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NOTE

The designations employed and the presentation of material in this
report do not imply the expression of any opinion whatsoever on the part
of the Secretariat of the United Nations concerning the legal status of
any country, territory, city, or area or of its authorities, or concerning

the delimitation of its frontiers or boundaries.
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INTRODUCTION

The International Colloquium on Technical Co-operation among Develop-
ing Countries in Groundwater Resources Development, 23-28 May 1983, Zagreb,
Yugoslavia, represented a contribution ﬁfzthe International Drinking Water
Supply and Sanitation Decade, 1981-1990 (JDWSSD)and to the United Nations
Programme for Technical Co-operation among Developing Countries (TCDC).

The Decade was launched officially on 10 Kovember 1980 by the United

Nations General Assembly in a one-day ceremony attended by senior government
officials, and the Secretary-General of the United Nations and Directors
General of the United Nations organizations most directly affected.

The purpose of the Colloquium was to bring together the expertise
available in developing countries with a view mainly to furthering techni-
cal co-operation among the developing countries in the development of ground-
water resources to provide drinking water in rural areas. The goal of the
Decade is to promote action by governments which will ensure that the world's
population has access to adequate sources of water and adequate sanitation
by the year 1990. The urgency of providing drinking water is underscored
by the estimate that 78 per cent of the world's rural population in deve-
loping countries does not have access to adequate drinking water resources.

It was the vital jimportance of this subject that led to the sponsor-
ship by the Government of Yugoslavia, through the Centar za Vode (Centre for
Water), and by the United Nations Department of Technical Co-operation for
Development, of the International Colloquium held in Zagreb, Yugoslavia,
from 23 to 28 May 1983, with participation by representatives from develop-
ing countries as well as developed countries, United Nations specilalized
agencies, and Yugoslavia itself,

Focusing attention upon the primary challenges in the development of
groundwater resources which TCDC can help to meet, the Colloquium dezlt
with four major themes and was concluded with a round table discussion.
While the participants reached a number of conclusions regarding TCDC's

role in the development of groundwater resources, as detailed in this



report, particular emphasis was given to the collecting and dissemination
of information. The participants unanimously agreed that the establishment
of national, subregional, regional, and international information networks
on groundwater resources development represents an obligatory first step
for any future co-operation involving such activities as research, training,
consultant services, standardization of services and equipment, planning,
and management.

The majority of participants agreed that the existing Centar za Vode
could become an international institution for collecting and transmitting
selected information. The Economic and Social Council in its Resolution
1983/57 welcomed the conclusion of the colloquium at the Centre for Water
in Zagreb on support for establishment within this Centre of a small inter-
national technical unit dealing with technical co-operation among developing
countries in the water resources sector.

The United Nations expresses its deep appreciation to the Government
of Yugoslavia and the Centar za Vode for their administrative, substantive,
and financial support to the Colloqium, and for the gracious hospitality
provided.



I. SUMMARY OF PROCEEDINGS

This report summarizes the activities of the International Colloquium
on Technical Co-operation among Developing Countries in groundwater
Resources Development, 23-28 May 1983,

The opening session was addressed by Dr. Ivo Margan, Vice-President
of the Federal Executive Council, Federal Socialist Republic of Yugoslavia;
Mr. Marijan Cuculi&, President of the Committee for Foreign Affairs of the
Socialist Republic of Croatia, Chairman of the Council of the Associated
Organization of the Centar za Vode; Mr. Aleksandar Varga, President of the
Zagreb City Assembly; Mr. Khalil Othman, UNDP Resident Representative in
Yugoslavia, Belgrade; and, Mr. Vladimir Baum, Director, Natural Resources
and Energy Division, Department of Technical Co-operation for Development,
United Nations.

The co~directors of the Colloquium were Mr. Vjekoslav Makovac-Dijak,
Centar za Vode; and Mr. Enzo Fano, Deputy Director, Water Resources Branch,
Natural Resources and Energy Division, Department of Technical Co-operation
for Development, United Nations.

Mr. Robert Dijon, Interregional Adviser (Groundwater), Department of
Technical Co-operation for Development, United Nations, acted as Rapporteur
of the Colloquium and Mr. Ante Ferencif, Advisor, Chamber of Economy of
the Socialist Republic of Croatia, acted as General Secretary of the
Colloquium.

The Colloquium dealt with four main themes:

Theme A: Groundwater Exploration and Assessment Technologies

(surface and subsurface technologies)
Theme B: Groundwater Exploration and Assessment Methodologies
(reconnaissance investigations; detailed investigations)

Theme C: Groundwater Development (well and pump technologies;

project concept and design), requirements and participa-

tion of populations, particularly women and children)



Theme D: Groundwater Management (protection and conservation of
groundwater resources; institution building and training;
operation and management of groundwater schemes; national
water policy and groundwater management)

Activities during the Colloquium included:

(a) the presentation of papers by rapporteurs from the Centar
za Vode, United Nations organizations, and other organizations on
the four main themes, the presentation on each theme being followed
by discussions held in working groups;

(b) the presentation of country papers by participants from
various countries;

(c) a round table on mutual co-operation among developing
countries, including bilateral and multilateral arrangements
institutional and organizational forms; binational or multinational
enterprises (joint consultation in design, co-production); joint
purchase of equipment; standardization of equipment, maintenance,
services; guidelines for water policy and planning; and financing
of joint activities.

In addition to the technical sessions, other activities organized in
the course of the Colloquium included visits to the various organizations
that are members of the Centar za Vode; the presentation of films; and
a one-day study tour to the Plitvice National Park and the adjacent
Adriatic karstic area.

Summaries of the papers presenied during the Colloquium, of the
discussions during working group sessions, and of the round table meetings
that concluded the Colloquium, are given below. The participants in the
Colloquium are listed in Annex I; the Programme is given in Annex II; and

the country papers are summarised in Annex III.



II. INTRODUCTORY PAPERS

1. "The Role ofTCDC in Groundwater Management,' by Dr. Slavko Komar

In his opening remarks, Dr. Komar, Member of the Council of the
Federation of the Socialist Federal Republic of Yugoslavia and President
of the Scientific Council of the Institute for Developing Countries,
stressed the importance of groundwater development in the world and the
need for developing countries to achieve a certain level of collective
self-reliance in this field through technical co-operation.

The development and management of groundwater resources is a most
appropriate field for the activities of the United Nations Programme for
Technical Co-operation among Developing Countries (TCDC), he said, ground-
water resources play a steadily increasing role in economic and social
development, as a result of urbanization, industrialization, and expaﬁded
use of irrigation in developing countries.

The TCDC programme is intended to create a framework for co-operation
among developing countries, in an open-ended and flexible system. It
represents the exchange of experience and skills between two or more
developing countries with the support of developed countries and inter-
national organizations.

The expression 'technical co-operation among developing countries"
was officially referred to for the first time in Resolution 2974, of
14 December 1972 during the 27th General Assembly. 1In May 1974 a working
group of 19 nations offered a concept and objectives for TCDC; its report
was embodied in Resolution 3251, of the General Assembly 13 December 1974,
which decided further in December 1976 that a United Nations conference
on TCDC would be convened in Buenos Aires, Argentina.

The Conference adopted a plan of action which stressed that TCDC
activities should be supported by developed and industrialized countries,

because of their interdependence with developing countries,
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The main purposes of TCDC are (a) to further collective self-reliance;
and (b) to increase and improve communication among developing countries,
leading to a greater awareness of their common problems.

TCDC projects are to be implemented through the sharing of experience,
the exchange of know-how, and the transfer of resources, knowledge, and/or
technology.

In the field of groundwater resources development and management, TCDC
is concerned not only with technical matters but also with a wide range of
social issues, such as community participation in the use and management
of groundwater, through the mobilization of human resources and through
training programmes.

Adequate results may often be achieved through relatively simple
technological means, requiring relatively low investment, and through
labour-intensive projects.

In conclusion Dr. Komar expressed his conviction that the Colloquium
represents a useful contribution to close co-operation among developing
countries, not only in the development and management of water resources,
but also in the realization of wider goals of social and economic

development.

2. "Introduction to TCDC in the Groundwater Sector,'" by Enzo Fano

In his introductory remarks, Mr. Fano, Deputy Director, Water
Resources Branch, Natural Resources and Energy Division, Department of
Technical Co-operation for Development, United Nations, New York, defined
the role of the United Nations in TCDC.

He recalled that the concept of TCDC went beyond the sharing of skills
and information among the developing countries; also embodied the transfer
of expertise from developed countries to developing countries according
to the requirements of the recipient states, and the transfer of financial
resources from international financial organizations and other donors for
activities leading to the most efficient applications of this expertise
given the financial, economic, and institutional conditions existing in
the recipient states. The United Nations, through its Department of

Technical Co-operation for Development, can be a facilitator of the




exchange of information, bringing together countries which have experiences
to share, making available data on the effectiveness of various technologies,
and pointing out the relative advantages of one or another type of manage-
ment structure. Moreover, it can serve as a guide in establishing training
programmes, or undertake training programmes itself, as required. |

In short, the United Nations can be viewed not only as a provider of
technical co-operation from multilateral sources, but as an actual partner
in the TCDC process, willing to share its 25 years experience in water
resources management in developing countries. The United Nations is also
able to work with donors in channeling their special skills, expertise,
and technologies to specific groundwater programmes in the developing world;
to utilize effectively the funds entrusted to it for water resources acti-
vities; and to work with or on behalf of financing organizations to identify
the speediest and most productive solutions to the problems of the Inter-

national Drinking Water Supply and Sanitation Decade.



III. THEME A: GROUNDWATER EXPLORATION
AND ASSESSMENT TECHNOLOGIES

A. Lectures

1. Surface Technologies: "Remote Sensing in Groundwater
Investigations,' by Marinko Oluif (Lecture 1)

In his lecture, Mr. OluiZ stressed that remote sensing is achieved
by means of cameras, scanners, or radar, which may be mounted on aircraft
or satellites and which record electromagnetic radiation. (This excludes
the electromagnetic and gravity surveys that measure "force fields," as
used in geophysical surveys.) Remote-sensing sensors can be classified
as '"passive" that is, those that measure the electromagnetic waves
emitted by the objects observed, as cameras and scanners do, and "active"
--systems that emit waves which rebound from their object and are received
back at the source. Radar is an example of the "active'" type of sensor.

Remote-sensing techniques have been successfully used in hydrological
studies: outlining the extent of surface water; tracing geologic struc-
tures and lithological and geomorphic features that would indicate possible
sources of groundwater; and measuring the temperature of surface water.
Through the use of such methods, large areas can be examined in a short
period of time.

Remote sensing should be the first technique used in the investigation
process, although it can also be applied later in combination with other
methods. It must be remembered, however, that remote sensing is only one
useful tool, and there are others; other investigative methods should not
be excluded.

In practice, satellite images--particularly those of the Landsat
series--are analyzed in the reconnaissance phase in order to obtain a
preliminary assessment of groundwater resources. This analysis can show
geologic, geomorphologic, structural, hydrogeological, and geobotanical
features that might indicate the presence of water, such as sedimentary

basins, folds and faults, and geomorphologic units. By identifying and



interpreting such features, basic information on the occurrence of ground-
water can be obtained. In interpreting satellite images, many hydrogeo-
logical relationships can be found which would be difficult--or at times
impossible~-to identify using ordinary methods of data gathering.

Although much of the imagery can be interpreted by visual examination,
additional interpretation is possible using a computer.

While the use of satellite images permits the analysis of broad-
scale regional data, aerial photographs should be used to study local
structures in greater detail. Medium- and large-scale aerial photographs
assist in detecting occurrences of groundwater in relation to morphological
features such as hydrographic networks.

Photo-analysis of geological units and tectonic structures, revealing
morphology, climatic conditions, vegetation, and other factors, may also
disclose such hydrogeologic factors as the recharge zones of water-bearing
horizons and the direction of ground-water flow. Other geologic and
geomorphologic features related to groundwater occurrence can also be
detected, such as systems of fractures and faults, variations in slope,
and hydrographic patterns.

There is practically no region where remote-sensing techniques cannot
be applied in hydrogeologic research. The amount of data obtained varies
depending on the method applied, on the terrain, on the geological
structure and composition of rocks, and on climatic and other conditions.

In arid areas, which are mostly without cover vegetation (North
Africa, Arabian peninsula), aerial and satellite images show almost all
of the data relevant for detection of underground aquifers.

In humid areas which are mostly covered by vegetation, there is a
surplus of water in the soil which can be identified by using infrared
aerial photographs (or radar, if available).

Investigations for groundwater in karst regions require special
techniques. Analyses of satellite images and aerial photographs make
it possible to identify lithologic units and networks of faults and
fissures, indicating possible groundwater movements, and to choose
locations suitable for geophysical measurements and tracer studies.
Positive results from such investigations have been obtained in the karst

of the Dinaric Alps of Yugoslavia.
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Infrared thermal images are particularly suitable for hydrogeologic
investigations in coastal regions where groundwater flows discharge into
the sea. Because of the temperature differences between the cold ground-
water and the warm seawater, freshwater coastal springs can be identified
by the sharp contrast between the colour of the seawater and that of the
flow of the submarine springs discharging into it (Adriatic coast, Hawaiian
Islands, etc.).

The use of remote-sensing techniques in groundwater surveys has proved
beneficial in reducing the time and the cost involved in surveys, and in

collecting accurate and reliable data.

2. Surface Technologies: 'Geophysical Methods in Groundwater
Investigations,' by Stjepan Kovatevic (Lecture 2)

Mr. KovacCevic stressed that while the use of geophysics is not always
indispensable when one wishes to drill a well, in many cases geophysical
investigations are really needed to avoid failures. For instance, this
may be the case where the thickness and composition of aquifers vary over
an area, or in hard-rock areas where water in quantity is to be found only
in rocks of certain types or in certain zones (fractured, karstic, fault
zones).

Geophysical techniques are used in two principal ways--in regional

surveys and in detailed investigations:

a) Regional surveys

A regional survey aims at obtaining preliminary data on hydrogeolo-
gical conditions (extent of aquifers, thickness of sediments, main tectonic

characteristics, etc.).

i. Airborne surveys

Airborne geophysical surveys are performed mainly for ore and oil
exploration, but also for groundwater investigation. In such cases they

may include:

—- Magnetic surveys: to locate magnetic masses at various depths,

especially in the basement (in order to determine depth to the

basement).

-10-




—

Electromagnetic surveys: to distinguish rocks on the basis of

their conductivity and to locate large conductive zones (linea-

ments, fractured, karstic, fault zones, saltwater lenses, etc.).

' Existing geophysical data collected by air for ore or oil exploration

purposes may be utilized for hydrogeological studies.

ii.

Ground Surveys

Giravity surveys are applied mainly in sedimentary basins, to obtain

qualitative data on structure and tectonics. The resulting gravity
maps may be interpreted using quantitative data on depth. Such
data may also be obtained by deep resistivity sounding and seismic
refraction.

Deep resistivity sounding yields quantitative data on the sequence

of layers and the depth of the basement. It is applied jointly
with the gravity method; it can also be the only regional geo-
physical method used, in which case a higher density of profiles
is required.

Seismic refraction gives depth boundaries between media characterized

by different velocities of elastic waves. Seismic refraction is
more costly than the resistivity method and is applied when the
former is hindered by unfavourable resistivity contrasts.

Magnetic survey is carried out simultaneously with gravity survey

if magnetic rocks are expected at various depths or in the basement.
The additional data thus obtained help to obtain more definite
interpretation.

Seismic reflection method may be applied for large and deep sedi-

mentary basins to obtain an accurate image of structure and tectonics.
Because of its high cost, seismic reflection will rarely be included
in groundwater projects. Existing seismic reflection data from

0il exploration may be utilized for hydrogeological studies.

Regional geophysical surveys serve to select areas for further, more

detailed investigations. However, some exploratory drilling may be done

on the basis of the regional surveys.

-11-



(b) Detailed Geophysical Investigations

Detailed investigations concentrate on smaller areas or on particular
problems, and employ a higher density of measuring stations. They provide
data for planning exploratory drilling and for obtaining more complete

image of hydrogeological conditions in the areas concerned.

1) Geoelectrical Method

The geoelectrical method is the geophysical method most frequently
used in groundwater investigations. It comprises several types of measure-
measurements:

-- Resistivity soundings determine the thickness and resistivities

of layers in the subsurface. Resistivity values reflect lithology
or, in some instances, groundwater salinity. Potential aquifers
are separated from the impervious media. Interpretation results
are presented in cross sections or on maps showing the inter-
pretation of various data.

—- Induced polarization soundings, if used simultaneously with

resistivity soundings, provide another parameter (polarizibility)
which is an aid in interpreting depth sections with complicated
resistivity. They help to eliminate aquifer areas with a high
clay content, giving more accurate results than resistivity
soundings alone.

~- Resistivity or electromagnetic profiling is used to explore

lateral changes in the subsurface--to locate contacts and
fractured or karstic or fault zones. In many instances electro-
magnetic profiling is desirable for detecting conductive masses
or zones. Such lateral investigations are useful in hardrock
areas, where they enable selectioﬁ of potential water-bearing

zones.

ii. Seismic Refraction Methods

The seismic refraction method is used for lateral investigations,
mainly to locate depressions filled with unconsolidated sediments or to
detect more highly fractured or karstic zones. They are often used

jointly with geoelectrical methods.

-12-



1ii. Magnetic Method

The magnetic method is used mainly in crystalline rock areas with
volcanic extrusions and intrusions, to locate magnetic masses, dykes,

lava flows, etc.

iv. Gravity Method

The gravity method is used less often but also to detect depressions
filled with unconsolidated sediments, in order to locate cavities and
other lateral changes in density. A higher precision in measurements is
needed.

Whenever feasible it is desirable to apply more than just one geo-
physical method, since the methods mentioned above complement each other.

Geoelectrical methods can also be used in (a) study of groundwater
flow direction, or even the velocity of the flow (by a combination of
borehole-surface measurements); (b) evaluation of aquifer properties
from measurements of surface resistivity; (c) monitoring of groundwater
pollution by repeated surface or borehole measurements; and (d) exploration
of sites for artificial recharge.

The application of geophysical methods has long proved economical.

In spite of this, there are many groundwater projects--even in the drill-
ing of wells--which do not use geophysics in exploration. There is a need

for a closer contact between hydrogeologists and geophysicists.

3. Subsurface Technologies: 'Groundwater Exploration and
Assessment Technologies," by Cedomil Plazek and Zeljko
Zagorac (Lecture 3)

Messrs. Plazek and Zagorac noted that their paper covers exploratory
drilling methods, borehole logging, geophysical logging, and borehole
sampling.

Under the heading "exploratory drilling methods,'" various drilling
techniques were described.

Historically, man~operated hand drilling was the earliest method of
drilling but now this is almost abandoned and is being replaced by up-to-
date engine-powered, hydraulic drilling systems. Modern methods include:

(a) Percussion drilling, using cable tools and a hydraulic percussion

system, for "driven" wells;

-13-~



(b) Hydraulic rotary systems, with conventional and reverse circu-

lation, using air rotary, rotary bucket, and spiral auger,
plus various flushing media: water, bentonite mud, foam, air,
and revert mud;

(c) Combined feature methods, such as jet percussion drilling,

washed-down jetting, and down-the-hole drilling.

Altogether, a review of eleven exploratory drilling methods was
presented, showing their principles of operation and the uses for them
recommended by the rapporteurs, including limits to their use. Comments
were offered on the selection of the most suitable drilling methods for
various hydrogeological conditions.

The section on "borehole logging'" described different methods to
collect and store information, such as the driller's log, the daily drill-
ing report, the penetration rate log, and the interpreted hydrogeological
log.

Under the heading ''geophysical logging'" the following logging methods
were presented: resistivity, spontaneous potential, natural gamma, density
(gamma-gamma), neutron, acoustical (sonic), caliper, and temperature
logging. The methods of fluid-movement logging and radiocactive and
chemical tracing, were shown, as well as photographic and TV logging.

The basic methods of borehole sampling were descibed as related to
various drilling systems: the sample-interval and continuous method of
sampling; and core recovery methods, such as the single and double core
barrel system as well as the wire-line .double-core barrel system. Bailer
methods of sampling, the split-spoon method, and the side-hole core
method were also presented.

Methods of collecting water samples for water quality analyses were

shown.

-14-
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B. Working Group Meetings

Working group meetings dealing with Theme A discussed the topics of

Lectures 1, 2, and 3 under the headings "Surface Technologies (geophysi-

]

cal surveys)" and "Subsurface Technologies," as follows:

1. Surface Technologies (geophysical surveys)

(a) Discussion

Operations of two types were considered: regional surveys directed
at the assessment of aquifer size, depth, and characteristics; and local
surveys to select well sites for ruvral water supply.

It was generally accepted by the group that the use of geophysical
methods is definitely recommended for the first type of operation but
not always justified for the second.

The discussion focussed upon local surveys, and centered on such
questions as these: Is geophysical investigation justified for locating
promising well sites in rural areas? Which geophysical method is best
for this purpose?

As to the first question, the following concerns were expressed:
i. Costs

Costs may reach $US 1,000 to $US 2,000 per village, a rate that is
about 25 per cent of total project costs. However some participants
indicated that in most cases simple and inexpensive equipment and methods
such as light resistivity or magnetometry apparatus could be used. The
experience gained by UNICEF in India in Pre-Cambrian formations and by
the United Nations in Mali has shown that the use of geophysics in
locating well sites saves money, time, and effort. In some sedimentary
formations (as in Libya) the siting of wells can be based entirely upon

geological features.

ii. Reliability and Effectiveness

Most participants recognized that the use of geophysics is most
useful in locating promising well sites. A 20-year experience in hard-
rock areas of Tanzania shows that the use of geophysics allows for a

90 per cent success ratio with an incremental cost of 10 per cent for

-15-



geophysical prospecting. In Iraq the ratio is 90 per cent, with a 50 per
cent incremental cost. In Bermuda the use of geophysics is essential in
the monitoring of seawater in coastal areas. It was empha~ized, however,
that geophysical equipment is very sensitive to mishandling, especially -
during transport, which may lead to erratic, misleading, or meaningless
results.

It was pointed out that in many developing countries there is a lack
of qualified personnel to conduct surveys and interpret their results.

Certain types of sophisticated equipment, such as digital VLF radio-
wave equipment, are easy to handle. Computerization of the results
greatly facilitates interpretation. However, the computer should not be
considered a substitute for the geologist or the geophysicist.

With respect to constraints, it was noted that geophysical surveys
may be influenced by a variety of factors such as difficult terrain or
access; use of irrigation in the area of the survey; and need to locate
wells in the vicinity of a village which is not situated in the best
hydrogeological location.

One of the participants emphasized that geophysical surveys should
not be considered as the one and only tool in groundwater investigation,
although they are an essential component for hydrogeological surveys.
Basic hydrogeological/water-resources mapping is a prerequisite for the

planning of geological surveys.

(b) Proposals

In conclusion the following activities were proposed within the
framework of TCDC: o
i. Facilitation of the training of geophysicists and operators in
hydrogeology, and of hydrogeologists in geophysics;

ii. Exchange of information, (possibly through roving teams) between
contries having similar hydrogeological problems, such as the
crystalline basement areas in Africa and India;

iii. The establishment of an information center regarding the suitabi-
lity and economy of various geophysical methods in meeting

specific hydrogeological problems and socioeconomic targets.
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2. Subsurface Technologies

(a) Discussion

The working group discussion concentrated upon drilling technologies.

It was emphasized that in smaller countries, where one or two rigs af
most are to be utilized for groundwater exploration, there is not much
choice in selecting equipment. 1In other countries, however, drilling
equipment of a broad variety, is used in various technical co-operation
projects. The variety can create difficulties for the drilling personnel,
who must be able to handle machines of several different kinds, and also
maintain and repair them.

The need for water sampling and detailed drilling reports was
emphasized.

It was noted that mud rotary drilling, which is widely utilized, is
not the most suitable method for water exploration drilling. It leads
to the clogging of aquifers and requires the use of water, which is quite
costly and not easily available in arid countries. Light down-the-hole
hammers operated by air are more suitable in many cases.

Many rigs are underutilized, as government rules do not allow for
more than one shift per day--10 hours at most.

The need for training of water-well drillers was emphasized; and the
training center at Wad El Maghboud in Sudan, assisted by the United Nationms,
was mentioned as an example to be followed in other regions. The need in
some parts of the world to develop repair and maintenance facilities on a
regional basis, and to train the necessary personnel for this, was
emphasized., An effort should be made by certain countries to start train-
ing facilities that may eventually act as host to trainees from other

countries.

(b) Proposals

In conclusion the working group proposed that the following TCDC actions

be considered:
i. Collection and dissemination of information regarding groundwater

exploration technologies, including exploration drilling, well
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logging, and pumping tests, so as to make the best use of this
expensive component of groundwater investigations. This may
be done with the assistance of the United Nations system,

including DTCD.

Organization of intercountry training programmes for drilling

and maintenance personnel,.
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IV. THEME B: GROUNDWATER EXPLORATION
AND ASSESSMENT METHODOLOGIES

A. Lectures

1. "Reconnaissance Report of Hydrogeological Investigations,"

by Botidar BiondiZ (Lecture 4)

Mr. Biondic said that reconnaissance investigations are the first
step in the investigation and exploitation of ground and surface water
resources. The need for such investigations is especially great in
developing countries because they provide easier and better planning for
detailed investigations and assist in the selection of the most suitable
technologies for tapping water-bearing structures.

Reliable hydrogeological investigations, which also include recon-
naissance, may increase the rate of success of water-well drilling opera-
tions considerably, especially in hydrogeologically difficult areas such
as, for example, hard-rock regions.

The first operational phase may include remote-sensing surveys made
from airplanes and satellites, and airborne geophysical surveys. These
methods are widely used in deQeloped countries and are very useful in
hydrogeological investigations of extensive aquifers. Their application
is strongly recommended: they have become cost-effective since the
development of satellite photography.

New investigations should be conducted as a direct follow-up of the
previous ones: considerable attention should be devoted to the review
of scientific publications and technical reports in hydrogeology and
related fields.

Photogeological interpretation has considerable significance in areas
lacking adequate geological maps and having a scarcity of geological and
groundwater data. Such interpretation can detect (a) geological macro-
structures and major variations in lithology, (b) zones of major tectonic
deformations, (c) sites of visible water occurrences, and (d) areas suitable

for field investigationms.
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Geological forms with large structures have a direct effect on water
occurrences and on the flow of ground and surface water. It is necessary
to separate areas composed of igneous, metamorphic, and sedimentary rocks.
The zones of major tectonic deformations are mainly related to the bordering
areas of macrostructural forms, and they may also intersect them. Networks
of faults need to be identified in order to determine major drainage zones,
especially in hard-rock regions,

Fieldwork consists of verifying data obtained through previous inter-
pretations of aerial photographs. Field observations should apply to
macrostructural forms, variations in lithology, and water occurrences:
streams, springs, water wells, drains, etc.; and also to water quality
and to the impact of weather on morphology and water resources.

Great attention should be given to analysis of the data gathered
through groundwater reconnaissance investigations. This analysis is
essential to the success of the second stage of field exploration:
geophysical exploration and exploratory drilling.

Hydrogeological reconnaissance may involve ground geophysical surveys,
the drilling of small-diameter exploratory boreholes, and pumping tests.

The most important stage of hydrogeological reconnaissance investi-
gation is the final analysis and interpretation of data. The data should
be transferred onto topographic maps at appropriate scales. Water resources
maps or hydrogeological maps are intended to identify the types and
boundaries of aquifers, with all their features. These maps will be most
useful if they contain data such as groundwater depth, piezometric contours,
transmissivity co-efficients, and specific well capacities. The availability

of such maps will facilitate the planning of exploratory wells,

2. '"Detailed Groundwater Investigations,' by Darko Mayer and Pavao
Mileti€ (Lecture 5)

Messrs. Mayer and Miletil pointed out that there are only a few countries
nowadays where at least a modest number of geographical, geophysical,
meteorological, geological, hydrological, hydrometric, hydrogeological,

and similar investigations have not been carried out. Such exploration
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has been undertaken to discover mineral and oil deposits, and also for
irrigation, water supply, and the construction of energy systems.

However, there are also a few countries where the characteristics of
the main water-bearing areas are as yet unknown. In these countries, it
is necessary to collect such data by detailed hydrogeological exploration,
and submit it to multidisciplinary analysis.

Such an analysis would result, first, in specific information gbout
water-bearing regions, water-bearing systems, and main aquifers. Relating
this information on aquifers to the development plans for the country, an
idea of the need for further exploration work will be obtained. This will
help to minimise unnecessary investment for additional exploration,

Simultaneously, mathematical models should be constructed for isolated
water-bearing systems that are compatible with the particular features
of these systems and with general knowledge of similar systems. By applying
such models, it is possible to perform certain tasks such as water balancing,
parameter distribution, and interpretation and extrapolation of data.

The next basic step is to design and organise the monitoring of hydro-
logical and hydrogeological co-efficients and indicators of groundwater
quality. This step should be repeated regularly.

This system of detailed hydrogeological exploration should make it
possible to establish projects that are acceptable both technically and
financially.

The personnel and the financial resources needed to carry out such
detailed hydrogeological explorations depend on the size of country, its

needs, and the amount of data available.

B. Working Group Meetings

The participants discussed as one both papers presented under the
general heading of Theme B, '"Methodologies': "Reconnaissance"

(Lecture 4), and "Detailed Investigations'" (Lecture 5).
(a) Discussion

Throughout the general discussion it was recognized that the matters

covered by the rapporteurs in their reports should be supplemented by
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consideration of the assessment and monitoring of groundwater resources.
The need to develop groundwater studies to achieve greater success in
water drilling was emphasized.

The need to organize joint surveys of large-scale aquifers that
are shared by several countries was also recognized. Such surveys should
be carried out notwithstanding political difficulties. The UNESCO-assisted
project between Algeria and Tunisia, the FAO-assisted project for the Chad
basin, DTCD-assisted projects for the Nubjian sandstone in northeast
Africa, and the mapping of the two Yemens were mentioned. A UNDP project
in North Afica (Algeria, Tunisia, and Morocco) is focussing on the joint
study of specific water problems.

It was noted that development banks which finance large-scale ground-
water development projects request that a substantial fraction of the
funding be utilised for investigation and assessment: the banks are not
likely to provide financing for the development of groundwater resources
that may be exhausted within 5 to 10 years. There is a constant need for
groundwater surveys, as the situation of water resources is a changing one.
On the other hand a preliminary knowledge of groundwater occurrences can
be acquired on the basis of data on a particular area or on similar areas
available through computerized data banks, as is the case with geological
data covering mineral deposits.

As an example of regional co-operation for groundwater studies includ-
ing hydrogeological mapping, the case of Venezuela and its neighbouring
countries (Guyana and the Netherlands Antilles) was mentioned. Venezuela
has acquired broad experience in groundwater drilling which can be shared
with other countries in Central America and the Caribbean.

It was pointed out that reconnaissance studies may utilize methods
such as the evaluation of losses of surface water to the underground, to
identify groundwater-bearing areas.

In small countries (Bermuda), groundwater resources assessment
development and monitoring cannot be dissociated from each other. 1In
Tunisia the preparation of small-scale water resources map (1:200,000)

is of invaluable assistance in water-planning exercises.
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