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REPORT ON THE SYMPOSIUM OF THE INTERNATIONAL ASSOCIATION OF
SCIENTIFIC HYDROLOGY (I.i.Se.H.) ON "GROUNDWATER IN THE ARID ZONES'
HELD AT ATHENS, 11th to 21s{ OCTOBER, 1961.

SUMMARY -

The symposium of the International Association of
Scientific Hydrology (I.i.S.H.) on 'Groundwater in the
4rid Zones' was held dt Athens from the 11th to the 21st
October, 1961, About onec hundred and ten (110) scientists
attended the symposium and twenty-six (26) countrics were
representced,

Sixty (60) paper: were presented at the svmposium
and these, together with another sixteen (16) papers which
were not presented, were published in two volumes totalling
746 pages in the I.A.S.H. Bulletin, The papers covercd
six aspccts of groundwater in arid zoncs; these were :-

i) General. hydrogeology;
ii) Hydrogcology of rcgions;
iii) Hydrodynamic tests;
iv General vicws on the development of ground-water
resources
v; Detailed s%udy (recharge)s end
vi Detailed study of the development of regions.

During the symposium, mectings of the IL.A.85.H. Council
and Standing Committce on Hydrogeological Maps were attended,
The important items discussed in the Council mectings were :
the proposed Hydrological Decade; the programme of the
International Union of Geodesy and Geophysics (I.U.G.G.)
XI1Ith General Assembly to be held at Berkeley, California, in
1963, and the symposium entitled 'The Upper Mantle of the
Earth's Crust' to be held during the Assembly, The Standing
Committee on Hydrogeological Maps made good progress in
preparing a standard list of symbols for use on hydrogeological
maps. The list is included in this report as Appendix V.

Four excursions were conducted during the symposium to
places of archaeological and hydrological intercst - the
{arathon Dam, Cape Sounion, the Parnassos-Ghiona,and the
Argos=Tripolis regions were visited,

INTRODUCTION

This report is an outline of the symposium on
'Groundwater in the 4Arid Zones' conducted by the International
Association of Scientific Hydrology (I.A.S.H.) at Athens, Greecce
from the 11th to the 24st October, 1961. I attended the
symposium as an observer for the Department of National
Development, Bureau of Mineral Resources, Canberra.

The symposium was attended by 113 scientists and 26
countrics were represcented. The United States of America had
the largest delegation with 25 representatives. France (19)
and Greece (13) were the next best represented, Appendix I
lists the participants at the symposium,

The programme for the symposium consisted of 10 working
sessions during which 60 papers were presented, and 5% days of
excursions, During the symposium I attended meetings of the
I.A.8.H. Council and the Standing Committee on Hydrogeological
Meps.
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COMMITTEE NMEETINGS

During thc symposiun, I attended two sessions of the
I.4.8.Hs Council Meeting and thrue sessions of the Standing
Committee on Hydrogeological laps.,

L.A.S.H, COUNCIL MEETING :

The agenda consisted of :=-

i) U.S. proposal for an Hydrological Decade;

ii) Progremme of the I.U.3.G, XIIIth General Assembly;
iii) Symposia during and prior to the I.U.G.G. Aissembly;
iv) Exhibition of hydrogeological maps ;

v) Resolution by the British National Committee on the
future publications of the I.A.S.H. Bulleting

vi) Relations with U.N.E.S.C.O.
vii) Relations with W.M.O.- (World Metcorological Organization);
viii) Relations with Foi.0s (FPood and Agricultural Grganizatiank
ix) Financial statement.

(i) Hydrological Decade :

It was decided to discuss this proposal at the I.U.G.G.
XIIIth General Assembly, Berkgley, California in 1963, where it
is anticipated that a Hydrological Decade Committee will be
formed from representatives of JTsheSeHsy, I.U.GuGs, U.N,E.S.C.0.,
W.I\-‘I.O.,. arld. Fo.‘rl.O.o IQJ:&CS.H. Wlll fiI‘St lnfOI‘m all National
Committeecs of the proposal and ask them for comment.

(ii)Programme of the I,U,G.G. XIIIth General Assembly :

Discussion took place on the role of the I.4.S.H. in the
proposed I.U.G.G. symposium entitled 'The Upper Mantle of the
Earth's Crust' to be held at the I.U.G.G. XIIIth Goneral Assembly
at Berktky in 1963, The Secrectary, Professor L.J. Tison,
suggested that ohly the section on 'Recent Movements' would be
of interest to the hydrologist., It was decided to send two or
three selected general papers or reports prepared by IL.A.S.H.
to the symposium,

(1ii)Sympo uring and prior to the I.U.G.G, XIITth Gencral ..ssembly:

The I.A.S.H. Council decided to hold & joint symposium with
W.M.0., during the I.U.G.G. General Assembly, Berkeley, on one
or both of the topics -

Hydrological forecasting;

Networks for hydrological meteorology.

Also it is hoped that some members may be able to attend
the pre-Assembly symposium to be held by the A.G.U. at
Stanford University on the subjects of =

Humidity of soils;

Water chemistry;

Physics of Snow,
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(iv)

(v)

3.

Exhibition of Hydrogeological Maps @

After the exhibition of Hydrogeological Maps at the
I.U.G.G. XIIth General Assexivly, Helsinki 1960, the I.A.S.H.
received many requests for a repeat exhibition, To allow as
meny international hydrologists as possible to examine these
maps, the I.A.S.H. Council decided to invite countries to apply
to the Secretary for these maps to be exhibited for a short time
in their own country rather than to exhibit them at the
General Assembly where only a small number of hydrologists
could see the maps. The cost of freight of the maps is to be
charged to the country requesting the exhibit. I made tentative
enguiries to Professor Tison for these maps to be exhibited in
Australia in 1962 during the Annual Underground Water Conference
in Adelaide. Professor Tison indicated that the map exhibition
would be restricted to Europe in 1962, but that it may be possible
to exhibit the maps in Australia in 1963, if a formal request
was received from the Underground Water Conference of Australiaq

Resolution by the British National Committee on the future
publications of the T.A.S.H. Bulletin.

The resolution was

'That the General Secretary of the
International Association of Scientific Hydrology be
informed that the Hydrology Sub-Committee of the British
National Committee for Geodesy and Geophysics :

expresses its appreciation of the services rendered
to the I.A.S.H. by Professor Tison and his family,
not least in the field of publication;

wishes to ensure that Professor Tison and M.Gerard Tison
will continue to ke part in the preparation and
supervision of growing international hydrological
publications;

hopes that Professor Tison and the North-Holland Publish-
ing Company (now precparing publication of an independent
Journal of HydrolOgyg will work out a basis for
collaboration so that a single international publication
may be produced for the benefit of hydrologists in all
countries supporting the I.A.S.H., combining the
editorial strength of the I.A.S.H. with the commercial
strength of the North-Holland Publishing Company, and

recomumends that Professor Tison inform the various
Committecs of the position as regards international
hydrological journals, by mail, in time for it to be
discussed at the next meeting of the Council in Athens
in October 1961. '

Most countries voted against any change in the present
I.4.S5.H. publications. Some countries, particularly the U.S.Ai.,
cited the publication of a 'Journal of Hydrology' as a healthy
sign for thc science of hydrology. Professor Tison received
much praise for his efforts in publishing 4 Bullctins every year
as well as all symposium papers prior to the symposium. It may
be of interest to note the form of the Bulletin. It consists of
two parts, one conteining short scientific papers, and the other
part containing administrative details of the I.A.S.H. The
administrative part contains information of future symposia and
many items of current interest to the hydrologist.
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(vi)Relations with I.NeE.S,C.0, :

Notice was received from the Advisory Committee for
Arid Zone U.N,B.8.C.0. that they would support the I.A.S.H.
1962 Bari Symposium on 'Continental Erosion®.

(viiRelations with W.M,O.

The proposed joint W.M.O0. and I.A.S.H. symposium at
Berkeley in 1963 and the co-operation between the two organizations
in the preparation of an International Bibliography on Hydrology
= are mentioned in Appendix III,

. (viii) Relations with F.A.0. : This was not discussed,

(ix) Financial statement : I was not present when this item was
discussed.

STANDING COMMITTERE ON HYDROGEOLOGICAL MAPS

Acting Chairman: Professor G. Maxey, U.S.A. (in place of
Dr. Buchan, U.K., who was unable to attend
the Athens meeting). *

Secretary: G. Santing, Netherlands,

The main business of the Committee which consisted of
15 members, was to discuss the list of symbols for use on
hydrogeological maps so that some symbols could be recommended to
U.N.E.,8.C.0., before the close of the Athens symposium, This list
was compiled by the Secretary from maps requested from as many
countries as possible by the I.A.S.H. after the 1960 Helsinki
General Assembly. Maps were received from only three countries :
Germany, U.,S.A., and France, Russia also forwarded maps, but
" they arrived too late to be included in the printed list, I
Appendix 'V shows the list of symbols discussed at the meeting
together with some of the Committee's recommendations,

The Acting Chairman stressed that the Standing Committee
could not force countries to abide strictly by the symbols;
he further commented that the symbols arc only a guide to
hydrogeologists, but it was hoped that international hydro-
geologists would try to use these symbols where thoy were
applicable to their maps.

It was deccided to hold a working meeting of the Committee
at the U.N,E,S.C.0. headquarters in Paris in February 1962,
The I.A.S.H. will be asked to send a representative to the
Paris meeting,

FUTURE HYDROLOGY SYMPOSTA

o 1+ The I.A.S.H. will hold two symposia in 1962: the first is
a symposium on 'Continental Erosion' at Bari, Italy.
U.N.E.S.Cs0. will provide financial assistance for this

" symposium, Summaries of papers are reques ved by the
Secretariat before the 1st March, 1962, and the complete
paper to be delivered before the 1st June 1962;

the sccond symposium is on 'Variations of existing glaciers'
to be held at Obergurgl (Tyrol) Austria, from the 10th to

the 18th September 1962, Nominations to submi+* a Paper were
reques ted Before the 30th June 1962, The Secretary (Professor
L.Jds Tison) of I.A.S.H. reported that already many papers
have been received for the Austrian symposium,
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2, The A.G.U. pre~I.U.G.G. XIIIth Guneﬂal Assembly Symposium
at Stanford University, U.S.4., 1963,

Subjects are : Humidity of scile;
Water chemis try;
Physics of SNow,
3. The combined W,M,0., = I.A.S.H, Symposium to be held during
the I.U.G.G. XIIIth General Assembly in Berkley, California
in 1963.
Subjects are : Hydrological forecasting;
; Netorks for hydrological meteorology.

FORMAL _PAPERS

During the symposiun, 10 working sessions were held in
which 60 papers were presented and discussed; these papors,
together with 16 others, which were not rcﬂd at the symposium,
were printed in two volumes totalling 746 pages by the I.A.S.H.
and presented to the participants before the symposium,
U.N.E.8,Ce0, staff provided simultancous BEnglish and French
translations of all papers recad and of discussions at the
sympos ium,

The papcrs on 'Groundwater in the Arid Zones' were divided
into 6 groups (arranged in order of presontgtlon) :
General considcecrations - Genceral hydrogeology : 12 papcers:
Hydrology of recgions : 18 papcrs;
Hydrodynamic tests : 18 papers;

General views on the development of
ground=-water resources : 11 papers;

Detailed study (recharge) : 8 papers;
Dctailed study of the development
of regions : 9 papers.

GENERAL CONSIDERATIONS - GENERAL HYDROGEOLOGY : 12 papers,
Four of the 12 papers presentcd in this section were
by Frenchmen, and 3 werc by Russians.

The papers presentad in this scction were :

1 REFLECTIONS ON THE CO-OPERATION OF SEVERLL DISCIPLINES
TO HYDROGEOLOGICAL RESEARCH'

by R. Ambroggi, R. Hazen, U, Margat & F. Mortier
(National Office of Irrigation, Morocco.).

Some considerations on the necd of co-operation were
discussed, based on some 15 years experience in the U.N.O,
Water desources Service,
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2, 'PRINCIPLES OF EVALUATION OF RISOURCES OF UNDERGROUND
WATERS FOR WATER SUPPLY AND IRRIGATION'

by G. Bogomolov, B. Kudelin & N. Plotnikov (U.S.S.R.)

Four important points werc stresscd and discussed :
the volume of water in an aquifer; the discharge of underground
flow in its section; the replenishment of weter in an
aquifer (recharge), run-off (discharge) out of it, as well as
fluctuations of the volume of water in it, that is, balance
elements of underground waters; and, discharge which occurs
when expleiting the aquifer by capitetion.

%, 'GEOMORPHOLOGY AND GROUNDWATER'

by'J. Tricart (Director of the Centre of Applied Geography,
University, Strasbourg, France).

The author outlined a geomorphological method aimed to
make more accurate the balance of subterraneen waters. This
method combines : (a) systematical geomorphological mapping
with special emphasis on esngle of slope, permeability of soils
and solid rock, unconcentrated run-off, rills, gullies, etc.;
(b) regional geomorphological analysis; and (c) morphometrical
analysis of the hydrogrephic basins. This method requires
specialized training,

4. 'EVALUATION OF PRESENT RECHARGE OF GROUNDWATER IN DESERTS'

by N.A., Ogilvie & V.N. Chubarov (All-Union Scientific Research
Institute of Hydrogeology and Engineering Geology, U.S.S.R.).

Two main methods of evalustion of recharge of ground-
water by studying its balance were outlined : the unstable
hydrogen-tritium isotope balance in groundwatvr ; and
the moisture balance and dynamics in the zone: of aeration.
The authors calculated that the rate of recharge in sands
without vegetation was about 15 mm. per annum.

5. 'EXAMPLE OF HYDROGEOLOGICAL PROSPECTING IN MEXICO BASED ON
THE GEOCHEMISTRY OF WATERS'

by B.J.P. Stretta (Expert in Hydrogecology for U.N,E.S5.C.0.,
Nationel University of Mexico.).

Geochemical study of water samples in the basin of
San Luis Potosi in Mexico (450 km. north-north-cast of Mexico
City) confirmed the nature of influent seepage of the
watertable situated at the southern end of the basin, which
provides more than 8 cubic metres/sec. for irrigation,
This study hos enabled the direction of ground-watcr circulation
to be cstimated, as well as the interdependence between
phreatic weter and thermal water along valleys with
natural drainage, as well as some mixing of calcarcous layers
and andesitic flows.

A coloured hydrogeological map of the San Luils Potosi
arca at 2 scale of 1:200,000 was issued to accompany this
paper.
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6, 'THE CIRCULATION OF GROUNDWATER IN AN AREA BUILT OF
CRETACEOUS MARL EXEMPLIFIED BY THE UPPER SZRENCAVA RIVER'

by Irena Dynowska, (Poland),

This paper was not presented at the symposium,
It is published in Volume 41, p. 4S-54.

7. 'METHODS OF STUDY OF AQUIFERS'

by G. Céstany,(Chief Engineering Geologist for the Bureau
- of Geological Research end Mining, France.).

8, 'ON THE PROBLEM OF REFLECTING THE UNDERGROUND WATERS
RESOURCES ON HYDROGEOLOGICAL MALPS'

by F.M. Bochever, B.I. Kudelin & M.V. Churinov (U.S.S.R.).

This paper was not read at the symposium but it is
published in Volume 1, p. 68=74,

U S84 R. hydrogeologlcal meps are classified as either

'survey' or 'general'. The survey maps are produced at two
scales, 1:500,000 for larger and at 1:100,000 for smaller ones,
These maps show the general laws of distribution of underground
waters of different composition within the whole area of U.S.S.R;
they show the natural and exploitation resources of underground
waters. The general hydrogeological maps are compiled

generally at a scale of 1:200,000, These maps distinguish the
exploitation resources of underground waters which are evaluated
according to the corresponding computation for cach aquifer or a
number of aguifers. According to the available data, the
general hydrogcological maps are divided into scparate districts
which ar¢ characterized by certain volume of exploitation
resources.

9. 'CIRGULnTION OF UNDERGROUND WATER IN THE ALTERED ERUPTED
ROCKS AND FISSURES'

by Gi Koliopoulos & E. Meriolakos, (Geologists from the
Land Reclamation Service, Ministry Of Agriculture,Grecce

10, 'GEOBOTANICAL METHODS OF GROUND-WiTER STUDY'

by 8.V. Viktorov, E.A. Vostokova, 4.V. Shavyrina &
N.G. Moskalenko, (4ll-Union Scicntific Research
Institute of Hydrogeology and Engineering Geology,U.S.S.R)

This paper was not rcad at the symposium.
It is published in Volume 1, p. 78-80.

11, GIENERAL METHODS OF EVALUATION OF THE UNDERGROUND WATER
- RESOURCES, PRINCIPALLY IN THE ARID ZONE'

by M. Gosselin (General Bngineer of Rivers and Bridges,
France, ).
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12, 'ON THE DIFFICULTY OF FORI.TION OF AQUTFERS IN THE
LIMESTONES OF GREECE AND THE TRECTONIC:. OF THE LATTER
AND SOME EXCEPTIONAL CASES'

by J. Frangopoulos & G. Zervoysnnis (Geologists from the
Land Reclamation Service, Ministry of Agriculture,Greece).

The limcstones of Greece are liesozoic and
have an alpine type of tectonics. The alpine folding, as well as
the Tertiary vertical movements, has determined. their tectonic
positien on the crystelline substratum. The limestones generally
have an anticlinal struecture, causced by the movements which have
folded and fractured them. They arc ecxposed either as widespread
beds or in large fractured masses, which are generally intersected
by a network of fractured karsts. The limestones do not offer
the possibility of developing aquifers because of their
profound fracturing.

HYDROGEQT.OGY OF REGIONS : 18 Papers.

Fiftecen of the eighteen papers published in this section
were read at the symposium ; U4 papers were presented by Germens
and 3 by Frenchmen, The papers. are :

1. 'FURTHE? BYDROGEOLOGICLL INVESTIGATIONS IN CENTRAL ANATOLIA,
TURKEY '

by K. Erguvanli, (Professor of Applied Geology, Technical
University of Istanbul, Turkey.).

This paper outlined the results of hydrogeological
investigetions carried out during the summer of 1957-60 (on behalf
of the State Water Department) in the Kayseri-Kirsehir arid
region of Central Anatoliia, Turkey.

2. 'ON THE ORIGIN OF THE SALT IN SOLUTION IN WELLS AND
BOREHOLES OF NIASSA, NORTHERN MOZAMBIQUE'

by V.L. Bosazza (Bechuanaland).

This paper was not presented at the symposium. A summary
of the paper is on page 97, Volume 1.

An examination of over 1300 wells and boreholes in Niassa
showed that the salinities are highest and commonest near the
coast.,. A windborn origin of the salts in solution is not
favoured, but it is suggested that the geological formations and
vegetation are responsible for the salts in solution.=

3, 'HYDROGEOLOGY OF THE CENTRAL TUWAIQ MOUNTAINS AND
ADJOINING REGIONS (SAUDI-ARABIA)'

by R. Wolfart, (Hannover),

L. 'HYDROGEOLOGY OF THE CENTRAL REGION OF ASIA MINOR'
by H.N. Pamir, (Turkey).
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5, 'HYDROGEOLOGICAL OBSERVATIONS IN THE SEARCH FOR UNDERGROUND
WATER IN THE WESTERN DESERT OF EGYPT, U.A.R.'

by M.K. El Ayouty & M.A. Ezzat (General Desert Development
Authority, €Cairo.).

This paper dealt with the artesian water of the
Palaeozoic-Mesozoic Nubia Sandstone of the Western Desert of
Egypt, U.A.R., which supplies water to the development programmes
in the oases of Kharga and Dakhla,

6, 'THE AQUIFERS IN THE NEOGENE BEDS OF GRERECE'

by G. Koliopoulos & J. Frangopoulos, (Geologists from the
Land Reclamation Service, Ministry of Agriculture,Greece),

Neogene sediments occupy a large part of the country.
The Neogene beds are deposited unconformably either on the
Tertiary flysch formations, or on the Mesozoic limestone, or on
‘the metamorphic rocks of the crystalline substratum of the country,
The stratigraphic structure of the MNeogene sediments, which range
from marine to lagoonal facies, consists of a sequence of beds of
grit, marl, marly limestone, marine limestone, and conglomerate,
The Neogene deposits are the zones of concentration of very large
guantities of water. Ovor a pexriod #f 71 years 2116 boxes
yieldod a total discharge of 215,000,000 cubic metres of water.

7. "HYDROGEOLOGICAL INVESTIGATIONS IN THE SOUTHERN DESERT
OF ISRAEL'

by Y. Harpaz, (Water Planning for Isracl Ltd, Tel-Aviv,Israecl)

This paper referred to a zone averaging a precipitation of
less than 100 mm, per year and with a free water surface
evaporation estimated at more than 2,000 mm. per year. Groundwater
is searce, of varying degrees of salinity and usually found at
great depths. MNatural recharge of groundwater occurs through
locel strcam-beds or through underground flow from remote arcas.
The playas constitute the principal natural discharge outlets
of groundwstor within this region,

8. 'THE WATERS OF THE LIAS LIMESTONES IN MOROGCO'
by P. Mortier (National Irrigation Office, Morocco,)

9. 'METHODS OF INVESTIGATING THE GROUND-WATER RESOURCES OF THE
PARNASSOS~-GHIONA LIMESTONES'

by D.J. Burdon & N. Papakis, (United Nations Special Fund
Project for the investigation of the groundwater Pesources
of karstic limestone; Institute for Geology and
Subsurface Research, Athens, Greece).

(The Parnassos-Ghiona area was visited during the 3-day
cxcursion after the symposium - see Figurc 2.)

S tendard methods were usced for the investigation of
ground-water resources of the 1774 squarc kilometers forming the
Parnassos-Ghiona limestone region., Boundaries were chosen so as
to ecliminate or minimigse subsurface ground-water undsrflow in or
out of the region beneath the tcrrestrial boundaries.
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The arce is covered by good topographical and geological
maps on the 1:50,000 scale. A basc map was prepared, showing the
88 drainage besins into which the 1774 square kilometers can be
subdivided ; there are 32 basins of open drainage and 56 closed
karstic basins, totalling an arcea of 214 square kilometers,

A new precipitation map was prepsred for the region and a
coefficient of infiltration determined for a new precipitation
map. A balance between water income and out-going was established;
calculated annual infiltration greatly exceeds discharge from
the known terrestrial, coastal, and submarine springs.
Hydrolithological maps showing aquifers and aquicludes were
prepared from existing geoligical maps. The effect of tectonics
and structure on the direction of ground-water movement was
studied. Hydrochemical studies were carried out on thc ground-
water in the aquifers. Electrical rcesistivity surveys werc
used to locate drilling sites for exploitable groundwater,

10. 'A COMPARISON BETWEEN SOME HYDROLOGICAL OBSERVATIONS MADE
IN THZ JURASSIC AND CHNOMANIAN LIMESTONE MOUNTAINS,
SITUATED TO THE WEST AND TO THE RAST OF GHAB BRABEN,
(U.A.R., SYRIA)'

by C. Voute, (Netherlends)

From a detailed study of eltitude, flow characteristics,
temperaturc, and chemistry of many springs along the margins of
the Ghab Graben, it was shown that the fractured Ccnomanian
limcestones along the cast side of the graben act more or less
as a singlc underground rescervoir, with a major rccharge area
situated to the south-cast and a secondary area to the north-ecast
of the springs. Along the west side, the water circulation is
restricted to shallow and small isolated reservoir areas in
fractured and karstic Jurassic limestones.

After this paper, somc time was spent in discussing many
espects of hydrology and geomorphology in limestone and
- dolomite regions,

11, 'EVALUATION OF THE RESOURCES OF UNDERGROUND VWATER IN ARID
ZONES - THE PHREATIC WATER TABLE OF PRE-SAHARIEN MOROCCO'

by J. Margat (Engineering Geologist for the Water Resources
Service, National Office of Irrigetion, Morocco),

The evaluation of ground-water resources consists of
determining the water balance of a given watecr table and an
gstimation of the possibilitics of modifying its elemente
without turning the natural water balance. In arid zones it is
important to evaluate evapo-transpiration.

The two arcas studied were the phreatic water table of
Tafilalt, principally fed by infiltration of surfacc water
naturally %floods) or artificially (irrigation waters) brought,
and mainly discharged by evapcetranspiration ; and the water
teble of Ferkla, mainly fed by & continuous: upply from
upsgstirean.
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12, 'VARIATIONS IN WATER LEVEL AND SALINITY IN THE
CLARENDON FLAINS, JAMATICA, W.I.®

by H.R. Versey (Great Britain).

The discharge from one of the springs varies directly
with the c¢levation of the water table nearby and inversely with
the concentration of dissolved solids and the radiation intensity.
The ionic ratios are comparable to those of sea water although
the spring rises t0 4 feet above sea level, The salinity of the
well water varies generally with the water table elevation,
serious pollution occurring when the pumping level is still above
sea level, Therc is a ~lose relationship between the water level
fluctuations in the affected wells and in other wells throughout
the plain, Thus, if over-pumping is ocecurring, it is a regional
rather than a local feature.

13. '"GROUND=~WATER CONDITIONS IN THE CHACO BOREAL OF PARAGUAY'
by F. Bender and H, Flathe (Hennover),

The decisive regulating fectors for the ground-water
balance were determined from the anslyses of 200 water and soil
samples, and drillings, and a geoclectrical survey (160 resist-
ivity ‘readings by the four-point method), which provided
indications about hydrogeological conditions down to 200 metres
depth by utilizing the different electrical conductivities of
the underground layers.

14, 'CONSIDERABLE CONCENTRATIONS OF UNDERGROUND WATER IN
FISSURED MARIS'

by J. Frangopoulos, (Gecologist from the Land Reclamation
Service, Ministry of Agriculture, Greece.).

This paper was not read at the symposium.
It is published in Volume 1, 186-188.

15, 'HYDROGEOLOGY OF NORTHERN JORDAN'
by R. Wolfart, (Hannover.)

This paper was not read at the symposium.
It is published in Volume 1, 189-199.

16 'SOME RESULTS OF GROUND-WATZER INVESTIGATIONS IN THE

REPUBLIC OF SUDAN'

by G. Gubert, H. Kleinsorge, K. Kreysing & H. Venszlaff,
(Hannover),

-

This paper weas not read at the symposium,
It is published in Volume 1, 201-213,
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17. '"STATUS OF HYDROGEOLOGIGAL INVISTIGATT: %3 IN THE NEW VALLLEY
PROJECT, WESTERN DESERT, EGYPTLAN REGLON, UNITED ARAB
REFUBLIC!

by H.A. Waite (United States Oyerseas Mission, Cairo,
Egypt, U.A.R.) & H. Idris (General Desert Development
Authority, Cairo, Egypt, U.A.R.)

The New Valley Project of some 90,000 square kilometers
is the largest of five principal ground-water development
projects planned for thcec Egyptian region. Lands in the oases
deprcssions in the Western Desert arc being reclaimed and
developed by utilizing artesian water, Hydrogeological
investigations began in January 1960 to determine the development
potential of the Nubian Scriss of alternating clays, shales
and sandstones. The sandstoncs arc the principal agquifer
underlying the Western Desert.

Investigations currcntly in progrcss congist of @
geologicel mapping; subsurfece geological studies; gravimectric
surveys; cxploratory test drilling and production drilling of
pilot development wells; analysis of drill cuttings, corcs,
clectric logs, and drill-stgm tests; acrial photography and
airborne magnetometer surveys; periodic measurements of
discharge and artesian pressures in rcpresentative wells;
tests to determine aquifer characteristics; studices of
chemical quality and of well-corrosion problems; detailed
solls-classification studies; and agricultural pilot~developmecnt
studics to explorc the adaptability of soils to differcnt methods
of irrigation,

18, 'ESTIMATION OF THE VALUE OF THZ CIRCULATING DISCHARGE IN
THE CONTINENTAL INTERCALAIRE IN THE SAHARA, SOUTH ALGZRIA'

by A. Cornet & P.L. Rognon, (France).

EYDRODYNAMIC THSTS : 418 Papers.

Fourteen out of the 18 papers published in Volume 41 werc
read at the symposium. French delegates werce the main
contributors to this scection, prescnting 4 papcrs. The papers
published arc :

1. '"CHARALCTERISTICS OF DISCHARGE OF 4AQUIFER FORMATIONS'
by A. Wicezysty (Poland).

This paper weas not rcad at the symposium,
It is published on pages 243-253 of Volumc 1.

2. 'THE DISTRIBUTION OF GROUNDWATER BENRATH ARTIFICIAL
RECHARGE AREAS'!

by D.K. Todd (Associatec Professor of Civil Enginecring,
University of California, Berkley.).

The unsteady flow of groundwatcr bencath surface spreading
areas heving uniform recharge rates is governced by subsurface
boundary conditions. Where lateral boundaries exist, flow
approachcs a steady state, but where vertical boundaries govern,
the flow may never approach equilibrium. Only the simplest
situations arc subject to analytic solution; whereas laboratory
models can reveal flow patterns for complex conditions,
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3. 'RECHARGE OF GROUNDWAL. 7; Bf 2IViIR Wwarm!

by M. Boreli (University of Belgrade, Yugoslavia),
M. Vukovie (Water ¥astitute, Belgrade), and '
M. Milojevie (University of Belgrade, Yugoslavia).

This paper dealt with the recharge of groundwater - by
the flow from a river and the characteristics of the contact
zone between the river and the intake, It showed the
possibility of utilizing the existing well data as well as
piezometric head data for determining a flow net near the river,
and particularly at the contact of the river and the aquifer,
The conditions of settling and scouring of the transported bed
material on the river/cquifer contact were discussed,

L. 'ON THE RECHARGE OF ARTESIAN AQUIFERS AS A RESULT OF WATER
RELEASE FROM CLAY LAYERS'

by V.D. Babuschkin, S.P. Prokhorov, & A.A. Saar (All-Union
Scientific Research Institute of Hydrology and
Engineering Geology, U.S.S.R.)

During pumping from deep-lying aguifers, cones of
depression are usually characterised by by much more development
than during pumping from comparatively shallow artesian aquifers
under the same conditions, This is explained by water leakage
through clay-layers from adjacent aquifers,

5. 'THE GENETIC DEPENDENCE BETWEEN DEEP WATER AND SURFACE WATER!
by Z. Kajetanowicz (Poland).

This paper was not read at the symposium,
It appears on pages 281-291 of Volume 1.

6. 'FORECAST OF WATER TABLL FLUCTUATIONS IN A COASTAL AQUIFER
BY THE HELE-SHAW MODEL®

by Y. Kahana and J. Bear (Isracl).

The model simuleted natural and artificial replenishment
end water table fluctuations. By using two liquids with different
densities and velocities, the problemn of sea-water intrusion
including the shape and position of the interface and its
relationship with the ratc of flow of fresh water into the sea
and with the fresh water elevations near the coast were
investigated.

7. 'SEMI-EMPIRICAL ESTABLISHMENT OF THE CORFFICIENT OF
FILTRATION AND OF PUMPING TIME IN QUATERNARY FORMATIONS'

by W. Kollis, (Poland).

8. 'FORECASTING OF THE FLUCTUATIONS OF THE PIEZOMETRIC SURFACE
OF 4 PHREATIC WATER TABLE IN THE ARID ZONZ; 'THE TAFILALT
PLAIN (PRE-SAHARIEN MOROGCO)

by R, Hazan & J, Margat, (National Irrigetion Office, Water
Resources Scrvice, Moroccos.

This water table is mainly fecd by infiltration of
irrigation and flood watcrs and it is out of balance; pluri-
annual and long lowering movaments of the piczometiric surfaces
could oceur during a series of drought years. The hydrodynamical
study of the discharge curves allows, by cxtrapolating the
theoretical exponential curves approaching them, to compute the
eveluation of the water table if eny recharge takes place.
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9, 'DETERMINATION OF SAFE YIELD IN A COASTAL AQUIFER'
by Y. Kahana & J. Bear, (Israel).

Water table elevations were used to determine
the regional safe yield.

10, 'HYDRODYNAMIC STUDY OF THE INTERACTION OF TWO WELLS IN
THE CASE OF SIMULTANEOUS INJECTION!

by R. Hazan & G. Chapond, (Morocco),

11. 'ECONOMICAL SPACING OF INTERFERING WaLILS!

by ¥.S. Hantush (Senior Hydrologist and Pro#.ssor of
Hydrology, New Mexico Institute of Mining & Technology,
Socorro, New Mexico, U.S.A.)

This paper was not read at the symposium,.
It is printed on pages 350~36L4, Volume 1.

The formulae for drawdown around wells draining aquifers
of infinite areal extent are used in conjunction with economic
considerations to obtain expressions for computing the most
geconomical spacing between interfering wells.

12, 'INTERFZRENCE OF RADIAL COLLECTOR WELLS ADJACENT TO THE
RIVER BANK' by M. Milojevic (Assistant at the Civil
Enginecring Faculty, University of Belgrade, Yugoslavia).

13, 'RELATION BETWEEN DISCHARGE AND HYDRODYNAMIC CONDITIONS IN
THE VICINITY OF THE WELL'
2 i it
by G. 0llos & K. Ubell, (Hungary).

The authors discussed hydraulic phenomena occurring in
the immediate vicinity of the well-mantle, and the
applications of pumping tests results.

14. 'GEOPHYSICAL METHODS AND THE SEARCH FOR UNDERGROUND WATER'
by J.J. Breusse, (France).

The advantages and disadvantages of the different
geophysical methods in the search for underground water were
discussed ; in the arid zonecs of Africa, the clectrical
method was the best geophysical method for thc search for
underground water,

15. 'SOME INTERESTING GEO-HYDROLOGICAL STUDIES ON A TEST WELL AT
DEODAR, BANASKANTHA DISTRICT, NORTH GUJARAT'

by B.K. Bawcja, (Geological Survey of India).

This paper was not prcscented at the symposium.
It is contained in Volume 1, pages 4OL-412,

- 16, 'THE PROBLENMS OF FILTRATION COMPUTATIONS OF PERFECT AND
IMPERFECT WEBLILS' by V.M. Shestakov, (U.S.S.R.)

" The paper described methods and computationallrelation—
ships for defining the yield of imperfcect and perfect wells.,

17. 'VERIFICATIONS FOR THE SEARCH FOR UNDERGROUND WATER AND ....
OF SOMEZ DIVERSE SYSTEMS OF DRILLING.

by L. Zori, (Italy).
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18. 'HYDRODYNAMICAL STUDY OF RATIONAL TYPR3I OF WATER CATCHMENT
AND RESEARCHES ON THE MEANS OF INCRUASING THE PERIOD OF
EXPLOITATION'

by R. Hazan, (Morocco),

The equation determining the effects resulting from
pumping an underground water sheet was considered. Precisions
were given as the application of this relation to the level of
mining operations., Some conclusions and remarks from this
study made it possible to work out 'rational' drilling in the
proper sense of the word, Some advice was given for carrying
them out and prolonging the period of exploitation, still by
means of a hydrodynamic study of the water csaizhment.

GENERAL VIEWS ON THE

RESOURCHES : 41
Papers

Eight out of the 14 papers published in this scection
in Volume II of the Symposium were read at Athens., PFive of these
papers were preparced by Americans, During this session two
recent publications on ground water development were brought to
the noticc of the participants ; the publications arc :

(1) 'Manual for Groundwater Development'. American Society of
Civil Engincers, Number 40, March, 1961.

(ii) ‘'Large scale development of ground water', United Nations
Water Centre, August, 1961.

The papers presented in this section werc :

1., 'PLANNING FOR GROUND-WATEZR DEVELOPMENT'

by R.0, Thomas (Engincer, United States Technical
Cooperation Mission to India.).

The discussion was divided with respect to basins in a
natural (virgin) condition; in a condition of partial develop-
ment (beneficial usc equal to natural rechargo); and, fully
developed basins, where the natural supply was augmented by
artificial recharge and conjunctive operation with surface
watcr supply development.

2, 'THE RELATIONS BETWEEN THE SUPZRFICIAL WATER AND THE
UNDERGROUND WATER'

by J. Tixeront, M. Chaumont, & H. Zebidi, (France).

%, 'THE HUMBOLDT RIVER RESEARCH PROJECT, NEVADA'

by G.B. Maxey, (Profecssor of Geology, University of
Illinois, and Head of Scction of Ground-Water Geology,
Illinois State Geological Survey) & H.A. Shamberger,
(Director, Dept of Conservation and Natural Resources
Nevadaj.

Since it was not possible to study adequately
the wholc Basin at once, a reach of the River believed to
be a well-defined hydrologic province wes selected to begin
investigations, The primary aims in this initial phase of
the project include : ,
(i) Development of methods and proccdures
for evaluating the magnitude of the components of the
hydrologic cycle in a scemi-arid basin.
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(ii) Determination of geologic and geomorphic controls on
water resourccs of the Basin, especially those rclatced to
movement, storage, and availability of water, :

(iii) Determination of consumptive usc of watcr by crops,
native useful vegetation, and non-bencficicl ~egetation,

(iv) Determination of the amount of water prescntly
non-bencficially uscd by phreatophytes or otherwise being wasted
that can be salvaged, Also devising ond testing methods for the
replacement of non-beneficial plants with beneficial oncs.

(v) BEvaluation of “he economics of modifying prescnt
farm practicces or other water usc¢ in the Basin Un inercase the
values of crops and products and thus the efficiency of water use

. The project hos been in operation for two ycors and it
involves the co-operation of two State agencies, two Universities,
and six Federal agencies,

L, 'HYDROGEOLOGICAL COMPUTATIONS OF EXPLOITATION RESOURCES OF
UNDERGROUND WATERS FOR LARGE WATER SUPPLY'
by F.M. Bochever (All-Union Scicntific Research Institute,
"Vodgco", Moscow. ).

5. 'DEVELOPMENT OF AN INDUSTRIAL GROUND-WATER SUPPLY IN
SOUTHERN TURKEY' _
by J.B. Graham, (Lcggette, Brashears & Graham, Ncw York,)
UaSo.A.u
Ground=-water investigations for a new oil
refinery requiring 1500 gallons per minute consisted of
preliminary gceologic reconnaissance, inventory of existing
wells, drilling of cight test borings, one of which penctrated
600 feet and the others 150 fect, construction of two test
production wells and eight obscrvation wells, pumping tests
during both wet and dry seasons, and the location and design
of four final production wells, Gravel-packed wells with
12-inch stainless steel screens will produce more than
500 gellons per minute without danger of salt-water contaminat-
ion from thc nearby shore,

6., 'NOTE ABOUT THE UNDERGROUND WiTER RESOURCES IN TUNISIA'
by A.Bonnier, M.,Bouzid, & 0.W., Tscheltzoff, (Tunisia).

Methods uscd for evaluation of the hydrologic balance of
underground formations are¢ presentcd with cx“mples concerning
dunc, sand, and limcstone formations.

7. 'LABORATORY TESTS ON THST DRILLING SAMPLES FROM RECHNA DOAB,
WEST PAKISTAN, AND THEIR APPLICETION TO WATER RESOURCES
EVALUATION STUDIES' by A.H. Kazmi, (Senior Geologist,
Watcr Resources end Engineering Geology Branch,

Geological Survey of Pakistan.§

Test hole samples down to depths of 600 fect were tested
in the laboratory for grainsize distribution, porosity,
permeability, and meisture equivalent. Interpretation of the
lzboratory data helped to zone the subsurface alluvium intoe
the coarser and more permeable stream bed and meander belt
deposits and the finer and lcss permeable flood plain deposits.
This has resulted in the location of buried ground-water
channels, Using thce laboratory data coefficients of '
pcermeability, transmissibility, and storage were computed for
the aguifer at each test hole. Based on these hydraulic
properties the aquifer was zoned and these zones were mapped.
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8. 'WAYS OF INCREASE OF S®XPLOITATION UNI *.JROUND WATER
RESOURCES (SUPPLIuS)!
by Professor Plotnikov, (Moscow Geologic Prospecting
Institute, U.S.S.R.)

The increcasc of c¢xploitation underground water resources
is accomplished Dby :

(i) a good choicc of water collceting arceas with thc best
filtering properties and the decreasce of resistences of
underground water in the wells ;

ii) the increase of the regulating capacity of the aguifer ;
iii) the better feeding of the aquifer ;
iv) the increasse of the lowering of the watsr level in
« éxploitation and shortening the distance betwcen the
water-collecting and feeding areas of underground water ;

(v) the dccrease of the expenditure part of underground water

- balance (trenspiration of plants, cvaporation-from the
soil, etc.) ;

(vi) a good choice of the water lifting pump includin
retionalization of the self-flow. ;

9, 'WAYS TO INCREASE BFFICIENCY OF ZXPLORATION WELLS '
by F. Noring, (Germany,).

Collect data concerning ground-water levels and
chemis try, also of precipitation and runoff, before beginning
go drill, Relate all data to sea level or another uniform
ase,
Renounce stiff drilling programmes. Settle each new
borehole after fully using the results of the preceding
exploration well,

Examine the principal composition of watcr samples.

In unknown regions, first, rccognise the diffecrent strata
- and aquifers, sccond, examine the aguifers of grcat promise by
pumping tests; finally, build production wells.

10. 'GROUNDWATER IIN THE ARID AND SEMI-ARID ZONE; ITS SOURCE,
DEVELOPMENT, AND MANAGEMENT !
by C.S. Conover, (issistent Chief, Groundwater Branch,
United States Geological Surgcy).

Groundwater in arid and scmi-arid arceas is governed by
the same geologie and hydrologiec controls as in humid areaos,
For recharge the frequeney and intcensity of wet years is more
significant than the frequency and length of periods of
drought.

Successful long-term development and management of
ground water in water-deficient arid and scemi-arid areas must
recognise end be tailorcd to two main situations

in arcas wherc the volume of groundwater in storage is
large and the recharge meagre, groundwater must be minedy

in strceam vallcys where the ground and surface waters are
5 intimately related, the two must be utilized as a unit
water resource on & perennial basis.

11. 'MAN-M%DE CHANGES IN THE WATER RIESOURCES OF TRIPOLITANIA,
LIBYA

by C. Vita~Finzi, (University of Cambridge) & R.C. Vorkis;
(U.S. Geological Survey, Atlanta, Georgia, U.S.4.).
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DETALILED STUDY (RECHARGE) : S T-pers

Seven out of the 8 papers publishe.. in Volume II were
read at the symposium. The papers published are

1. ' GAMMA-METHOD FOR OBSERVING OF DYNAMICS OF MOISTURE
PERCOLATING IN SOILS AND CONSIDERED IN EVALUATING
OF GROUND-WATER RESOURCES'

by V.I. Ferransky and F.S. Zavelsky, (All-Union Scientific
Research of Hydrology and Engineering Geology, U.S.S.R.).

This method is based upon gamma ray absorption by soils.
It is considered that the dry density of the soil down the zone of
heaving is unchangeable and the degree of gamma attenuation
changes as a result of change in moisture content. Measurements
up to a depth of 20 metres have been made.

24 "AQUIFERS OF BERRECHID AND CHARF EL AKAB. FEEDING MECHANISM
aND EVhLUﬂTION OF UNDERGROUND WATER RESOURCES. ARTIFICIAL

RECHARGE.' 40 B Hazan, (Morocco).

3. 'ON TEHE MECHANISM OF THE REPLENISHMENT OF AQUIFERS IN THE
NEGEV (THE ARID REGION OF ISRAEL) - 4 PROGRESS REPORT'

by M.J. Goldschmidt, (Israel).

The normal pattern of run off in arid regions with other
than highly permeable soil is conditioned by the scarcity of
precipitation. Soil moisture above air dryness occurs only in
the few top decimetres, and only after precipitation. Below
this narrow belt, concentration of underground water by
gravity and accretion directly through precipitation does not
occur - except at places where water happens to accumulate on
the surface and downward movement is thus temporarily possible.
When non-sandy soil is saturated and rain continues with an
intensity exceeding downward percolation, overland flow starts.
Replenishment through flood water is generally fresh, that
caused by temporary accumulation in depressions may be brackish
or saline.

4. 'IMPORTALNCE OF LATER.L RECHARGE FOR PHREATIC WATER-TABLES

IN 4LRID ZONES! by ?. Mortier, (MOI‘OCCO)O

From computing the water-balance surplus in arid and
semi-arid zones, the impossibility or at least interannual
irregularity of slimy plains rainwater infiltrations seems
obvious. So a permenent phreatic underground rescrve would be
impossible, without its recharge from water tables formed in
more humid zones and in areas where lithology allows a rapid
infiltration.

5¢ '4AN ANALYSIS OF RESERVOIR CaPACITY REQUIREMENTS FOR
CONJUNCTIVE USE O SURFACE AND GROUND-WATER STORLGE!

by M. Burns and W... Hall, (Department of Engineering,
University of California, U.S.4.).

Maximum development of water resources requires conjunctive
utilization of surface- and groundwater rescrvoirs. To do so,
one has to detcrmine the amount of surface storage to be
provided, and to establish a pattern for allocating the
available water to surface and to groundwater storoge.



The operational problcm is comsidered first, and the
allocation to each of the itwo kinds of storage is attempted.
The allocation problem is shown to result in an 'a2ll or nothing'
proposition, i.e., all available water should be stored in
surface storage or in the aguifer, depcnding on the state of the
system, The surface storage capacity is devermined by optimizing
the total net benefit over the reasonable economic life of the
project, using a proper discount rate for selected surfeacc
storage capacities in a logical range. A mathcmatical model is
set up, solvable by the use of high speed digital computers, so
that particular situations may be solved for the optimal
reservoir capacity.

6. ‘'DEVELOPMENT OF A KARST LIMESTONE SPRING IN GREZCE'
by G. Aronis, D. Burdon & K, Zcris, (Groece).

It is plennced to regulate the flow of a group of springs
in the Parnassos rcgion by pumping during the irrigetion scason
to such an extent, that the underground rescrvoirs in the
limestone would be so depleted thet the carlier portion of the
winter infiltration would be stored underground and free flow
from the spring would not pecommence until the middle of winter,

7. 'GROUND-WATER RECHARGZ BY DIRECT INFILTRATION OF RAINFALLF
by K. Ubell (Candidatc of Technical Scienccs, Rescarch
Institute for Wator Resources, Budapest, Hungary ).

This peper conteins date observed during 10 years on two
experimental arcas - one a karst-land, the other e sand-ridge.
The conclusions are : (i) annual quentity of groundweater rccharge
and monthly distribution thereof under different circumg tances;
(ii) in case of infiltration through fissured rocks a percnnial
recharge of more considerable quantity appears, than in
granular sediments; (1ii) in this latter case evaporation of
ground water is significant owing to the cffect of fluctuations
in soil tcmperature, whercby periodical replenishment will be
exhausted; (iv) according to the observation datn, in granular
gscdiments a more considerable perennial groundwater rccharge
comes into being, whcen the annual sum of precipitation is
sreater than 77-80 percent of the vaelue Eo computed by the
formula of Penmon,

8. 'GROUND-WATER DILEMMA AT TEBOULBA, TUNISIA'
by E.E. Thomas and L.C. Butcher, (U.S.A.).

Teboulba's dilemma is that the currcent rate of pumping
from wells is depleting the subterransan reservoir; but the
water thus being withdrawn from storaze is of better gquality
than some of the water that replenishes the rcescrvoir, so that
even if the rate of withdrawal is rcduced, the gquality of water
in some wells may dceteriorate,
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DETAILLD STUDY OF THE DEVEIOPHMENT OF REGIONS : 9 Papers.

Bight out of the nine papers published in Volumec II in
this section were prescented at the symposium. Four of the papers
were submitted by Greek hydrologists and three papers were
submitted by U.S.4a. hydrologists.

1. 'THE EXPLORATION AND DEVELOPMENT OF GROUND-WATER RESOURCES
IN IRAN' by W.H. Bierschenck & G.R. Wilson (Consulting
Engineers ).

An cnginecring approach to the exploratiocs and development
of groundwater rcesources has proved successful in Iran,
Geohydrologi econnaissances followed by engincered well
cons truction ‘'and development, and by controlled pumping tests at
17 sites have led to the completion of 4O production wells with
en average yield of 400 g.p.m.

Evaluation and publication of data obtained during the
drilling, sampling, screening, developing, ond testing of some
of these wells is a major contribution to the scicnce of
ground-water hydrology, since most of the availablc quantitative
studies are limited by a varicty of unknown quantitics that
usually defy acdequate determination.

!

2. '"RECONNAISSANCE METHODS OF LOCATING STOCK WELLS IN ARID
NEGIONS OF THE UNITED STATES'
by H.V. Peterson (U.S. Geologiecal Survey ).

Beecausc the yield of most stock wells nced not exceed
5-10 g.p.m. (gallons per minute) a variety of aquifers that would
be unsatisfactory for larger wells will qualify as a source for
stock wells., Thesc include alluvium of varying texture,
moderately permeable consolidated rock, and some dense rocks made
sufficicntly permeable by joints and fracturcs. In evaluating
the potential of any prospective aquifer geologists cxamine wells
in the vicinity to obtain information on the aquifer and the levdal
of the water table., Features such as sceps, springs, streams, -
and phreatophytc growths are investigated since they are
importent indicators of ground-water occurrence and movement and
may show the approximate position of the water table.

3. 'OESTROGENE ACTION OF ORGANIC SUBSTANCES FROM THE MUD OF
SOME THZRMAL SPRINGS OF GREECE' by N. Louros, B. Terzis,
M. Pavlaton & A. Bvangelopoulos (Greece).

L., 'PLANNED EXPLOITATION OF THE AQUIFER FEEDING THRE
NA'AMAN SPRING'by S. Mandel & F. Mero (Water Planning
for Israecl Ltd,, Tel Aviv ).

The average yield of the Na'aman spring in Northern Israel
near Haifa, was 43 mcm/year of water with a salinity of
650-7® p.p.m. Cl ioh. The aguifer fcceding the spring consiste
of limestone and dolomite and is cexploited by wells which now
yield an average annual supply of 25 mem/yeer of fresh water.
As a consequence yield of the spring hes been sharply reduced,
Salinity is obscrved by frequent analyses and with the aid of an
observation well. Yearly weater balances of the aguifer arec
calculated from the decey characteristics of spring discharge
and water levels, corrected for the dynamic influence of pumpage.
Forcecasts of the spring yleld can be worked out on a yearly and
monthly basis, .
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It is intended to divert the maximum safe yield of
fresh water from the aquifer by pumping in wells and use
the residual saline flow of the spring for industrial purposes )
and fish ponds,

5. 'RELATION BETWEEN THE CHEMICAL COMPOSITION OF HOT MINERAL
SPRINGS IN GREECE AND THE GEOLOGICAL CONSTITUTION OF THE
COUNTRY' by Dr. M. Pertessis (ex-Chief of the Geochemical

Section of the Geological Service of Greece ).

6. 'TECHNIQUES OF GROUND-WATER DEVELOPMENT IN THE NAVAJO COUNTRY:
LRIZONA, NEW MEXICO AND UTAH, U.S.A.'
by J.W. Harshbarger (Profcssor of Geology, College of
Mines, University of Arizona ).

The Navajo country, & high (5,500 feet) tableland, has a
cool climate and arid environment - the region is 50 percent
desert. The streamflow is small and intermittent, as much
precipitation is lost to evapotranspiration. Barly ground-water:
development by shallow alluvial wells was subjecct to failurc
in drought periods., Tcechniques to determine the occurrence of
groundwater included : (i) diffcrentiation of the sedimentary
rocks and mapping their lsderal and vertical distribution;

(i1) measurement of water levels, saturated thickness, well
yield, and quality of water; (iii) corrclation of data from
flet-wells with regional studies.

7. 'HYDROCHEMISTRY OF THE PANNASSOS-GHIONA AQUIFERS AND
PROBLEMS OF SEA-WATER CONTAMINATION IN GRELCE'
by D.J. Burdon (United Nations Special Fund Manager of the
Project for the Investigation of the Ground-water '
Resources of Karstic Limestone) & 4. Dounas (Assistant
Hydrogeologist, Institute for Geology and Sub-surface
Research, Athens ).

The average chomical composition of the different waters
from the limestone~dolomite, the flysch, the alluviuwm, the talus,
the conglomerate, and shaley limestone aquifcers of the
Parnassos~Ghiona region have been determined by the analysis of
119 semples., (This rcgion was visited during an cxcursion after
the working session of the symposium.) Watcers contaminated
with see-water have been separated and the 16 types, sub-tynes,
and average waters have been plotted on the Durov diagram,

Mg exceeds Ca in waters from dolomites or magnesium
limestoncs which have come in conteact with flysch rich in
serpentine pebbles. High magnesium is found in other dolomites
and limestones, some due to contact with scrpentine pebbles,
However, most of the limestone-dolomite waters show normal low
magnesium and high ealcium, No corrclation was established
between Ca:Mg ratios and the porosity of the aquifers.

Nineteen sea-contaminated limestone waters cxamined
contained from 10% to 95% seca-watcr., An original composition
was calculated for the postulated groundwater ; it was found
that a groundwater of such a composition could not exist in the
Parnassos-Ghiona lithological facies. The mixed sea~water/
groundwater shows strong increases in its content of (Na+K) and
soh; the causes of these changes are still unknown,

Mg decreases, while Ca and HCO, increase; in part, this may be
due to base exchange., As the ptrcentage of scea-water in the
mixeld water increases, so also does the amount of the excess
sulphate anion.
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8. 'THE NATURAL DENT FLUORINE OF WATER OBRSERVED AMONGST
THIE PEOPLE AND DOMESTIC ANINALS OF THE LAURIUM REGIOQN:
ITS EFFECT ON DENTAL DECAY!
by J. Caminopetros & M. Pertessis (Greece).

9. 'A SYMPOSIUM ON THE HISTORY OF DEVELOPMENT OF WATER SUPPLY
IN AN ARID AREA IN SOUTH-WESTERN UNITED STATES
SALT-RIVER VALLEY, ARIZONA'
by H.,E. Skibitzke, R.R. Bannett, J.A. da Costa, D.D. Lewis
and T. Maddock, Jr. (U.S. Geological Survey, U.S.l.).

This paper was preceded by an hour-long rovie film
illustrating the project.

The first section of the paper was a historical review of

the activities of man in the area, with particular reference to
water-supply development, The second section, which covered

the early period of modern water-supply development in the area,
was concerned primarily with the surface-water resources and

the construction of the large irrigation systems., The third
section dealt with an intermediate period of water-supply
development during which the interrelationships between the
surface- and ground-water systems became apparent, The fourth
section, considered to cover the modern period (19u0~1961),
described the significant controlling factors involved in the
extensive development of ground-water resources. The final
scction summarized the history of water development and
described the principal hydrologiec problems involved in the
management of water resources in the ares.

BXCURSIONS

During the symposium one half-day, two onec-day, and
one three-day excursions were organized, The main emphasis
was on archaeology, and little time was spent on hydrg;qg 5
except at the Marathon Dam and in the Delphi region. 1
shows the places visited during the excursions. The
excursions were :

1. To Marathon Dam and Khalkis - Saturday 14th October.

The Marathon Dam was visited and the tides of Duripe and
Khalkis were examined.

The Marathon Dam (Pigures 6 and 7.) is situatcd about 20
miles north~cast of Athens and it is the main water reservoir for
the city. It is a concrete gravity dam, the walls of which are
faced with Pentelic marble. The crest of the dam wall is
15 feet wide and 935 feet long. The base is 158 feect wide and
the height from top to base is 177 feect.

AL water-tight curtain wall was built to a depth of
200 feet below the ground by grouting, The catchment of the
*dam is U6 square miles in area; and the capecity of the dam is
33,25Sr/feet or 10,9 billion gallons., Its maximum depth is 163
acre : feet.
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2 To Cape Sounion - BSunday 15th October.

This excursion was mainly to ploces of archacological
and historical interest.

3,  Visit to Athcens (Acropole and National Museum) -
; Tuesday morning 17th October.

This excursion was to places of archacological and
historical interest.

L. To Delphi =~ Mt, Ghiona region; Corinth, Argos, Nauplia,
and lMyccnae, all on thec Peloponnesus Island.(Figs 2,3,4, & 5).

Two reports prepared by the Institute for Geology and
Sub-surface Research, Athens, were issued to the participants
of this three-deay excursion; these were :

(i) 'Prospccting for karst groundwater in the limestones
of thc Amphissa~Itea region',

(1i) 'Research into the hydrogeology of the limestones cof the
Argos=Tripolis rcgion'.

Both thesc reports are held in the library of the
Geological Branch, Bureau of Mineral Resourccs, Canberra.

The ground-water investigations o?=%@§r&imestones of the
Parnassos-Ghiona region, an arca of 1775/kIlometres, arc part

of a project which is being carricd out in Grecce with the
assistance of the United Nations 'to determine, test, and

demons trate methods for the successful and efficient development
of ground-water resources in limestone terrain'. The project,
which is a joint undertaking between the Special Fund of the
United Netions (with F.A.Q. acting as the executing agency) and
the Government of Greece (with the Institute for Geology and
Sub=-surface Research nominated as the co-operating Government
Agency) was set up to establish the most suilteble methods of
investigating problems of kerst groundwater and to determine

the best way they can be develeoped and utilized. The project
began in April, 1960; the main hydrogeological investigations
have been completed in the Parnassos-Ghiona area and the

project has passed on to the drilling stage in June, 1961.

The project in the Argos-Tripolis region is still in the rescarch
stage with hydrogeological mapping being carried out.
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Figure 2. The south-castern part of thc Parn 1iona
rcgion as viewed from the etuth.

FS.L&—G
e ol ™
ke ' _r“-

Y ownship is
on coastline., Mesozoic limecstoncs and dolomitces of Parnassos
‘ountaine in the background; Tertiary flysch in foothills;

and Quaternary scdiments in plains.

Figure 3. The south=-western part of the Amphissa-Itea region

showing thc¢ coastline 5 milcs south of Figure 2.
Mote thrust contact of Mesozoic limestone (light~coloured on
top of range) and Tertiary flysch (dark on foothills),



Figurc 4. The northorn part of the Argos-Tripolis region

as viewed looking south=-west from the ruins of
Mycenae 5cmple. Cultivation (grapes) on Quaternary
sediments in the plains; high ranges of Mesozoie limestone
and dolomite in background with foothills of Tertiary
flysch,

« The Corinth Canal cut in faulted Quatecrnary
sediments. The canal links the Aegeen and Ionien
Sces; 4t is 4 miles long and depth to wator
surface in foreground is about 400 fect.,
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Figurec 0. The Marathon Dam - thc main water rescrvoirp

The outer wall of the Marathon Dam
the Pentelic marble face

[
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1. The couatries which appear to be most active in
hydrology are the U.S.A., France, and Israel, and perhaps
Russia, althoagh it way difficult to assess the hydrological
field in Rusr.ia owing to the language diffi. lty; however,

it was generailly agreed that the Russians had very few new
hydrological. techniques to offer. It is of interest to note
that countrics such as Israel and Pakistan employ betwecen

30 and LO wmrofessional officers, mostly gcologists, working
full-time on hydrology in their Geological Surveys. Hydrology
in the U.S.A. has greatly benefited from some cf the hydrologists
who, afterr gaining experience in the U.S. Geological Survey,
have joined the Statec Universities where they have established
courses in hydrology and have carried out research work on
combined hydrological study projects with the State Geological
Surveys.,

2e It was generally felt that there was rcom for
impr >vement in the standard of the I.A.S.H. symposium, Thepe
were perhaps too many papers presented in too much detail

with the result that little time was left to discuss the
imrortant points. Some attempt should be made in future
L.i.eS.H., symposia to limit thc number of papers by inviting
selected specialists to present papers on one or two aspects of
hy¥'drology and to highlight the modern trends.

S Many authors failed to take advantage of the fact that
their papers were published in full in the I.A.S.H. Bulletin,
copies of which were issued to all participants prior to the
symposium. ©Some authors wasted time reading word by word

the summary, and in some cases the whole text, of their papers
from the Bulletin,

Lo Professor Tison, Secrctary of the I.A.S.H., must be
congratulated on his effort in assembling and erranging for
printing the 76 papers, which were published in two volumes of
about 7,45 pages before the beginning of the Athon's symposium,
and for his role in organizing a succecssful symposium,

RECOMIENDATTIONS

1. Australia should be represented at all intcrnational
hydrological confercnces and symposie. Many valuable contacts
and much information can be obtained at these meetings, particul-
arly in the informel discussions, which take place after the work
ing sessions. For instance, most of the information concerning
international organizations working in hydrology, their interests
in hydrology, and general knowledge of the current hydrological
work being carried out in other countries, were obtained during
informal discussions,

2. Future delegates to overseas conferences and symposia are
advised to carry with them a supply of printed introduction ecards
thus enabling contacts to be made more readily than otherwisec.
Participants at the Athens symposium were not issued with name
tags. Also, future delegates should have some rceprints or

other publications for exchange or distribution to other
prarticipants.
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3. Mr. L.C. Noakes, British Commonwealth Geological Liaison
Officer, stressed the importance of the need for groundwater in
crystalline rocks in arid zones: Smaller gquantities of water,
but nevertheless extremely important, were yenerally needed
for stock in these parts than has becn the gencral case in the
arcas discussed at the Athens symposium. He recommended that
a future symposium might be held on this topic. Noakes'
remarks were supported by Professor Dixey, Geological Advisor -
to U.N.%.8.C.0., and cthers at the symposium.

U, It is suggested that the Underground Water Confercnce
of Australia submit an cariy rcquest to the Secretary of
I.A.S.Hs for the display of the hydrogcological maps held by
I.4.S.H. during their annual mceting in 1963. The maps were
exhibited during the 12th I.U.G.G. General Asscmbly at
Helsinki in 1960,
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LIST OF PARTICIPANTS 1 AT THE T.A.S.H MPOS IUM,
ATHENS, {1th-21st October, 1961,

(Countries arranged in order of greatest representation)

UNITED STATES OF AMERICA (25)

K.R. Bennett (Geologist, U.S. Geological Survey).

W. Bierschenk (Engincer, Frank E, Basil, Inc., Consulting
Enginedrs, Teheran, Iran, & Washington, D.C.).

R. Brigham (Geologist).

N. Buras (Engineer, Dept. of Engincering, University of
California, Los Angeles),

S. Csallany (Engineer).

J.A. da Costa (Engineer, U.S. Geological Surgey).

L,C. Doutcher,

W.C. Ellis (Hydrogeologist).

H.O0. Folsom

J.W. Harshparger (Professor of Geology, College of Mines,
University of Arizona).

? Jibbitte

P. Lamoureaux (State Geologist of Alebama; Professor of Geology,
University of Alabama).

T. Maddock (jr.) (Geologist, U.S. Geological Survey).

G. Maxey (Profecssor of Geology, University of Illinois; and
Geologist and Head of Section of Ground-water
Geology, Illinois State Geological Survey.)

R. Nace

? Oquilbee

S. Remington (Geologist).

H.G. Rodis

H.E. Skibitzke (Geologist, U.S. Geological Survey; Representat-
ive of the American Geophysical Union).

R. Sundstrom

H. Thomas (Engineer),

R.0. Thomas (Engineer, United States Technical Cooperation
Mission to India),

D.K. Todd (Associate Professor of Civil Engineering;
University of California, Berldey).

H. Waite (U.S.0.M. Cairo, Egypt, United Arad Republic).

WeQe Wright,

FRANCE _ (19)

4. Allene (Engineer)
J. Avies (Professor of Geology).
M. Batisse (Chief of the Division of the Natural Sciences,

F. Bazin (Engineecr) U.N.E.8.C.0.)

J. Bertin (EBnginecer)

A. Bonnier (Chief of the Inventory Mission of Hydrological
Resources of the Central Society for Territory
Equipment),

J.J. Breusse (Geophysicist, General Company of Geophysics,Paris).
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FRANCE contd,

G.

Ae

G.
I‘JI.
Jde
M.
J.
Ro
La
E.

P,
B

G.

.J.

Casteny (Chief Enginecering Geologist, Bureau of Geology and
Mineral Resources:).

Cornet (Geologist)

Filliat =~ "

Gosselin (General Enginecer of Bridges and Highways).
Jacquet (Engineer)

Legrand "

Margat (BEngineering Geologist, Water Resources Service).
Ouvrard (Engineer

Serra 4

J.P. Stretta (U.N.E.S.C,C. Hydrology Expert, National

University of Mexico.
Taltasse (Engineering geologist).
Vogt

GREECE (13)

Aronis (Head Hydrologist, Hydrogeological & Petroleum Research,
Institute for Geology and Subsurface Rescarchy
Ath.ans - )

Caminopetros

? Christides (Civil Enginecer)

G,

Koliopoulos (Geologist, Land Improvement Service, Ministry
of Agriculture)

A.G. Dounas (4ssistant Hydrogeologist, Institute for Geology

G.
Je
N,

M,

K.

Co
G.

T.

and Subsurface Research, Athens).

Georgalas gProfessor of Geology)

Katsoulis (Director, Mineral Industry).

Papakis (Hydrogeologist; Co=Manager, United Nations Special
Fund Project for the investigation of the ground=-
water resources of karstic limestone; Institute
for geology and subsurface Research, Athens.)

Pertessis (Ex~-Chief of the Geochemical Section of the
Geological Service of Greece.)

Xenos (President of the Greek Committee of Geodesy and
Geophysics.)

Zahos (Director-general of the Geological Research Institute
for the Substratum.)

Zeris (Hydraulic Engincer, Hydromechanical Coy, Athens.)

Zervoyannis (Geologist) !

UNITED KINGDOM (7)

Borthwick (Geologist).

Dixey (Geological idvisor, U.N.E.S.C.0.)
Makes

Morris (Geophysicist).

0'Donnell

S.H. Shaw (Director, Overseas GeologicalISurvey).
H.R. Versey (Geologist),
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—.contd.

NETHERLANDS (6)

C.H. de Jong (Engineer)
1]

G.
C.
Aﬂ
L,

Santema

Santing Civil Engineer)
Voute Geologist)
Volker Civil Engineer)
Wartena

ISRAEL _ (5)

Goldschmidt (Engineer, Jerusalem)
Harpaz (Engineer, Tahal - Water Planning for ;araal Ltd.,
Kahana Tel=Aviv, )

Mandel éTahal - Water Planning for Israel Ltd.,, Tel=iviv.)
Stern Director, Hydrological Service, Water Commission,
Ministry of Agriculture,)

TURKEY _ (L)

I. Civaoglou :
K. Erguvanli (Professor of Applied Geology, Technical
_ University of Istanbul.)
I. Ketin (Professor of Geology.)
H.N. Pamir
GERMANY (4)
W, Friedrich
F. Noring. (Geologist)
W, Richter
R. Wager
U.S.8,R. (44t)
G. Bogomolov
L. Mirzaev
N, Ogilvie (All-Union Scientific Research Institute of

M.
H,

M.
M.

M.

Hydrology and Enginecering Geology. )
Plotnikov (Moscow Geological Prospecting Institute.)

TUNISIA (3)

Bouzid (Hydrological Engineer)
Tixeront (Chief Engineer, Bridges and Highways)
Zebidi (Hydrological Engineer

YUGOSIAVIA (3)

Borelly (Enginecr, University of Belgrade)

Milojevic (Assistant Engineer, Civil Engineering Faculty,
University of Belgradec

Vukovie (Engineer, Water Institute
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AUSTRATIA _ (2)

L.C. Noakes (British Commonwealth Geological Liaison Officer
Londén.)

D.A. White (Geologist, Bureau of Mineral Resources,Canberra,A.C.T,)
BGYPT (2)

E.M. Ayouty (General Desert Development Authority, Cairo)
M. Sadek (Engineering Geologist)

ITALY (2)

T. Gazzolo (Engineer)
L. Zorzi (Engineer, Italian Commission of Scientific Hydrology,
Nationai Council of Research)

PAKISTAN _(2)

H.A. Kazmi (Senior Geologist, Water Resources & Engineering
. Geology Branch, Geological Survey of Pakistan)
M.A. Lateef (Hydrologist)

POTAND (2)
Z. Kaczmarek (Engineer)
J. Lambor. :

BECHUANATAND PROTEGTORATE (1)

0.J., van Straten (Geologist)
CANADA (1)
L.V. Brandon (Geologist)
CZECHOSLOVAKIA (1)

HUNGARY (1)

K. Ubell (Engineer, Candidate of Technical Sciences, Research
Institute for Water Resources, Budapest.)

JORDAN (1)

U.H. Mudallal (Geologist)

MOROCCO (1)

R. Hazan (Chief Hydrological Engineer, National Office of
" Irrigation, Water Resources Service.)

J. Smetana

UGANDA (1)
R.J. Johnson (Geologist)
SUDAN (1)
Y. Suleiman,
IRAN (1)

H. Alizadeh (Engineering Geologist)

IRELAND (1)
D.J. Burdon (United Nations Special Fund Manager of the Project
for the investigation of the ground-water resources

of karstic limestone; Institute for Geology and
Subsurface Rescarch, Athens,)
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Chart showing the position of the Tuternational

Association of fcientific Hyd=ology (I.4.8.17.)

in the

International Council of Scientific Unicus (I.C.S5.U.).

INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS

LT B.0s)

|

ASTRONOMY

BIOCHEMISTRY

BIOLOGICAL SCIENCES

CRYSTALLOGRAPHY

GEODESY & GEOPHYSICS

GEOGR&PHY

GEOLOGICAL SCIENCE

HISTORY &
PHILOSOPHY OF SCIENCE

MATHEMATICS

PHYSIOLOGICALL SCIENCES

PURE &
APPLIED CHEMISTRY

PURE & APPLIED PHYSICS

SCIENTIFIC RADIO

THEORETICAL &
~PPLIED MECH.NICS

7 Associations

GEODESY

GEOM4AGNETISM
& AERONOMY

METEOROLOGY &
ATMOSPHERIC PHYSICS

PHYSICAL OCEANOGRAPHY

SEISHMOLOGY &
PHYSICS OF THE
ExRTH'S INTERIOR

SCIENTIFIC HYDROLOGY
(Ial:i.t SoHn )

VULCANOLOGY

4 Commissions

GROUNDWATER

SOIL EROSION

SOIL WATER

SNOW & ICE
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LIST OF KNOWN INTERNATIONAL ORGANIZATIONS CCNCERNED WITH

HYDROLOGY :

2.

*.4,
* 5.

* 6,

International Association of Scientific Hydrology (I.A.S.H.).
The I.A.S.H. has a Commission of Groundwater,. which contains
a Standing Committee on Hydrogeological Maps. The committee
is currently engaged in compiling a set of symbols for
hydrogeological maps (Appendix IV).

International Association of Hydrology (I.A.K.).

Formed in 1958 ? by a French group of hydrologists.,

Members mainly French working in France, Northern Africa,
and Morocco, Administration is not of high quality; and
activities are limited. A combined working meeting between
I.AH. and I.A.S.H. on hydrogeological maps will be held in
February, 1962 at U.N.E.S.C.C Headquarters, Paris.

United Nations Water Resources Centre (Headquarters New York).
This organization in August 1961 published an article
entitled 'Large scale development of groundwater',

U.N.,E.S.C.0,., Arid Zone.

World Meteorological Organization (W.M.0.) This organization
has recently formed a Commission for Hydrological Meteorology
(C.H.M.), which held its first session in Washington D.C. on the
12th-25th April, 1961. The results of this session are
reported in the I.A.S.H. Bulletin, 6th year, Number 3,
September, 1961. The main results of interest are that the
C.H.M. and the I.A.S.H. have agreed to collaborate in many
items of mutual interest and to organize joint symposia.

The I.A.S5.H, Committee decided at the 1961 Athens Symposium
to hold a joint symposium with W.M.O. during the I.U.G.G.
XIIIth General Assembly at Berk~ley, California, in 1963.

The subjects of the joint symposium are : (i) Hydrological
Forecasts; and (ii) Networks for Hydrological Meteorology.
The C.H.M. are also contributing publications on

hydrological forecasting to the International Bibliography

on Hydrology published by the I.A.S.H. During the 1961
session of the W.M,0. it was decided that on research questions
of common interest which fall within the competence of C.H.M.,
and which involve discussions and action at an inter-govern-
mental level, the Commission felt that W.M.O. should have the
primary responsibility and that I.A.S.H. should be invited to
be represented on any relevant W.M.O. working groups.

It may be of interest to note that C.H.M. have established
working groups on : (i) hydrological forecasting;

(1i) network design; (iii) publication and exchange of data
for hydrological meteorology; (iv) terminology;

(v) instruments and methods of observation; (vi) guide on
nydrological meteorology; and (vii) hydrological design,

and
Pood/Agricultural Organization (F.A.0.) (Headgquarters Rome).
This organization has an active hydrological interest in
problems of irrigation.

* United'Nations Organizations,
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World Health Orgenization (%.H.0.). This organization
considers, among others, chemical and biological problems
of water.

International Council of Irrigation and Drainage
(Headquarters at New Delhi). Very little is known of
the organization, but they are of immediate interest
to Australian hydrologists since they have recently
published a Handbook of hydrological terms,

French Association for the Study of Water (A.F.E.E.).
Headquarters, Paris, This association has published
an English-French terminology of hydrology.

American Geophysical Union (A.G.U.). The A.G.U. has a
Section of Hydrology, which has organized a 3-day
pre~General I.U.G.G. Asseumbly - Symposium at Stanford
University in 1963. The proposcd subjects of the

syumposium are (i) humidity of soils; (ii) water chemistry;

and (iii) physics of snow.

fimerican Society of Civil Engineers. This society
published, in March 1961, a Manual (Number 40) for
Groundwater Development.

United Nations Organization.
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LPPERDIE V.

List of Literature received at the symposium and now held
at the library of the Geological Branch, Bureau of
lineral Resources, Canberra, A.C.T.

LMBROGGI, R., and MARGAT, J., 1957 : General list of conventional
signs on hydrogeological map of Morocco.
IoﬂaScHo Bull. PUbln, 50

ARIZONA HIGHWAYS, 1961 : Water and the thirsty jand. April.
(Illustrates the Salt River Valley Project
U.S.A., which includes the Theodore
Roosevelt Dam).

ATHENS WATER WORKS COMPANY, 1961 . : Merathon Lake and Dam.
Inf. Bull,

BIERSCHENK, W.H., and WILSON, G.R., 1961 - The exploration and
development of ground-water resources
in Iran., Extract from I.4.S.H. Bull,
Publ,, 57

HYDROMETRISCHE WERKSTATTEN : Pamphlets illustrating hydrological

DR. BOVENSIEPEN,, equipment; Water Depth Recorder;

KAUFBEUREN, ALLGAU. Universal Vertical Registration Gauge;
Double Registration Gauge; Water level
recorder; Ground-water Registration
Gauge; Band Recording Indicator for
measurements of groundwater and upper
water:; Graphic Flow Meter; Water Level
Indicators; Reading Instrument for
groundwater measurements and depth
soundings; Pipe Cover Attachment for
groundwater level measuring pipes 2 and
4 inches diameter.

I.A.S.H., 1961

L]

I.A.8.H, Bull., 6th year, No.2, June.

: Idem., 6th year No.3, September..
(This bulletin contains the Hydrology
Proceedings of the 12th General Assembly
of the I.U.G.G. held at Helsinki.)

Symposiunm of Athens - Groundwater in
ﬂrid ZOHGS. I;ﬂoSoHa Bullo Puhl., 56

& Idem. Ibid., 57

INSTITUTE FOR GEOLOGY . , Prospecting for karst groundwater in
AND SUBSURFACE RESEARCH, ° the limestones of the Amphissa-Itea
ATHENS, 1961 region. Field note No,1 to illustr-
ate certain aspects of the field
trip during the I.A.S.H. Athens
symposiuu.

¢ Research intc the hydrogeology of
the limestones of the Argos-Tripolis
region. Ibid., No.Z2.
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LAND RECLAMATION SERVICE, Present and fu.ure irrigation
MINISTRY OF AGRICULTURE, development in Greece
1961 (a Global Revue).

oo

PERTESSIS, M., 1961 ¢ The mineral springs of Loutraki,
Greece. A note to illustrate part
of excursion during I.A.S.H. Athens
symposium,

A coloured hydrogeological map of
the San ILuis Potosd area, Mexico,
Scale 1:200,000.

U.N.E.S.C.0., 1961
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zontour line

o PB =,

- -

Zine of contact

/’—\
<

/

S

~ T T T T 4
T

™
}‘-T

(adopted)

=-+tional geological practice

(olack)

_(black)

(black)

(black)

(black)

(tlack)

(black)

&3

15

as

> > 7'>>>;,>
A

II

II

I

I

+ %
¥ *+ (Wlaci)

B (black;

es II

as II

T~g00 — (black}
o1

~~ 600 -—— (tlack)

e (Ylaei;

as 1I

as 11

ag 11

oTs

»wermeable formations
ny symbols, imperm,
form. near the surface
by colours (see

D.15 V and D.18 V)

as IT

m II

1oT" ¢

7400~ ~(grey)

.ostly colours




ry

b2 Ic.o, ot afi‘ccti.:g
covering layers

1. Falt, with
direction of
uptirrow side

129 Iéc, T’}.Ot ?-f\fectir.._
werarin, layers

2

3. atiwrmal ceatect

=TT P oo (black)

v (vlack)

(Tould ns to mesnd |

raplaced by Tioeust -

symbol)

Te i of a tarmace

(et Zequired - abolizizd

o Altitude of seil
surifzce

(Yot Raquired - vel i

)

-

2o LITHCLOGY

1. Gravels; grevelly
deporits, dejecta
{rejected 'dejscta! -

neaning?)

2. Sand
(adoptad)

/ﬁ_"‘r\ .

—_—wv v v v
{Thrust)
L (in the solowr
o oo a
2 oo of the geologi-

cel formation)

(in the colour
of th= geologi-
cal formation)

as II

as 11

-

as II

ar. 11

(tlack)

(trown or black)

or

N — L Ll |

(twovet or biaci)

F‘r-r\r‘rrj\h

r“l“r—phjh?’

- (black or in
acoat:?::. a colour
i indieating
wvell yield
(H8ffigkeit))

4]

Netherl.s
contour lines
(grey or trown)

Netherlandss

black symbols




3. Sandstone
(adopted)
be nerate
adopted)
5e Limestones
(adopted)
6. Dolomites
(adopted)

7. Calcareous sinter

(adopted)

8. Porous volcanic

ejecta
(adopted)

9. Loam

(in the colour
of the geologi-|
cal formation)

{in the colour
of the geologi~
cal formation)

(in the colour
of the geologi-
¢al formation)

(in the colour
of the geologi~
cal formation)

(in the eolour
of the geologi-
cal formation)

(in the colour
of the geologi-
cel formation)

10.

1.

12,

13.

(adopted)

Clay
(adopted)

Marl
(adopted)

Compact limestones

(adopted)

Volcanic ejesta
(adopted)

imperm. or semi-permeable
formations are not indicated

imperm. or semi-permeable
formations are not indicated

imperm. or semi-permeable
formations are not indicated

-t

oy
imperm. or semi-permeable -
formations are not indicated

imperm. or semi-permeable
formations are not indicated

as 11

as II

as 11

impermeabl
formaticns
by negative
symbols
ad libitum
or by a
plain
colour

*% %9

LA A X J

v

(black or in
a colour
indicating
well yleld)

"




1 49 Shale
' (adopted)

20. Grain size
(no decision)

21. Chemical properties
(see E 9)

€, HYDROGRAPHY

1. A1 waters
(adopted

2. Perenmnial stream
(adopted)

3, Id., highly polluted
(no deecision)

4« Id., with high
chlorine content
(no decision)

5. Seagonal stream
(adopted)

6. Intermittently
flowing stream
(adopted)

7. End of gtream
(adopted)

8. Gauging station,
with yearly average
flow in million

o /year (adopted)

m (blue)

in blue

ag I1

as II

A (blue) or ><(black)

indicated by a
clagsification number
written in the
symbol (black)

TR [hited)

: ey (WAth grey -

(with green

-—‘-—-NN dots)

)




9. ‘Marsh, seasonal
marsh
(adopted)

10. Surface water
divide ;
(adopted)

1. Spring (general)
(recommended use

O for used spring ard

& for umsed spring.
Fillings in dark blue)

92, 1d., exploited
(no action)

130 Ido, mteﬂplﬂited
(no action)

140 Ide’ cold
(no action)

15. Id., hot
tm action)

16. Outflow spring (no
. contect wvith imper-
meable formation)
(no action)

17. Overflow spring
(contact with lower
imperm. formation)

' (no action)

18, Overflow spring
(contact with
lateral or er
imperm. form.

(no action

(blue)

(‘blue)

(blue)

(hlu_e)
{biue)

{blue)

a8 I

as II ors , + * * * +(blue)

as I1

as II

&

(blue)

(blue)

(blue)

° (violet)
(vielet or
a o klue)

@& (O 21/sec)

& (analysis and
- other data
availahle)

(in different
- colours,
indicating

of  rield)




19. Spring or

resurgence in Karstic
formations

Intermittent
Vauclusion spring

Artesian spring
(adopted)

Thermal or thermo-
mineral spring
(adopted)

Averege discharge
of a spring, in
sec
(edopted)

Natural pond or
waterhole with no
outlet

~ (adopted)

Do HYDRO-GECLOGY

- 1o Elevation of water

table (phreatic w.)
(should be described
in reference to
time)

& (Rlue)
< (blue)
L (hlue)
e (blue outline,
' yellow £i11)
,g!D .(blue)
=~ (blue)

isohypses (blue)
main isohypse

'450\

normal isohypse

e

intermediate isohypse

-
-

as II
ag II
as II
F (blue outline,
red fill)
or :
(on special O~
chemicol maps)s
o mineral spring
(red)
® thermo=-mineral
spring (red)
as II -
as II
as 11

ol i el ' (thermal spr)
M. M '
= > ®  (mineral spr)

(vlue)
ieohypses
410 blue,
s, red on
T~ hlack
(Sometimes:
hlue = above zea level

red

balow sea level

symbol in eolour
indicating discharge

isohypses

——80 (tlue,
T~  violet,
red or

~- =85 _
T =~  lack)

UnStSOROS iBOhypSBS

—\_




2. Elevation of piezo-
metric surface

3. Seasonal fluctuations
of the ground-water
table or pies.
surface

4s Direction and
velocity of the
groundweter flow
(in n/day)

5. Ground-water divide

6. Disturbed ground-
water conditions
(due to mines,
excavations, etc.)

7. Depth to water table
See also F 15 C

-
— —— =

(in blue, or in the colour of
the water-bearing formation,

or in blue edged with the colour
of the water-bearing formation)

\\!O
S

(blue)

(blue)

isohypses

~ . _  (blue)

(blue)

Different symbols for
different depths

N ZNY EN

(in colours indicating
probable yleld of a
well)

or:

different colours or
shades

or:
isobath lines (blue)

isohypses

bourdary in red

U.S.S.R.: 1isohypses

Netherl.: lines of
equal fluctuations

———
0}
70-\_______




8. Depth of top of
vater-bearing form-
ations below

ground surface

‘9. Elevation of top
and/or base of
water-bearing form.
(see slso A 3)

10. Locel intercalated
impermeable or
seni-pervious
strata (with
average elevation)

11. Confinement
(deferred)

isobath lines in the colour of
the formation

main isobath =150 —
normal iscbath — ——uo

indicated by edging of the
isohypses with the colour of the
formation

(Beﬂ D.2.II)

as II

as 11

isobath lines

+
figures (sg | /~6)
ors3 ’
di fferent colours fcr
different elevations
or:
contour lines in the
colour of the form=
ation
or (for flat areas):

XA AN
_ &A‘/f st aquifer
base of

&
S #741%, 2nd aquifer

é”,ﬁv AF

(in the colour of the
formation)

{(in the colour of the
formation)

different axranéemant
of lithological symbols
€oge

aquifer not
l covered

sand

[ covered or
‘ deeper aquifer
lime-
stcne

TR fer not
L{ el
covered or
Jdaeper aquifer
(in difiurent colours
inciesting well yield)

lletherl,:
isobath lineg

NBthBrlgg

different

colours for different
elevations.




12.

13.

Ve

15.

Area where the

ground water is

artesian
(deferred)

Boundary of water-
bearing formation

Ground=-vater
barrier

Different ground-
water borizons -

(aqui fers)

09 o
e 1!
l.”.'l. ”'.’,.f. "

H';.!_,. ..‘f'

(in the colour of the formation)

.
pi

%mmmmv

(only for confined ground water)

(in the colour of the
formaticn)

(blue)

(b;ack)

different arrangement
of symbols indicating
geological formation,
€eLe

[~ .7 T T B
- ,‘ - L T, T Vo R
T g

Pl PR L |

4ﬂ1w

&) sih aquifer

(in colours indicating
vell yield)

or:

different arrangement
of lithological

gymbols, the
arrangement indicating
the geological formation
to vhich the aquifer

belongs, €.8.
QK Sy L
ceonDO0OODO 00 O
> A

o000 00 0O 390
0O0000CO QOOOO
Sontifaous ayubols
= upper aquifer;
interrupted symbols =
2nd aquifer.




16. Ground-vater
regions

17, Thickness of
aquifer

18, Transmissibility
018
instanteneous yield
of a well of usual
construction

not indicated on small scalo maps

" litholopical gymbols drawn at

different scales; e€.ge

e | i R

ors

a range of shades of cne or
two colours, Ge.gZe LLUS &nd
bxoun

for <10, 10=50
and >50 m
o3

by means of isopachs

as II

ors
different symbols

I =

.80 <10

50=-100 >100 1/sec
(red)
o

lines of equal
transmissibility (m®/sec)

—Ixige2

\ (red)

gango of blue shades ©.8.

20 -y (hlue)

different symbels in
blue

FH NN
different symbals

different colouxrs
oxrs

different symbols

NY
NN A
;:ma of equal
trengrigsibilidy

\ (red)

vez't.ical bars (black)
height indicating
transmissitility

igopachs

lithological or geol.
gymbols printed in
different colouxrs
(see Be1=5 ¥V and

D. 11 V)

ort

a rango of shados of
two colours, €.8. blue
and violet

(exey)

Netherl.s

isopachs

0]

UoSeScRes

different symbols for
different well yields
(in n3/day per 10 m
drawdovn)

/0




19. Instantancous ylald
of a wall of upual
construction
(measured)

20, Natural diac.m:nie
of the aquif: in

sec pexr or
/day per kn?, or
year

21, Anmual rainfall
(dopth 4m mm)

22, Infiltration
capacity of
covering layers

not indicated on small scale maps

a rango of shades of blue, if
desired with lithological
gymbols in black or gray

1gohyots

300 (tlue)

o Ooge <10 1/sec
o 10 =50

® 50 =100 "
® >100
(zad)

(only fox lerge scele
waps)

as IX

izolyrats

-

LR, RN
[
[ B2

6 classes fyrom

favourable to
unfavourable

<)

A

lines of cqual minikun
discharge 2
(4n 1/scc pexr ku®)
—— 10 _
— — 75 T~
-\\\‘ =

(greca)

—

UoSoS80Ros

different symbols or
diffarent colours

Vi d




E ROCHEMIS

1. Total concentration

2. Interface betwean
fresh and salt

ground water

3. Potakility

4o Conditions on the
soil surface
affecting the
chemical properties
of the ground water:

a. wood

b. paat

¢. tuilt=up areas
with sewer
systems

d., id. without
sever gystems

a range of shades (preferably
of red)

ors

isocone contours (with totsl
concentration in g/1)

T T ey L (red)

2 colours indicating drinkable
and undrinkable

as II

different symbols

isocones (grean)
(for cilorine content)

s

(black)
a <O (twown)

(grey)

(grey)

Net.harl e}
2 rau 2 of ghades

Netherl.:
lines of sqgusal depth

T

ori
depth indicated by
different colmrs

/2




5. Polluted pground
vater, saline
intrusiong. ete.

6. Chemical cowposition
of the zround water
(on special maps
only)

(deferred)

7. Temparature
(adopted)

colour representing predoninant
propartyj biecoloured streaks
representing mixed features.
Concantration is irdicatcd by
different shades of the colour,
or by isoconss

figure (xed)

as II

&Y
are
o
o8
O o e

(for one property)

57 (MO tcmp)
54 (mdn.temp)

x in diffareant
X X colecuras for
x x x different
properties
ox

a rango of shades of =&
colour (for one

propoety; 9.ge hardness
or pE

Hotherl.s

by dicyxpems, different
symbols (in ek or in
different colours):

K+Na Iﬂ Cl

N S04

Mg B
o3 Co 04 H003+CO3
(spocially for Cl)
10-25m 25-50m

SO'IOOm@ >100m

ssction indicating
depth, colcur
indicating content.

B oS oS.He H
052 ﬁ tomp)
963 depth)
ax'g
geo=igotheyrnal
h\fs

\._________

ors

different syuwbols for
zones of diffevent
tenperature

/3



8, Minexral waters,
classified with
rogard to thelr
main propexty

(adopted,
axecpt spring
symbol)

9. Chemical propaxtios
of the water—=bearing
formation

100 Dﬂuﬁm and
conconiration
(on special maps)

symbols in red
thermo-
ningral nineral

bicarlvnato
sulphate

sul phuy
chloxrine
minoral spring
tharmo=-
minoral spring

Odqbo
COM()O

S B |

O pgascous waier

zone of
[ J(owe)  siie
' neuteal

[ Jmem) . 5000

(rcd) gono of
:l incerecaging

eoncentrotion

nyobels in blue

chlorine

sulphate
hydy.carbonate
acid waters
dxomn, iod,
K sul fup; redium,

axrgonic
O thogmal waters

e O
Fay

HOHe-

® well with mineral watcy
(hlue creoss on bxrown
dot)

tho lithological
symbols may algo
indicato the chamical
propertios of the
matoriael.

a




Eo WELLS, BORERQLES AND

1. Eorehole
(adopted)

2. Id., in artesian
aquifer
(edopted)

3. Well
(deferred)

4o Well, (sometimes)dry

50 Well with windmill

6. Irrigation well
7. Domestic well

8. Well of public water
supply

9. Industrial well

10, Observation well

| 11 1d., with recording
gage

All artificial works in red

colour.

&

8 colour in the cirele
may indicate the deepest
formation reached

&

(red)

(red)

(red)

(red)

as II

as 11

o,

(or black)

(red)

depth 40- 80 ft
*  depth 80-130 £t

¢

&
@Qor @ (red)

o} - (black or red)

® (red)e, d.©
O (red)e. ©®
. 4. %
a

® (hlock) or:

o ® ®

<{=300 (=300 >-300 m 0D
Quaternary fully
penetrated

® (tlack)

®  (black)
®  (black)

©  (black)

o e ® ¢ (red)
1st 2nd 3d 4th aquifer

Nethe.l‘l. H
0 depth 10=30 m

¢  depth 30-100
e depth > 100

Noth.:

‘TEREES

(key well) (normal
obs.well)

3




12.

13.

L5 14.

15.

16.

17.

Artesian well or
flowing well

Abandoned well

Injection well or
other system for
ground-water recharge

Additional datas

a. filing number;

b. total depth;

c. depth to ground
water;

d. elevation of
vater table;

g, altitude of
betwean two
formations;

f. top and base
of geol- form-
ation end thickness
of water-bearing
stratum

g. altitude of base
of upper aguifer
and of 2nd
aquifer; or top
and base of
aquifer

Punping station
or

wells with pumping
station

Cistern

gl (red)

1550  (red)
275 (hlack)
65 (blue)
® (red)
i (red)

ag 11

as 11
as II

as I1

as II (or blue)

as 11

® (red)
( 0 = non flowing)

&

e 413 (black)

® , ©
|(flowing) (non flowing)

>

o
—
g

Flei .
® Fio 350

P - 810(10)
® Cen = 825

® 64 @ +5|

or
18t aquifer)
+i8/+2 {
®_ 2nd aqudfer
8/ not fully
perforated)

2 (violet)

or: : -

s o0 0 OH (hlwk)

size indicating
capacity

16




18,

19.

25.

26.

Storsge reservoir
for surface vater

Catchment of a
spring

Dreinage gallexy

Yield of spr or
gallery (1/525

Pipe line

Dam of reservoir or
diversion

(vith capacity of
resexrvolr_in
million m )

Underground dam
Canal

Irrigation canal
(perennial waters)

Id. (flood waters)

Drainage canal or
natural drain

Gauging station at

a stream (see C.8)

<

(red)

& (red square,
symbol for spring blue)

o-Oo-o-o-0o-098

(red)

(red)

(red)

(red)

(red)

(red)

(red)

(red)

as II or:

as II

3

{blue)

A

~—— (blue)

) Lo

(violet ox
black)
(planned)

755 (blue)

7




APPENDIX ¥

as suggested by I.A.S.H. Standing Committee on Hydrogeological Maps

Symbols and signs as used in different countries
1 II ; III Iv v I'p¢
Action decided at Recommended by I1.A.S.H. Standing Morocco U, S. A, Germany (F.R.) Cther
Athens Committee Committee in its report to UNESC (Centre des Etudes hydro- (U.S. Geological Survey (Federal and countries
Meeting in tmackets (for small scale maps only) geologiques du Mavoc) and other agencies) State Services)

/8
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