasonal characteristies and hydrologlc dependeblllty of the
power 1n proposed electr1e power plants, 1n addltlon to the probable
proportlon of base and peak energy that can be expected, The difflculty
of this method is obvious- even for a2 single moderately large basin it
could require much time and considerable funds, Nevertheless, this is
the method that should be adopted for the final plan for the multiple-
purpose development of a basin,

In general evaluations for planning purposes, the recommended alterna-
tive to direct determination of the exploitable potential, both because
it.is-simple to apply and becatse it 1s n6 less reliable than other -
indirect methods, is to obtain it as a fraction of the gross river potential
by analogy with other basins or river systems that have been studied in

/detail ‘and



ST/BECLA/CONF.7/L.3.0
Page 28

detail and have similar geographical and physical features, as indicated
in the following section.

5. Comparison between the two types of potential

Although the two theoretical pot-ent:.als referred to give ceilings
that sere unattalna.ble in practice (and that do not agree), the gross
river potential is closer than the runoff potential to technical and
economic potentials, Moreover the gross river potential has the great

advantage of indicating on the maps representing it the physical location
of the rivers and which sections have a high potential, thus pinpointing
the places that should be studied in greater detail (by geological pros-
pecting, soil mechanics investigations and studies of regulation and of
other complemsntary or conflictlng uses of the water, etc.)} in order to
compile the information required for an economic study, Maps of runoff
potential;, on the other hand, link the potential to the source of the
water without necessarily indicating possible sites for the productiora

of electric power,

The information required to give the runoff potential, however,
is simpler than in the case of the gross river poten%iai; and thus
easier to obtein in countries where there are large under-devalo;:ed
areas about which there is a lack of infornatlon, as in the Latin
American countiries, _

Experience in more developed countries in variéus parts of the world
shows that generally speaking the relationship between the theoretical
potentials under discussion and the economic potentials, which in the
last snalysis are what matter, fall within a fairly narrow range of values.
In a number of European countries with s high level of hydro-electric pro-
duction it has been shown in the last decade that the exploitable potential
as & whole 1s from 20 to 25 per cent of the gross runoff potential, with
wider local variations.&Y In the ECE paper referred to it is stated that

10/ In Sweden the proportion is exceptionally high, being LO per cent.
In view of Sweden's highly favourable runoff conditions and geological
conformation, this is probably an upper limit. See A. J. Dilloway,
United Nations, "Comparative study of hydro-~electric resources as
exemplified by European experience™ (paper presented at the Madrid
Sectional Meeting of the World Power Conference, July 1960).

/a study
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a study of eight European countries showed the ratio between the real
economic potential and the gross runoff potential to be between 0,17 and
0.20, ' .

The results of some other studies;l;/ however, show that the ratio
between the real economic potential and the gross river potential is
roughly between 0,33 and 0,40, T

Here lies the main interest for under-developed areas and countries in
determining theif theoretical potentials, since even with relatively simple
hydrological and geomorphological investigations, and without great expendi-
ture of time, they can estimate the upper and lower limits that will
establish the approximate hydro-electric potential for economic use.

ECE is preparing a map at a scale of 12,500,000 with the theoretical
runoff potential covering the greater part of the countries of Europe with
lines of equal hydro-electric power per surface'unit.;g/

This map will make it possible to revise the relations between the
runoff potential and the technical and economic potentials for some river
systems and ccunﬁries, by making use of information available for those
where a greater part of the water resourtés have already been developed
and where a full investigation has been conducted for the areas where
the water resources still remain to be developed, This information will
be of great value for the countries of Latin Ameriea and for other under-
developed areas, ‘

Some countries that have reliable hydrologic and geomorphologic infor-
mation have in practice omitted the evaluation of the theoretical potentials
in order to concentrate their investigations directly on the technical
and ecoﬁqmic potentials, This is the type of work being un@ertaken by the

11/ ECAFE study op. cit., which includes references to V, M. Yevdgevic
‘and O, Marjanovic, Power resources of Yugoslav1a (Belgrade, 1956},
Vol. 1, and to United Nations, Determination of hydro-electrie
gotentlal in the USSR (ECE, Committee on Electric Power, Worklng
Paper No. 46, 13 February 1956).

12/ The line of least potential drawn on this map is that representlng
0.25 kith per square metre, and the other lines represent successive
multiplication by two (0.5, 1.0, 2.0, etc.) up to the line showing
6 kWh per square metre in the central zone of the Alps, BSee A. J.

Dilloway, op. cit.

/Federal Power
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Federal Power Commlsslon-z/ and to some extent the Geological Survey—EJ
in the United States,

6. Irregularity of stream flow in the rivers

It has already been seen ‘that the proposed theoretical potentials
(runoff and river) are concerned by definition with the average annuall
stream flow and takes no account of the changes that actually occur in

the course of time, both from year to year and during the course of a

- single hydrologic year (seasonal variationé). However, it will be readily
appreciated that the irregularity of the stream flow of a river is 2
factor that appreciably affects that part of the potentlal that can be
economically developed in relation to the theoretical potentlal.

The study of any particular hydro-electric project normally includes
datajled technical snalysis of the duration of natural flow and the
installations required to regulate it in order to obtain, on economic
terms, the oplimum use of the resource, but, as piaviously indicated,
such analysis is of little practical value in investigations relating to ”
general plamming and programming of £he use of the water resources of an
area or e country., Henece for some time an index has been sought that
would make it possible to draw maps showing the terrltorial distribution

. of the runoff irregularity of rivers, and a number of proposals on these
lines have been made in different countries at different times, The most
appropriate seems to be that selected by ECE to indicaté irregulérity

. during-the course of the hydrologic year.éé/

13/ See Frank L, Weaver, "Hydro potentlallties as 1nd1cated by
Federal Power Cormigsion" (paper presented at the Twenty-First
Anmual Meeting, American Power Conference, Chicago, April 1959).

14/ BSee Developed and potential water power of the United States and
gther countries of the world zog..cit.i;- :

15/ See United Nations, Specifications for construction of an index of
stream-flow irregularity ZE?ECEZEP?ZOSS, which should be consulted
for more general information, since the present study does no more
than examine briefly some relevant aspects of the question.

JFor a
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For a given year, the formula is:’
| ori = ==

where Cri is the coefficient (index), Vi is the storage capacity

required for full regulation of runoff for thst year, and Wi is the

volume of runoff for the year,

The mean value of coefficient Gr for a set of observations covering
n years can be obtained merely by taking the average of the values for Cri.
' For the sake of simplification, in preliminary studies a coefficient
Cr can be used that corresponds to a fictitious year, for which the figure
for each month is the arithmetic mean of the flow figures for the month
concerned. The same method can be used to arrive at final conclusions,
provided that the Cr value used is multiplied by a correction factor greater
than 1, but the advantage of this procedure is open to question, since the
correction factor has to be calculated separately in each instance.

There is little or no correlation between the values of Cr and the
size of the catchment area concerned, a fact which justifies the drawing
of maps showing this coefficient as basic background information for
plamming activities, together with estimates of hydro-electric potentials,
In caleulating this coefficient special care must be taken not to include
lakes or reservoirs, as the resulting distortion would be so great as to
invalidate the map concerned. In order to draw lines of interpolation
Joining points where Cr has the same value, the Cr value should be entered
on the map at the centre of the basin or sub-basin concerned. Care should
also be taken to avoid drawing these lines across mountain ranges or
extensive depressions,

It should not be overlooked that a run-of-river plant designed for
an average river stream flow of Qm will preoduce an average of¢

Kwh = (1 ~Cr) x 9.8 x 8,760 x Qm x H
with a yield of 100 per cent, For normal yields, the value of 9.8l should
be replaced by another of the order of 8,3,

/CGhapter II
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Chapter II
LATIN AMERICAN HYDROELECTRIC POTENTIAL

1. Concept.s and current estimates _
Generally speaking, lmwlegige of hydroelectric potential in the Latin
imerican countries is in its infancy, as will be seen from the analysis of
the method and concepts used and of current research facilities, The biggest
handicaps to an estimation of the regiont's total potential ohl the basis of
the direct information available are the lack of uniformity in the evaluation
eriteria and the meagre explanations that accompany the calculations supplied

by each country,
(a) BEstimates prepared by the United Statea Geological Survey

The paper on "Developed and potential water power of the United States
and_other countries of the World December 19541~ estimated hydroelectric
potentials at the end of 1954 from two different standpoints,

~ The first, based on ordinary minimum flow (flow available 95 per cent
oi' t.he time) attributes to Latin America as a whole a potential of 57 million
kil (12 per cent) out of the figure of nearly 480 million estimated for the
- whole world, : :

- The second, based on mean flow, attributes to the region as a whole 520
million ¥, out of the estimated world total of almest 2,270 miliion kW
(see table 6),

The most important points elucidated by the sbove-mentioned study with
respect to its method of execution refer mainly to potentials estimated on
the basis of ordinary minimum flow, and are as follows:

- Developed and undeveloped sites are considered on the basis of 100
per cent efficiency; : ‘
The regulatory effect of storage reservoirs has been disreg-é.rded,
except in those sites where théy are already operating;

The estimates for the United States, Ganada and-'Europe are based
on known sites;

Lloyd L. Young, Geological Survey Circular 367, United States bepartment
of the Interidf, Geological Survey 195, (reprinted 1958). This is the
only source that covers the whole world,

~ /For the
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For the Asian countries (except Japan), Africa and South America

(extcept Brazil)%/the estimates are based principally on rainfall
and topography and consequently are not as dependable,

These few indications suffice to give a feirly good idea of the general
eriterion adopted by the author of the paper, which was brought into line
with the relevant recommendations by the World Power Conference,

The estimate of potentials on the basis of ordinary minimum flow
corresponds, except for a few amendments of minor importance, to that

given in the sane paper for 1952.3/

The comments which may be made on this type of estimate in relation to
countries with large under-developed areas amd little information (as in
Latin America) relate mainly to the concept of ordinary minimum flow and
endeavour to assimilate it to that of flow available 95 per cent of the time,

(1)

(i1)

The determination of ordinary minimum flow from data that are
predeminantly on rainfall is much more difficult than the mere
determination of mean flow; which was done in the other evaluation
made in the same document and in the definitions of theoretical
potential that have been examined earlier, There iz no doubt that
the accuracy with which this type of flow has been estimated differs
considerably from one country to another, and this has militated
against the uniformity that is to be aimed at in such evaluations,
The estimate of potentials for Q 95 per cent automatically places

“the countries that already have big reserveoirs (taken into account

in the evaluation) on a different level from those that have none,
gince a regulated flow is generally greatly preferable to the
natural run~off available 95 per cent of the time, The over—
estimation of potential in countries already possessing storage
plants would disappear with'the adoption of the concept of mean flow,

2/ It coincides with the official estimate made in 1951 by the Divisao de
Aguas do Departamento Nacional da Produgao Mineral.
3/ Prepared by Benjamin E. Jones and Lloyd L. Young, It should be noted that

this was the only survey of international scope undertaken up to 1954 and
its findings were inel in such publications as Schurr and Marschak,

conomic aspects of atomic Palmer C. Putman, Energy in the future;
i;d Energy in Latin America, United Nations Publications, Sales Nos
57e11.Ge2,

/Hence, the
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Hence, the evaluation that will play the most important part hereafter
will be that based on mean fiow in the Geological Survey Cireular, which
comes very close to the defifnition of theoretical linear potential. The
only discrepancy Eetween the two would sesm to bte the fact that the former
was limited to "known sites" in the more developed countries,

Table 6, which was preparéd' from data given in the reference paper,
enables a comparison to be made between Latin America and other regions of
the world. ,

From column 2, it appears that Latin America's hydroelectric resources
are equal to the sum of the same resources in Europe (including the USSR
total) and in the United States. They also constitite more than 22 per
cent of the world potential, S

The penultimate column shows an average of sbout 25 kW/lﬂn2 for the region,
which exceeds both the world avsrage (16,7 W/ kmz) and those of the other
regions and groups’ of cou.ntrles considered, with the sole except.lon of
Western Burope, for whlch the average is 30 kW/lﬂn « . The other group of less
developed countries, Eastern Burcpe and the United States, i‘ollow in descending
order with approximately 17, 12 and 11 i/ km In pointing out that the
evaluation was limited to nlmown sites" in the case of Canada, the United
States and nearly all the European countries, the document raises the question
of whether Latin Americals potential has not been over-estimated, in comparison
with the fijures for the other regions on which little information is available,

The last column of the table contains a per capita evalustion of the
same potential, in which the figure for Latin America, alsc because of the
region's low population density, is almost 2,700 Watts; this ie more than
three times the world average of 800 Watts and far exceeds the averages of the -
other regions and countries in question, The areas that come closest to one

another are the group of countries formed by Canada, Japan, New Zealand and
the Union of South Africa, with 980 Watts per capita, and Eastern Europe
(including the USSR total), with 950 Watte per caepita, The United States and
Western Europe appear with only 490 and 350 Watts per capita respectively,

' /Teble 6
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fable 6
HYDROELECTRIC POTENTIAL IN LATIN AMERICA AND THE WORLD

Based on ) Based on mean flow

ordimary - .

rinSmum ‘:ota.l Por l:':%2 ) Por_of. c&-

( flow ] s“m“’ds“‘ " (6 )

thousands o,

of kW) of K¥) (ép pita)

Latin Amorios . 57 9586 . 520 o24 25.50 2 700
Western Europe 32 356 111 382 2%.98 350
Eagtern Europe n/ 61 138 . : 288 Wk 12,31 950
United States 26 B - 85 36 10.41 450
Other developed countries "/ 4o 517 133 952 6.86 980
Reat of ths world 259 561 1 126 %9 16.61 €70
World total ' yy7 834 .2 266 107 16,74 800

Seurage ECLA, on the basis of data presonted in Unlted States Dopartment of the Inmterler, Geploglesl
Survey Ciroular 3§Z, with respeet to hydroelsctris patentiala; and United Nations, Statisticnl
Yearbook ﬁ for territorial areas and populatim.

S

a Ins!"’“'- the total for the USSR,

b/ Avstralia, Canads, Jepen, New Zealand and the Unlen of South ifricae

/lastly, the
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lastly, the table confirms the previous observation, made, for the sake
of comparison, on the determination of poientials -solely on the basis of
the flow Q@ 95 per cent in that the estimtes for countries already possessing
large storage plants are also too high, Whereas, in fact, the Q 95 per
cent potential in Latin Awerican and other less developed countries is only
11 and 23 per cent of the mean flow potential, in the United States, in the
group of developed countries consisting of Australia, Canada, Japan, New
Zealand and the Union of South Africa and in Western Europe, it amounts to
31.5, 30 and 29 per cent respectively, It should not be forgotten, of course,
that the degree of regularity of the rainfall régimes also has a direct
bearing on these results, '

(b) National estimates

The following observations may be made on the information which the
ECLA secretariat has compiled on the basis of the estimates of potential
prepared in every Latin pAmerdcan country:

(1) Some countries have no data on potential nor have they undertaken

any research on the subject; -

(i1) In other countries, the data differ considerably according to their

source, and explanations of the concepts and methods used are either
‘non-existent or else so concise as to be impossible to classifys
(1ii) The data are often limited to a few basins only or to the best~
‘ known areas within each coﬁ.nt.ry;
(iv) Lastly, a few countries have alréa,dy made overall studies on their
~ hydroelectric resources, and are currently engaged upon a more
systematic survey ,.'imprm;in_g’ and expanding their hydrometeorological
and hydrological networks,

An initial selection was made, from 21l the background information
available, of those estimates whicii, because of the reliability of the source
and related considerations, could form part of a general scheme with some
possibility of classification ~ however remote ~ despite the fact that
lack of uniformity and consistency wé:fe the salient characterisitcs revealed
by the evaluation methods in many of the figures presented (see table 7),

/Table 7
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Tadle 7
LAPIN AMERICA: HYDROELECTRIG POTERTIALS
{orris1al ard private estimates in sach ¢ountry)
Year of Petential ' .
Ceuntry estimate {(millions Scuros of information Remarks
: ' of }H)
Argenting ink 20,0 Adolfo Nietuhr,: Estimate of utilizable potential ba~
1a oleetrifiescién en la sed on prenipitation and differenses
Reptblisa Avgontina of elevation in nmatlonsl territory.
1958 12.5 Vater and Rmrg}. Raply to Fower stations in operation and
questionnpire.. economioally - utllizsble
pites 'during. next develcpment
period. Capoity of spynerating units.sd
Bolivia 195¢9 2.7 Department of Water and Pover Btations in oporation and
: Eleatriolty. economionlly utilizeble si%sse Ca-
: pacity of generating units,
Brugil oss 16,4 Offiolnl estimate (pee @ (95 per cenmt) corresponds te
Goparal Cearlos Barenhausesr the norme of ths World Pover Con=
Jr. (ECLA/TAQ), O Problema feronsc.
do Energfa Elftrion Do Bra~.
811 1959, ‘ .
s 30.0 Estimate by eompetent agenw, Powerr atations in operation and
olen, {See General Carles econcmieally - utilizable eites,
. Barerhsuser, Jr., opacit,, Flaw regulation and inter~vallsy
and tha Joint Brezil-United excharzes, Capaoliy of generating
States Economie Davelepment " unitse
Commlssion, Relatorle scbroe
Energfs Elétrica ne Brasil
Calembis 1560 7;6A ‘ Institute of Water Utiliza~ . Some soconomiocally - utilizable sitas
' tion gmd Elsotricity Davelop (G 50 per cent), with 85 per oant
) wermts Reply to questionmaire ~yield. Capaoity of genereting unite,
155k h4o.0 National slaotrifisation plen Eotinmate for whole sountry. Capacity
(Gavbs & HIY1, Ins., and of gemereting urite, Anmal plant
Elootricitd de France) factor 0.57
Costa Rica 1959 leb Cesta Risan Electrioity Economie potantial, Capacity of
Institute, Irwestigacidn de gemsrating units (1)
resuraos hidrgaldetyiocs
(CCE/5C.5/1/D1.8)
Cuba - 195k - Agrioultural Dovelopment Bank, The ostimsted potenmsial 1s less than
’ Prclimivary recorzaisgance of 0.1 million M,
19 rivers awd 2 SWEmpS. ‘
. b ' _
Chile 1952 10.6"/ EWDESA, Plan de alectrifica= Linoar petontial fer ¢ (35 per cent )
01ér_del pafs. Rorms of the World Power Conforense.
1952 23.62, ENDESA, Plan de elestrifice~

oifn del pafs.

Linear potential fer Q (50 per asat ).

/Table 7 (cont,)
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Potential

Country Tear of {rillions Scurce of informstien Rezarks
- estimate : L. ‘
of i)
Chile 1952 26.6!/ ENDESA, Plan de aleetriﬂ.w Linsar potential for 4 (mesn)= gross
. . - £18n del p_gf;. ' river potemtlal - o
1452 20.9'j ENDESA, Plan dé eleotriffica~  Economio petential

cifn del pafs, e

Eouador - 1558 240 R, SehrSder, Study of weter  Powes stations in operation and
' ' ‘reseurces in Ecuador joint economically ~ utilizable sites, Ca~

ECLA/BTAO/WMO sindy in dreff  pagity of generating units,

‘form; Mr, J4 Rittershsussen . :

(8240) )
El Salvador - 1959 .51 At1110 Garofa Prleto, Ls in Sne Eepm:g/pﬂemm of some sites

.wstiﬂ_}é'n de_reoursos hj.— studladsy Cepacity of gersrating

aréulicos {OGE/SO.5/I/D‘1'.12} upits, Anmal plant factor 0p5.

Guetemala 1559 0,15 Depa:!tmnt of,,!htioml : Economis pstential of nome sites

) Eleotrification, Directorate studied, Capacity of genarating
- of Public Works, Investiga~ units,
o18n ds 1s8 veeursos hidro- anmal plant factor 0.5
‘ .81detrioon - (CCE/SC5/L/DT/4) vl '

Honduras 1959 Ot Juldio A, lang, Investigaoifn Eecmloa otential of some pites
preliminar y parclel de los gtudled,™ Capacity of unite to ba
recursos hidreeléotricos irstalled,

{cer/sc.5/1/01.18)
Hex100 1539 Yo7 Mintstry of Agriculture and  Potentisl of 2 64 known sites, The
Development, atﬂggo General referemse seems to be to Q 95 per
de Aprovechamiento de Aguas gent - -
Rasicnales pars Gensyseidn do
Fuerza Metriz -
1948 57 Guzedn Cantd, Evsigfa en M&- Corresponding to the fundapertals of
. xdeo . the sbove eppralsal
1548 21,0 Guzmén Cantif, Emergfa en Mé~  Descrlbed as “prastical’.
Xeo It seems to be based on oonditiens
- ) similar to thoso ef "exploitable™
- potantial,
1953 110 = €, lara Beautell, La Indus~ =~ This seams to refer to plants in
tria ds energfa eloctriea opera.t:l.on and to eoomimlly-m;ﬂl- o
I " ' gable Eites ina forthoontng develop-
ment perlod. Capmeity. of gapera.tlng ]

Nicarsgus 1359 0.33 - . Natiomal Eleostrio.Powver: ‘. FEeoncmie potential of scme zites
Commission, Ministry of studled,~ Cdpaelty of gensrating
Dovelopment and Fublie Works, = units,

Plan do elsctrifioneidn e

. oiomal e inventignoidn de los.

rocursos hidroeléotriscs
(COE/S6.5/1/0%,1 & DT.25)

Armual plant faotor 0.5

4+ 3

/Table 7 (cont.)
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Tebls 7 {pont™ud 2)

Yoar of Potential L.
Country {ns1lloms Source af information . Remarks
: ostimate
of M¥)

Paname, 1959 09 Ecenomie Developmont Institute, Economie psteatlal of some sitas
Proyeeto de rasurses hideduli~  studled, Capacity of generating’
oos ¥y aleetrif!.ee.a.t&n da} unita.

SeCeleFels, 1960
Paregusy 1954 3.1  H, rostar-s.mh (rA0)s Infor- Q' 9% por cemts Ne further data
_ mation for 1960 available
Poru 1gk9 2540 Pable Bomer, M This seems to rofer to "exploiteble”
emarg{a eléstrica (Reports of potential
. . 4hs Soclety of Engineors) N . .
1556 10,0 Sutog-Peruvien Consultative The potentisl dealt with may perhaps -
Esoncinic Counsil, Lfindustrie be compared with mindmn econvmio
S1pstrique su Pérou ‘ potential
1959 65 Jorge Grieve, Poteneial hidro~  Power statioms in operation and
' eléctrice del Perd (Forum en knoun aites that are likely to be
ovargy problems} aconomically utuizable.y Cepasity
. Co- of generating unita
1959 1540 dorge Grisve, Potepclal hidro— Groos river potential
aléotrise del Ford (Forum on
onergy problems )

Uruguay 1959 1.2 José L. Buszetti, Fl potensial  Eeonomis potential with reguleted
hidrosldctrioo en muestro pafs; flows Capaclty of gem?ﬁm units,
Llvis Sadso, Polftioca onergd- Amml plant foster 0.5
tica on el Urum .

Venezuela 1959 16.0° R, Schr3der, Study of wutér Economio potemtial of gome sites

. rogources in Vomezuels, & studled, Capacity ¢f generanting
Joint ECLA/TAO/¥MO study in units,’
draft form ‘
Surinam 1959 1.5 Bokopordo Bureeu, Goverrment Eeonomic potemtial of muin rivers

of Suriram, Appraissl sumvey
of Hydroelootrie power re. -

sourees_in Surtpaw, 1959

a/ Only 700 000 kY, !.e. haly ‘the intermilonal ntuization, are uonsi.darad in the ¢sse of the River Uruguay

{Salte Grande).

b/ Tneluding 0.6 m311%on k¥ = half the intermatlenal rescurees shared with Argentins,

8/ Rivers: Lempa Grande de San Miguel, Paz, Goascordn, Jibea, Cusummeayin, Mirezaloce and la Cabreras

4/ Corresponding to Lekss imatitlén, At1tldn and n.yam and to the R!.v'ars Samalf, Aguacapa, Cehebén, Toootdn,
Hegro of Chixoy and Ghllasoo.

o/ Corresponding to Rlvers Ulda, Patuea, Gholu‘teoa and. to Lake Yojoa~iver Lindo,

£/ Corresponding to Rivers Tuma, Viejo, Latagalpa, Coso and Grande de Natagalpas

g/ Half of the Lake Titisaca Intermational Projoot wus considered; 1.ee 1e2 million k¥

h/ Only 700,000 K¢, 1,04 half the intermtionsl utuu;uon,m sonsldered in the case of %he Rivers Uruguey

(Selto Grande),

3/ Fourteen millien kW are linked up with the 't.ntnl utt‘uzauon of the Rives Carenf.

/in analysis
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An snalysis of table 7 shows that the most commen evaluation concept
is undoubtedly installable etonomic capacity, in known localitlies or sites,
The pertinent method involves, as already explained, the regulation of
stream flow, the estimation of the load factor {characteristic.of consumption),
the inclusion of a reserve (mechanical ard electric) and possibly the transfer
of water from one valley to another, all factors that vary in accordance
with fhe purpose for which they are intended, personal ability in development
’ programming and in the choosing of the right economic criteria to assess the
priority of electricity production vis-h~vis that of other water uses (in
the event of conflicts over multiple water utilization), and the availability
of technical and building facilities at the time the estimate is being made,
In spite of these observations, which rule out the possibility of a
¢lose comparison between rnational hydroelectric resources in the absence of
a standard concept of economic potential, provisional estimates have ¥een
made in table 8 on the basis of national surveys and studies, although some
of these €o not provide more than partial coverage. Map II-1 18 included

on the same provisional basis,

2. Geographical distribution

Out of an approximate total of 150 million economically installable ¥
in Latin fmerica (see again table 8), more than 70 per cent is concentrated
in four countries - Colombia, Brazil, Chile and Venezuela ~ which have 40,

30, 21 and 16 million W respectively., They are followed by Argentina, Mexico
and Peru, which, with 12,5, 11 and 6.5 million kW, constitute 20 per cent
of the total for Latin America,

The dlstribution of this potential per unit of area is also fairly
uneven, EL Salvador, Colombia, Costa Rica and Chlle would seem to be the
best endowned, with 45, 35.2, 29.5 and 28,3 kW/lm followed by Veneguela with
20.6 ldrl/km. Then come Panama, Paraguay, Ecuador and Uruguay, but with much
lower figures of 11,8, 7.6, 7.4, and 6.5 kW/km respectlvely.

Moreover, in relation to their current populatlon levels, the ecountries
that are best prov:l.ded with water resources for electricity production are
Venezuela, Colombia, Chile and Paraguay, with 2,990, 2,940, 2,910 and 1,850
Watts per capita respectively,

/Table 8
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Table 8
LATIN AMERICA: EYDROELECTRIC POTENTIAL _
(Estimates of eactnomia ﬁx;zzgtim, 155C)e/
oty g —— ‘ Ro-smn'oes pe:1 :::::e end per EqUAre

of I ¥/per capita W Am?
Argertina N X - 615 b5
Bolivia : 247 o 614 2.5
Brazil 30.0 R v/ 345
Chile 21,0 2 910 28,3
Colombia 40,0 2 940 35,2
Cestn Ric= ' 1.5 1 430 29.5

Guba - - e

Deminican Republie oo s ore
Eowdor 2.0 198 - 7ol
El Sslvador 0.9 R 7 2 k5.0
Gmtaals 0.2 56 1.9

sty ses sos veb
Hondures Ol ' 220 3.6
Maxige 11.0 L S0 5.6
Hlearegs | ol 292 2.7
Panama " b/ 0.9 ' 856 1.8
Pereguay 3l 1 850 78
Peria 65 647 5.1
Uruguay 1.2 438 6.5
. Veneguela 16.0 ‘ 2 9% 20,6

Eritish Gulara oo cos. sos

West Indles ese . ene e
Suriram . 15 _ 6200 10.5

Regicmal total s/ 151,68 1 76

Soeurge: ECLA, on the bapfa of direct information, ond United Matiens, Statistieal
Yearbock 1958 for territorisl areas.

o/ Matiomsl estizetes. They correspond to the sun of the capacitles of established
plants and those of plants that can be economienlly set up in known lecalitias
oy 8ites.

b/ including the Canal Zene,

8/ Exeluding countries for vhish information is not amuue.

Map IT-1
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As national estimates do not afford any possibility of building up a
camplete picture of homogeneous hydroelectric potentials, at another level,
table 9 presents the figures estimated by the United States Geolegical Survey
in 1954 by countries, with particular reference to the evaluation based onmem@,
According to this-table, the best-~endowed countries would seem to be Brazil,
Colombia, Peru and Venezuela, with 176,6, 73,6, 40,5 and 36.8 millions kW
respectively, followed by Mexico (33,1) Argentina (29.4) and Ecuador (25.8).

When the same potential is meassured by unit of area, the countries best
provided for would seem to be the West Indies, Costa Rica, Ecuador, Guatemala
and British Guiana, with 177,9, 115.7, 97.9, 8l,1 and 68,5 KW/im°, followed
consecutively by Colombis (64,7), El Salvador (55,2), Honduras {52.5),
Surinam (51.8) and Venezuela (40.3).

The last column of table 9 shows that Surinam, Britieh Guiana, Bolivia,
Ecuador and Venezuela are richest in hydroelectriec resources in relation to
their current population levels, with 30,6, 2744, 6.7, 6.4, and=5.8 kW per
capita respectively,

~ No direct inter—country comparison can be made between the estimates
of the United States Geological Survey and the overall group of national
assessments, In the first place, the national estimates are governed by
theoretical concepts that are at ciifference levels; secondly, as explained
before, varying criteris and methods were used and different territorisal
areas were covered, Thirdly, the coverage of the basic data employed must
have been very irregular -~ at Jeast in certain areas -~ since the exceptional
case of Chile, for which the estimate of economic potential exceeds that of
theoretical potential, ls otherwise inexplicable, Elsewhere, on the other
hand, the estimate of theoretical potential is several times larger than that
of economic potentialj in Ecuador, for instance it is more than ten times as
big, However, for Latin America as a whole {after compensation of errors),
the relation of 0,29 between the two potentials seems to be reasonable
provided that due account is. taken of the fact that errors by omission
undoubtedly predomingte in naticnal estimates, _

The distribution of econamic potential in each country is also very
unequal, This is revealed in table 10, which gives the estimated potential
of an economic development of selected basins, according to each country!s

surveys (see again map IX-1), JTabls 9
able
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Table 9
LATIN AMERICA: HYDROELECTRIC POTENTIAL
Based e Based oh wean flow
Country Hm“ e, R km®  Per capits
(thowarde of i¥) ot 1) (WAn2)  (K/per onpita
Argeuiina 3 o7k 29 Lo 10,60 p
Bolivia . 265 22 oBo 20410 6.72
Bresfl 14 720 176 64 20,70 2,81
Chile § 152 18 boo - 2l4,80 2.52
Colombia 3 7L 73 600 64,65 5.4
Gosia Rica 1 030 5 886 115.67 By
cuba - - - -
Duninioan I;\epubuu - - - -
Ecuader b /4] 25 760 9750 - 6.l
El Salvader _ 221 1104 55020 0,46
Guntemala 254 . 8§83 f1.10 2,47
Baiti - " - - -
Renduras B 1 030 5 888, 52.50 %
Hsxtow & 254 29 120 1€ 80 1,02
Ricaragua Bie b lné 29.80 317
Param. S 51§ 2 944 . 38.80. 2.80
Paregwy | 2 082 730 180 Bl
Peru k 710 ko 4Bo 31450 2,96
Uruguay 294 2 208 1180 0.82
Venozusls : 3 165 36 Boo 40.30 5,82
British Guisye 2 659 1 720 €8,50 27.36
Hest muia - 368 2 ghl 177,50 2.80
Surirem 8o0 7 Yoo 51,80 30,68
Regioral total 57 398 . 520 o2l 25.50 2,70

Souree: ECLA, on the basis of data from the United States Departmont of the

Intericr, Geological Survey Cireular ﬂ, with respsot to hydrceleotric

potentinls, emd dirsct infermatlen for territorial arsas and population,

/Tabls 10
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Table 10

LATTN AMERICA: HYDROELECTRIC POTENTIALS, 1360

{Eotimsted esomemlo potenmtial of sslected basing)

Country, tasinng Potantial
or sub=basing Million Percuntoge
of country
of Wi : total
irgentive af
Tunuydn-Diamante-dtuel systems 1.38 11.0
Rfo Nagre ' 2433 18.6
Crdohe syptem 0.28 242
Bolivia b/
Upper Bent (Bala} 1.00 37.0
Rivers Coreni-Espfritu Santo 015 5.6
Brazil
River San Frensisso g/ 3,10 10,3
Rfo Gramdo ¢/ 7.00 23.3
Rivers farunapanems and Piotd 2,50 8.3
River Parand 7.08 23.2
Chile of ‘
River Maule 1.55 70“
River Bfo.Bfo 2,38 1.4
River Maipo 0.61 2,9
Colombia .
River Bogotd £/ 1,00 . 2,5
River Cauca (ss far &8s Buge, inoluding = : '
the Caucs Dagda preject) 1.6 Lo
Costa Rica g/ ‘
River Reventazén _ ‘ 0.5? . - . 36,0
River Grande Tdreoles . 06.16 107
Cula '
Dominican Republia o ate
Eousdor b/ _
River Mira 0.15 7.5
River Esmeralds ' S 0.6 8.0
El Salvador _/ o ) _ .
River Lempa ‘ 0.04 e 9243
. - -. n
Gonterala
Enits, "
Honduras J/

iake Yojoa - Afo Lindo o . R " 42,0
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feble 10 {semttnd 1)

Potential
Country, besins H11140ns T Pervemtage
br sub<basins of M of combry
total
Mexicso
River Balsas k/ . , 1.0 . 91
Rivers Lerta«Chapals-Santisgo 1/ 1.83 16.6
" River Fapaloapdn 2/ 0.5¢ ko5
Nicaragua n/-
Rivers Tums-MataglpaViejo 0,13 T 328
Parama of
River Chiriquf 0.2 22,2
Faragusy p/
River Acaray-MNonday 035 11,3
Peru g/ |
Rfo Saxtan - 1.00 15,4
Urugesy rf
Rio Vegro ' L o — E;g:&_:
Yenezusla 5/ ) i
River Caronf 14,0 87.5
Brivioh Cutors - .
Vest Indles ‘ wop
Surinam
River Suriram %/ 0.2 . _ 1343 -

a/ Water and Elestris Emsrgy. Eccnonieally-ytilizable potomticl, study by Gele
Iﬁ!ﬂn, lﬁa‘ i ’
b/ Department of Vater and Elestrioity.

9/ San Prancisco Valley Camiselen, 4 Valsrigao do Vale do Sao Franciseo, 1957.
(Rognlated by the Tres Marfas reservoir.) ' '

4/ Brazilian Natloral Camittee, World Power Conference, Elestrlc power in
Brazil 1960, (regulated by.the Furnas reservoeir,) The capecity of this besin
differs fran that asaigned te it in the sountry ostimate, Stme eatimetes place
the river potemtial az high as 1§ million k¥,

e/ Plan de elecirificasion del pafs, eps oit, Econanic potential.

Data sunplied by the Costa Ri Elestrioity Institute,
Estimate w Je Ritteiabavesen (T40). . .
Lo investigaolén de recurses Mdrdullccs, ops oite

Investigacién prolimimar y percial da log FecuPsos bidroeldetrices, opa_eit,
Estimate ed on pover stations in cperatlon and established projects, ‘
Co Lara Beautell, la industria de ener gldotrica, Eechomic potentinl.

n/ Papaleapdn Conmissien, Department of Hydraulic Rescurees, Ecenonfy. del
?aggloaﬁ. ?

n/ Plan de eleotrificacifn nacleml o Investigacién de los recursos hidrosldo-
iricos, ope oit. ’

8/ Prayecio de recursos hidrdulices y electrificaoifn dei SCIFE, op. cite
P/ Direct information Supplied by the Natioral Electrisity Adminigtration,

9/ S« intinez de Mayolo, Plan de instalacliones osldotiices de la Corpore.-
¢4én Peryana del Samte en el Valle del Rio &t& en sl Perd, 1949, .

-1_:/ FOTOHo IR hIdrooI86Tr1g FEP0 palE, Ops O3Te

5/ ol water rescutwes In Vehszubla, op. ¢it. Loohomlo potemtial.

%/ Appraisal survey of lydroelectric pover resources in Surimm, op. oit

: /Tt ia

dale,
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It is inberesting to note that, in some cases, high proportions of the
countryls total estimated potential are concentrated in one or two rivers
only, The real rhenomenon of irregularity in geographical distribution
in undoubtedly umterst.ated in table 10 in the case of a number of countries
because of the way in which the potentlals were estmated, and its extent
is mcreasi.ng in proport.:l.on to the mprovement in the facilities for investi~
gating resources, As many of the basx.na chosen are those which have been
most thoroughly studied (with, of course, a few exceptions), the pot.entials
assigned to them are closer to the real f:l.gures than those form:l.ng part of
‘the total country appraisal, which are relat:lvely underestimated, In
addition, the lack of uniformity m_ce:ta.i.n data justifies a sample demonstra-~
tion of special cases of :'anons:-l.sténcy,' éﬁch as that of the River Grande in
Brazil(Seo Paulo-Minas Gerais) whose potential, in the table, has been more
recently estimated and is higher than that attributed to it in the country
assessment, Projects exist for power plants in the basin of the River
Balsas in Mex:l.co, which, added to the plants already in operation, will
produce approximat.ely 1 miNlion m , and will exceed by 300 per cent the
estimate made for that basin in the assessment of total Mexican potential,

_ Hevertheless, it is worthy of cons:.derat.:.on that in El Salvador, the
'River Lampa, in Veneszuela, the Caronf, in Honduras,Lelie Yojoa~River Lindo,
in Uruguay, the Negro, in Bolivia, the Alto Beni and in Nicaragua, the
Tuma, Matagalpa and Viejo, appear to camprise more than 90, 85, 40, 40, 35
and 30 per cent of their respectivé national hydroelectric potentials,
Fairly high concentrations of this resource are also to be found in other

'countriee, as may be seen from table 10, | Sometimes, as in the case of
the Rivers Tunuyén, Dismante, Atuel and Negro in Argentina, a big potential
is concentrated :Ln an area that is relatively remote from the principal

- centres of electricity consumption,

3. Irregularities of stream flow by countries.

There is no information to indicate that extensive regional maps or
studies have been undertaken on the :.rreglﬂ.antiea of stream flow in Latin
America, '

~ /In order
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In order to obtain some idea of the degree of overall sti‘eam flow
irregularity in each country;, part.icularly for purposeé of comparison,‘the :
. relation between the potentials estimzit.ed by the United States G'eclogical'
Survey on the basis of ordinary minimim flow and en that of mean flow should
be studied, Due consideration should ‘be given to the fact that the storage
works set up so far are generally un:l.mportmt as far as nation-wide regulation
1s concerned; the fost significant work in this respect having besn done by
Argentina, Brazil and Mexico.y The relevant figures are given in table 11,

Chile and Paraguay appear to have the most regula.r stream flows » the
most irregular being found in Brazil, Colombia, Ecuador and Venezuela, The
near-uniformity of the irregularities recorded for Mexlco and the other
Central American countries contrasts with the cituaticn'in ﬁhe remaining
countries of the region, and seems to bear out the aﬁtho_rfs ¢wn observation
that Latin American estimates are more inaccurat.e than those for developed
areas because of the scarcity of basic data. In view of t.he difficulty of
determining ordinary minimum flow frcm data that desl almost exclusively
with rainfall, as stated before, it seema only reascnable to place less
dependence on estimates of potential that are based on Q95 per cent,

In any case it is obvicue that more information is requ:.red on ramf&'l.‘l.
and stream flow and that the existing data should be processed more satis~
factorily, by means of a sysf.‘ematic research on hydroelectric potentials,

' Whenever studies evaluating hydroelectrie potential by coﬁntriés or
basins are carried out, the relevant maps should also be prepared on flow
irregularities during the hydrological year under consideration.

Flow coefficients have been calculated for & rather limited number of
rivers in the studies by the ECLA/BTAO/M Water Rescurces Survey Group on
Chile and Venezuela,ﬂ '

In the case of Chile, it was thought worthwhile to make a qumtitati\fe.
evaluation of the variation in irregularity of the rivers flowing from north
to south, Its qualitative aspects are already well-known, because of both

&/ This estimate is baged on a dlﬁ‘erent concept from that of the recommended
coefficient of irregularity 0 .

5/ Los recurscs hidrfulicos de gh:.le {E/CN,12/501/Add,1), and Water Resources

in Venezuela, a summary of which is contained in document E/CN,12/502,
/Table 11
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Tahle 11

- LATIN AMERICA: RELATION BEIWEEN POTENTIALS BASED ON. ORDINARY
MINIMUM FLOW AND POTENTIALS BASED ON MFAN FLOW

~ Argentina
Bolivia
Brazil
Chile
Goldmbia -
Costa Rica
Ecuador

. El Salvador
Guatemala
'.ﬁonduraa_ '

0.1%

0.12

0.08
0.28
0.05

0.18
0.06

0.20

0.18
0.18

Mexd.eo
Nicaragua
Panama .
Paraguay
Peru
Uruguay
Venezuela

Brit.ish Gui-.ana‘

-West Indies

0419
0.18
0.18
0,28
0.12
0.13

0.09
0.18

0.1.3 :

/the longitudinal
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the longitudinal variation in the rainfall régime and the accumulative

action of snow in the Cordillera as a storer of large volumes of water -
which varies. according to latitude,

| The coefficients for the different rivers were cal_culated at what may be
regarded as transitional points between the Cordillera of the Andes proper and
the flat area or longitudinsl valiey. The results are given in table 12,

In the case of Venszuela, it was also important to show in gquantitative
terms the marked irregularity of flow of its rivers (with the exception of
the Motatfn), which sericusly affects their utilization and reflects the
seasonal distribution of rainfail; the Guarinco , for example, which registers
the highest cosfficient, has a wet season of only 5 months (see table 13),

By way of a sample of the methodology used, & mep of Argentine was very
provisionally constructed on the basis of the index cited (see map I1I-2),

In the Cordillera, owing to the regulatorjf action of the snow on the
high summits, curves with a low index of irregulority are recerded; especiall
between 26 air 32 degrees of latitude, This phenomenon probably extends
farther south, but the map does not show it for the simple reason that very
few of the data requirved for tracing the relevant curves were available,
Around the Rivers Paranf and Uruguay, the low irregularity coefficient curves
mainly reflect the regularizing influence of the magnitude and diversification
of the river systems in the tributary basins concerned (particularly in
Brazilian and Paraguayan territory), and also, although on a lesser scale,
the uniformity of the rainfall régimes in the areas lying between the two
rivers and in the provinces of Santa Fe and El Chaco,

Conversely, for the Jujuy, Salta, Tucumfn and other neighbouring areas
curves with a high index of irregularity are registered, in consequence of
fluvial characteristics which vary during the course of the hydrological
year, of undiversified tributary characteristics and of the absence of
regularizing lakes,

/Table 12
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CHILE: DEGREE OF IRREGULARITY IN THE FLOW OF SELGCTED RIVERS IN

4 HYDROLOGICAL YEAR

. !c.utﬁde

Ry

var | R{.ver guugn {spprozimte) Cr

Carmen Ramadillas 28e uys 0.0
(Buageo) ‘

Clare Rivadavia 30° 0631
{Elqut )

Choapa Cuneunin 31° 55¢ LY
2bipe la Otra 33* 35% _ Ce25
Tingui ¥rloe Bajfo Briones ‘gl 55“ 0424
(Rapeal)

Aohibuene Les Pofiones 35° 580 0,23
(Maule) o

Maule Afluentes de laguna 3l L4180 0,20

da Lo, Invermnda

laja iflusntes del lago Laja 37 22¢ 0,18
{BfowBle)

Allipén Los Lauroles 38e oy 0.16
{Toltén) .

PLlmeiquén £1 Salte kos g7t .15
{Busno )
Maullfn Llanguitue e 193¢ 0,10
Pusle Carrors de Busilto e 3 0,09
Sourest Les_pecurses hidpfulices de Ghilo, ope ofte

/Table 13
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Table 1.3

VEZ\[EZUEI.A' IRREGULARITY COEFFICIENTS OF THE RIVERS IN ‘I'HE
- LLANOS AND THE RIVER MOTATAN

Approximate
River . . . 'Station irregularity -
- coefficient af

Guarico Puente Carretera el Scmbrero 04445
Pao Paso La Balsa 0,360
Tinaco Puente Carretera Tinaco-m Pao 0,382
Tirgua Paso Viboral ' 0,206
Cojedes Puente Carreters San Calor-

Asarigua _ 0.234
Agua Blanca Puente Carretera San Calor=

Acarigua 0.275
Acarigpa Puente Carretera Acarigua-(Guanare 0.33
Guadie Puente Carretera Acarigua-Guanare C.321
Baconé Pefis Larga | _ ' 0,249
Masparro Pusnte Carrctera Guanare-Barinas 0,273
Santo Domingo El Curay i 0.247
Uribante Puente Calgante 0.2%0
Motatan 0.13

Source;s Ministry of Public Works, Resumen de Datos Hidrométricos 1940-59
(%%metric Data 1940-59), Caracas, 1960 (taken from
the ECLA/TAQ study, in draft form, oa ths water rescurces of
-Venezuela,

a/ Caleulated on the besis of the mean twdrological year and of monthly
mean figures only.

/Map II-2
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he Present development

Tsble 1i; enables a comparison to be drawm, although only approximately,
between the proportions of hydroeiectric resources developed by different
regions, on the basis adopted for the construction of the table,

" The table indicates that Latin America has developed only a very small
proportion of its potential, since the percentsge in question would amount
to no more than oﬁe fifth of the world average and to about one thirty-seventh
and one thirtieth of the relative utilization figures for Western Europe and
the United States, : ‘

An snalysis of the degree of development by countries, on the basis of
the estimated economic potential, appears in tsble 15, .

For the region as a whole, the utilization referred to above is seen
to be a little over 4 per cent. The countries showing the highest relative
development figures are Guatemala, Uruguay, Mexico and Brazil, wit.h 15,0,
10,7, 10,5 and 9.5 per cent respectively,

Guatemala appears with a high percentage,. not because it has developed
its resources to an exceptional extent in relation to other countries, but

".. because the rated potential would seem to be under-estimated inasmuich as

only part of the country's river system has been taken into account,
Obnously,-_in general terms, all the Latin American cour_atrigs are still a
very long way from utilizing their hydroelectric resources in-the same
proportion as other more developed countries, In the United States, the
proportion of utilization in 1958, calculated on bases similar to those
adopted here, was almost 24 per cent..-é-/ Similarly, for Switzerland, France
and Austria the corresponding proportions were, in the same year, 17,7, lhb
and 8,5 per cent respectively, '

£/ Select Committee on National Water Resources, United States Senate, Water

Resources Activities in the United States, Print No,10 (estimates prepared
by the Federal Power Cmnnﬁ.as:.on;.

7/ Information supplied by ECLA, on the basis of data given in The slectric
er situation in Burope in 1958~59 and its prespects (ST/ECE/EF/2) and
roelectrie potential in Europe and its g8, technical and economic

dmite | EF/131),

/Table 1i
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Tahle lh
INSTALLED H!'DRDELEGTBIC CAPACITI IN 1958 IN RELATION
o TO POTENTIAL RESOURCES =~ MEAN Q
Millions Percentage
of ki of potential
United States 30610 353
Western Burope -~ 50426 45
Eastern Burope 12,45 he3
Other developed countries 29.90 : 22,3
Rest of the world ' : - 9.11 ' 0.8
Werld | £ X2 6l

Source: ECLA, on the basis of data supplied by United States Departmen
of the Interior, Geological Survey Circular 367, with respect
to hydroelectric potemtials; direct information for installed
capacity in Latin smerica; and United Nations, Statistical Iear-

- book 1958, for the rest of the world. _

e
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Table 15
LATIN AMERICA: 5/ UTILIZATION OF HYDROELEGTRIC POTEN’I‘IAL
IN 1958 _/ '
'Installed hydroelectric capacity
Percentage
-Gourntry * Thousands of estimated
. of kW econanic
- potential
Argentina 278 242
Bolivia 89 3.3
Brazil 2 850 95
Chile 521 2.5
Colambia 490 1.2
Costa Rica - 77 5.1
Cuba | L sos
Dominican Republic ’ - -
Ecuador : 36 1.8
El Salvador 56 6.7
‘Guatemala 26 15.0
Haiti - -
Honduras 4 1.0
Mexico 1 159 10.5
Nicaragua S | 0.3
Panama ¢f 52 5.8
Paraguay - -
Peru 401 6.2
Venezuela 35 0.3
British Guiana - -
* Surinam - . - -
© West Indies . ) 13 soe
- Regional total a/ 6 220 Lol

Scuree- EGLA, on the basi.s of direct infonnat.ion ‘and miscels

' lanecus publications, -

e/ Excluding in the second column, the Deminican R.epublz.c,l’azti,
British Guiana and the West Indies, for want of data on

economic potentials.

b/ Information up to 3l December 1958 only was used, for t.he sake

~ of uniformity with other studies,

‘Between 1959 and 1960, the

completion of certain works, such as those at the Cemtral Ma~ .
cagua I in Venezuela, raised installed hydraullc capacity te

335 KW as at 31 December 1960,
tion in Venezuela 'stood at 2.1 per cent.

¢/ Including the Canal Zone,

On that date, relative uwtiliza

/Nevertheless, if
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Nevertheless, if the resources situated near the large population cenires
or the areas of most intensive industrial activity in each country are studied
individually, it becomes evident that there are soms which are already fairly
well developed, especially 1n comparison with the corresponding national
averages. Among the cases for which informat.ion is available, special
mention may be’ made of the R:[o Gra.nde de Tdrcoles (Costa Rica), with nearly
10 per cent of :l.ts potential now utilized, the Cérdoba system (Argentina),
with over 35 per cent, the Papaloapﬁn (Mexico), with 31 per cent, the Rio
. Negro (Uruguay), with more than 25 per cent (1958)§/and the Maipo (Chile),
with almost 20 per cent (see table 16), -

Of the estimated potential of the Rivers Bogotd (Golombia) s Lerma~
Chapala~Santiage (Mexico) and Esmeraldas (Ecuador), 13, 11 and 10 per cent
respectively is utilized,

In Bre.zil, a high proportion of the Rivers Paraiba and Tiet.é is already
being utilized, The former has an installed capacity of 664 m# and the
latter of 876 nW,

5. Development characteristics

Approxim@abely L0 per cent of the aggregate capacity of those hydro-
electric power plante for the public service which were in operation in
Latin America in 1958 and on which data are available was contributed by
plants of the run-of-river type, and the rest by hydro storage plants (see
table 17)., The proportion of power produced by the former was 36 per cents
In most countries - the exceptions being Argentina, Brazii— Colombia, Mexico,
Peru, Urugusy and, on a smaller scale, El Salvador which in the year in
question had a 1arger proportion of hydroelectric capaclty in a storage
reservoir =, run-of-river hydro plants were predominant, In fact, for
many years the general tendency was to develop hydraulic resources of the
Cordillera t.ype small flows and relatively high heads, without regulation.
Plants were projected for minimum river flows frequently available for
more .than .95 per cent of the time, This is the type of pla:at for which

8/ When the Baygorria power station is brovight into servics in the near
future (1960), over L5 per cent of this river's poteritial will be utilized,

" /rable 16
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Cuadro 16

LATIN AMERICA: UTILIZATION OF HYDROZILECTRIC POTENTIAL IN THE
CASE OF SELECTED RIVER BASINS (1958)

.- Installed hydroslectric capacity

Country Basin or ) - gqrggn;;ﬁgeed
Sub-basin . Thousands of kW sronomic
' . - : tential of
‘. . _ the basin
Argentina: Tmuyan-Diamante-Atuel S ' ™ : 5l
Rio Negro 12 . (%]
) Cérdoba System : 100 T 35.7
Bolivia River Corani . o - o
Brazil River San Francisco ' 198 .. b
River Jacuf ' . V¥ ces -
Rio Grande - , A 105 . 1.5
River Uruguay S : ‘ .ss
River Paraiva o , ' 66h aes
* River Tietd ) 8 -
Chile River Maule , 102 b
River Bio-Efo 7 ' 87 - 3.7
: River Maipo . o ns - 19.7
Colombia River Bogotd ' 128 - : . 12.8
River Cauca (as far as Buga) S .18 . C 1.
Costa Rica River Reventazdn A 5 0.9
River Grande de Tércales E 7 - 62 ' 38.8
Cuba ' e
Daminican

Republic o - - -

Ecuador  River Mira , , 3 . 2.0
River Esmeraldas 16 o 10.0
El Salvae ) o

dor River Lempa 45 y 54l
Guatemala River ilichatoga 2 ces
Haiti ‘ ) '

Honduras Yejoa~Rio Lindo : - ' -
Mexico  River Balsas ' S 12;'40‘]9. 5
Lerma-Chgpala~Santiage ) , .
Papaloapdn £ ' 154 af o 30.8
Nicaragua Rioc Viejo B _ _ - -
Panama River Chiriquf ' o _ ) - © 3.0
Paraguay . - : ' ' o
Peru . Rio Santa . 52 _ 5.2
Uruguay  Rio Negro _ : 128 _ 26.1
Venezuela ﬁver Caroni ) ' - 35 EE 0.3
British o : S ' -

Guiana _ . . _ o = L =
Surinam  River Surinam _ ' - e -
Hest ' ' ‘ : o _

Ipdies - -

Sour CI.A on the basis of direct information and miscellaneous publications.
Between 1958 and 1959.

/investment requirements
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investment fequirementa_ are proportionally smallest, but it implies very
low percentages of development of na_tnré.l resources, Later, in response
to the 's‘imlta'neoué pressure of increased demand for electricity and of
aér_icult.ural and drinking-water requirements, large regulation works began .
to be constructed with a view to more rational,and usually multiple-purpese,
water utilizmation, At the present time, in almost all the countries of

the region, the idea is gaining ground that no hydraulic project should be

~ put into execution without prior study of the optimum use of water in the
widest interests of the public, due consideration being simultaneously
given to the needs and possibilities for irrigation, drinlding-water, flood
control, navigation, etc., with the production of electric energy, generally
speaking, as the economlc~financial basis for any and every_programﬁe. |

Argentina, Bragzil, Chile, Colombia, Mexico and Uruguay in particular
afford good examples of this policy, There can be no doubt that the
contribution of hydro storage plants to the production of hydroelectriclity
will gradually increase im all the Latin American countries, along with the
concurrent tendency to make more use of them for producing energy duxfing ‘
pesk-load hours (low plant facter) in systoms fed simultesnecusly by thermal

weiect.ric plants and by different types of hydraulic plants (in so far as
other water uses permit.), as is the case in the majority of the more hlghly
developed countries,

In an extensive system fed by power stations of different types, it is
desirable that the base load be served as far as possible by the run-of-river
hydro plants (or by nuclear plants where these exist) ,'wit.h some help - s
a rule significant — from thermal power plants (those with the highest yielda)
and/or a few of the hydro storage plents, The upper part of the load curve
is assigned to a considerable proportion {or all) of these last, with the
support of gas turbines (where these exist), The intermediate section -~ .

. reduced to a minimum by the operation of the types of plant enumerated - is
allocated to the thermal plants with lower yields. In every case, of
course, there are many factors that must be considered in this regard, For
example, the other uses to which the water is s:'.multanecusly put (1rr:l.gation,
nangatlon, etc,) may meke it necessary to manage the reservoirs on lines

/Table 17
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Table 17

_ LATIN AMERICA: CAPACITY AND PRODUCTION OF HYDROELECTRIC POWER
'STATIONS FOR THE PUBLIC SERVICE, 1958

Run-of-river plants a/ Storage plants Storag:yé/

¢capac

" Capacit Ener - Capacity Energy ~eeeme—————

Country. | (iioucands (millims (thousands (millions (mﬂléﬁ
, _ of ki) of kih) of ki) of kh)  °of

Argentina 58 119 o/ 202 sLb of - LBk
Bolivia 52 195 18 532 "/ 29
Brazil 4/ 922 1799 . 150 . 1187 3390
Chile - . 219 1 CO5 o . 191 . 5%; 3/
Colombia 195 87 e 258 1 c
Costa Rica 73 274 - 1&2 '/ -
Cuba 3 ave - - -
Dominican Republic - - - - -

- Ecuador : 1 R 10 - - - -
El Salvador. 1 54 4L5 149 38
Guatemala 26 106 - - -
Haiti ° - - - ’ - -
Honduras ¥ 11 - - .-
Mexico 401 1 482 068 - 261 3 170
Nicaragua B 3 - - |-
Panams gf 6 B VA .- - -
Peru 8 165 145 b/ 633 b/ 159
Uruguay - - 128 . 760 . 600
Venezuela 35 138 - ) - -
British Guiana . _' ase ...! ) aes *ne . 88
Surinam - ) . sre ' Y T .v'e sne
West Indies - 13 E 85 T eee - _eee e

Regional total (exclud~ ) o o
ing countries for which : '
no data are given) 2118 L 568 3 273 18736~ 8 4%

Source: tB:gLA, on the basis of direet information and miscellanecus publica~
) Onse : i ’ ’ Co S -
%/ Without reservoirs, : ‘ . _ .
B/ The Kih capacity of each storﬁe plant was evaluated on the basis of the
sum of the heads of all hydraulic power stations further down=stream
operat in series.
¢/ Estimated energy. o ’ R -
The folowing are the r stations with an a:greciable degree of regulabion
tion which are taken o account: Milo Pec » Fontes, Cubateo, Itupa-
raranéa, Peixoto, Bugres, Canhastra, Salto Grande, imericana and i‘.tut. e
When the Tres Marfas power station and reservoir (River San Francisco
enter operation, the capacity added willbe 520 MW and the energy capacity
stored will increase by 4 000 million kWWh, including the head of the Paulo
Alfonso Power Station.
.ej The useful storage capacity of the Abanico Power Station was in process
of expansion,
£/ elect chlants belonging to the Miguel Alemfn em,The Temascal
o/ oa

a) ower Station,the Necaxa System,Lerma and La Bogquillas
3 udings% Panama Ganal’campany's pos‘yrer ation for want of production
.74 Power stations connected with the natursl reservoirs in the upper basin

of the Sta.Bulalia, (Part of the dischange utilized is run-of=river,fram
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different from those dictat.ed by euergf considerations alond, hAgaln, run~
of-river hydro plants with 1little regulation are common, and should be

'operated 8o as to distribute their capacit.y between base—load and peak-load

etc, . . : :

‘Today it can be asserted that all.the plants : oi’"any importance now '

- being constructed, projected and programmed in Latin America include
regulation works, ' '

As far as can be judged from the ava:.lable data, reservalr capacity
throughout the region (in 1958) amounted to approximately 36 per cent of
the energy produced by the hydro power plants and about 45 per cemt of that
produced by hydro storage plants.gj ‘ .

Brazil (Szo Paulo~Cubato, Rfo de Jana:lro-Fontea and ¥ilo Peganha-Peixoto
Systems),Mexico (Miguel Alemfin System), Umguay(ﬁio Negro)irgentina (L :Srdeba and
Mendoza Sysfems) and Chile (Abanico and Cipreses Systems)are the countries
whose storage capacity is proportionally biggest in relation to the energy
produced (1958 figures) by the power plants concerned,

Utilization of public service installations in 1958 can be studied, by
countries, in table 18 (second column), In countries where the share of °
hydroelectricity in total installed capacity is large, combined utilization
figures of more than 4,500 hours are frequently met with, and the average "
for Latin America exceeds 4,600 hours, The region's most important '
slectricity systems (but for & few exceptions, cutstanding among which are
Buenos fires, Caracas, Havana, Guayaquil and Asuncién) operate with hydro
base power plants whose installed capacity is generally characterized by

- @ high degree of hydrclogic reliability, - In smaller systems the base load
1s often served by run-of-river hydro plants, diesel groups being availsble
to cover the increase m demm).d at peak load hours a.nd to mest emergencies,

‘The  low uti]ization of Argent.ma.'s hydro power plants is partly
,attribut.able to the peak role assigned to some of the h;ydro storage plants,
and part]y reﬂects the la.ck of supplementary worka at apecific power ‘ '

9/ 8ee table 17, note b/, ‘
/Table 18
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Tadle 16

- F

LATIN AMERICAs DEVELORENT OF INSTALLED RYDROELECTRIC CAPACITY PR
THE FUBLIC SERVICE, BY PROGRAMMES

Comtry Capostty ‘m Copaeity Copesity .
(thousands {thousands  (thouscnds .o
of k¥) Ham  grw) er i) 1958.65 . 195870
. (hours) -

Avgentina 260 2 558 926 2578 15,8 2140

Bolivie : 70 g hoo . 130 --oo S 22 l ese
' Brozil © . {2528} . 5l 5792 . eee. 1245 eee
_Chils . . 4o b g24 585 148y 13,3 13

Colomble 453 - - Ha66 T 1 1999 . Ul . 122
" Costc Roa . - . . i ! I AL oo 135 T s ses T 9.17 _

Cubn 4 - - see *08 ' oo't!

Dordintoen Republic - S .'- o'"...l i P .

Ecurdor : 31 . '.’ l'|' 19’" 10} sse 1803

El Salwador % 3635 - . . %6 .. ous 8.0

CGurtamels 26 % 077 . 98 ‘e 20,8

Hxitl - ’ ll't . ’ :..'-. ases T

Honduras . oo -2 750 Tt ewe ) . ees . T
Mexton . 1107 3754 285868 e 149

Nfceregua 1 300t wes T e

Pammy : ' e 2 350 . sse. - mes
. Peraguay - N S . - -jtc YY)

Paru ‘ _ 213 3 746 ‘859 - 1l39 2.0 . 171
Urgey S 128 - 5938 233 - 935 . -89 180
S Venezuela - 9% .. soy 350 4350 398 49.5

Pritish Gutana - - . wen ‘ oo ) :

Surinnm' ' c - - - - l‘ g/ TY )

Tobage and Prinidad 13 5538 C aas . eve

Regionnl total ' '

(aminding the -

sountries for .

which ne datn - . L : : . -

cre given) . 5us 4 &40 13 220 12 568 13.6 19.4

Souregs ECLL, on the busic of direst imfermntien snd miscellanecus publiontions,

o/ Up'to 196Y Coupafife Federel do Elootrieidad (G.PuE.) progrezmes
b/ Beoluding the ponamn Consl Company's pover stations, for want of pmduetim data.
J the figure given represemts the mexdumnm capaeity fraely available for the pubno servise at the
150w pover station which 1 belng construsted bty the Surinum Aluninium Compeny (SURALCO) wnder
aa agreement with the Quean of the Netherlands mpreaented by 'the Govamment of Surincme

B ‘-/pl'an‘t.'s-in'
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plants in the provinces of. Hendoza and Cdrdoba.w o

Unfortunately, the information available is msufﬁcient. for an analysis
'o.f plants- in service or under construction in respect of degree.or type of
regula.tion (daily, weekly, seasonal, armual et.c) ’ head, age of installations,
eta, - -
‘ The foregoing remarks relate solely to mrdro pbwer ;Slant.s for the public
service, In the case of self-generstion or, in other words, private
supply services, thermal power plants generally predaminate (petroleum, sugar,
manufacturing and miscellaneous industries, etc), although there are countries
where substantial use is made of --hydranlic lpiant.s in the mining of mstals
(Peru, Bolivia), The ‘proportioxi of total selfwgeneration represented by
hydroelectric production is apprond.mately 35 per centa |

6. Development pgo;]ected

Several countries have official progrqmmes for the expansion of the
public service systems: in others, the leading enterprises have drawn up.
their own development bi‘ogramme"s_. "~ In both sases there are some divergencies
between the goals established and the progress actually achieved in the
various works projected for diffeérent dates, The relevant data, unadjusted,
"constituted the basis for the last four colums of table 18, which presents
projections of hydroelectric capac:.ty for the public service for the years
1965 and 1970, together with the: corresponding amual rates of cumnlative
growth for the periods 1958-65 and 1958~70,"

The 13 countries for which data up to 1965 are available will probably
ingtall, in the aggregate, 7.8 million hydreelectric kw dur:mg the periocd "
1958-65, which gives a cumlastive annual rate of 13.6 per cent, Similarly,
the programmes of the 6 countries for which data up to 1970 are to hand -
represent, in the aggregate, the installation of 11,1 million kW during the
period 1958=70, This implies s cumilative anmusl growth raté of 19.4 per
cent, Both estimates clearly reveal the importance of hydroelectric
development in the region during the next few years, Up to 1965, the
d

10/ For los Molinos I, which has an average. of only 2,600 hours of utiliza-
tion, the constructlon of the Anizfcate dyke is under study, Simllarly,
a compensating reservoir would seem to be needed at the San Rogque dyke
pawer, plant,

/largest absolute
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largest absolute increments would seem to be those planned by Brazil and
Mex.lco,y (3.27 and 1.45 nillon KW reapectively) Colombia, Peru, Chile and
Argentina following with 0,69, Q.64, 0,58 and 0,46 million ¥ respectively.
Up to 1970, Venezuela and Argentina, which are projecting 4.3 and 2.3
million kW, are outstanding among the countries with known programmes,

The highest rates of growth registered in the period 1958-65, which
easily exceed the regional average, are those recorded by Venezuela, Peru,
Guatemala and Ecuador (39,0, 22,0, 20,8 and 18,3 per cent respectively).
Also very significant are the corres;ﬁonding figures for Argentina, Mexi
Colombia, Chile and Brazil (15.8, 14.9, 1lh.1, 13,3 amd 12.6 per cent
respectively),

For the periocd 1958-70, the most striking rates are those of 49,5 and
21,0 per cent estimated for Venezuela and Argentina,

Generally speaking, larger increments are contemplated for hydrauliec
capacity than for thermal capacity in almost all the Latin American
countries, ’

C.F.E. programmes only.
Ibid,

EClA, Present status and recent development of electric energy in
Latin America, op.cit. 7

ERIE

/Chapter IIY
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Chapter III
ANALYSIS OF WATER RESOURCES RESEARCH MEDIA IN LATIN AMERICA

l. General considerations

' In view of the fundamental importance of the various uses of water
for the life and developmnt of nations, it seems worth while to recall
once more, h0wever briefly, the vital signlficanne attachxng to research
on water resources in all pa;rts of the world,

It is common knowledge that an essential requisite for the study of
any hydraulic project and for the designing of the constructions involved
is the availability'of the relevant hydfological information, which must
fulfll two basie condltions- the data must be characterized firstly by
accwacy and aecondly by continuity over a sufficiently leng'ohy period,

Prevention of flood catastmphes and avoidance of the over-de signing
of structures (includlng the planning of electricity plant dimensions on
too large a scale) ‘which raises construction costs, as well as the more
efficient operation of all hydraulic works, constitute the rewards that
more than compénsate for the proper collection, processing and analysis
of hydrological and hydrometeorological statisti¢s,  Moréover, such work
represents only a small fraction of the investment - usually subst.antial -
required for hydraulic conatruct:.ons.

Although the productlon of energy is not the primary purpose for
" which water is used, the mag’:it,ude of Latin America‘s hydroelectric
resources ~ which can be divimd rather than assessed, from the statz.s‘bics
presented earlier - in condunction ‘with the outstanding contribution
they already make to the supply of electriclty in many countries, would
alone suff:l.ce to justify a deta:l.led armlysls of the medium available for
ascertainlng the distribution and characterlstics of water sources through-
out the region, as a preliminary to any a‘btenpt at the integrated evalua-
tion of such resources and the programming of their development.,

The United Nations Economic and Social Council, in a resolution
adopted on _2& hugust, 1954, had reeormﬁen&'ed_t‘fovénmngnts'and the . appropriate

/specialized agencies
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specialized agencies to give particular attention to the assembly of
hydrological data,;/ an activity which was undertaken by the United Nations
Energy and Water Resources Programme.,

ECLA, at its sixth session, in resolution 99(VI), recommended to the
gecretariat that it should evaluate such data with the aim of determining
potential and optimum development of resources, and at the Commission's

eighth session, in resclution 166(VIII), this recommendation was endorsed
and reaffirmed. A Joint ECLA/BTAC/WMO worklng group is making detallsd
country studies of water resources and their development.

Given the limitations inherent in such a study, the msgnltude of the
problem, which involves investlgatlon.of the quantity and qpality of
hydrological data in Latin America {number of stations and length of
time covered by the records}, is too great for anythlng ‘but a general
panoramic view of it to be obtained. Nevertheless, the following poznts
may be brought ocut: . | -

{2} 1In several countries a basls ex:sts for maklng - or at least
beginning to make - an evaluation of theoretical potentials (dlscussed
in chapter I), in order to obtain more reliable data on the reglon's
hydroelectric resources and their geographical distribution; .

(b) Although various local shades of difference can be recognlzed
within each country and from one country to another, the overall picture
of the media for research on water resources is not very satlsfactory,

~ (¢) The importance of hgdrologlcal data for the projecting and
operatlon of hydraullc works has not been fully grasped by the apprOprlate
authoritles, who apparently do not alwags glve adeqnate support to the
instltutions responsible for such measuremsnts-
' (d) The fact that the shortage of data is greater in the case of
river stages and flows than in that of ‘rainfall suggests that for the
moment evaluations must be primarily based on presipitation data. It
also indicates that in thevexﬁansion of nstwsrks of hydfolbgical and |
hydrometeorological statioss'prioritj should be given io'those of the

1/ United Nations Economie and Soclal Council Offlclal Records:

Eighteenth Session. Resolutions (E/265h), resolution 533 (AVIIL)
(International co-operation with respect to water resource
development),

/former which
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~ former which of fer possibilities of correlation, within a few years®
time, with the prec_:ipit'.ation_‘ stations already in oﬁeration, whose
records of observations are continuous and cOVef a ldng period, _
~ In'the following paragraphs the situation in latin America will be

rapidly reviewed, although m.t.h the proviso that the lack of basic infor-
mation in certain countriea and the availability of only partial data in
others may have resulted in ‘the accldent.al inclusion of some figures
which are not strictly in line with the fact.s. The numerical data given
below should therefore be mgarded merél_y as a first approximation to the
analysis of the problem at regional level, - | -

2. Number of pluviometres, fiow metres and evaporimetres,
by countries ) '

0f all the observations recorded in the field of hydrology, those
rela.t;ing to the measurement of precipitation are (together with volume
of flow measurements) the most fundamentally important and, at the same
time, the most widespread. The establishment of precipitation/run—off
mhtionships makes it possible, when information on stream flow variations
in a watercourse is inadequate:, to estimate these on the basis of precipi-
tation data, which, except in a very few cases, constitute the longest
statistical series available in hydrology. '

Several factors affect a country's ideal minimum density requirements
in respect of rain gauges, the most important being the irregularity of
the surface distribution of rainfall, topographical characteristics and
the purpose which the observations are intended to serve,

Consequently, the area that a rain gauge can representative],y cover
varies widely; however, figures ranging from 100 to 1,000 km2 per rain
gauge may be considered, on an average, to reflect satisfactory station
densities for ‘many purposes in various parts of the world;'.g/ The highest
densities correspond to mountainous districts where rainfall is more
unevenly distributed than in the plains.

2/ ~ See ECAFE,,PfoceeQn_gs of the third regi onal technical conference on
water resources development in Asia and the Far East: Flood Control
Series No. 13, United Nations Publications, Sales No.: 59.11,F.2,

Bangkok, 1958.

/As regards
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As regards stream flow gauging atatibns, it may be considered desirable
for there to be one at the confluenée of every important tributary with
the main water course s &8 well as at tappings feeding existing works and
at gites where the construction of new plant is contemplated. Despite
the foregoing suggestion that the ideal number of stream flow metres for
a given basin is a function of the number of confluences of major water
courses, by analogy with precipitation stations (although their s:l.gni-
ficance is not the same) comparisons are often established on the basis
of the average territorial area corresponding to each stream flow gauging
stat-i.on.y

Notwithstanding the importance that is attributed to the determination
of evaporation by experiment in order to establish water balances in a
basin or area, the simple methods in use (such as the tank or Piche
evaporimetre and the Livingstone atmometre) do not exactly measure the
nziural process of evaporation, and are therefore. regarded as only
relative indicators of the phenomenon they attempt to assess, Conse- .
quently, rules for determining the optimum mwmber of evaporimetres for
g specific territorial area hawve not yet been laid down.

Table 19 shows the total number of rain gauges, flow metres and.
evaporimetres in service in each of the Latin American countries. In
the case of rain gauges and flow metres, the average area of mainland
territory per instrument is also given, Together with rain gauges have
been counted snow gauges, which are few in mumber and, according to the
data available, are to be found only in a few localities high up in the
Andean massif and, as a rule, far from the equator, The countries
possessing the largest number are Argentina, which has 88, and Chile,
which -has 24, Only in 10 countries does,the‘ overall average figure
for the area per rain gauge fall below 1,000 kmz. El Saivador, the
Dominican Republic,' Haiti, Uruguay and Costa Rica show the most

3/ See W, B. lLengheim and W, G. Hoyt, Water Facts for t;_g Nationts
Fature, New York, 1959, p. 63, for an account of variations in the

United States from 6,500 km® per station in arid snd sparsely
populsted States like Nevada to 1,700 im? per station in the more
' densely populated Eastern States; with their damper climate,

/satisfactory averages
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satisfactory averages (210,234, 280,340 and 400 kn” per rain gauge,
respectively). Cuba, Panama, Guatemala, Argentina, Venezuela and
Mexico are the other counbries-wiﬁh averages of less than 1,000 lm2
per rain geuge. It may be noted that the countries of relatively small
size which have a high population densrt.y ‘and whose economies are

heavily dependent upon tropical crops (coffee, cacao, sugar-cane, etc,)-
are among the best equipped in respect of precipitation stations per

unit of territorial area. Conversely, Peru, Bolivia and Brazil are

. those registering the largest:évefage area per rain gauge (10,100,
5,500'and 3,300 kmz, respectively), In the remaining countries averages
exceeding 1,000 kn per rain gauge are found,?/ Chile and Ecuador have
each signed (1960) agreements with the United Nations Special Fund with

a view to the expansion and“improvement of their meteorological and

* hydrological networks on the basis of the studies carried out by the
ECLA/TAC/WMS Water Resources Survey Group in these two countries, The -
relevant programmes are already being put into effect, )

The data available are not sufﬁcientlf complete to allow of a
detailed analysis of the proportion of rain recorders :|.n the corresponding
precipitation .statlons. Accoi‘ding to the information -to hand, the
highest relationships would seem to be found in Panama, Colombia, El
Salvador, Costa Rica and Brazil (42, 23, 20, 10 and 7 per cent respec-
tively).. The additional data supplied by the automatic recording
devices (continuous time-precipitation relationships) and their greater
| ‘reliability, together with the fact that rgin recorders do not require
~ constant supervision (ahd are therefore highly suitable for sites which
are difficult of access or are cut off a.ltogether at certain times of
year) are 8o many more reasons for the use of an increasing proportion
of these mstruments in Latin Amerz.ca, desp:.‘be their heavier cost. '

4/ In Europe the average area ﬁer mteorolog;cal gtation is 192 km2 and
in the United States 1,536 See Rudolf Schroeder, Study of . -

water resources in Venezuela. Present state of Mrometeo;:glog '

(a joint EGWTAO;ET@ study in draft formf which alludes to a

quotation, in a report by Robert Grace, from H. Landsberg, PMical
Chmatoloa, PennsylVam.a State College, l9ls1- : -

/Table 19
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fable 19
LATIN AMERICA; NWBER OF RAIN GAUGES, FLOY METERS
ARD EVAPORIMETERS IN SERVICE
* Demmity of -
} Area of  population Rein guges Flow meters
Counttry Year  tarritey  in 1958 iverags ivorage e
" ) mh:gl;e:;” funber ares par  Humber  ares por
- : 2 wedn £1ow meter
per kn } g.uge

Argentine - sy 2782 - 7 3813 769 597/ 5174 110
Bolivia ' {1559) 1 08 561 3 2009/ s 493 &7 16 397 1
Brazil : (1959) 8 513 Bl 7 257 330k 1 287/ € 615 ene
Chile {1959} 7 767 106 ip 1 549 260 - 2 853 19
Columbia . o {1959) 1138355 a2 5104/ 2 2327 157¢/ 598 @
Costa Rica T {ags8) 50 900" 21 128 - 398 - 1% - . 3393 - &
Cuka ; {158} e sy 56 -188ef 609 268/ § Los s
Dominican Republis . {1558) 3 7k 57 208/ 23k 108/ 4 873
Eewdor (1556) 263 206 15 86/ -~ 3 061 Bg/  WE23 .
El Salvador - {159} 2 000 i 35h/ 233 L/ - ka8 8n/
Guatemala {1358) 108 839 33 lgs/ 731 8o/ 13 61 7
Faltl . " {1958) 27 750 123 1008/ 278 290/ 57 2
Henduras {1958) . - 112 o8B 16 624/ 1 Bob hoa/ 2 Go2 ate
Mexive - _ (1958} 1 569 269 16 2 035/ i o6h 9651/ 2 o 535
Nicuregua {1558) 348 ooo 9 goy/ 2 héy 163/ 9 25¢ 7
Panems {including the . N S B .

Caral Zone) {1959) 75 502 14 112/ 678 L7 74 1 615 5
W : : W 752 I.‘ L ewa - ene - . eag
Paru - {1959) 1285 215 8 127 10 180 _/ o 1k 300 35
Urugny {1559) 186 yzh . m EW 3hg sce .o oes E/
Venezusla - (a959) R2 050 7 10160/ 88 . A8n/ - 3678 143
British Culana - 25 m 2 . see [XT) . wem o sas
Surirsn {1959) 2 822 2 6/ 2380 - - -
wm M‘“ ' . 16 552 : 1'.]6 sew ’ (1T} asw L2 L] . (12 ]

Sgureess ECLA, the tasis of direct offtotal information (in the shaps or rspnoa to 'hhe ulewut. questione
naire} and wiscellanecus publications {(see notes on individm] coumtries), .

HoSas-The sourges of information acknovledged in oonnexion with this first table on the pﬂmnt subject, as

wsll a8 the years (shown in parenthesis} up to which data hawe been tuken inte mvocunty are valld for

the remsining tables, The areas ndepted are those given in the United Maticns Statistical Yearbook 1959.
8/ Nattonsl Dopartment of Port Pacilities and Navigable Wsterways (Dirsceidn Neolomal de Construsciones Portua-

rias y Vias hhwmblea), Agua ¥ hergfn Eléstrica (1959) atid Anuario Hidrog Q8

_/ R. SOhl‘odB!", AP pi la or ] Of
naeesldados de aenm (19504, a § {0 study in course of preparetion,
ging mainly to the ¥ater Dognﬂmmt ot thﬁ Hinlstry of Agriculturee
Blrae& informaticn supplemented with the data provided by the Fan American Institute of Oe
History of the Organtzation of. lmorlnn Sta.tu, §st\uuou sobre Rnenuoa lhtmles on 1o Amér lea.s, m‘nu
1953, Vol. 1I, Projest 29,
.!/ Ibi 9

£/ Re Sohrider, Study of water rescurces in Ecundore Pressnt_stete of hvdremetsorslogy (1953)p & Joint ECLA/
TAOAMO atudy dn draft form. (Four statlens in e Caldpagos islands are not insiuded,)

g/ C=rles G. Haves, Report on wntor resgurese in Eemder, & Jotnt ECLA/A0/MO study tn drart Porm (1559)s

1/ Atilio Garofa Prieto, Lo investigsoln de recursos hidrdulices en ] Salvader {CCE/SC.S5/I/DT.12).1%5%

5/ Fan imerican Institute of Geography and Pistory, op, oit., Vols IV; Water Rescurces Department, Lerms
Chapala-Santlago Study Commiasion, Boletfn Hidrolégico Nos 13 I_ﬂ@mrﬁ Hidrfulica on Mdxico, February
1956; and Federal Electrioity Commission, Bolstfn Hidroldgico Hos 2: Cusnsa Rfo Palsas.

/Table 19 (cont.)
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?able 19 {contisd)

J/ Pan American Inctitute of Gengmplv and History, ops cit., Vol, I; Matiomal Bnergy Commissicn, Plan de

Eleotrifieacifn Nacioral e Investigneidn de los Recursog Hidrdullces (CCE/SC.5/1/PTel)e
kf Pan Amordcan Institate of Geograply and Hstory, op. oit., Val, I; Intorsimeriean Co-opsretive Economie
Devalopment Serwice (Servicio Cooperative Interamericano de Femento Ecm&nioo - SGIFE), Meuta de Rew

surses Hidrdulices y Eleetriftcacifn, 1960,
1/ The avernge figure for eight scuthern departments is ) uas En® per miu gauge (aea data. qumd n-an a

report by Robert Grece in Study of wnter resources in Vemezusla, gp. titi)s -

n/ State Eleotrioity, Gas and Telephnes (Usims 7 Peldfonos dol Estado =~ UFE), Memaria nes___gt!.va. nsral
del Rfe Negro y de las Cbras Hidroeldotricas eonstrufdan, 19%%

y Ministry of Publie Works, Resumen de Datos Hidrondtriecs 124_0_:_52 and data supplied bty the Natiulnl
Institute of Sanitary Engineering {Instituto Neciomel de Obras Sanitarias . INDS). .

o/ Bekopondo Buresu, Appraisal Survey of Hydroeleotric Powsr Resouraes in Surirem,

: /;Lé_ regards
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As regards flow meters (see table 19), E1 Salvador, Haiti, Panama,
Hexieo, Honduras-and Chile are the best-equipped oountries > the respective
areas per unit being 490, 960, 1,620, 2,040, 2,800 and 2,850 kn?, Costa
R:x.ea, Venemela, Cuba, the Dominican Republ:.c and” Argentma follcw
with 3,390, 3,680, 4,400, 4,870 and 5,170 kn° per flow meter, The
.available data indicate that the largest areas per stream gauging
station are found in Bolivia, Ecuador, Peru and Ghatemala, where
16,400, 14,620, 14,200 and 13,610 kn® per unit aré registersds?

The information to hand is insufficient for a precise analysis,
by countries, of those hydrological stations which measure only river
stages, with no possibility of the data obtained being converted into
terms of stream flows through discharge curves already or about to
be established, However, the statistics presented above relate only
to stations designed for flow measurement purpeses, except in the case
of Argentina, where they include data referring to 200 stations
operated by the National Department of Port Facilities and Navigable

Waterways (Direccidn Nacionzl de Construcciones Portuarias y Vias
Navegables) solely for the registration of river stages for navigation

5/ PFurther light is shed on the subject by a comparison with the similar
situation prevailing in some of the countries of Asia and the Far East
in 1955, as indicated in the following table:

Total a.;sea Humber of Number of Number of
Country inhabitants kw2 per ka? per
per km? rain geuge  flow meter
Burma 677 950 29 3660
Ceylon 65 610 131 137 224
};‘;x 3 228 gzs 116 B 6 450
Republic of Korea 393 632 %& 2 315 1 %{0
Laos 237 000 6 59 300 47 500
Federation of 131 287 46 - 129 501
Malaya

Paldstan Ll 824 87 1 630 4 180
Philippines 299 L0}, T 1 450 1 310
Theiland 514 000 39 1 280 2 90

Source: ECAFE, Proceedings of the third regional technical confe '
: on.water resources development in Asia and the Far Fast, ops ¢ite

/purposess The
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purposesi; The great ma;}oritj of the flow meters consist of firm cross-
st.ream sections (weirs, bridge comers, gauging frames and structures,
_aqueduets of reinforced concrete or mansonry, ets,) fitted with simple.
scales (limm.meters) for reading the level of the waters The flows in
questlon are computed by means of emp:u.rical formilae established on the
. basis of direct gauging, or speclfic relationship in hydraulic models.
The number of cases in which scales are being replaced by automatic
recorders (limnigraphs), which have advantages similar to those already
pointed out in the case of rain recorders, is iricreasing in the various
countries, but the relative share of these instruments in the total is
still pot very high, Thug, it was possible to establish that inthe
countries listed they accounted for the following percentages: Costa .
Rica, 100; Colombia, 25; El Salvador, 17; Argentina, 13; and Ecuador, 6o
In other oountnes, either data are laclcmg or the figures gz\ren are so
low as to be of dubious value. .
. Where evaporation gtations in operation are concerned, Mexico,
Venezuela and Argentina are quite outstanding, with 535,143 and 110
respectively., The correspond.mg figures for Peru, Chile and Colombia are,
respectively, 35,19 and 8. Bollvia, Costa Rica, El Salvador, Guatanala,
Haiti and Nicaragua also record observations of this type, e
Although in some countries, such as Argentina, Prazil, Chile, Colombia
and Mexico, sediment transportation is measured in certain watercourées,"
the information obtained was not sufficient. for inclusion in the present -
.. study,

. 3, Number of rain gauges and flow meters, 51 selested
basins and sub~-basins
In each individual oount-r;, of course,’ rain gauges and flow meters
are very ‘u'nevenly distributed, as canbe seen from a comparison '61‘ table 19 -~
with table 20, The latter shows the situation in some of the basins and
sub-bagins which are mos'b throughly stud:.ed in each country, with respect
to the average area covered by each rain gauge anddflog‘meter in operat;on._

/Table 0
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Table 20

LATIN AMERICA: EXISTING FEQUIBMENT IN SCME OF THE BASINS AND SUB—B&SINS WHERE
_  RESEARCH IS HCBT SATISFACTORY, BY COWTRIES '

‘Rain gauges” . Flowmeters

Country, basin er ' Total area R afer:r;ag: S a:;erg:
Sup-basin - (lan?) Number - rain Numbsr fl:ir
: ' RS ga ) . ~ meler
Gm) (1m?)
Argentina : : E o S
Rio Negro - : o 189 196 102 . .1 855 ‘ L9 3 86
Cordoba System a | 70 673 - 237 299 29 - 24
Northern zonc b - 10000 0 320 .. 531 79 -2 152
Bolivia S R _
i, ricscariiy DOSSEU" 34000 0 32 13% - 4 108%
Bragil R b o ' R Lol s L
River Doce - = T 88 000 3 - . 9w . b6 g/ 759
River Paranaibe 219 Q00 24, 9125 ' 57¢/ 38k
Rio Grande 7 000 165 - - 89L. %6g/ - 88
River Uruguay 169 000 114. - l482 U8 geg/ 1432
River San Franciaoo _ 614 000 476 I 290 178 ¢/ 3 449
River T:z.et.é _ SRR 78 ¢+ SR 76 TookT 37 ¢/ 1900
River Maipo 1600 © - 53 :302‘- - 15 | 1 067
River Bfo-Bfo 26 960 L8 52 19 - 1M9
River Cau far as B - R :
Manizales) . (as 25 142 . &1 . 535 . 38 . 662
Ri del ¢ | A
Honaa)y ©oorens (s far us 56903 - 127 L8 69, - 825
Costa
T%ver Grande de T4rcoles 2 105 22 96 N 526
River Reventasdn .. ..2205 . . 27 R £ T 5 421
Cuba B T
River Hanabanilla 200 ese “es “ee sen
Republic ' R '
River Yaque del Norte . L7000 ewe: e 1 1000
uad ( . T - N E ..
River Guaill bamba (inter~ . '
Andean zcme? - 4000 0 - 37 1333 . -2 .-, 200
River Ambi 1100 - .3 - 367 .. 1 1 100
El Salvado '
R e i
e Noviembre" power
atation) 6 540 40 164 21 kI

/Table 20 (cont,)



ST/ECIA/CONF, 7/1.3 0
Page 75

Table 20 {cont'nd)

Rain gauges Flow;meters

Country, basin or ’ Tota]. area . Average Average
_ : area r re
g.ub-basin (1m?) Number pe Number s f.'?.m?re ¥

?a“%e . foht)]

Guatemala _
Lake Amstitlin-River : :
Michatoga 270 15 180
Lake Atitlan- 560 . R 7 140

Haiti

L ] : ) ’ sre " ene YN s w LR

b

2 700

Honduras 7 : . : . :
River Ulda R 2&. 290 13 1 868 18 - 1 35
River Chamalecén : 6 548 9 ST 276 2 3 2
Mexico - _ ' , '
River Iama-Chapala-Santiago 125 555 - - 208 = 604 - &7 1 874
River Balsas. : 108 000 A5 2400 - 53 2 038

Nicaragua _ |
Lake Nxcaragua and Rwer o _ : . .
San Juan .29 000 21 107 7 L 143

Panama : . : . -
“ River Chiriqui | 1 700 -7 243 6 - 283
River Santa Maria 3 300 1 - 300 _ 6 - 550

Paraguay

" River Rimac ' 3630 L 908 5 - 726
Ri Manta 8 f - : o ‘ )
Cl‘:rxgchhgguagg &m""é 27 590 9 3086 15 1 839
Rio Negro 69 175 cos ces 12 . 5765
Venezue o T : B '
River Tuy : : . 6 750 129 52 Th 91
Lake Valencia 2 80O 71 39 BV 200

British Guiansg

o . LX) [X X saae say ese
. . .

S i . P . A

LE R N asse see b as see L N )

Yest Indie g'

LR ] - LR LN ] -wn ' LN ] *e e

Sources: See table 19, -

_/ Including Rivers Primero, Segundo, Tercero, Cuarto and Carcarana. :

b/ Consisting of the upper basins (in Argentine territory) of the following rivers:
Berme jo, as far as Elordi; Salado, as far as Suncho-Corral; and Dulce, as far as
Santiago &l Estero.

&/ Belonging mainly to the water Department of the Ministry of Agriculture.

d/ Area of the basin in Nicaragua territory.

/As regards
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~ As regards rainfall meémrénenta, for example, the pogition of Peru,

" Bolivia and Brazil is worth moting,  Although for their territories
as a whole the largest average areas p'er station are indica_ted, the
figures for specific basins are a good deal more favourable, In the
basins of the Rivers Rimac and Mantaro (as far as the Chinchilmasi .
tributary), in Peru, 908 snd 3,066 e per rain gauge are registered.’
The Titicaca~River Desaguadero basin, in Bolivia, shows 1,356 km?
per rein geuge, and for the basins of the Rio Grande and the River Tieté,
in Brazil, the corresponding figures are B9l and 947 kmz, respectively,
‘Sinilsr observations apply to the other countries in respect of toth

~ precipitation and stream flow measurement, The other highly enlightening

'~ aspect of table 20 is that relating to the experience afforded by the
Latin American countries — as to the area = in terms of bread averages
for which a rain gauge or flow meter seems sufficiently representative,
in basins where hydraulic works are in operation, under construction or
projected, 1In most of the basins studied the equipment ascertained to
exist implies an area of less than 1,000 kmz per rain gauge, and in the
Cordillera and other mountainous districts (see Chile, Colombia and
Ecuador) this figure is reduced to some 500 2 per rain gauge. As regards..
stream gauging (due allowance being made for-the comparatively negligible
significance attaching, as already pointed out, to indications of the area
for which, on an average, one flow meter is considered adequate), between g
500 and 2,000 km2 per station might be mentioned as common, These
statistics throw into relief the inadequacy of the media available for
the collection of hydrological and hydrometeorological data in Latin
America as a whole, '

Ls -Length of records

The flow of water in a river may vary a great deal year by year,
from one season of the year to another, and even at different times of
 day. Consequently, it is of the greatest importanes that_ contimous
records of the flow be available, and that they should cover & long -
. perieqd, so that the mean monthly, seasonal or amnual discharges
that may be counted upon for a project can be astertained with the

. [requisite degres
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requisite degree of accuracy, Moreover, the peak and minimum discharges
corresponding to periods of flood and of drought may constitute the .decisive
conditions for a project, For example, exceptionally high discharge .
figures, with frequencies as distant as 1 in 1,000 or'l in:2,000 Yyears,
are sometimes used to determine spillway dimensions for certain dame,

As the high and low extremes occur too irregularly for these peak

and minimum discharges to be established by extrapolation, the loss -

of cne such opportunity of recording them may mean that many years

will pass before a similar situation recurs, It is for all these
reasons that hydrological observations should be initiated long before
the construction of works is begun. . . '

Serious catastrophes arising from dam failures have had their origin
in the underwestimating of maximm flood discharges through lack of
contimiity in hydrologic records or unduly short statistical series,
Again, substantial losses are caused by over-designing of works and -
inefficient operation of projects, attributable to the sams cause
~ inadequate hydrologic data whose chief -deficiency is that.the time
covered by the records is too short, - Latin Aierica affords several
examples of hydroelectric power stations constructed for over-estimated
flows and therefore operating with low plant facltors, while it must .
not be overlooked that the opposite situation also exists, and that the
scurce is sometimes under-utilized bscause it would mot bs safe to
turn the available discharge to acecount,

In various countries of the region hydrological stations can be found
which were formerly installed as part of the permanent measurenent network -
tut have been closed down or dismantled before the completion of a - -
hydrological period that can be regarded as répz‘eééntative or enables
valid correlations to be established with other and longer series of-.
rainfall or. stream flow records, so that the initial effort and work
have been wasted, Suc}; situa.tionsf ére often due to lack of funds for
these activities, because their importance hast not been fully grasped,

/When the
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When the data for this study were being collected, there were
instances in which information was obtainable only up to the early 1950t s.é/
For the sake of uniformity with the majority of countries, for which data
were available up to December 1958, the period of years covered by the
records of the former group was prolonged on the hypothesis that the
observations had been uninterrupteds This procedure meant that countries
for which indirect and rather outwof~date information had been obtained,
and which had installed rain gauges and flow meters two or three years
prior to 1958, were probably credited with fewer sets of equipment than
they actually possesssd, but were not much affected as regards the length
of their records, :

- Table 21 presents a break-down of stat:.ons by the myber of years their
records cover, for each ooun_try as a whole and for selected examples of the
better-known basins., , The table includes many estimates and mmst be regarded
as highly provisional, Data on existing stocks and sites of rain gauges
and flow meters were actually more complete than those relaving to iaeriods
of operation and length of records, To round off the.overall picture
and calculate the coverags ¢oefficient, estimates were made when these
data were lacking, as far ss possible on the basis of considerations
relating to the creation.of the institution owning the equipment or to the
date of initiation of its activities (railwey stations, airports, ete,),
and in the remaining instences by the.arbitrary assigmnept of lengths of
series in relation to those known of in the same countrys

&/ This was principally true of the Central American countries and tle
Antillee, in whose case the want of direct information was supplied-
mainly by recourse to the report of the Pan American Institute of
Ceography and History of the Organization of American States,

Egtudios sobre Recursos Naturales en las Améﬂcag, Vol, II Proaect 29,
Mexieo’ 1953- ' :

%/ The classification into groups was hased on the view that for the
purposes of executing a final project of average importance records
incorporating less than 5 years observations are inadequate, Records
covering from 6 to 15 years might be used in certain special instances,
but with reservations, Those in the 16=30 years group may be taken
as satiafactory in most cases, and those of over 30 years, highly
satisfactory,

JTable 21




Table 21

LATINA AMERICA; BREAKDOWN OF STATIONS BY LENOTH OF RECORDS (NUMBER OF YEAKN COVERED) _

, 1n Bome of the basins where rescarch
is most satisfactory

Shroughout the sountry

2 Iy

Less then

‘6 ta 15 16 t0 50 . More than .
' Loss than 6 to 1§ 16 to 3¢ Mors than
Courttry, basins or SATS Joars vears 30 years ‘
Bub-.baslm YGBI' Pm- P"_ Fre.,, Pra- ‘;E;Ei -PIE;‘L P—L.En!-.-.n -%912&’—9—
Fl P o P e o~ re- o=
t::‘;-:-n Flov t:::: o t::‘;fn 2ow ;:::n 1 bl Plov otpte Flov oipd Flow oipy Plow
tation tation  tation” tation
Argentine | (1959) = 1 13/ 2/ 1338/ 77 956 188
Rfo Hegro - = 37 .2 .39 5 26 15
0érdowm System a/ - 1 8 5 91 % €A i
Northorn tone b/ - «~B5 59 12 15 & .5
Bolivis (1359} 18 30 53 27 7%/ 10 568/ -
 lake Titicaca-River Desaguadero ' 7 . . . - - &6 1 12 3 714 -
Bresil ' (159) 110 126  Bséa/ 360 © W 737 1228/ 70 _ '
River Doss E : - . 1 .k 12 26 W2 B85 W 2
River Paratalbe s - 11 11 52 4 14 - -
Afe Grands 2 2 35 2 & W - 1
River Uruguay 33 1% 7 25 1B 7 -~ -
River San Franolsoo ‘1§ 1z 2 W2 56 105 s 1y
River Tietd : . . 1 - 1 16 15 21 - -
Chile (1s59) 63 72 230/ 1lca/ 92 68 36 10
River Maipo : 8 2 14 5 12 5 12 9
‘River Bio-Blo _ ¥ 9 6 1 8 6 19 3
Colembia (1959) 282 132 122 k9 79 W 27 3 '
River Cousa (o for os Manizales) 10 15 27 2 % 1 3 =
River Magdalena (ag far as Nonda) - , , 4 W 2% 16 260 12, 1. 1
Costa Ries - : (1558) W2 10 61 . 5 94 - 1 - . _
River Gronde da Tfrooles . 0.3 7 1 - 1 .
River Reventazen 12 5§ 11 - 6 - - -
_c_u_;h;, {1958) YY) 7 YT R TY] ane o‘n 11 Y1) sve . . '
"River Hapabanilla i ' ) e nes  see RLCEELL " ess  see - ees
Deminican Regublle YT ‘ 72 P ) 133 . e 3 Y

: niwr._faqu'a del Norte .
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Tabls 21 (oomb*nd 2)

In some of the besins where researoh

Throughout the -country 18 most satisfactory
Less than 6to15 16 to 30 More than Less than 6 %o 15 16 tc 30  Mors than
e bas bebasin, . . E EEE 2 4
owrtry, in or su in, 5 ars yonrs 30 _ 0 vears
Preo Pre- _ Pre- Pres Pre- Frg
,oipi Flow olpi= Flov offil Flov oipl Flow oipi-Flov  sipy Flow oipl- Flow olpi Flow
tation tation  tation  tation Yaticn ‘tation tation tation
Peru (1559) 22 32 ay 2%/ 20 19 3 16 '
River Rimac o o P : S - - 2. 1 2 1 - 3
River Mantaro . ‘ | 7 b & 1 2 1 -
w - I ’ (135’) YTy - 1) 5 e 1 (YY) : 6 ‘
Rfo Nearo : . _ T wwe - ous 5 Y -1 s é
Venozuela ‘  {1u959) 222 202/ SYP0a/ 30 186 16 . 39 - ‘
River Tuy o , | 13 & T 2 2 5 8 -
Lake Valencia . : . 9 10 L | 3 1 1 ? -

British Guiana
ere

Suriram ' R . , -
e

Heost Indies

Sourges: See ta.ble 19,

Hote: In the cese of thows countries rer which the only datz awailable were supplied by tho Fen American Insitubs of Geography and lﬂstory of the
Organization of American States, Estudios sobre recursos maturdles on las Aindricas, ops oit., Vol, 1I, 1t was eatimated that the praolpltatlon end
ctrsm eauging stauons axisting m 1953 and appearing in that publication vere operating regularly in 1958,

s/ Inoluding estisates,

b/ Oonsisting of the upper btasins (in Argentine territcry) of the ronwing rivere; Beme.fo, ap far a9 olordd; Salado, as far as Suncho-Correl; end
Dules, as far as Santlago del Enteres

18 e8egd
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The length of rainfall records is often considerable (or relatively
80), owing to the fact that many instruments were installed by private
institutions at the time of their foundatlon for purposes closely linked
to their main activities (railway companies when their construction |,
works were begun, crop and stock farming enterprises, airlines, etc.).

The high proportion of precipitation stations with records covering
many years in Brazil, Argentina, Mexico, Bolivie and Chile, for = .
example, is worth noting, and so, on the other hand," is the extensive
but more recent action taken by certaln official agencies in countries.
like Colombia and Venezuela, ‘

As regards stream gaugmg, Argentina, Brazil and Mexico can be
seen to have begun recording observations on a large scale at an earlier
date than the other countrieé of the region Ffor which such data are
available., Chile neﬁd:, and then Colombia, afford evidence of more
recently systematized activities on the part of the official bodies
responsible for this work, and the same is true of the Central American
countries, _ -

A similar snalysis in respect of certain selected basins confims
the disparities in levels of research as between one such basin and
another within the same ecountry, and even among different rivers in the
same basin or from one reach of a river to amother, according to their
distance and accessibility from the main population cemtres, .

5« Goverage coefficjent

In order to assess the level of development of hydrolog:.cal research
in a given basin or territory, the coverage index for rainfall measuremerts
and stream gauging simultaneously takes into account the density of
observation st.aﬁions and ‘the age of the pertinent records, since these
two elements play independent roles,

The index in question is determined by the product of two factors:
the number of observation stations per 10,000 ian2 of the territory under

study, 8/ and the average age, in years of the corresponding records.

8/ In the present study it was £t preferable to corsider the mumber of
stations per 10,000 km?, instead of per 1,000 km? as in the ECAFE report .
referred to above, ‘since the g‘bation densit.y £igure was too low in some
countries, - :

/’I‘aﬁle 22 enumerates
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Table 22 enumerates these coefficlents by countries, for both
precipitation and stream gaugmg stations,
_ The countries in whose case t.his coefficient reflect.s the moat
thorough lmowledge of precipitation conditions in their territory are
El Salvader, Cuba, Argentlna, Mexico, Panama, Costa Rica and Guatemala, the
respective figures being as follows: 765, 393.6, 313, 299, 292, 268 and
260, Chile, Venezuela and Nicaragua would seem to occupy an intermediate
position, with coefficients of 124,122 and 107 respectively, while Peru,
- Ecuador, Bollvia, Honduras, Colombia and Brazil present the lowest
coefficients, Attention should be drawn, in comexion with the coefficient’
- under study, to the importance acquired in some cases by rain gauge
density and in others by the average age of the records} Argentina,
Cuba and Mexico register an intermediate rainegeuge dersity and a high
age of records, whereas El Salvador and Costa Rica show a high rain-gauge
density and intermediate age or reeorda, while for Nicaragua, Brazil
- and Bolivia the station density is low and the number of years covered
by the records high, . '

Coverage coefficients for research on stream flows and river stages
" mark out Mexico, El Salvador, Argentina, Chile and Panama as the countries
with the best kmowledge of their territory in this respect, the relevant
figures be:.ng 97 and 53, respectively, for the f:l.rat two, and 45 for the
three last-named, In Argentinals case, if only those stream gauging ‘
stations which are operated for purposes of flow measurement are taken
into account, the coefficient drops to 16, Brazil, Uruguay, Venemela,
 Nicaragua and Colombia appear in an intermediate position with 27, 22,
16, 14 and 12, The lowest coefficients are registered for Ecuador,
_Bol.wia Guatanala, Honduras, Costa ‘Rica ‘and Peru. : '
| It should be noted that E1 Salvador shows the highest station density
alongside, on the average, one of the shortest seriss of records; and,
conversely, Argenmtina presents a low station density together w.’i.th the -
greatest average length of records, ' :

. Maps of Latin America showing, 4n broad outline, the prec:.pitation '
and stream gauging coverage coefficients for selected areas are presented

below {see maps IIT=l and IIT=2), ~
/Table 22
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, Table 22
LATIN AMERICA: COVERAGE COEFFICIENTS
Precipitation records - - ' Stream gauging records
Average  Number of - .- Average Number of
Country length stations Coeffi~ jength  stations  Coeffi-
per 10 000 ecient - of per 10000 cient
records - k2 = (4)x(ii)  records km2 (iif)x
(1) &/ (41) (i) o/ (iv) _ (iv)-

Arge_ntina ) ‘ 21]-.1 13.0 31303 23-9 1.9 hs Oh
Bolivia . 19.8 _ 1.9 37.6 7.0 ‘0a7 - Le9
Brazil 26.6 3.0 ) 79.8 17-9 1.5 26.9
Chile . E 19-0 6.5 ’ 123.5 : 10-8 Ivl-oa l&5.h
Colombia . 9.8 6.0 58.8 . 6.5 1.9 12.4
Costa Rica 10.1 2645 267.7 | 3.8 2.9 11.0

Cuba 21!..0 16.‘{. . 393.6 . mwa ‘aee sne

f}om1nican Republic 20.8 l|,2.7 888,2 ses ] 2»01 awy
Ecuador . 7.6 3.3 25.1 2.3 0.7 By oY
El Salvador - 16.1 L7.5 764.8 2.6 2045 53.3
Guatemala - 1900 - l397 . . 2&-3 o 900 0-7 ) 6.3

I';aiti LR 3600 eee -o.‘ 10.5 sve
Honduras ’ 8.6 5.5 ’4-7.3 2.7 3.6 997
Mexico - \ 26,0 . 11.5 299.0 1044 9.3 96,7
Nicaragua 26,0 bel 106.6 13.0 1.1 14.3
Panama l_.'l/ l l9.7 ll&ss : 291.6 : 702 - 6.2 Maé

Paraguay 7 . < . e LA X J abe . [ X ] asde LE N 3

Peru Ge7 » 1.0 9.7 15.8 0.7 1.1

Ui‘uguay’g/ ’ " aee vee sag 3100 ’ 00? - .2107
Vellezuela. T - ll.O ) ll.l . 122.1 6.0 ., 2.7 1602

British Guiana . ese e ‘ ese - see ) see vae

Surinam sese ‘ sae " aee - ess oee wes

Trinidad andToba.go see see T ewe eee sayn . ese

Sources: See table 19.

Rote: In calculating coverage coeffic:.enta, stations that. had been closed down were
taken into account along mth those in exist.ence, when the mformatlon avail-
able permitted.

a/ In the case of stations for which no data on length.ef records were available,
an estimated length was arbitrarily assigned on the basis of the avera.gs for
other stations in the same country.

b/ Including the Canal Zone. ' | :

_c/ The data available were confined excluswely to the stream gauging stations on
the Rio Negro.

“

/14'ap ol
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‘In studying these maps certain special eircumstances must be borne
in mind, _

There are arid zones in the continent where ‘the absence, or a very low
density, of precipitation and stream gauging stations is justified, This
applies to vast tracts such as the high plateaux of Mexico and the
€hihuchua desert, the peninsula of Lower California (espeecially in its
extreme north-east), the arid belt along the coasts of Peru and northern
--Chile, the south-west of Bolivia and ‘the morthewest and south-east
of Argentina. There are alss smaller arid zones to the south of the
Caribbean in Venezuels, Puerto Rico and Mexico (north-east Yucatén,
begides Tchuantepec and the middle reachés of the River Balsas-Mexcala).
A rather different state of affairs prevails in the "Polfgono das Secas"
(in north-eastern Braéil)', where the rainfall is characterized mot only
by a relatively low mean volume, but also, in the main, by great
irregularity, Consequehtly, precipitation and stream gauging research
is of great importance here for regulatory purposes, with a view te
irrigation worksae

In the Amazonian Jungle, vast unexplored areas and others that.
are scarcely inhabited show very low average population densities and
. therefore a great lack of precipitation and stream gauging stations
- (States ard districts of Rio Branco, ﬁmazonas, Pard, Mato Grosso, -

Acre and Guapré in Brazil, and- the llanos ‘of Golomhia., Ecuador, Peru
| and Bolivia),

 Lastly, 3in the study of stream gauging programes, the mportance
of linking them up with those relating to precipdtation measurement

should rot be forgotten, since flow statistlcs can as a rule be greatly
improved upon by means of satisfactory correlations with rainfall data,
The central gones of Mexico, Guatemala, Costa Rica, Argentina and El
Salvador, and the northweast of Brazil, are examples of other areas
-where.more comprehensive flow data t.ha.n might be surposed from the
oorresponding coverage ooefflcients eould be obtained for spec:.fic
.atudies, on the ba.sis of 'bha available precipitatlon da.ta,

/A compa.rison
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A comparison with countries in other regions or. the basis of coverage
indicea shows that as a whole the Latin American countries are $11~iriformed
as to their water resources, For example,- in the group of more developed
countries for which complete data are available, Japan has coverage -
coefficients 5 and 4 times greater than the highest country figures registered
in Latin American for precipitation méasuranent and stream gauging,
respectively (k1 Sa.lvador and Mad.co).gj

6 Ava:.le.t.:.l:.tz of oontou.r @

It was not possibla to sstablish, by eountries, the availabih.ty oi’
contour maps drawn to scales which would enable mraluation studies
of integrated theoretical potentials to be carried out, W

Geographical institutes attached to the ammed forces of various
countries prepare maps and charts both by aarophotograﬁﬁnatm met.knds
and by direct measursment, on scales which as a rule allow roon for
enough planimetrical and altimetrical detail {(1:200,0003 1:250,000' 1,500 000;
1:100,000,000, ete.) to serve the purposcs mentioncd above, Pos_.ga.bly,
therefore, large areas in cifferent dountries already have at their '

9/  To facilitate further comparisons,.a table with the pertinent
coverage coefficlents for selected countries in Asla a.nd the
Far East is Anserted here.

Precipitabion . . Strean gauging
Country measurement In general = Flow measure—
. ment only

Buma\” . . oo ?7 . C v aew o see
Ceylon : .- 2840 ‘ . KOO . . 820
Indda = 535 R - 18
Japan T 3900 L e .. - 380
Remublie¢:of . Knrea. - T . o 81 _ 27
Laos 1 ' 8 .
Federation of Malaya 1550 o 280 oo 57
Paki stan o : 368 ) 288 ...
Philippines C104 o 38 - 37
Thailand =~ TR0 . 51 : :

Sourcet ECAFE, Pmceedigg’ g of t-he third ‘feg;onai technical conference on
. ¥ater resources develognt in Apia and the Far East, op. cit.
Q/ 1: 500,000 and above, Bvery country has maps on a reduced scale with

level curves such as, for instance, those used for aerial mavigation
which are on a scale of 1: 1,000,000,

 /disposal a
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disposal a scnmd cartcgrapb:scal baSls on which at least t.o begzn an
integrated evaluation of their hydroelectrlc resourcess.

. 7.. Institutions resgnsible for hydrological measuremgts

In almoat all countries there exists a series of fiseal institutions,
public corporations and private agencies concerned with hydrological
{including hydmmeteomlogical) observations and, in some cases, wlth the
correspending research, B C - :

The public institutions which finance and carry out activities -
of this type include, besides the national meteorological services, all
those relating to agriculture, navigation and waterways, drinkingewater and
sewage and aviation, as well as electricity companies, railways, the
armed forces, universities, etc,; ‘while the private institutions comprise
nmainly electricity companies, those of an agricultural-industrial nature
{coffee, banana, sugar companies, etc,), airlines and some mining enterprises.

Unfortunately, the advantage taken of the activities to which mumercus
institutions contribute is proportionally only very small, owing to the
lack of nniformity, co-ordina‘bion and centralization of the observations
recordede A great many dat.a. beneﬁt solely the company or institution
taking the observations, and that only to 2 la.mitad exbent while but a
meagre proportion of them is published so as to placa than within the
reach of the various interested persons or institutions, - '
. Go-ordinat.ion among the many institutions responsible in each count.ry
~ for hydrological observa‘blons is of partlcular :meortance for the following
purposess

(a) Satisfactory planning and dist.ributi'on of stations so as to

. obviate duplication in some places and gaps in others;
-(b) Standardization of instruments and methods so as to reduce
costs and facilitate the comparison of findingsy and |

{e) Processing and publication of the observations recorded,

Thus, for the relatively emall addit:.onal cost which such co-ordjnation
‘would imply, the present yield from scattered and partly. wecognized
aetivities could be greatly muiitiplied in many countries,
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It has been suggested in several countries t.hat a National Co-ordinating
Comnittee should be set up with jurisdiet:.on over all hydmlogical and
meteorological activities, This Gonnn:l.ttee, in its turn, would form part
of another nationa) body empowersd té co-ordinate all activities connected
with the development of hydraulic resourcesell

Table 23 lists the main. mst:.tut»zons m each covmtry that are active
in one way or amother in the field of hydrology, More undoubtedly exist .-
(particularly of a private nature) than the number given in the table,

There is some co=ordination of functions in Argentina, Bolivia,
Chile, Colombdiz, Costa Rica, Mexico and Peru, but it varies in scope and -
degree, Ecuador has set up a Department of Heteorology and Hydrology
(Direccidn General de Meteorologfa e Hidrologfa) with jurisdiction over
the whole- z'elzsubl!_:l.e.:’u2 :

Most cowitries have meteorolog.cal publlcations which a.lso cover
hydrometenrological observations to a tertain extent, . ,

In the field of f?_t.\.iviology, however, only Argentina, Brazil, Colomhia,
Panama, Peru and Mexico issue publications,

8. Sbaff and level of training

Goverrmental and semi—govermnental hyﬁmlog:.cal services have devaloped
at very varylng rates in the different oo;mtnes, and even within the same
country notable 'disparitiea are to be observed among the organizations that
take rainfall and flow measurements. ‘ The effective impianentétion df their
activities is most frequently impeded by ‘two factors whose J.nfluence is direct
and immediates Shortage of persormel and shortage of funds, With few
exceptions, the people who work in this field are still paid at low rates
in Latin America, althpugh specialists in twdmlogyand hydrometeorology
are hard to f£ind there, -

11/ los fecursos hidrfulicos de Chile, opa cit., and Stugx of water resources
10 Eeuador, a jeint ECLA?ETAO?%‘ study in draft form, -
12/ March 1960, This institution complies with the general recommendations

made by the ECLA/TAO/RD Water Resources Surw:ey Group, which undertook
& mission in Ecuador in 1959 . ‘

/Table 23
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Table 23

LATIN AMERICAs INSTITUTIONS RESPONSIPLE FOR MINF&LL AWD/OR PLOW MEASUREMENTS

Country

Goverrmental and semi~
govermeantal

Co-ordination

Frivete of function®

canirdlsatioﬁ avd
publication of data

Avgontina

Belivia

Braszt}

Chile

. Hatlonel Fnteonlo-

gical Serv!.oes pe

 Fatteml Department

of Port Faoilities
and Navl.gabh Vater
ways, Vater and

Electrio Energy

Department of Feteoro-
logye Inter-imerican
Agrieultural Sorvics.
Bolivian Development
Corporation,
Department of State
Railweys, Lleyd Aéreo
Boliviapo, Universi-

" ‘dad Mayer de San Andrés,

Dopartment of Irrige-.
tion. ’
Mintatry of Agriculturs.
National Department of
Irrigation (Minlstry of
Cemmunications and Pu-
blie Yorks),
Motorrological Service.
Rio Grands do Sul
Electrio Pover Commis-
¢ion, Vale do San Frane
¢1ze0 vommission.

~ Departmont of water

and Elcotricity of Sso
Paulo and Parerd, ]
Mires Gerels cleotru
power staticns,

Chilean Motesrological
Off 1o,

Chilean 4ir Porae,
Departent of lrrigae
tion.

Department of Sanfte~
FY WorkE.

- Hatlomsl El.on‘tl'!.cﬁ;y

 Campany (ENDESA).

- &gremoteorologlesl Seote
- vise, Untveraities,

The Natlonal dateorsls
gleal Service rocords
sbservations made by
all tha offiolally-
reéegnizod rain gauges
inatalled in the souriry
administored by thet
Service, the Rallwmys,
‘and nationsl provincisl
and private agensiosd,

Panagra,
Bolivian Power
Cnmpaw,lotd.

Dopartmont of Irrigu-
tion and Department
of Mateorology.

Bmzllm Toech- ..,‘ .
nicel Services

Oompw.
Brazilian elec-

triolty . compar |

nien.

Breden Coppor tienss Infercaticn ia,
Cempany howgver, oxclanged =
Panagra, among a nmuobge of”

inatitutions, -

Publioationst Awmvarios Hie
dreldgicos de Agua y Ener-
gfe Eldotrica.

Amarios Hidrolégisos do

Construsslonns Portusrias

¥ Vias Havegables.

"Egtadfsticas Climatolfgi~

¢ag of -the Natioual Bgtoo~

- rological Servise, which

eentrelizer hydremeteoro-
logieal information,

.'.”

, Publieations s Amaries

Flyviemétrices and Forgas
Hidrdulieas del Ministerio
da deuituras

/Table 23 (éoht.)
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Table 23 (sord¥ed 1)

Cowordtnation Centralization and

Govermental and N
Country sami-guvermem_al i ) Pz.‘ivafe of funotion publication of data
Colombia - Matnorulogica:l.:nm“.. Bogeta =, The Matlorsl leteorelo- Fartial centralizations
Hinistry ‘of Publie Bleetris Powsr  gical and Hydrologloal  Publicationss Boletfn del
Works, Companys Commiitee eo=ordimates - Instituto dd_Aprevegha-
Var Ministry. . Natforal Podera activities throughout  miento de Aguas,
Agustin Codazzi Teo~ tion of Coffae~ the soumtry. - ‘ Miacellancous reviews,
graphical Institutae, Growers, Gev~ Anales dol Cbservatorio
- Institute of Yater . pb;rs;eal. Inati- * Meteorolézice Haclonale
Utiliration and Elas- %ute of the
tricity Developmont, Colombia Andes,
Begota woter and :
Setege Comparye
Stete enterprigzes of o
Madel)fn Colomblam B
Alrport Companye B o .o
Valle del Cauca Cerpors
%iom,. . ]
Costa Rien Maticnal Moteorsloglcal INutiorel Light  Tha Costa Rican " No cemtrelizations
Servios, and Pover Came  Electriciiy _ Publication:
Costa Rican pany. Inter- Institute and the Boletfn frimestral
Eloctricity Institute  jmerlesn Insti- Natlomal ~  ~ of the Natioral
{xcr). tute of Agro= Motoerologiesl Hotearologleal
Interwimertcan Teshnical nmies. Costa Sarvice, Service.
Service for Agricultural Rican Bapamg’ ' . -
Comoperatlon, Companys Costa
LT : Risan Coal
Canpanye
Northern Railimy
Canpanys
ferapgra,
Cuba fatioral Observatorye  Cuben Aviation  ees o L ens
River Honde Development Company,. ' . The Casa Blenea
Cormission, Obsarwatoriss of 7 mtioml
the Jesutt o " Observatory Ias
Fathers. ' . prodused sane
' “publications,
Deudntean Yaval Metocrologieal Orerada COOTENY  oee  eee
Republie Servioc, . . - Barehaps Canpanye C
Sestiom of Hydrology »
and Irrigtion Planing
{Department of Fublio
Vorks and IFrlmtion).
Sentiage Town Counoil. i
Eow.der Department of Fowadorian Dapartuent o . - -No eentmlimtim.
Motaorologye . Barara Assoofs- Meteorology and Publications: Boletin
Depariment of Civil tiome. Anglo= Hydrelogy (created . Meteorelézleo de
Aviation, Eewandorian in March 1960)s Fe6s 0
Eowndorian Ay and 011f4elds, ) - - Hoteoralogia.
Aip Foroe, ~ Boletin Moteoroldgieo de
Obsarvatorys o o ]a“Armgda.

Mt a 3 foamnt ¥
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Gvbormemil and

' Caeordination of

Conrtralisation and

Soumtry semi~govermmental Private funetions publication of data
Ecuader Exooutive Committes on Fublications by the
(comt¥ed)  Communications in ths Obaervatsrye
Provinse of Guayse,
Inter-Amerdoan
Comoporative Servies,
Netioml Irrigation
Institution,
Munteipality of Ibarra.
El Selvador National Metceroleogicnl Inmterratiennl = MNome, - Ha centralisation,
Sorvice, Contral American Publicationat
- Dapartment of Rallvays, - Anales del Observatoris
Moteorolegy (Mintotry El Salwadorisn Hacione) Mstesrolégice,
of Defenco}s Ratlveys. : Boletfn teteorolégice of
- Hatloral Agromemics Sarte Ans Else~ . the Uniweraity of El Salvn~
Coxtroas tric Fover Con- dor. . :
. Troptoal Institute of PNV, Revista de la Asosiacifn de
- Sslentifio Researah Sonsonate Elec~ "~ Cafetorude
{Matiomal Untvereity) tric Pover -
Department of Agrisul= Compary,
tural Engineering Paragra,
{Ministry of Agriculw. -
tura).
River Lempa Hydroolsc~
trio Executive Come
mittoe,
Gustomala Ministry of Agrisulture, United ase TS
: Department of Public Fruit Company, '
Horkae - -
Haditl Ministry of Publie Mateorologioal ate e
’ Vorks. ' Obsorvatory of '
’ San Marciel
Seminrayy,
Hondures Department of Irrdga  Tela Ratlrcad  Nome vee
tion, Company. '
Rational Msteorelo- '
510&1 Service, . .
Mexloe Mexican Mateorological osn Information is exchan Publicatiore:s Bulletins
Sarviee, ged ard there 1s some dealing with hydrolegical
Department of Hydraulie comordination among ~ . quections are publishad by
Rasourses, the prineipal instity %he Federal Elestricity
Federal Electricity tiona, Commission, the Department
Commission, of Hydreulic Roscurces and
the National Irrigetion
Cemmiosiona
Higaragua Hgtjonal Elsctrio vee see e

Power Comission,

/Table 23 (cont.)
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Table 23 (coxk fed 3)

Geoverrmental and

Co-ordination of

Contralization and

Country sentmgovermental . Fravate funstions publisation of dsta
Panama Inter-American Panape Caral . Information is exchan-  Publications by the Panssa
Co~pperative Service Conpany god betweon the twe Caral Company and by the
for Econtmis Develop~ (Seotion ot frsditutione namoed, Dapartment of Statistics
ment (SCIFE}, Mateorology and _ and Censuses 6f the
Hydrology)e Republic of Pancma
Paraguay e rrY) see T
Por Department of Motsorg Private tobacoo The Depertment of _The Department ¢f Mateoro~
logy (Alr Manistry). mondpolies, Moteorology admi- logy cemtralizes all
Moteorological Servie Guano Adminis- risters and oo~ meteorplegical informaticn,
" oo (Minlstry of trative Compang ordinates the chser— and pubiishes the following:
. Davelopment), Corro de Pasao  vatioms throughout the  Boletfo imual Meteorolfgicos
Msteorological Sorvie Corporation, aountry, Boletfn Climatolézico
ce (Ministpy of Agri- ith respeot to flow Mansualae
culture ), measurements, 1t Bolutfn Disrfo.
Paruvian Civil Aviation eo=ordinates ite & publisation on hydrols~
Corporation, activities with thone glenl guestionr,
Inter~American Co-opera of the Ministey of 4 daily bulletin with
tive Serviea, Development and Minis- -  genersl information.
Yater and Irrigation tey of Agriculture,
Departmers (Ministry of
Davelopmont)e
DRepartment of Irrigation
{(Ministry of Agriculture)
Poruane do} Sambn
Corporation,
Uruguay Matsorologionl Service, cos The Metuorological Servico
. Department of State carntralises information end
Power Plants end pubifishes & Balstin ard &
falerhones (UTE), Revigta Meteorclézica. .
Venegusla Mintstry of Publie Shellae Hone, Information The Meteorological service
Works, . Mene Grande 18, howgver, exchare sentraliges a sertsin
Ministry of Agricul- Secory Vacuus ged among a few apount of information and
ture and Livestosk, Crecle, Lnstitutions publisher fortnightly
Venezuelan Davelop~ Yonezuelan bulletins and a yearbooke.
_ ment Corberatlen Railvays, : )
. (Carenf), Ministry * Iren Mime .
of Dofence, National " Gompany of
Institute of Senitary  Vemasuela.
. . w°m. ’ N
British Gulana
Gulans ses . Py see e
wm mes L1 1] L (X ) [ L1 L 3 2]
Surinam e

Lt )

L1l )

/At the
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At the lower, non~university, level of the observers, it is customary
in a number of countries to employ for people who have other activities as well,
and who make the observations and fill in the forms sent to them by the
head offices simply to earn more money (although they do occasionally work
free of cha.rge). N .

The element of routine in the work of obgservation, the fact that it
requires no special training, and the inadequate supervision exercised from
above, ‘sometimeslead to the gradual introducﬁon of operational deficiencies
and even to defects in the instruments, which may pass unperceived for
a long time in the data-processing offices with the inevitable eonéequenceso

‘Solely in the case of three countries could fairly complete and .
reliable information be obtained on the personnel engaged in hydrological
and hydrometeorological activities, according to level of t.raining ‘in the
princ:.pal institutions (see table 24).

e sample shows that, in relative terms, the great.est shortage of
specialized persomel is at the intermediate level, and of rwn-spec:.alized
persons at the level of those who have completed their secondary school
studies. :

/Table 2,
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Table 21;

PEB.SONNEL E!\BAGED IN HYDROLOGICAL AND HYDROMETEOROLOGICAL -
MEASUREMENTS AND SI‘UDIES, BY LEVEL OF TRAINING

Specializad Un:wersity Non-(jniversity

training
Country
" Higher .. - .Second Primary
T . In?emediat.e _ st.udi:zs‘y studies
Argentina a/ 16 7 | 0 397
Ghile p/ 9 26 - - 52 286
colembia &/, % . 16 w5

__/ Water and Electric Energy in hydrological studies only.

b/ Department ef Irrigation, ENDESA end the Chilean Adr Force, in hydro~
logical and hydremeteorclogical studies,

¢/ The Bogota Water and Sewage Company, the Valle del Cauca corporatien,
Medellin State enterprises and the Institute of Water Utilization,
in hydrological and hydrometeorological studies,

/ANNEX
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ANNEX

1. Evaluation of the zross run-off potential on the basis of
rainfall data checked by a stresm-gsuging station

Reference is made in section 4 of chapter I to the det.eminp.tiorz of
the gross run-off potential of a region or a country; this is done by
dividing the area into small subwbasins and using the hydrologic data
provided by a stream-gauging station at the lowest point of each sub-basin.
Ijowever, if this division involves areas greater than 400-500 square

‘kilometres (a common situation in Latin America beéause of the lack of
stream-gauglng dat.a) 1t is advisable to adopt’ the method indicated below,
which involves a further ‘sub-division into micro-aress by standard
Sqnaring. (see’ figure-l-a) .-/ let A be the area in square kilometres of
suchi ‘a subwbasin, F the stream-gauging station, and t the length in kilo-
metres of the side of a single square, = The average elevation H of each
square above ses level can be calculated from a map at a suitable scale
{1:500,000 to 1: 1,000,000) showing contour lines, On the basis of
ext.‘enéife-?’( rainfall data in the form of isohyetal lines: it is possible
to obtain the hydranlic contribution of edch square to the total
run~off Qm of the sub-basin, either by caleulating the average
annual lose by evapo-transpiration for the whole area 4, Y o by
calculeting this losa for each square (___) by one of the available . -

1/ - This method was proposed by the F.GE Connn:.ttee on Electric Power: see
United Nations, electric Potential :m Europe and 1ts Gmss,

 Zechnical end Economic Limite !
2/ Ideally covering a period of 30 years. :
3/ By oneof the followmg fornmlas:

(i) & = £t 2 31,536 @ (Height. of the water in millimetres),

where p is the annual precipitation.in millimetres for each
square, and 31 £36 x 103 is the number of seconds in the year
(ii) e,= P - Qm (m /sec,}, where

Pao £ t2 =2Y represents the a.verage -anmal volume
- 31,536 31,536
of ra.infall on area A, expressed in cub:l.c metres per second.

J/anpiridal fornmlas
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empirical formulas (Vermeule, Khosla, ;}ixatin, et(:".) on the basis of such
variables as elevation above sea level, average temperature, rainfall,

ete, In the second case a final correction ig required, in the form

of a proportional modification of the contribution of each square 0

that the run—off mesasmed at F shall be equal to the sum of the contribution
of ‘each sguare. When the flow has been finally estimated as the
contribution of each square to the flow Qm, the potential Ps can be
determined for each of the squares, snd by addition for the whole basin,

2 Graphle Jresentatmn of Lhe gross river mtgntial

Section 4 of chapter I gave a ganeral outline of the methqd of
evaluating the'gross river potertial, Further details are given below,
together with the graphic representation..

Let the stretch of river concerned be AB {see figure I-B).

The average annual flow shouid be known at each of these points,
by direct verification (or direct verification and covariation, on the
basis indicated for determining the gross run-off poteptial) from a statistical
series covering a period of not less than twenty years., .

The élevation of the water level above éea level in metreé at esach
point, H and HB' must also be datemined.

'I‘he maximum theoretical potential of the section ooncerned in kW
is given by formula {2), which assumes a 100 per cent yield, and represez_lts
the upper limit of the total output of a group of hydraulic ppwexf’plants
in seriess N B - o

Pa e bz B ek @Y

where QA and QB"alre the values for the average flow immedistely dovnstream
‘of A and upstream of B, respectively,. expressed in cublc metres per second,
A graphic representation of this potential is given in figure I-B,
Using rectangular co~ordinates and-a given scale, .elevations HA and HB
are drawm as ordinates and flows Q, and Qp as abscissae, The shaded area
P represents the potent.ia.l PI. at the appropriate scale,

g/ For the first sect.:Lon of the river the formula is reduced to:

= 98 % (4 - 1)
[Figare I-C
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Figure I~0 is a diagram representing the principal course of a river
and two tributaries flowing into at points C and E. ' The second tributary
has a smell tritutary of its own. It should bs moted that a tributary
consisting of a single stream is represented by a triangle such as BlGB,
whereas when a tributary has another stream flowing into it, the basic
diagrams are superimposed to form geometric figures like that at DlGDZHEDo
Variations in shading make it possible to distinguish between the
potentials of the various components. It should be moted that points
of equal elevation (at the basis of the diagrams of the tributaries) such
as B and € (and D and E in the other example) represent the same place on
the course of the main .river, and are given different letters orly in
order to indicate the river's flow including and excluding that of the
tributary,

The potential of a river system between its source and any point X on
its main stream can be easily determined by measuring on the appropriate
diagram the area represented as abpve a horizontal line X=X drawn at the
level of that point, Generally speaking the potential between any two
points on a river is given by the area ineluded between the horizontal
lines drawn on the diagram to represent the elevations of the two points,
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