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CHAPTER 1V

WATER RESQURCES
OF THE

ISLAND OF GRAN CANARTIA
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A .« GENERAL

Ulwwstm. Memaoria Digital de Cananas, 2000

S Unbvarsided o Los Polmes de Gran Conarls, Bibiolece

s and Sources of Information

1 Previous Investi

restigati

BP to now, there has been no systematic investigation af the
watar resources of the istand. However several local studies connected
with public works specially of dam sitss found in various catchments,
have resulted in the presentation of official aund private consultant
_reportse.

Numerous small-diameter boring investigations and related

_geophysical prospections have been carried out by the Geological Ser =

vice 6f the Ministry of Public Works, which pive valuable information

_aa_rock=types aad aspects of thaeir hydraulic characteristicg. The Hy =
draulic Service of the same ministry in Las Palmas has also many public
-reports—econaected—wi-th—hydrologic characteristics ¢f_catchments, Also

there exist somz cousultant reports on geology and geophysical stadies

—iFn—private handsyparttcularly—well-—ownersaw

In the field of basic geology maps and reports have been pu =
blished by thes Instituto Geoldgico y Minero with the collaboration of
Instituto Lucas Mallada de Investigaciones Geoldgicas, whicli form the
principal souircea of information on surface geology. Also there exist
a number of publications on particular themes by local and foreign in =
vest;;é;ors.

In Climatology, ouly a few synthetic studies have been publi =
shed bul there is plenty of material, principally in the field of

rainfall. The Hydraulic Service for long time had maintained a dense net

work of raingauges and has published many isohyetal maps with the
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collaboration of the Centro de Estudios Hidrograficos of Madrid.

As for groundwater, there has been no synthetic studies made
but from time to time some statistical informaions on the number of wells
and galleries as well as some idea of the discharges have been published
by the Ministry of Industries. Lately a rather detail inventory of groundwatei
captations was undertaken by the Hydraulic Service of Las Palmas and this
forms our principal source of information on groundwater inventorye.

The Project used information from the above sources cited as
well as from direct measurement in the field during a 3 to L year period.
Most of these were facilitated by the public sector and private owners.
Part of the information thus obtained specially in the hydrometeorological
and hydrochemical fields, was data-processed in the C.E.H. on an I.B.M.
1130 computor for the purpose of the Project.

The present report is thus a synthetic study of the major
part of the information available with regard to water resources in the

island.
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2 Paysiography aid Gzomorphnlogy

The islaad of Gran Cana~ia has an approximately circular shape
o)
with a diametar of about 435 Km™ and culminates in Pozo de las Nieves with
2
elavatioa 1.947 m. The surface area of tne island is 1.558,1 Km~ and the
presence of a high peak in the centre results in the existance of high slo-
pes in all divections.

The principal character of the physiography of the island is
a very rugged topography tesulting froa heavy erosion both due to water
and rocke-wezathering.

The median elavation of the island is 445 m. About 25% of the
1and surface is found above 800 m. and 75% above 200 m. elavation.

There is a fundanaatal difference in geomovrphic features bet -
ween the northe—ecastern half of the islaad with higher rainfall and presence
of thick Modern Basalts and the southewestern half with arid climatic con -
ditions and existance of older and less permeabla rocks such as the Old
Basalts, the Trachy-Syenitic complex Ignimbrites and Phonolytes.

The pirincipal "parrancos" in the north-zastern half are curved
in the Modern Basalts but thie inter-fiesuve areas remain rathecr flat pre =
senting prohably dalivities of the original surfaces. This gives the im -
pression that the general slope of the northern region is la2ss pronounced,

The resulting valleys have lesser drainage surfaces than in the
south. Also the bed materials in the "parrancos" are of little importance
and no extensive depositional cones are found,

In the southern half of the igland, very large and sharply di =
frerentiated drainage basins have developped.

The intav-fleuve areas are generally reduced to sharp-esdged,

long erosional ridges. Even though the climate is arid very heavy downpours
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5¢€ high intensity occur resulting in heavy floods, cairrying much load. Ero -
sidén by flood-flow and deposzsitioun of 1noad on the mouths of "barrancos' haje
given rise to canyon-type of river-botton topography in the upper reaches,
and larg: depositional coues on the coastal zons such as in Tirajana and
Maspalomas basins.

The existance of such panoramnic views such as the Tejeda valley
are probably coanected with naleo-erosional surfaces. The presence of te -
rraces in rivers, extensive landslides such as in the upper Tirajana a.d
Fataga basins are indicative of former wetter climates. The terrace depo -
sits of Las Palmas and Arguineguin are of Miocene age.

In the higher parts of the islaad and in the south active me -
chanical erosion takes place giving rise to large extends of boulders and
unrounded materials. Differential erosion also has taken place followiag
the horizoatal lay out or rock bed lzaving erosional remnants over large

e

part of the landscapc.

One of tne most spectacular aspects of the landscape of the
island is the great number of volcanic cones and craters as well as the
connectad lava flows of recant times. Most of tnese are relatsd to Quater -
slary and rscent volcanic manifestations in the northern and east:rn parts,
6f ahich wa can cite the Caldera de Bandama, Pinao de Gildar, Moantafia de
Arucas as well as £ 1umersias zones disgamiaatad all over tae landscape

in tais vegion.

The dArainage net is formed priacipally by radially flowing vi =
vers, with a number of 159 oatlas to tne 32a. The ftotal length of stream
shaanels as measured on the topographiz map in scale 1: 25 000 is 2628 Ka,

kS

2
thus giving an average draiazage deasity of 1.7 Kin/&m”~, with variations
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= Unhversidag dd Lax Poimax de Gren Canara. Bibicieco Universfiane, Memoria Ligital de Lanarws 2003

y
notween 1.2 and 2.3 Km/Kim™ foc the rsasious  zoses of tae island, whizh
shoald sLitl be coasitdered low, iadicatiag taat the ialand has hiphly pei -

meahia subsoil mat2eials.

Tae island as said evarlier is marked by higb raliaf Ceatur:s

cha-acterized by abrupt slapes. The acar glopes from the centre of the

island varies from % ts 10% hut_on_short distances values up to A0 and 60%

ar: not ancowmmon, if we exclude the vertical walls.

b Vegetations and Soils

_gan has E; a large extent éhanged both the landscape angd the
vegetation of the island. Very little &f the original vegetation remains,
as cultivation extended throughout the isgland and trees ware cut dowa for
Tirewnnd, In 1972 about 35% of the total area was or had bezun laboured
£3v agriculture, much of it ou man-made terraces on stecp slopes. The noun-
cultivated area is maianly covezred with grass and shrubs. Reforestation
is taking place and actually some 7 000 ha of wainly pinetrees have been
planted.

An idea of the difrfereut vegectal zoaes both natural and man=-

made can be obtainced in Fig. _A.1 .

Snil are found better developped in the northern slopes as
g6p e bed—Favo uwre d—by—the—hi-ghse—rai-nfald—and—ntni-di-ty-»—Most—soi-ls—f.ound

in the nocthern part are similar to bceown soils or latosols with depths

rarying—Crowm—t—to—2—ms—Theyaie—genaraltly—conposed—of—a—' 4 —sandy-loamy

horizoa of SO to 75 cuns, a '"B'" norizon with entrained minerals mixed with
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of deocoaposed rock either of basaltic Pyroclasts or of Rogue Nublo aggloame -
rates and basalts. The valley walls have little soll but the bottoms often
comport clayey and saandy deposits with incipient soils. Paleo-soils simi -
lar to latosols with developped sesqui-oxide horizons are also found in the
pyroclast beds aad may attain a depth of 3 to Lk m in places.

In the southern part of the island only incipieat soils are
encountzraed though the depth of decomposition can often attain 2 to 3 m.
Generally the"A'horizon is a nixture of loams and clays in a mass of rock
debris developped over Phonolytes and loams over Old and Modern Basalts.

The banana cultivatioas in the north have reconstituted soils
with layzrs of volcanic ash and loams. In the tomatoe region in the east,

natural loany and sandy soils with rock Jdebris are found.



MOP/UNESCO Proyecto SPA/69/515 Preparado por | Pagina deo

Informe Técnico Final, Borrador dal Proyecto. Fecha

5. Mydrological Zonas

The island of Graa Canaria has been divided into 9 major hidro-
logical zoues. The regionalization of the island with a certain amount of

Kol

uniform charactevistics both of exi2rnal and internal features was a pPree
requisite for systematizing the studiss, as a result of the extrena complaw=
xity of the physical milieu of the volcanic terrains. Much of the data
collection, elaboration aud obsarvation network organization both in sur =
face and groundwater, have respected this major hydrological subdivision

of the island.

5.1 Criteria of subdivision

The criteria used for such a subdivision of the island were
as follows: orientation, major topographic and drainage uniformity and cer =
tain geological and structural unity significant in groundwater developmznt.
As far as pOSSible the boandaries respected the above conditions
but when it was impossible to obtain uniformity, the surface drainage boun-
dary was used as zcriteria for separation.

2:2

Major anits

The principal morphometric and geologircal features of each of
thesz units i1s shown in the TablgAl.

If we cxcept zones &y, 5 and 6 which are well defined individual
basins, the others constitute groups of basins drainiag hoysver similar
morphological and geological areas and geaarally following the same direc -
tions.,

Geologically speaking, the porous post-miocene Modern Basalts
douiilate the surface areas in zones 1, 2, 3 and 5, in the first occupying

4p to 7S5 of the area. In zoue 6, 7, 8 and 9 the more impermeable formations
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st as fthe Phonolytes, Igniambrites
J k)

50 oy 7% of the outcropping rocks.

~

occupy an important surface airrea is

Frou a structural point

1

the upper arzas 2f zonas 1

nolytes-Ijyniabrites aand Trachy-Syaean
and tae

the Roque Nablo formation

Mo daria

and <he Trachy-Syeaitic compla2x occupy

Trae only areas where alluvial deposits

ia wona &

of view, the Table in Annex shows that
to 8 coumport a similar situation where the Pho -

ites constitute a sustratuam for botn

Basalts. Tais geologizal structure

is comion to several aresas, becauss It doainates the higher parts of the
istand. In the lower areas howaver thevre is a big variation as shown in
tae above table. Large out:rops of tae lowvest mamber are often fhund .n
the lower zones which are either the Phonolytic=Ignimbritic series in the
nortin and northeast, and the 0ld Basalts in the south and southwest.

The geological structure in the lowsr areas of zone 1 is di -
farent from that of zone 2, largely dus to the appearence of axtensive out=
crops of Rogue Nublo and also of the Las Palmas Terrace matefials overlying

the Phonolytic substratun. In both

zones, outcrops of Phonolytes are found

on the coastal peripherial areas. In zone 3, thick Modera Basalts cover
0ld Basalts bu* outcrops of tae latter are also found. Tae lower parts of
zone 4 is underlain by Phonnlytos and 014 Basalts, but on the top of the

Phonolytes are alsc found locally Rogue Nablo towards the interior and

allavial depo 1 the coastal f

1
4.

is filled ia by Receant Basa

Large areas o 0ld Basalts oatcrop

2

thhesm are found gen

Ia zoae 8 the 011 Basalts fora probably the

miat of Ignimbirites and Phonol jtes

on the

an area. In zone 5, only the narrow
ts but 0ld Basalts appear on the sides.
in zones 6, 7 and 9 but osn the top of

ally Igninbrites, Trachy-Syenites and some Phonolyt=s.

:

substratum with a thick develop-

top, bu* on the coastal zone thersa



MOP/UNESCO Proyecto SPA/69/515 Preparado por Pagina o

Informe Técnico Final, Borrador del Proyecto. Fecha

is an alluvial fan possibly overlying the Phonolytes.

53 Subzones and minor units

The above mentioned hydrological zones were subdivided into smaller
units. The more complex zones 1, 2, 7 and 8, composed of several drainage
valleys were separated into the more important individual basins. This
subdivision is justified by the fact that water development in the island
has a tendency to group around the principal valleys.

In order to facilitate calculations, each of the above subzones
(or barrancos) as well as the undivided unitary zones 3, 4, 5 and 6, were
again divided into minor hydrological units. A total of 36 minor hydrolo=-
gical units of the island was obtained by a separation of the above zones
and subzones into an upper and lower part.

The major hydrological zones, subzones, as well as the minor

units are shown in Map A.Z2,
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B. HYDROMETEOROLOGY

1. Hydrometreorological Network

Three types of hydrometeorological stations exist in the island,
i.e. raingauging stations, meteorological stations and streamgauging stations
of which the raingauging stations are the more numerous. Precipitation is
measured at about 270 places which results in an extremely high average den-
sity of 1 raingauge per 6 square kilometers. Of these - 260. .stations are
either operated by the Servicio HidrAulico de Las Palmas or send data to
that organization. Two separate networks are being operated by Jefatura
Agrondmica ( 5 stations) and Instituto de Guia ( 7 stations in the NW part
of the island),

Rainfall intensities are recorded at 10 places by recording raine
gauges, 8 of them installed by this Project and the others by two different

organizations, see Table _B.l _,

There are 26 meteorological stations measuring one or several
of the param=sters that are interesting from the point of view of Hydro =
metecrology. These are mainly located in the northern part of the islands
The type of measurements taken at the stations and their operating agencics
are listed in Table __B.2 .

The streamgauging network comprises 13 stations, installed and
operated by the Project. There are two main types of stations, onz located
at dams measuring the runoff as ths difference in storage in the reservoir,
and the other normal rivergauging station measuring the stage of the ri=
ver. In most cases the latter type of stations is provided with artificial
controls. The stations are listed in TableB«3 and the locations of the

stations forming part of the hydrometeorological network in the island are

shown in Figure.__B'l o
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Table B.1l
Recording Raingauges in Gran Canaria
No Name Coordinates Operating St?rted
X Y Z Agency in
L Puerto de la Luz 459.075 | 3.113.880 20 Junta de Obras
del Puerto

70 Instituto de Guia 438.355 | 3.112.690 50 Instituto de Guia

P=1 Lanzarote 443,310 | 3.101.425 | 1125 Project SPA-15 Dec.1970
P13 Los Hornos 441,815 | 3.093.245 | 1575 Project SPA-~15 Dec.1970
P=L4 Las Hoyas 433,885 | 3.101.385 965 Project SPA-15 Dec,1970
pP=-6 Tirajana Los Lomillos| 441.640 | 3.089.955 | 1215 | Project SPA-15 Oct.1971
P77 Chira 437.165 | 3.086.685 910 Project SPA-15 Dec.1970
P-8 Caidero de La Nifa 427.775 | 3.095.575 YA Project SPA-15 Mar.1971
pP=-9 Santa Brigida 451,750 | 3.101.300 450 Project SPA=15 Nov.1970
P-10| Presa Tirajana 4h7.520 | 3,084.320 380 Project SPA-~15 May 1972
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Table B.3
Streamgauging stations in Gran Canaria
Coordinates Basin Type of . Started
Ne Name km2 Station in
X Y Z
1 Los Hornos LL1.650 3.093.450 | 1590 3.9x Reservoir Jan 1971
2 Parralillo 430,670 | 3.096.520 370 65.1“ Regervoir Jan 1971
3 Caidero de la 4L27.850 | 3.0954350 200 |104.0 Reservoir Jan 1971
Nina
L Lugare jos 434.000 | 3.102.500 850 10.6 Regervoir Feb 1971
6 Chira 437,100 | 3.086.700 875 11.1 Reservoir Feb 1971
8 | valsendero 442,150 | 3.103.200 | 750 8.0" | River Feb 1971
9 Azuaje 443.950 | 3.109.050 300 2645 River Nov 1970
10 Teror 47 .600 | 3.104.000 450 17.3 River, with ca=|Mar 1972
nal in 2 levels
11 | san Mateo 447,300 | 3.098.100 | 800 2.1® | River, with par{Jan 1971
shall flume
12 Santa Brigida 450,950 | 3.101.380 420 10.8 River, with ca~|Nov 1971
nal in 2 levels .
13 | Guiniguada 450,870 | 3.101.510 | 420 | 36.7 River, with ca=|Nov 1971
nal in 2 levels
14 Rosiana L45.500 | 3.088.500 750 21.3 River, with ca=|Feb 1971
nal in 2 levels
15 Te jeda 439,840 | 3.096.950 | 1070 1.5!i River, with Qct 1972
Thompson weir
Total gauged
area 238.3

®¥subbasin
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1.1 Data from Raingauging Stations

Raingauging started in Gran Canaria about 1870 at a station
in Las Palmas. Its operation ended in the beginning of 1900 and has not
been continued. Incomplete records exist at Museo Canario in Las Palmas.

In more recent times precipitation measurements started in
1924 at two stations. The netwotk has been gradualiy increased to its pre =~
sent size, largely due to private initiatives with a spectacular increase
in the number of stations between the years 1949 and 1951, see Figure B.2
{(Seccibén de Hidrologia 1973 a).

Over the years many changes in the laoations of the raingauges
have occurred, which are difficult to follow since new gtations have been
given the same numbers. Often, relocations of minor significance have ta =
ken place or the records and ensure their continuity and consistency.

Rainfall data have been published for part of the recording
period i.e. hydrologic years 1949-50 to 1966-67. (Centro de Estudiogs Hi -
drograficos 1663, 196L; Servicio Hidratlico de Las Palmas 1968). About
50% of the approximately 180 raingauges installed in 1951 have continuous
records for the period to date. For 132 of the stations the publishea
records have been extended and completed to comprise a common period
1949~50 through 1966-~67 and the results have been published (Heras et al,
1971 a). Data from the period before the 1949~50 wateryear and from 1967-68 t
date, are not published, but can be obtained from the Servicio HidrAualico
of Las Palmas.

Also as said earlier the quality of the stations and the dbserve
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varies very much, obviously due to the fact that available man=-power has
a0t been sufficieat for the task of mnaintaining such a large aetwork. The
published data should therefore be used oaly for general stadies, and not
for any detailed analysis, until they have been compared with the oiriginal
fialds records and the station history has been consulted for the exact
location and the quality of the station.

Most recordiag raingauges operatad by the project were installe:
in the end of 1970 and the begiaining of 1971. From this time up to date
total daily and wonthly rainfall as well as intensity~-duration relations-

hipss have been calculated for these stations (Seccibén de Hidrologia,1973 b)

1.2 _Data from Msteorological Stations

Three of the meteorological stations, Puerto de La Luz, Guia
and Gando, could be classified as the principal meteorological stations of
the island. They belong to, or are operated in close collaboration with,
the Servicio Meteoroldgico. They are well equipped and are attended by trai
ned observers. The other stations have beeun iustalled in order to supply
some complementary information or for a specific purpose. The main objecti
ve of the stations operated by Jefatura de Montes is to supply data for
determining the incendiary risks in the reforested areas, those operated
by Jefatura Agrondmica to furnish data for evaluation of plagues affecting
crops and the stations iustalled by this Project especially to gather da =
ta on evaporation, and in one case to study the importance of condensation

and fog iaterception.

The period of operation of the various stations is listed in
Tabla= _“?1%_mm Data are not published but are made available by the opara -

ting ageicizs on request. Soms average values have been published, especia

11y for the principal statioas (Elias y Jiménez, 1965, Huetz de Lemps,1969
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The most common parameter measured is the maximum and minimum
temperatures which are recorded with a varying degree of precision depen =
ding on the type of thermometer used. Mecasurements are believed to be re =

liable in all stationse.

Relative humidity has also been measured at many stations with
hygrometers or psycromzters. The former instruments at the stations of the
Jefatura de Montes do not seem to have been calibrated regularly and hence
these data could not be used but for general indications on the variation

of humidity.

Evaporation has been measured with Piche evaporimeters at many
stations. The procedures and equipments have not been consistent. The me =
thod in itself is not considered as particularly representative for the
phenomenon. Therefore, only yearly figures are considered to be indicative
of the order of magnitude of evaporation and its variation in space. The
Project has installed 4 evaporation pans of the US Weather Bureau Class A

type, which is bzlieved to bs the best method for measuring this parameter.

At the three principal stations in the island, long term records
are also available for sunlight hours and wind, which are believed to be
reliable. At the other stations only short periods of observations are
évailable, which could support and complement the information gathered at

the principal stations.

Other measured parameters of hydrometeorological interest are soil
temperature and barometric pressure. The Project has also investigated
condensation and fog interception with a recording dew gauge and other non-

standardized equipment.
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1.3 Data from Streamgauging Stations

The stream gauging network of Gran Canaria comprises 13 sta -
tions situated in 8 different drainage basins. The controlled basin area is
238 Km2, which is 15% of the total area of the island. The stations are lo -
cated in the higher parts of the basins where runoff is not regulated by
artificial means to the same exteat as in the lower parts of the basins.

About 30% of the total precipitations falls on the gauged area.

The length of record at the various stations can be seen in
Table B«3 . Records have not been published, since the collected data

should still be considered preliminary.

The conditions for operating streamgauging stations are di =
fficult in Gran Canaria, because of runoff normally torrential which takes
place only during very few days of the year, see Figt_élg__' Transportation
and depositing of eroded material change the hydraulic characteristics of

the gauging stations for each storm.

The river gauging stations are of a type that require a fair
amount of streamgauging for thoir calibration, for lack of which theore =
tical rating-curves have bzen used at times. For the stations situated at
reservoirs, flow has been calculated as the difference in storage base!
on waterlevel-storage relationships that may have changed considerably over
the years because of sedimentation. Therefore the quality of the gauging
stations should bes considered low. Further calibration will permit the pre=~

cision of the calculated runoff to be increasad.

2. Other Climatic Features

A certain amount of sporadic data are also available on minor

climatic features which complement our understanding of the ganeral
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siiould be coansidered less representative than the others.

From the studied data it can be concluded that evaporation
from a free water surface on the northern slope on the island at lower ele=
vations is about 1000 mm/year and on the southern slope about 1500 mm/year.
The high yalue for the Tamadaba station is caused by very high figures for
the months July and August which together account for more than 40% of the
yearly totale. From the data of this station it is obvious that for these
two months the temperature inversion is below the station., It may therefore
be coancluded that for the northern part above the inversion, evaporation is

of the same order of magnituds as for the southern part of the island.

2.3 Condensation

It is a wide-spread belief among . the inhabitants of the Ca =
nary Islands that condensation plays an impprtant role in the hydrologic
cycle, which is also reflected in a recent publication (Huetz de Lemps,1959).
The areas indicated as especially favorable are those in the intermediate
zone of the northern slope, which are often affected by the clouds. Referen=
ce is given to a raingauge installed below a pine tree in Tamadaba which
collects about 3 times more water than a normally installed raingauge.
However it is clear from the way it is installed, that it collects water
from an area much larger than the normal opening of the raingauge and hence
no sigaificance can be given to the magaitude of the figures (Michaeli,1973).
A likely explanation for the high recorded values is that because of the
strong winds, the horizontal component of rainfall is quite large. This
component is also captured and is recorded by the raingauge below the tree,
whereas the ordinary raingauge only measures the vertical component. Some
real fog interception dozs occur, howsver, since water has been collected

in the raingauge below the tree during rainkss days but the quantities of



MOP/UNESCO Proyecto SPA/69/515 Preparado por Pagina de

Informe Técnico Final, Borrador det Proyecto. Fecha

hydrological concept which are dealt with below.

2.1 Winds and Sunshine

The predominant winds are the trade winds blowing throughout
the year. In the coastal =zones the land and sea breeze phenomenon is also
noticeable. Wind speseds are high, especially in the eastern and western low
parts of the island, where the air masses are forced to go around the is =
land rather than over it. Wind speeds commonly reach 30 kilometers per hour,
with the strongest winds blowing in the summer as can be seen from the va -
lues for Gando for the period 1962-1971 in Figure Bol

Sunshine is more abundant in the southern than in the northern
part of the island. The difference may be illustrated by a comparison bet =
ween the station Puerto de La Luz in Las Palmas with an average of 2024
hours of sunshine per year for the period 1952-1971, and Gando with 2681
hours for the same period. It should be noted that Gando is not a typical
station for the southern part of the island, where sunshine hours are even
higher. The monthly distribution of sunlight hours is shown in Figure B.é .
For the southern part of the island, it is believed that this distribution‘
may be approximated fairly well by the theoretical distribution for lati =
tude 28° N. |

2.2 quporation
2raporatiosl

The hi¢h temperatures and strong winds in the island cause a
considerable amount of evaporation. Also because of the higher temperatures
and lower humidity, evaporation is larger in the southern than in the nor =
thern part of the island as can be seen in Figure _B.6 , which shows in =
cidently that variations in evaporation throughout the year are considera -
ble with much lower values in the winter months. A summary of evaporation

values for various stations is given in Table B.A y where the Piché values



[ W N

de

agina
LIMEEAA Drananta SPAIRIIS1SH Preparado por Pag

Yo

THEORETICAL |GANDO !
|
|

3

- LAS PALMAS ‘g
\’/

™

<

J F M A M J J A S 0 N D

FIGURE B-4 MONTHLY DISTRIBUTION OF SUNLIGHT HOURS FOR
2 STATIONS IN GRAN CANARIA AND THEORETICAL
DATA FOR LATITUDE 28°N.

N 55.9% SwW 0.8%
NE 8. 5% w 0.5%
£ 0. 3% NW 5. 5%
SE 0. 5% CALM 24.0%
s 4 0%
KM/H
% 30-
40 20"
30+
20'] lO'
107
o by O oy f———
J FMAMUJ JA SO ND J FMAMUJIY S O ND
PERCENT CALM PERIODS AVERAGE WINDS EXCLUDING

CALM PERIODS

FIGUREBS WINDS AT GANDO 1962~ 97|




MOP/UNESCO Proyecto SPA/69/515 Preparado por Pagina de

Informe Técnico Final, Borrador del Proyecto. Fecha

this real fog interception seem to be of little importance compared with
rainfall.

Mzasurements have been carried out by the Project in Fontanales,
where a nylon fog interception net shows the same results. The results
from a lysimeter filled with volcanic cinders, "picén", also shows that if
any interception takes place oa that material, it is less than the evapora-
tion and therefore no influence of fog interception on the water balance
shouald bz expected.

Both from theoretical considerations and from actual measure =
ments carried out by the Project, it is clear that dew is an insigaificant

form of precipitation compared with rainfall (Michaeli, 1973).

3. Climatic Zones

Due to the trade winds and the relief of the island, two di =
fferent climatic regions can be distinguished, i.e., the northern windward

region and the southern leeward region.

3.1 The Northern RegL@l

The nocrthern part of the island can be divided into three
climatic zones according to elevation. The coastal and lowar zone up to
about 600 m elevation, is warm (18-19° C), humid (70—80%) and has low
rainfall (200~500 man/year). It is generally covered during large parts of
the day by cloud layers, the "sca of clouds". Typical temperatures are

shown in Figure _ B.7

The intermediate zone betwzen 600 and 1500 m elevation is s8i =
tuated in the cloudy zone where the air is cool (10--15o C) and very humid
(85-95%). Precipitations range between 500 and 900 mm/year. The level of

the temperature inversion varys considerably also during short time periods
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which causes freguent and rapid changes in temperature and humidity in the

upper part of this climatic zone.

The highest zone above 1500 m has a continental type of
climate alternating between high temperatures during daytime caused by
the insolation and low temperatures during the nights. Relative humidity
is low (40%) except during occasional intrusions of polar maritime air.
Precipitation in this zone is about 900 to 1100 mm/year and may sometimcs

also occur as Snowe

3.2 The Southern Region

On the southern slope of the island two climatic zones
could be distinguished. The low zone up to about 800 m elevation is drier
and warmer than the correspoading zone on the northern slope. Also rainfall
is considerably lower than for the other slope, ranging between 100 to 300
mm/year. The sky is generally cloudless and insolation high. The coastal

parts of this zone are practically desertic.

The high zone above about 800 m elevation shows a continenw-
tal type of climate with large monthly and daily variations of temperature,
Also average relative humidity varies considerably with the seasons from
about 55% in summer to about 80-85% in the winter. This area receives some
precipitation carried over from the northern slops, but the more important
rains are due to intrusions of warm humid air from the SW, which cause oro-
graphic rains of short durations with high intensities. Average precipita =

tion is between 300-500 mm/year. Insolation is normally high in this zone.

A rainfall profile across the island is shown in Figure B.8_
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C GEOLOGICAL BACKGROUND

The surface geology of the island Gran Canaria has been stu-
died in a detail manner in recent years by Prof. Fuster Casas and his co -
llaboratorse.

However.the subsurface geology, which is of primary impor -
tance in the understanding and definition of groundwater problems was scan-
tily known before the beginning of the Project.

The exploration of subsurface geology was largely facili =~
tated by the existance of over 2.000 visitable largc diameter wells with
depths reaching up to 350 m, dug in every type of material found in the
island. These investigations have permitted the making of 13 radial cross-
sections as can be seen in Fig. Ce.l,at vertical scale 1: 25.000 and hori -
zontal scale 1:10.000, totalling a 1ength(ﬂ‘22 Kms followed by a few transverse
sections with a view to correlate geological features.

1 Stratigraphy and lithology

With the exception of limited sedimentary deposits, of local
"interest only, the island of Gran Canaria is composed of a pile of Volcanic
matérials emitted by a series of eruptive cycles, s;parated however by in -
tense erosive periodse. .

On the whole, the geology of the island is simple but on Q
detail scale, there exists a great complexity due to the imbrication of ma =
terials proceeding from different centres of emission, the existance of sharp
paIEOtopograph%c features, the similarity of materials of various ages, etc.

Inspite of these local complications, the salient features of
the principal lithological units in their stratigraphic scale can be follo -
wed with relative ease. A summary of their characteristiés as well as their

ages is given in Table C.l.
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As can be seen in the above table, the most ancient formation

is composed of the 0Old Basalts emplaced in the middle Miocene, through large

scale fissure eruptions that affected the entire Canarian archipelago. They

are formed as can be seen in the western coastal cliffs of the island, of

a vary thick tabular series attaining over 1000 m, in which subaerial basal-

tic flows and pyroclasts are found intercalated.

This cycle of activity was followed probably in late Miocene,

by a alkaline episode during which the Trachy-Syenitic Complex associated

with an important caldera was formed. The materials are composed of ignimbri t¢

and alkaline lava flows, highly transformed by syenitic intrusive features

and oriented trachytic dykes.

The maximum development of this series as can be seen in Fig.

C.2 is in western sector of the island specially between Tejeda and San Ni -

colas de Tolentino.

The following eruptive activity in early Pliocene was a conti-

nuation of the alkaline episode, during which a large scale effusion of

phonolytic lava from dispersed emission centres took place giving rise to

the Phonolytic Series where maximum development however is found in the sou-,

thern part of the island. .

Besides lava flows, they are composed of ash-flow levels, pu =~

The Las Palmas Sediments are dated as Miocene according to pa -
leontological evidence,but in all cases stratigraphically speaking they are
found on the top of the Phonolytic Series and below the hoque Nublo Series.
These materials have a maximum thickness of about 100 m and are principally
detritic in nature. In several areas around Las Palmas they are covered by
recent lava flows, forming productive aquifers.

The following eruptive cycle was alkaline forming the very ex-

mice,plugs and other intrusive features.
tensive Rogue Nublo Series in the mid-Pliocéne epoch. This series emitted
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from the centre of the island affected principally the north-eastern sector
and was characterised by the '"nuée ardente" type of activity.

The lower part of the series called Pre-Roque Nublo is composed
of lava flows both of basaltic and tephritic origin, intercalated with some
agglomerate layers and sediments. In the upper part called Roque Nublo, the
agglomerate materials are dominant. The entire series comports also some
associated phonolytic intrusions specially in the central part of the island.

Important from the hydrogeological point of view, this series atta
in the centre of the island a maximum thickness of 600-700 m.

In the Quaternary epoch, there was an extraordinary development
of volcanic activity affecting mainly the north-eastern half of the island.

In late Pliocene to Pliestocene, the Modern Basalt Series II was
formed from numerous emission centres. They are composed of 'aa' and 'pahoe-h
lavas flows,associated with ciader cones and pyroclastic layers. This
series at times attains thicknesses up to 400 m covering the pre-existing
relief features.

The same type of volcanic activity continued up to Sub-recent
and Recent times but on a more restricted scale forming important créters}
volcanic cones and some lava fields.

Mention must be made of important landglides of varied ages found
specially in the upper Tirajana and Fataga valleys. Also in most of the
valleys alluvial deposits and terraces have accumulated, the most important
being in Tirajana, Maspalomas and San Nicolas de Tolentino.

The stratigraphic development of the island from Miocene up to 3
Recent times shows a gradual migration of volcanic activity from south-west
to north-east which explains the sucession of older to more modern forma -
tions in the same direction. This factor seems to have an important effect

on the occurence of groundwater as will be seen later.
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As for lithology the more tabular 0ld Basalts, compact and highly
intruded by dykes iﬁ succeded by the even more compact intrusive complexes
of the Trachy-Syenitic series as well as of the lava flows of the phonolytic
series, all of them without an apparent logical structural layout. The pa -
leotopographic surface constituted by these rocks forms in fact an important
reference for groundwater flow.

The mateials which piled up later on this surface varied from
agglomeratic layers through vast lava fields mostly composed of less compact
permeable rocks.The sequential layout of these various formations gives a
certain continuity, which has a favourable effect on groundwater.

2 Materials and structural features

The extension of the various aforesaid geological formations
can be seen in Fig. C.Z2.

The Miocene Basalts are composed principally of olivinic types.
The lava flows are either massif, vacular or even scoriaceous. The intruding
dykes are also generally compised of basaltic materials. The lava layers
can vary from 5 to 20 m of thickness and the dykes from less than one to
“about 5 m. ' |

On the whole the scoriaceous and pyroclastic materials can attaifi
4O to 60% of an entire area. Also the compactness of these intercalated
layers is variable but generally they are tight. As for the basalt layers,
they are highly fissured but are closed to a great depth due to alteration
and filling in by secondary minerals.

Hence it is believed that the exposed layersrare practically im-
permeable up to a certain depth. However below this level inspite of the
increasing compactness, there is a possibility of water-occurence along the
fissures. Also the hydraulic characteristics of these materials seem to
improve when covered by other formations, possibly explained by the absence

of a thick decomposed layer.
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The geological study of the surface of the 01d Basalts shows, a
possible existance of a depression between the outcrops of the western area
near Mogan-Arguineguin and the eastern area near Agliimes. This region at
present is covered by thick lava flows of the Phonolytic series and Ignimbri
tes which together can attain up to 700 m of thickness.

The extension of this surface towards the north-eastern part
of the island is uncertain but in any case there is a tendency for it to dis~
sappear below the sea-level in the sector found between Montafia Alta ang
Telde excepting near a point east of Teror.

The Trachy-Syenitic Complex as said earlier is much less uniform.
We can distinguish two types of materials, the "intrusive facies" composed
of highly dipping dykes (up to 450) and impermeable syenitic intrusions found
west of Tejeda probably representing the rests of an ancient caldera, and the
"extrusive facies" found in the southern and south-western regions composed
principally of ignimbritic beds which in places can attain up to 600 m of
thickness.

As far as groundwater is concerned the intrusive facies constitut
an impermeable formation but there is doubt as to the role of the gently
dipping ignimbrite beds. It is possible that the materials found at its
base which is a mixture of ignimbrites, trachytes and basalts, offer more
favorable conditions, as can be noted in the behavior of certain wells. At
times they constitute isolated pockets filling ancient topographic inequa -
lites.

The Phonolytic Series as mentioned earlier is a guiding surfag
for groundwater movement. An attempt has been made to reconstruet its sur-
face which shows great inequalities as will be explained in section D,

Inspite of the dissemination of the emission centres, a great
thickness of coastward dipping lavas acumulated in the southern regions pro-~
bably originating from the centre of the islands They are composed .of al-

ternating lavas and agglomerate beds.
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In the region of Las Palmas extensive pumice deposits of ash-flow
type are found also belonging to the same series. On the northern coast they
form a disconnected barrier probably constituted by outcrops of several in -
dividual emission centres.

As a whole they form an impermeable series since the existing
primary fissures are rarely interconnected. However locally, large éecondary
fissures have been found which may explain the occurence of water in res -
tricted zonese.

The Roque iublo Series attain their maximum thickness in the
centre of the island, from where the ancient valleys were filled in by a
radial flow of the materials. Hence its layout is practically horizontal in
the centre but dips in all directions to the sea at lower elevations. However
it must be remembered that due to the filling in of ancient valleys, local

thicknesses can vary widely.
|

Also as said earlier the pre-Roque Nublo is much less uniform
in characteristic due to the presence of tephritic lavas and sediments. The
upper agglomeratic seriesvis composed of angular and subangular fragments
found in a matrix. The chemical and petrographic compositions are similar
throughout the series.

Mention must ke made of the existance of the phonolytic plugs
called "roques" in the Tenteniguada-Cuevas Blancas region of the centre,
which form an integral part of this series.

The Modern Basalts in the case of Gran Canaria composed prin -
cipally of Series II, form a continuous.oover in the northern region, upper
Guiniguada valley and in the south-eastern region. They are like the Old
Basalts composed of olivinic lava flows and intercalateq scorias and pyro -
clastic beds. However they dip gently towards the sea and are only rarely
tabular.

Also the surface layers are generally pyroclastic and comport

developped soil horizons facilitating deep infiltration.



gilsl de Canarias. 2003

2 Universided de Las Paimas de Gran Canacle. Bibligieca Universtara. Memona D

-MOPIUNESCO-Progecto-SPA/68/545- —|—Preparado-por— -Pégina. -de-

informe Técnleo Final, Borrador del Psoyecto. Facha

The deeper layers have very porous scoriaceous beds,and the lavas

even when compact have a highly developped primary fissure system which
obviously favourg groundwater circulation.

From a hydrogeological point of view {9 several areas the Modern

Basalts form a protecting layer to the underlying Roque Nublo series through

)

which—infiltration_occurs_continuously and_generally bhoth formations consti-
tute a single interconnected hydraulic system.
‘Thestructural—relationship—existing-between these—various—Fforma~—

tions have been studied in the several geological crogss-sections and their

hydrogeological significance has been investigated zone by zone.

Thus the Section I shown in Fig. C.3 depicts the typical si -
tuation in the northern zone where the Roque Nublo series attaing over 560 m
hear the centre of the island and is covered in its middle and lower parts
by the Modern Basalts, The Phonolytic and theIIgnimbritic series form a

gsubstratum for groundwater. The latter series outcrops near the coast with

the overlying more permeable rocks forming a large basin’ ' in the interior.

A similar situation is found in Section 5 which passes through
the Valsequillo-Telde valley in the east. However in the upper zone the exig
¢ance—oi—xbe—intruded_phonolyies_associaied_wiih_iﬁe_Rogne_Nublo_secies_iJL;;
troduces a certain complegity. These rocks evan though fissured, compartimen
‘thie Roque Nublo formoationy with—the consequent—result—in—groundwater—occuren=—
ce.

A change in the structural relationship is seen in Section &
where the 0ld Basalt basement appears as a dome beneath the Phonolytic
Series, finally outcropping near the coastal zone. However between Old Ba -
saltg in the-region of Agliimes and the outcropping of the phonolytic base -
ment north of Telde valley, a large basin similar to the one in the northern

zone appears, composed principally of Modern Basalts.
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From a hydrogeological point of view besides the generally pro-
ductive Roque Nublo—Modern Basalts, we have also thc 014 Basalts separated
by the Phonolytes,‘the latter acting as an aquiclude.

The region around the Tirajana Basin shows a similar condition
where however the Phonolytes and Ignimbrites form isolated pockets but the
0ld Basalts are intensively exploited.

The structural relationship typically found in the southern part
of the island is shown in Section 9, where the upper parts are composed of
large areas of the Ignimbritic-Phonolytic series which can attain up to
700 m of thickness at times. Below this appears the 01d Basalt. basement
generally of low elevation and outcropping near the sea and at the bottom
of the deeply eroded valleys. Groundwater production seems to be related
to the upper part of this basement, possibly also to the lowest layers of
the Ignimbrites.

3 Geophysical Prospection

Up to 1971, several small geophysical prospections were under-
taken in connection with dam site investigations by the Geological Service.
In that year, it was detided to try out on a larger scale, the feasibility
of the electrical and sismic refraction methods for the detection of geo ~
logical structures sigﬁificant in groundwater occurrence and flow.

The chosen experimental sector was between Agiimes and Telde
in which altogether 89 E.S were effectued aligned on N-=S profiles with
emission lines generally varying from 1000 to 2000 m.

The great lateral and vertical variation of ;he contacts and
characteristics of the materials made interpretation extremely difficult.

The field of electrical resistivity variation found allowed the
definition of a 3~layer system, if we exclude the resistant soil layer whi;}
showed variations between 100 and 500 ohms/m. The first corresponded to a

low resistant layer generally between 10 and 50 ohms/m, due probably to the
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existance of pyroclasts and clays. The second layer corresponded generally
to high values between 150 and 300 ohms/m. This layer seem to enclose at
times the upper part of the 0l1d Basalts or the Phonolytic Series and at
other times lavas of the Modern Basalts of Series 2. The third conductive
layer found generally below the sea-level shows values less than 40 ohms/m
which possibly indicates the interface and the presence of brackish waters.

In the interpretation of the field data, certain structures si -
milar to "fossil valleys" were detected which need however to be confirmed
after calibration with boreholes.

A frial was also made with the sismic refraction method however
without success, due to strong wind, high noise levels and above all due to
the high absorption rate of the sismic waves in the porous materials.

In the first 10 meters the velocity attained 2.000 m/s. Below
this level there exists a layer of great thickness with velocity varying
from 3.000 to 3.500 m/s., which in turn reposes over a substratum having a
velocity of about 4.500 m/s.

As a conclusion we can say that electrical prospection does not
permit the separation of the different geological formations but does defi =~

nitely show certain structures whose nature cannot be vet defined adequétely.
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D. SURFACE WATER RESOURCES

l. Precipitation

The very large number of raingauging stations in Gran Canaria
enables a good interpretation of the rainfall pattern in the island, al-
though there are deficient stations and records of poor quality. Isohyets
for the 18-«year period 1949/50 - 1966/67 have been published based on 121
stations (Heras, et al 1971 a), which are indicative of the rainfall pattern.
This map shows an average annual rainfall of about 325 mm in Gran Canaria
for that period. It is obvious from the map that there exists a close
relationship between rainfall and elevation in the island, also seen in
Figure B.8 .

1.1 Isohyetal Maps

In order to improve and bring up to date the previous information
on rainfall, an>isohyetal map was preparedy; using the 5 year periéd
1967/68 ~ 1971/72 for 173 stations. Location and quality of the stations
have been checked in the field and for this S5-~year period the isohyetal map
indicates an average annual rainfall of 350 mm for Gran Canarias Aithough
not entirely free from errors, the records for this additional period
are of higher quality than those used for the previous period. The ave =
rage rainfalls in the island for those two periods seem to be quite si =
milar, since for the 121 stations common for both maps, the arithmetic
mean is 453 mm for the 18-year period and 463 for the 5-~year period .
The isohyetal map shows one rainfall peak in the center of the island

and another in the Tamadaba area in the NW part. Most rainfall occurs
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in the NE part of Gran Canaria, thus clearly indicating the orogra =-
phic character of the rainfall and the large influence of the trade winds
on the rainfall pattern, see Figure _D.1 .

During this period, average annual rainfall has varied from about
200 mm at the northern coast to 900-1000 mm in the center of the island,
and in the southern part from about 100 mm at the coast to some 600 mm at

the highest parts.

1.2 Definition of the Hydrologic Year

Rainfall in the Canaries shows large monthly variations with one
wet and one dry period, each about 6 months long, ' .
Since the hydroélogic year ought to be defined in such a way that the amount
of water fallen in one hydrologic year should have as little influence as
possible in the following year and as the wet season stands generally in
September , it was decided to use the period September lst to August 3lst
ending in the following year. This time period coincides with the so=called

agricultural year which is currently used for statistical purposes.

1.3 Annual Variations of Rainfall

The variation of rainfall for a number of stations throughout
the island with records for a long period has been studied and the resulis
plotted on probability paper for a normal Gaussian frequency distribution,
as shown in Figure D.2 « The results are given in Table D.l « The
two periods for which isohyets have been prepared and average rainfalls
have been calculated are wetter than the average long term conditions . It
could further be advocated that the median rainfall is more representative

of average conditions as 1i!{ is the rainfall that will be exceeded during

50% of all yearse It will not be distorted in the same way as the mean
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value by a few extreme valueg in a relatively short period. If a long
enough period of records were available, the arithmetic mean and the median
values would coincide, if the frequency distribution is Gaussiane.

From the calculated values in Table D,l1l , comparing the periods
1949-66 and 1967-71 with the long term records it may thus be concluded
that the true long-term average rainfall in Gran Canaria is about 300 mm/ =
year. When planning for the utilization of the water resources of the is=-
land it should be kept in mind that during 10% of all years, that is 1 year
out of 10, total rainfall may be less than 150 mm and in 25% of the time,
that is 1 year out of 4, total rainfall may be less than 225 mm. Also,
during 1 year out of 10, rainfall may exceed L50 mm and during 1 year out
of 4 it may exceed 375 mm. These figures are based on the assumption that
the statistical events are occurring simultaneously throughout the island ,
which according to available data seems to be reasonably valid, at least
for the areas that are most interesting from the point of view of runoff
and infiltration. Of an average rainfall of 300 mm/year for the whole island
about 400 mm/year occurs in the north and 200 mm/year in the southern part.

For the 8 stations with long=term records mentioned above, cyclic=
al variations have been investigated by calculating the accumulated dévia -
tion from the mean precipitation, with an example given in Figure D,3 . All
stations, but particularly those with high precipitation, show a dry period
starting about 1930 and ending in 1948, and a wet period starting 1949 and
ending in 1955, The period 1956=-1971 could be classified as a transition
period or a not very pronounced dry period. In the planning it should
therefore also be taken into account that a considerable number of conse -
cutive years with extreme precipitation may occur. As an example may be
quoted the station Hoya de Gamonal where for the 18 year period 1931-1948
the average rainfall was 604 mm, and for the 7 year period 1949-1955 1221 mm,

as compared to the 48 year average value of 796 mm.
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1.4 Rainfall Intensities

As will be shown later in this report, the duration and intensity
of rainfall are very important data for the determination of the other hy =
drologic events which will influence the hydrologic balance. Since only
a few data are available for the short-term rainfall intensity from the
recording raingauges, the evaluation of such terms as runoff and infiltra-
tion has had to be based on recorded daily rainfall. Typical values for the
daily rainfall at one station on the northern slope and one at the southern
slope are given in Table D.2 =~ It is clear that although rainfall is
much higher on the northern slope , the occurence of high daily rainfall
is about the same for the two sides of the island. A typical feature of
the rainfall on the northern slope is that there are very many days with
low rainfall; approximately 35% of the total precipitation has been falling
on days with less than 10mm of rainfall, whereas on the southern slope
only about 13% of the total has fallen on such days.

The high intensity rainfall which will provoke runoff will be more
or less equal for the whole island , and the northern part in addition will
also have a considerable number of days with rainfall legs than 10mm/day.

1.5 Condensation

According to what has been stated previously, it would ssem lo =
gical to disregard the contribution of condensation to the water balance
until it has been conclusively proven that such a phenomenon is of import -
ance. This does not preclude that condensation may be an important factor
for maintaining the vegetation in the intermediate zone of the northern side

of the islande.
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Table De2 Range of Daily Rainfall

at two stations

in Gran Canaria 1949/ 50 - 1971/72 (23 years)

Daily Station 55, Madres de Station 83, Fataga
rainfall Firgas northern slope, southern slope, ele-~
n elevation average rain-| vation average rain=-
" fall 662 mm. fall 331 mm.
0,1 -~ 4,9 1190 140
5,0 = 9,9 355 87
10,0 = 19,9 273 84
20,0 ~ 29,9 77 56
30,0 - 39,9 33 11
40,0 ~ 59,9 23 28
60,0 = 79,9 12 8
80,0 -~ 99,9 6 7
100,0 - 149,9 2 L
150,0 = 199,9 2 1
> 200,0 2 0
Total days of
rainfall in 1975 Lo6
23 years

Note: Station 55, elevation 585 "°

1 83, elevation 605
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2+ Procedure for Study of Hydrological Characteristics

As in every place in the world, rainfall is the term in the hydro =
logic cycle that governs the magnitude of the other terms. In the Canary
Islands it seems , however, that the distribution and intensity of the raine
fall plays a much more important role for fhe understanding of the hydrolo-
gical cycle than is normal for many other parts of the world. This is esg =
pecially true for the runoff which previously, for lack of measured data, has
been estimated at a constant fraction of the rainfall with different co -
efficients for the different parts of the island. This procedure may give
erroneous results for specific years, since it is quite possible to have con-
siderable am 6 unts of rainfall in one year without any water in the
rivers, due to an unfavourable distribution of rainfall in time and it is also
quite possible to have a considerable amouut of runoff for a low yearly
rainfall.

2.1 Methodology for Evaluating Hydrological Events

A suitable procedure for evaluating the terms in the hydrologic
balance and the only one that gave reasonable resultsy is a study of the
daily water balance with a bookkeeping procedure to account for the reten=
tion of moisture in the upper part of the soil. Available data are still
very scarce for an accurate determination, but the method has the enormous
advantage of conveying a good understanding of the interaction between the
various events and thereby avoiding fundamental mistakes.

For the whole island, hydrologic characteristics have been estie
mated for the relationship between rainfall and runoff, based mainly on
geology. Potential evapotranspiration has been calculated and soil water re =

tention capacity has been estimated.
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For each day the rainfall=-runoff relation is verified to sce
if the rainfall of that day would cause any runoff. The amount of precipi-
tation that does not flow out as runoff is considered to replenish the so0il
moisture. Real evapotranspiration is calculated from the potential value
and the actual available soil moisture, Water in excess of the retention

capacity is considered to infiltrate and form recharge.

2.2 Importance of the Rainfall Distribution in Time

In order to show the importance of the rainfall intensities and
to demonstrate the inadequacy of the concept of a constant runoff coeffi -
cient, two examples have been elaborated which are typical for the northern,
Figure _Ehi_’ and the southern, Figure D.5 , parts of the island respecti -
vely. For the northern area it has been assumed that 200 mm of precipita =
tiod Becurs during the month, that retention capacity is 100 mm and that
available soil moisture is 50 mm at the beginning of the month. Potential
evapotranspiration is assuried to be 60 mm and the rainfallerunoff relationg-
hip is assumed to be that of curve number 60, in Figure _D.6 . If the rain
falls on one day runoff will be 83 mm, that is a runoff coefficient of
0,415; and if the rain falls on 5 days runoff will be only 5 mm, equivalent
to a runoff coefficient of 0,025. For a 200 mm rain that lasts for 10 days.
of the month, the runoff coefficient will be zero. For the southern part,

a monthly rain of 150 mm has been studied. Retention capacity is estimated
at 50 mn and initial available soil moisture is assumed to be 25 mm. Runoff
characteristics correspond to curve number 85 and potential evapotranspi -
ration is assumed to be 60 mm. In this casec the theoretical runoff coe -

fficient varies betwsen 0,54 and O.

From Figures D._li___ and D.5 , it can also be seen that an ewnly dis.
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tributed rain favours the evapotranspiration which will approach its poten =
tial value. The increase of soil moisture storage will of course eventually
be consumed as evaporation but as a secondary effect it will also iLmprove
the possibilities for recharge during the subsequent months. According to
this simplified model, infiltration will reach its maximum value when the
rain does not occur on every day of the month, but on every second or third
day. This may depend on the assumption that as soon as s0il moisture in

the root zone exceeds ficld capacity, the excess immediately penetrates and
forms recharge which, of course is not true, but may be a permissible
assumption for a water balance model of the kind that is used in this re =

port, taking into account the guality of the basic data.

3« Runoff

There are no perennial rivers in the island, although there are
a few gauging stations located downstream of springs where the spring water
passes continuously and is diverted below the stations. The rivers, locally
called "barrancos" flow only during very few days following heavy rainfall.
Runoff is generally torrential with very high velocities due to the steep
slopes and often causes damage to bridges and other structures. Erosion is
quite large and considerable quantities of sediments and bed materials are
carried downstream by the flow. Many rivers do not flow every year, which
may depend not only on geological and meteorological factors but also on the
existence of dams and diversions in the rivers, in which case flow only
occurs when the capacity of these water collecting devices has been exceeded.
Base flow in the rivers is nil and the recession process is very rapid ge =
nerally lasting only about a week.

This is an indication of a lowering of the water table during this
century since local residents report that some thirty years ago the rivers

were flowing for several months every year. It means that instead of being
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effluent, which they were, al least during part of the year, before the de =
velopment of the water resources, the rivers arenow influent which is also
obvious from the amount of stream percolation that takes place especially

in the lower parts of the island.

3.1 Relationship between Rainfall and Runoff

For all the gauging stations each storm runoff has been plotted
against the weighted precipitation for the drainage basin according to the
Thiessen method. It has been possible to establish a sufficiently good
coincidence between the rainfall-runoff relationships for the gauged basins
and the type curves for runoff published by the US Soil Conservation Service
(1957), Figure D.6 and this permits the extension of streamflow data. This
method is also called the Curve=Number method. For some of the basins only
a few storms have been recorded and therefore the calculated runoff charact-
eristics expressed as curve numbers should be revised when more data are
available, before usging them for detail design purposes. The weighted curve

" numbers for the gauged basins are shown in Table D.3.

This relationship between rainfall and runoff as defined by the
curve=number depends on the infiltration capacity of the soils in the basin
and therefore can also be used for establishing some infiltration charécte;is-
tics in the basine

A high curve~number means that runoff begins for a smaller amount
of rainfall than in a basin with a low curve=number., The high curve numbers
thus also indicate that the infiltration capacity is low and viceversa., It
has been noticed from both quantitative data collected by this Project and
qualitative information obtained from local sources, that runoff occurs
for smaller amounts of rainfall in the southern part of the island than in

the northern parte.

The occurence of reservoirs and the very numerous surface water dive

sions which still have not been inventoried, has made it very difficult to eve

luate the relationship between runoff and rainfall with a sufficient degree of

accuracye
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Table D.3

Curve number and $lope Index for the

gauged drainage basins

GRAN CANARIA

Curve .Slope
Basin Number index
Los Hornos 63 0.33
Parralillo 75 0.30
Caidero without 84 0.30
Parralillo
Luéarejos 77 0.31
Chira 86 0.35
Valsendero 55 0.L47
Azuajo 57 0.38
Teror 6L 0.37
San Mateo Lo 0.51
Santa Brigida 6L 0.35
Guiniguada 56 0.35
Rosiana 86 0.51
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3.2 Relationship between Runoff and Geology

Noticing the sometimes considerable differences in runoff charact-
eristics between various drainage basins and the fact that the curve numbers
are lower in the northern part where the geological formations are predominan
ly the Modern Basalts than in the southern part where Phonolites, Trachy=-
syenites and Ancient Basalts are abundant, it was attempted to find a re =
lationship between runoff characteristics and geology. This procedure would
provide an objective method for assessing the runoff characteristics of un =
gauged areas. Since, according to the field investigations carried out by
this Project, slope is of minor importance for the water intake capacity
of the soils, it is expected that dgeology is the major factor influencing
infiltration and therefore also runoff. This can also be understood from
the values in Table 2;5__ where the curve numhers for the gauged drainage
basinsg are given together with the currently used slope index in Spain as
defined by Heras (1972). This reasoning is valid since rainfall intensities
usually are below the intake capacity of the soil.

The idea of distinguishing the runoff from each main type of geo-
logical formation meant soiving a system of equations which had five unknown
and a few redundant equations which were used for a final check on the re =
sults. Since the curve~number in itself is not a linear gquantity, that is
a direct physical property of the formations, the potential infiltration
capacity associated with the curve number in the described method was used
as the unknown to be solved. For those formations where no field data were
available, potential infiltration capacities were estimated taking into
account hydrogeological factors and the results are given in Tablgjbﬁt .

The resulting curve numbers for the various hydrological 2zones are given

in Figure _?'7
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Table D4

_ Potential Infiltration for the main Geological Formations

in Gran Canaria and their equivalent curve numbers

Potential infiltra=- Equivalent
: . . Observa=
Geological formation tion as defined by Curve tions
g the Curve=Number Number
method
mm

Ancient Basalts 50 8L Estimated
Phonolites, Ignimbrites and 59 92
the Trachy-syenite complex
Roque Nublo Agglomerates 91 7k
Lower Rogue Nublo 151 63
Modern Basalts, lavaflows 265 )
Modern Basalts, pyroclasts 175 59 Estimated
Landslide materials 31 89
Alluvial materials 200-300 56=46 Estimated
Miocene sediments ) 75 77 Estimated




FIGURE D-7 ESTIMATED CURVE NUMBERS FOR
THE HYDROLOGICAL ZONES GRAN CANARIA
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From the figures thus derived it can be concluded that as an aver =
age direct annual runoff is about 4O mm/year for the whole island. This
figure indicates the amount of surface water that could be utilized if the
collecting system was peffect. However, in many places, particularly in
the lower reaches of the rivers, a considerable amount of stream percolation
takes place, which will deduce the amount of available surface water but

increase the groundwater resourcese.

3.4 Distribution and Variation of Runoff

Most runoff is produced in the high parts of the island due to
the larger rainfall there. Therefore in the hydrological balance it has
been attempted fo treat those areas separately. During heavy rains runoff
will occur also in the lower areas, but stream percolation will in many
basins reduce the runoff in these parts. During normal years only rela =
tively small quantities of runoff will occur in the northern part of the
island.

Due to the particular characteristics of the geological formations
and the thicker soils in.the northern part of the island, direct runoff is
normally quite small, about 10 mm for the lower areas and 20«30 mm for the
higher areas. These figures apply to the area north of a iine acrogs the
island from Agaete to Arinaga. To the south of this line the basing show
higher runoff figures in spite of the relatively lower precipitétion. In
the lower zone the direct runoff is in the order of 40 mm for a normal
year, and in the higher zone this figure according to the theoretical calcu=-
lationgs may amount to 150=«175 mm. It should be pointed out that these re=-
sults are based on estimated values to a larger extent than for other areas
in the island. Stream percolation is also quite high in the lower reaches
pf the southern rivers and hence the difference between the unadjusted values

and the actual runoff is large.



MOP/UNESCO Proyecto SPA/69/515 Preparado por Pagina de

Informe Técnico Final, Borrador del Proyecto. Fecha

343 Estimation of the unadjusted Annual Runoff

It should first of all be pointed out that the method used for
estimating runoff from geology and daily rainfall figures is very rough.
Since the results are derived from very few basic data of reasonable quality,
it should be kept in mind that the figures given for runoff in this report
are only indicative. The calculated runoff figures have been contrasted
with the other terms of the balance and with the real behaviour of the drain-
age basins, mostly through qualitative data. It is therefore believed that
they are reasonably valid as a total for the island, but individual values

might differ considerably from reality, especially in areas and geological
formations where no gauging stations are available.

The runoff figures refer only to natural conditions, without taking
into account water collection in dams and other derivations of surface water,
and stream percolation is not considered at this stage since the basic data
for the gauged basins do not include those factorse.

In the detailed water balance carried out for the three hydrolo -
gical years 1970/71,- 1971/72 and 1972/73, the last two years have had rain =
fall very close to the estimated median precipitation of 300 mm‘/year. It
would therefore seem reasonable to base the estimate of the median runoff
on the results obtained in the detailed water balance for those two years.
Furthermore, the quality of the presently available rainfall and runoff
records does not justify a detailed calculation of runoff based on the curve
number method for the whole island for the total period of records until
these records have been verified and corrected. In order to provide a check
on the magnitude of the figures for average annual runoff derived from the
detailed water balance, a calculation of the runoff has been performed for

a number of years for some of the hydrological subzones.



MOP/UNESCO Proyecto ©i#A/69/515 Preparado por Pagina de

Informe Técnico Final, Borrador de! Proyecto. Fecha

A detailed study of floods falls outside of the scope of this re =
port. It should only be mentioned that because of the heavy rains and the steer
slopes of the rivers, runoff is torrential and may cause severe damagese.
Concentration times are very short and base flow zero, which means that the
flow resulting from a rainstorm will occur in a very short time. This will
lead to costly designs for structures to be built in the riverse.

The runoff will vary very much between the years and especially

in the northern part of the island it would not be uncommon to have years
viriually without runoff. Fof the utilization of the surface=water resources
it is imperative to keep this fact in mind so that the water management

allows carry-over of water from one year to another. As eiamples of these

v ariations the runoff in the higher parts of the Azuaje basin and the Tira =
jana basin in the northern and the southern parts of the island respectively,
has been calculated and is shown in Figure _Elg.' The poor relationship
between the annual figures for rainfall and runoff is more noticeable for

the northern basin because of its lower curve~number. The variations of
calculated runoff for a 24 year period represented by the accumulated deviatio:
from the mean ‘value, Fig. D.9 are so large that if evaporation is disregard-
ed, the necessary storage capacity would have to be 9 times the average annual
runoff in this particular northern basin and 5 times in the southern basin.

It can therefore safely be concluded‘that already for a modest utilization
" of surface water the necessary storage capacity will be quite large in order
to guarantee the desired discharge because of these annual variations in run=-
off.

3.5 Stream Percolation

For natural conditions stream percolation has been estimated
based mainly on qualitative information. From the calculations carried out
for the water balance, it can be concluded that the potential stream perco =
lation is between 15 and 20 mm for a normal year: that is, almost half of

the average normal runoff. For larger runoff, stream percolation will not
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increase very much and for smaller annual runoff it will most—likely—account

for a larger part of the annual runoff. Stream percolation occurs mainly

Iin the rivers in the southern part of the isTands—

Presently a large part of the runoff is collected by surface -

water reservoirs and diversion stractiures before stream percolation—oceursy

which will to a large extent reduce the figure of actually infiltrated water

L, Evapotranspiration and Evaporation

No direct measurements of evapotranspiration exist in the Canarian

archipelaga, although irrigated agriculture plays a very important role for

the economy of the islands and water is in short supply. Evaporation is measur=

_ed at a few recently installed stations with the US Weather Bureau Class A4

pans, and some indication is given at other stations with atmometers of the .
Piché types

The potential evapotranspiration is tﬁe amount of water that
.would be lost to the atmosphere by the vedetatiqn and the soil if the demandﬁ
of water was satisfied at all times. Since this 1s not the case under the
Iggigtigg_climﬂtic conditions, the real evapotranspiration is less than the
potential evapotranspiration. Both terms include the water lost throggh tra;8p
piration of the vegetation and evaporation from the soil. These terms, 1ack;
ing actual measurements, thus have to be estimated, mainly by means of a com=
_B?rison_with evaporation data and from theoretical evapotranspiration formulae
based on measurmaments in other parts of the world. |

Three stations have sufficient data to permit the calculation of

evaporation according to Penman for a long period of time. The relationship

between Penman's open water evaporation and the potential evapotranspiration

is not yet established for the Canary Islands. Taking into account the rela =

1

tively small seasonal changes in the archipelago, it is assumed that a factor
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of 0.75 should be applied throughout the year to the theoretical evaporation
values in order to give the potential evapotranspiration for the vegetation
of Gran Canaria.

It has been shown (American Society of Agronomy, 1967) that the
correlation of potential evapotranspiration to pan evaporation for monthly
values is relatively high. In accordance with measurements in mapy parts
of the world and takinginto consideration the type of natural vegetation
in the island a facgor of 0.75 has been chosen for the adjustment of the
pan evaporation.

The potentiail evaporation for the 6 stations with complete data
for the hydrologic year 1971/72 according to the Penman calculations and
the Class A pan measurements is shown in Table D.5 « This year can be con=

sidered as an average yeare.

L.1 Evaluation of Potential Evapotranspiration for island

In order to determine the potential evapotranspirationrfor the
whole island, it is necessary to extrapolate the data to areas with different
characteristicse

The only meteorological parameter that is measured reasonably
wgll over the island is temperature (daily minimum and maximum). It is
measured at 25 stations, most of them in the northern and central parts
of the island. At 17 stations atmometer observations (Piché) are taken
and also at 17 stationé relative humidity is measured.

The quality of these data at the 6 main stations is sufficiently
reliable but at the other stations the quality is low, and Piché evaporation
or relative humidity should not be used for extrapolation of monthly evapo-

transpiration.
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Table2e2

Evaporation Data for 6 stations
in Gran Canaria 1971=-1972
s 0 N D J F M A M J J A Total

LAS PALMAS
Penman 144 124 108 70 80 102 120 135 152 137 149 162 1483
Blaney~Criddle 160 128 128 118 119 111 133 141 156 159 172 175 1728
Thornthwaite 112 115 79 55 5k 50 59 67 77 86 106 125 986
GANDO
Penman 168 168 145 79 96 117 137 177 228 219 266 248 2048
Blaney-=Criddle 154 152 125 117 117 110 132 142 157 162 174 170 1712
Thornthwaite 100 110 67 50 48 Ly 53 63 73 88 106 111 913
GUIA
Penman 134 125 91 68 61 92 109 131 141 126 158 187 1423
Blaney-Criddle 149 150 128 117 114 114 132 138 157 162 170 170 1701
Thornthwai te 91 98 73 50 4L 53 55 58 754 87 100 111 894
SANTA BRIGIDA

lass~-A pan 166 145 71 Lo Lo 54 66 94 109 110 161 142 1152
Blaney~Criddle 144 148 115 103 104 100 117 128 145 148 162 159 1573
Thornthwaite 88 101 65 48 Lo 46 53 64 78 85 103 106 883
CAIDERO
Class~A pan 203 238 141 94 100 112 121 182 231 231 252 245 2150
Blaney-Criddle 159 162 129 117 118 112 132 143 160 162 174 170 1738
Thornthwaite 112 130 70 L7 46 Lo 47 61 74 84 106 108 927
CHIRA
Class~A pan 183 202 104 61 68 87 93 158 223 203 261 240 1883
Blaney=Criddle 142 142 104 93 95 90 108 125 147 146 170 163 1525
Thornthwaite 88 94 43 29 30 28 3k 51 74 75 113 111 770
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Two commonly used methods for estimating potential evapotranspi=-
ration using temperature data are those of Thornthwaite (1948) and Blaney=
Criddle (1960). For the year 1971/72, potential evapotranspiration has
been calculated with these two methods for the 6 main stations. For Blaney~-
Criddle a consumptive use factor K = 1 was assumed for the calculations

and the results are shown in Table p,5 .

When comparing with the pan and Penman evaporations it is obvious
+hat the Blaney=Criddle method in this case is superior to the Thornthwaite
method which is logical since it is based largely on experience in arid or

semi=arid arease.

Extrapolation of the potential evapotranspiration was done by
comparing the Blaney~Criddle method with the Penman calculation or the
pan measuremsnts, as the case might be, for the six main stations and
by obtaining for each month a modified consumptive use coefficient F.
This will represent for each station all the climatological factors that

have influenced evaporation expressed as follows:?

0,75 Epan or Penman

Fe Kep. (0.6 t + 8.1)

where

F= modified consumptive use coefficient

E= measured or calculated evaporation in mm

k= consumptive use coefficient, in this case k = 1
p= monthly percentage of yearly sunshine hours

t= temperature in °c
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For the calculation of the potential evapolranspiration the Blaney-Criddle
method was used for each of the 36 studied areas, together with the F-value
calculated for the closest main station which has similar climatological

characteristics, according to the following formula:

ETp = F.p (0.46 t + 8.1)
where

ETp = potential evapotranspiration in mm

A generalized map for annual potential evapotranspiration for
natural conditions in Gran Canaria is shown in Figure _D.10 . These values
are based on a very short period of records, but are believed to be repre =
sentative since the variations in the meteorological parameters between
the years are not likely to be of such a magnitude that they will signi =
ficantly change the results.

Potential evapotranspiration is higher in the southern part of
the island than in the northern part, due to the higher temperatures and
the more abundant sunshine. In the eastern part of the island the strong
winds will also increase the potential evapotranspiration. Generally the
potential evapotranspiration is higher than the average annual precipita =
tion , which means that irrigation is necessary for perennial crops and
for those annual crops cultivated during dry seasone.

The monthly variations in potential evapotranspiration are con-
siderable. The class A pan measurements show that evaporation in the 6
months period, November through April, is only about half of the evapora-

tion for the period May through October.



FIGURE D40 ANNUAL POTENTIAL EVAPOTRANSPIRATION

GRAN CANARIA

Note: values in m/m year
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L.2 Soil Moisture Retention Capacity

The real evapotranspiration is smaller than the potential evapo -
transpiration since the s0il moisture is not always high enough to support
the full rate of transpiration of the plants and evaporation of the soils.
Therefore an evaluation of the real evapotranspiration needs a study of the
soils. Since no soil maps and land-use maps are available for Gran Canraria,
the water retention capacity for all the hydrological zones 1in the
island was estimated using aerial photographs in scale 1116000 , Vegeta =
tion type, root zone, soil depth and soil type were estimated after field
check and the retention capacity was calculated based oﬁ estimated values
available moisture for each soil texture, according to Israelsen and Hansen
(1962). The resulting retention capacity is shown in Fig D.11, from which
it can be seen that the estimated water holding capacity varies between Lo

and 120 mm in Gran Canaria.

L,3 Real Evapotranspiration

Several methods exist that permit an evaluation of real evapotrans-
piration based on the potential evapotranspiration once the water holding
capacity of the soil is known. For this study the method derived by Thorn-
thwaite and Mather ¢1955) has been used. This method assumes a 1inear re -
lationship between the rates of the real and the potential evapotranspiratién
of the type shown in Figure_ D.12 .

The real evapotranspiration ET has been calculated for each of
the hydrologic zones for a three =year period, assuming that the monthly
potential evapotranspiration ETp is evenly distributed on the days of the
month., For each day it is assumed that the precipitation minus runoff will
enter the soil and replenish the soil moisture until the retention capacity

is reached. The surplus of soil moisture over field capacity will infiltrate



FIGURE D-Il ESTIMATED SOIL MOISTURE RETEN-

TION CAPACITY GRAN CANARIA

Note: values in m/m.
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to deeper lavers and enter the groundwater system. For each day ET is
then calculated based on the relationship demonstrated in Figure p,ie,

Ag an example has been calculated the real evapotranspiration
for the year 1971/72 for one area in the northern higher part and another
in the southern lower part of the island, with retention capacities of
110 mm and 40 mm respectively. The results are given in Table D,6 _ , which
cshows the big difference between the northern and the southern parts of
the island and the influence of the dry and wet seasons. From all the cal =
culatons it has been noticed that the real evapotranspiration depends more
on the amount of rainfall and itg distribution than on the potential evapo =
transpiration, due to the large difference between potential evapotranspira-
tion and precipitation during a consgiderable part of the year.,

The influence of the retention capacity is not shown in the ex-
amples in Table _ pn,6__, but a number of calculations carried out show that
an increase of the retcntion capacity will be accompanied by an approximately
equal increase in the real evapotranspiration in the northern area, whereas
in the southern lower areas without recharge an increased retention capacity
does not have any big influence.

The average real evapotranspiration for the whole island is es =
timated at about 200 mm/year, with a maximum in the north central part
of the island with 450 mm/year, and a minimum in the southern lower parts wift
100 mm/year. The figures calculated for the water balance, discussed else -
where in this report, show that the increase in the real evapotranspiration
is not very large even for a very wet year, for which instead runoff and

infiltration will increase more notably.
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Table .T.'.6.
Calculation of Real Evapotranspiration
for two zones Gran Canaria 1971=72
Months S (¢ N D J F M A M J J A Total
Northern
higher
zone
P 10 o} 148 53 162 166 129 65 14 9 o} 16 772
ETp 82 90 49 33 31 Ll 52 72 84 80 116 113 846
ET 15 5 33 32 30 Ll 50 65 53 30 18 13 388
Southern
lower
zone
P 11 o} L5 0 0 Lo 3 (¢ (¢ (¢ (¢ o} 105
ETp 122 122 105 58 70 8L4 99 126 164 158 193 181 1485
ET 4 7 26 11 L 28 16 2 (¢ o] o} (¢ 98

Note: All values in mm.
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Lok Free Evaporation and Evapotranspiration from Irrigated Crops

Evaporation from a free water surface is approximately equal-to
the potential evapotranspiration shown in the generalized map , Fig D.10 ’
and would be about 1400 mm/year and 900 mm/year for the reservoirs in the
southern and northern parts of the island, respectively. This high figure
means that for a small basin and a big reservoir a considerable part of the
average inflow will be lost through evaporation.

The principal irrigated crops in the island are bananas found mainly
in the northern part, and tomatoes in the southern and southeastern part. Lately
there has been a change in the cropping pattern so that an:increased acreage
is devoted to greenhouses, where vegetables and flowers are grown. In order to
calculate the consumptive use of water for the main field crops, a consumptive
use coefficient of 0.9 has been assumed for bananas and 0.7 for tomatoes to be
applied to the Penman evaporation at the meteorological stations in Guia
énd Gando which are'believed to be typical "for the area where these crops
are growne

Bananas are cultivated throughout the year , whereas tomatoes have
a growing season of about 5 months, starting in August for the early
‘tomatoes and Mgrch as the end of the irrigation season for the late tomatoes.
The consumptive use for tomatoes as an average for the growing season would
‘then be about 370_ mm for the northern and 530 mm for the southerh areas ,
and for bananas about 1300 and 1900 mm respectively, see Table D.7.

Very few figures seem to be available for the consumptive use of
greenhouse cropsy, but it is felt that phis system of cultivating will con =
siderably reduce the necessary amount of irrigation water. "Consejo Econémi=
co Sindical" (1967) indicates that gross demand for peppers, cucumbers
and tomatoes in greenhouses is about 450 .mm per vegetation cycle, which is
about half of the demand for these crops on open fields. The hydroponic
system of irrigation in greenhouses reportedly may reduce the consumption

of water to about 20 mm/month.
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S Infiltration and Recharge

5.1 Determination of Infiltration Capacity

Two different methods have been used for field determinations of
the infiltration capacity of the natural soils in Gran Canaria, i.ee the or=
dinary infiltrometer method and the artificial rainfall method.

The infiltrometer consisting of two concentric rings can only be
used in flat areas or terrains with very little slope. Such terrains are
rare under natural conditions and generally occur only as man-made soils
on terraces and in the banana plantations.

One ring test carried out in a Phonolyte area indicated an infil -
tration capacity of 30 mm/he The 5 tests in areas of Modern Basalts gave
values between 50 and 160 mm/h.

In order to measure the infiltration of the‘soil on slopes, a
rain simulator was designed that consisted of a row of sprinklers operating
at a pressure of 0.2 = 0.5 atm., at a height of 80-100 cm above the soil, as
shown in Figure D.13 . The normal size of the test plot was about 1.50 meters
wide and 3.00 meters long. The precipitation inteﬁsities could vary between
40 and 135 mm/hour, depending on the pressure and the number of sprinklers
operating, but was keﬁt constant during each test. The precipitation was
measured in 12 points within the plot. Its distribution was reasonably uniform
The runoff from the plot was measured volumetrically at time intzrvals varye-
ing from 1 to 5 minutes. The infiltration was calculated as the difference
between precipitation and runoff from the test plot as is indicated in
Figure D.14 .

Altogether 16 rain simulator tests were carried out on soils with

slopes varying between 20 and 60%, and under natural vegetation consisting

of shrubs and grasse’
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Soil depths varied between 20 cm and 200 cme Also these tests showed very
high infiltration rates especially in the Modern Basalts varying from

40 mm/hour to more than 100 mm/hour. The tests carried out in the Phonolytes
and Trachy-Syenites showed considerably lower infiltration rates in the order
of 25 mm/hour. From the results it can be concluded that slope has little
influence on the intake infiltration rate of the soils.

Taking into account that the rainfall intensities are normally
lower than the measured infiltration rates, it is concluded that generally
all precipitation infiltrates and that runoff on terrains with a soil cover
occurs as subsurface runoff.

An indircct method of dctermining the infiltration capacity of
different types of soils is available since the curve-number method as dis =
cusscd previously is based on the infiltration characteristics in the basins.
The pertinent results for the potential storm infiltration capacity as in -
dicated by the cufve—number method are given in Table _Ezﬁ__. This table shows
the same tendency as the field tests, i.e. a high infiltration capacity in
the Modern Basalts and considerably lower values in the Phonolytes and simi =

lar formationse

D2 Calculation of Recharge

The recharge of water to the groundwater body, as defined by the
surface=water balance, has another significance than the infiltration in the
infiltrometer tests and the curve-number method. In the infiltrometer the
intake rate of the soil is measured. The sub=surface runoff is included in
the infiltration rate. With the curve-number method the difference between
rainfall and runoff is calculated, with runoff including the subsurface part.
In the water balance, recharge is the difference between the losses on the

one hand through evapotranspiration, replenishment of the soil moisture to



the field capacity and the other hand the rainfall.

From the water balarnce it can be concluded that average annual
recharge to the groundwater body from precipitation is about 60 mm. In
the higher parts of the northern arca recharge from precipitation exceeds
400 mm/year, and in the coastal areas it is about zero. In the southern
area it varieg fram about 300 mm, in the higher parts to zero in the coasta

belt. A gereralized map of recharge from precipitation is shown in

D.15

Figure

53 Stream Percolation

Another source of recharge is the stream percolation, which occur
in the lower parts of the rivers where the bed consists of alluvial deposit

In the higher parts of the zones used for the water balance strea
percolation is not gignificant and the curve=number for the higher =zones
can be considered to take into account also the stream percolation of the
scarce alluvial deposits found in the river beds.

Because of the absence of measured flow data in the lower parts
of the rivers, strecam percolation has been estimated based mainly on qua-
litative data and as such should be considered less accurate and should be
subject to revision when measured data are available.

Visual observations as well as verifications in the field if the
runoff ever reached the sea for certain storms, have indicated that stream
percolation is relatively unimportant in the northern part of the igsland,
but in the southern rivers it is of such magnitude that it will signifi-
cantly change the relationship between groundwater and surface water. This
is also evidenced by the existence of a large number of wells situated
along the alluvial valleys in the southern part of the isldnd.

The evaluation of the stream percolation is also distorted by th
existence of reservoirs and diversion struétures in the rivers, influenc-

ing runoff. Based on the r.sults from the water balance it can be esti -



FIGURE D-5 ANNUAL ESTIMATED RECHARGE FROM
PRECIPITATION GRAN CANARIA

Ngte: values in mm.




mated that the potential stream percolation amounts to about 5 mm in the north=
ern part of the island, and about 30 mm in the southern part. Diversions of
surface water above the limit of stream percolation will automalically reduce
this loss considerablye.

If we add the percolation loss Lo the recharge from precipitation,
the total recharge to the groundwater body in a normal year is about 70 mm for

the entire islande

S5¢% Recharge from Irrigation

From the irrigated areas, some of the water that is not used
by the crop will reinfiltrate and recharge the groundwater body. At least
in localized areas this quantity of return flow is important as has been
evidenced by the study of the chemical composition of the groundwater.
Assuming a use of 160 Mm3/year for irrigation as is stated in the third
development plan.(Comisaria del Plan de Desarrollo, 1972), a gross delivery
efficiency of 65 percent (a value that is probably qui£e high), and further
assuming that two=thirds of the losses return to the groundwater body , re-=
charge from irrigation operations would be about 36 MmB/year for the entire
island, a volume equivalent to a uniform depth of about 23 mm. The irrigat=-
ed area 1is about 12,500 ha which means that in these areas as an average
290 mm/year is recharged. Due to the coastal location of most of the irrigated

areas, a large part of this recharge will be rapidly lost to the sea.
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Ge _ Pevelopment of Additional Supplies

The development of uadditional! surtace water supplies would involve
Loth ricuperation of existing untapped 1resources in localized areas, and
rationalization of the available resources. At this stage of investigation
onty general ideas can be advanced, as all future designing needs to be subs =~

tantiated by more field measuremznts.

6Ll Surface Storage and Derivations

Present storage capacity in the island in large dams, that is
dams with walls higher than 15 m, is about 80 MmB, Taple D-8 , out of which
about 12.5 Mm3 together with about 5 Mm3 in smaller reservoirs are located
in the northern part of the island. Out of the total storage capaclity of
06745 Mm3, the southern part accounts toe 40 Mm3 and will most likely never
Lo completely filled, but will enable storage of water over many years in
order to form a reserve. Considering that for a normal year the runoff of
the higher parts of the northern slope is about 20 Mm3 and the fact that
{he distribution of the dams and all the small reservoirs in this region
makes the water collection relatively more efficient, il might be concluded
that only marginal quantities of additional water can be collected there
dnring a normal years A higlier degree ol carry-over hetween Years s Which '
is desirable, would make unccessary an increased storage capacity.

in the southern part of the island it dppears from a comparisoﬁ

Liotween the surface=-water balance and present storage capacity that the s

. 3 . . .,
surface=watel resources of about 35 Mm™ in the higher parts are still under=

oy
J )

ulilized also in a nermal yeare A programme should therafore be initiated

as soon as possible with the objective of studying the southern rivers in

more detaile It should be kept in mind that because of the high stream percola-
tion the ”cxcessﬁ water is not necessarily lost to the sea, since much

of it will be collected by wells in the lower reaches ¢t the rivers. llow -

cvery, a system of surface-water collection will generally operate with

smaller losses than the groundwater collection system, and a comparative



D.
Table ...?..

Large Dams in Gran Canaria 1.973

Z0NE

NUMBER OF DAMS

CAPACITY Mm

3

OBSERVATIONS

e
[oFN o5

a
b north
b

south

O 00 00N 0N NN DN

[
Cc =

Ll S L R G, BT IR R UCREEN

0.168
2.167
2.015
0.871
1.846
0.525
0.488
0.514
3.000
L.075
9.167
0.100
£9.540
4,700
0.36L

Soria dam 40.289

TOTAL

59

79540




study could be undertaken. The existing wells would then collect only
recharged precipitation and the percolated stream water from the lower
parts of the drainage basins.

It should be again emphasized that the conclusion about the south~
ern rivers is mainly based on theoretically derived data and qual itative
observations and therefore is subject to revision once quantitative data
are available,

In the western part of the island too, there could be possibili =
ties of obtaining additional supplies especially in the basin drained by
Bco. Risco, corresponding to hydrological zone 9. It will be difficult to
imagine storage in dams as possibilities seem to be inexistent, but diver=-
sion devices can be designed for recuperation of quantities lost to sea at

presente.

6.2 Induced Infiltration

A possiblé method of gaining additional water wouldtbe‘to infile
trate excess runoff, which otherwise would be lost to the sea, particularly
in the southern part of the island. The method may be feasible only during
wet years because the high potential stream percolation in the southern rivers
will prevent during normal years any water from being lost to the ocean as
surface runoff., Before any such scheme 1is contemplated, an adequate sys =
tem should be designed and put into operation for collecting ihe subsurface
water that presently is being lost to the sea through the river beds. In
areas where such a system works well and little water is being lost, artificial
recharge of surface water might be a possible method for increasing the
supplye.

Infiltration in areas outside of the river beds would, not be fea=
sible due to the disponibility of large quantities of water in a short time.
In any case the economic alternative for surface storage should also be consiw=

dered for every site studied.



The high values of evaporation indicate that an additional supply
of water miyht be derived from suppressing evaporation from the many surface-=
water rescrvoirs. A survey of this problem has been given by Michaeli (1973).
In the island many small water reservoirs exist which can be covered with
foamed materials in order to reduce evaporation. The possible reduction of
evaporation might be in the order of 40% . A small experimental programme -
should be carried out in order to evaluate the applicability of this method.

In Gran Canaria there are , as pointed out earlier 59 surface-watcr
collecting reservoirs with walls higher than 15 meters. For these, the only
kriown mcthod of suppressing evaporation is a monomolecular film cover. Most of
these reservoirs have small surface areas and therefore the small gquanti -
ties of water that could be saved, would not justify the installation and
operation of a system of this kind. For some of the seven biggest reser -
voirs the monomolecular layer might achieve a 15% reduction in evaporation.
Costs for operation and maintenance seem to be in the same order of a magnie-
tude as the cost of the water but no recommendation can be given before
trying out ihe method. Experience in other countries should be followed up
and data about winds and evaporation should be collected for these large

reservoirs in order to permit a more detailed evaluation.

6.4 Artificial Rainfall

An evaluation of the possibilities of inducing artificial rainfall
by Schleusener (1971), shows that most likely it is not feasible to increase
rainfall during the summer months by the cloud seeding method. There might
be some possibilities of augmenting the rainfall during the winter months
by about 10%. This conclusion was based only on indirect evidence and it was
suggested that a program of additional investigation be carried out, before t

mcethod was used.



Although rainfall occurs on many days in the winter season, the
major guantity falls during very few days with high intensities. Under
these conditions losses of runoff to the sea may occur and other undesirable
effects are that roads are destroyed and the topsoil is washed away. There =
fore, it would seem advisable not to start cloud seeding in the island until
an adequate surface-water collecting system has been accomplished. and suf-
ficient measures are taken to avoid eventual damages due to heavy downpours.
The expenditure incurred on protective measures may make cloud seeding pro-
cesses prohibitive but feasibility studies need to be undertaken before taking
a decision. It would be advisable, however, to start collecting the necessary
metereological data in order to permit a better evaluation of the possibilities

of this method, especially as a last resort to stop prolonged droughtse.

6¢5 Artificial Condensation

Condensation on trees and artifiecial interceptors has been observ -
ed and has occasionally been used as a source of water supply in the archi -
pelago (Michaeli 1973, Schleusener 1971). The effects have been noticed
mainly in the cloudy area of the islands, at elevations between 600 and
1500 meters. It does not seem as if artificial devices for fog intercep =~
tion are economically feasible except in marginal cases. It should be
noted that the wide-spread method of '"picdén'" cultivations seems to derive
its merits from the fact that it reduces evaporation from the soil rather
than increases condensation.

Direct condensation from maritime humid air by use of sea water
as a cold source has been suggested as a possible method for increasing
the water supply (Schleusener 1971). As a possible power source wind was
proposed. A feasibility study for a similar plant in the West Indies (Ge =
rard and Roels, 1970), showed that such a plant would not be economical

conpared to an ordinary desalinization plant. A preliminary study of avail-



able meteorological and oceonographical data and a comparison with the
plant in the West Indies showed that the conditions are a wpriori less
favourable in the Canaries, but a feasibility study with an experimentalplant

has been suggested.(Section of Hydrology, 1972 a).

6.6 Increased Efficiency of Irrigation

It has been shown previously that there are large differences in the «
water requirements of the two main crops. It would therefore seem appropriate
from the water management point of view to substitute greenhouse crops or toma-
toes for bananas. It should also be possible to increase the irrigation
efficiency using sprinkler or drop irrigation instead of the presently do =
minant systems of basin, and furrow irrigation. Both the returns and the
efficiency of the system might also increase if smaller quantities of water
were applied at shorter time intervals if the needs of the plant and
the soil are closely followed upe.

The figures given in Table D.7 give an idea of the magnitude of
the possible savings of irrigation water. It can be seen that if for ins -
tance oneé third of the present banana area of about 3600 ha, mainly situat-
ed on the northern side of the island, could be used for greenhouse crops
and tomatoes, this would mean a reduction of the gross demand by soms 15 Mm3.
Sprinkler irrigation should be preferred to basin irrigation and furrow irri=-
gation. Present experience in the northern part of the island indicates that
the decrease in gross demand when changing to sprinkler irrigation is even
bigger than is demonstrated in the Table._9:§_ which may mean that actual

irrigation efficiency is even lower than has been assumed.



Table D7

Estimated Irrigation Requirements of Bananas and Tomatoes

Gran Canaria

Bananas Tomatoes
mm/year mm/year
Northern Zone
Potential evapotranspiration 1270 370
-Effective precipitation =170 -170
Net demand 1100 200

Irrigation efficiency
Gross demand
Sprinkler irrigation efficiency

Gross demand for sprinkling

Southern Zone

Potential evapotranspiration
-Effective precipitation

Net demand

Irrigation efficiency

Gross demand
Sprinkler-irrigation efficiency

Gross demand for sprinkling

0.7 (basin)
1570
0.8
1375

1870
__=79
1800
0.7
2570
0.8
2250

0.6 (furrows)

330
0.8
250

550
—=20
500
0.6
830
0.8
625




E GROUNDWATER RESOURCES

Introduction

The island of Gran Canaria has a surface area of 1558 km2 and

is the third in size within the Canarian archipelago.
The major source of water supply is derived from groundwater. The
total production obtained mainly from deep wells and some galleries, was

about 128 Mm° in 1968/69. However, the production has decreased to about

3

102 Mm~ in 1973, specially due to some wells going out of production as

a result of water level declines.

The groundwater production in 1973 equals a water lamina of 65mm
or 22% of the mean annual rainfall, calculated at 300 mm/year.

The principal aquifers producing water are Modern Basalts (Post=~
Miocene), Roque Nublo Formation, and 0ld Basalts (Miocene), which toge-
ther yield over 70% of the total. The Phonolytes, lgnimbrites and Allu-
vial materials account for the rest.

In this section is attempted a statistical analysis of the well
and gallery inventory, a study of the occurence of water in the various

geological units as well as their characterization through observed hy-

drodynamic behaviour and hydraulic propertiese.

1. Hydrogeological significance of major rock formations

About 90% of the island can be regarded as composed of volcanic
rocks and the rest of erosional materials.

The oldest rocks in the island are the 0ld Basalts of Miocene age.
These. are composed of a very thick series (max. 800m) of alternating
lava flows and pyroclastic layerse. A good idea of their structure can

be seen on the western coast between Agaete and Puerto de la Aldea. The



entire thickness is crossed by a swarm of dykes oriented generally
NW=-SE. Weathering has attained great depths on the top, the fissures

are normally filled in with secondary minerals. We can consider this
formation as the basement of the island from a structural point of view.

The 01d Basalts appear below the present sea-level in the southern
and eastern coasts spreading from Bco. Tauro to Gando, which indicates
that the island probably was dipping in this direction at one time.
There is some evidence that a good part of this basement in the north
is below the present sea level excepting an area east of Teror.

The Miocene basalts are covered by the Trachy-Syenitic Complex
in the central west between Tejeda amd San Nicolas. This formation lar-
gely composed of trachytic and ignimbritic levels is completely trans -
formed by a large~scale intrusion of dykes. The entire complex showing
a system of ring dykes is thought to represent an ancient caldeira.
Weathering is very deep and this forms an impermeable series compared
to the 0l1d Basalts.

The Ignimbrites cover independantly very wide areas both in the
south and northern parts of the island, although the maximum develop -
ment is seen in the south (max SOOm). From groundwater point of view,
these form an aquiclude even though at times due to local fissuration,
groundwater production can become important specially on the upper
zones of the formation.

Phonolytes and pumitic deposits cover in most cases the Ignim -
brites but they formjat times large intrusive massifs. In the southern
part specially the flow levels are very thick and long. Even though
they are provided at times with fissures, generally the production of
groundwater is low.

The next formation which is also one of the most important
aquifers of the island, is the Roque Nublo Series. Product of "nuée

ardente" type of explosion, and intermediate periods of calm, this se-



ries can attain a total thickness of 800 m in the centre of the island.

The lower member is composed of agglomerate levels mixed with individual
lava flows mostly of tephritic origin as well as with intraformational
sedimentary deposits. The upper member however is composed of a great
thickness of agglomerates. The principal producing level-is found in the
lower member.

The Modern Basalts are all post-miocene but are composed of se-
veral series of which the most important aquifer is constituted by the
thick basalts of series 2, found covering the Roque Nublo and the Phono -
lytes-Ignimbrites substratum in the north between Guia-Fontanales-Arucas
and in the east between Las Lagunetas-Telde-Ingenioe.

In the north-eastern half of the island the impermeable subs -
tratum for groundwater is constituted by the widespread occurence of Pho-
nolytes and Ignimbrites.

Erosional materials specially alluvial deposits can be aquiferous
zones locally. This is notably the case for example of the Miocene Te -
rrace of Las Palmas between Telde and Gando underlying the Modern Basalts.
Its extension is small, about 30 sz at a maximum but is highly pro -
ductive being supplied both laterally and horizontally.

The alluvial belt of lower Tirajana basin supplies water to
lateral galleries of wells in winter when recharge from surface runoff
takes place.

The main outcrops of the principal geological formations of the
island are given in Map C.l and the structural relationship are shown
in Sections C2 - C7. The reader is referred to Maps E.23 and E.25 for
the basement topography of the Phonolytes-Ignimbrites and the 0Old Ba -

salts respectively.
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2. Groundwater Occurence in a Stratified System

Tn the island of Gran Canaria groundwater occurs in all alti-~

tudinal levels. However, the behaviour of groundwater varies according

to certain strata and such a behaviour probably is related to groundwater

movement and storage. This implies that in spite of the general geolo-

gical formations which control the hydraulic characteristics of ground-

water occurence in a particular zone, there seems to exist a superimposed

system resulting from the complex equilibrium existing between recharge

on the one hand and the flow of water towards the sea on the other hand,

governed by particular hydraulic laws.

Unlike in normal aquifers, the volcanic aguifer even though

comports a water level, has a much greater dispersion of its hydraulic

properties. Also the notion of saturation has to be transposed to a system

of preferential communication along which the exploitable fraction of the

water filters through. If we imagine the volcanic aquifer as a complex

system of discontinuous short aquifers composed of confined, semi-confined

and unconfined levels cut across by veritable high gradient channels or

compartimented by dyke-barriers, we get an explanation why the geological

formations do not constitute in thisg particular case a homogeneous unit

‘as far as water occurence is concerned.

The evidence for such a stratification exists 1if we study the
behaviour of wells, galleries and springs in all levels of water flow,
and compare them with hydrogeochemical and isotopic changes.

On the top of the island we find numerous perched water tables.
in the unsaturated zone,sometimes associated with spring outflow. The
wells and galleries traversing this zZone have a reasonal flow regime with

numerous "hanging levels" characterized by recession of discharge in late



summer—-autumm. All water in this level is fast moving and have practically
the same chemical characteristics as rain water. The total water extract-
ion in the zone is about 3-%4 Mm3/year.

Below this level we have a compact lense associated with a stock
of recharge waters. The seasonal fluctuation is much less marked even
though it yet exists. Groundwater has a little higher mineralization and
its extension is limited to about 60 mg/l of Cl-; the latter hardly changes
with seasons. The entire lense is marked by an EBIBO value of more than
L4, characteristics of these waters. Also the tritium values measured are
generally more than 10 T.U and often showing up to 25 T.U equal to the
present level in rain waters (17,5-31,5 T.U in 1972)

Water is tapped mainly through galleries in this zone and follows
vertical contacts and fissures more readily than horizontal ones. Dyke=~
impounded waters are not absent in this zone due to its location in the
centre of the island.

The top of this lense is defined by a water table and hence can
be regarded as the top of "saturated zone". The estimated rock volume

9 3

is around 32.10° m°. If we admit an effective porosity of 2%, the water
stock in the lense is estimated at 640.106 m3. At present about 25 Mm3
are extracted yearly from the recharge water lense.

In the past century the extension of the lense was probably
double its present size and this gave rise to permanent flow phenomenon
at the head of streams with springs at present non existant. In 1932
there were 285 springs associated with this water lense, which had a total
discharge of 1.050 1/s.

The major part of the island's water resources are found however

in the core-zone below the recharge water lense. In this unitiwater is a



slow moving element controlled by the major and minor structural features
of the multiple geological formations. The importance of the hydraulic
conductivity depends on the hydraulic connections offered by the fissures
and interbedded contacts for water movement. The reader is referred to
the examples on Figs. Ee«5 ~ E.7 for details and to Fig. 1 for the schematic
structure of the volcanic aquifers.in Chapter 3.

Chemically speaking, we see here a progressive mineralization
and the Cl  content indicates a gradual increase from 60 mg/l on top to
about 300 mg/l1 at the bottom. The evidence offeral by %5180 shows the lack
of large values generally varying from 2 to 4 if we except areas of local
recharge. As for lrititium Llhe core zone shows a variation of 2 to 5, re-
presentative of older waters.

The total rock volume of core zone is about 350.109 m3. If we
admit an effective porosity of 0,5% (2-3% for Roque Nublo=Modern Basalts;
0,10%and less for Phonolytes-Ignimbrites) we obtain a water stock of
1,7.109 m3. The present production for the unit is around 60 MmB/year.
Nearer the coastal periphery, we observe another type of water
stratum, where there seems to exist a relatively higher degree of satu-
ration for the same rock=type. Often we note high water columns in wells
showing the influence of alimentation through very large secondary fissures.

This basal water zone is characterized by a sharp increase in
total mineralization as well as in Cl1~ content, which increases from 300 mg/1
to more than 1.500 mg/s over short distances. Tritium values always show
less than 2 T,U indicating that these waters are more than 20 years of age.
The Cl1~ salt balance shows that this water stratum has a turn-over period
of about 20-30 yearse.

The annual groundwater production in this zone obtained from

Phonoiytes, Ignimbrites and Old Basalts is about 30 Mm3.
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A good part of the southern region of the island has an important
subsurface flow along the principal 'barrancos". As is expected, the period
of maximum water level occurs in winter specially after heavy showers.

The amount of water which enters the heterogenous materials in
the valley bottoms and thereafter the upper layers of the bedrock, is
sufficient to supply the entire year, but the quality of the water deter;o-
rates in summer time due to concentration of salts.

The piezometric levels in these basins, specially in the Mogan-
Veneguera region, are disconnected because each barranco has its proper
flow pattern.

As is to be expected moslt of the wells are placed along the barran-
cos to capture the maximum amount of water from subsurface flow.

em The barroedt—

The total extraction of subsurface watersdin the island is esti-
6 3
mated around 10.10 m”~/year.

Summarizing the water resources of the island according to the

strata we have the following figures:

Annual Production Mm3 Estimated Resources Mm3
Unsaturated Zone: 3 -
Recharge water lense: 25 640
Upper saturated zone: 60 1720
(core-zone)
Lower saturated zone: 30 lSOOx

(basal waters)

Discontinuous sub-surface
waters: 10 -
(southern region)

128 3.860

The estimated figures for 0ld Basalts and Phonolytes-Ignimbrites
in the basal zone must be considered the maximum since the highest storativity
values for these formations have been used for the calculations. The strati-
fication scheme is shown in Fig. E.l. The reader is referred to subsection

E.7 for further details.

* 500 Mm3 in O01d Basalts for 500.106 m3 of rock volume at 1,0 % S.

-1000 " in Phonolytes-Ignimbrites for 1000.10% m3 of rock volume at 0,1% S.



3. Groundwater Production

Groundwater flow in the island of Gran Canaria as said earlier,
is conditioned both by the hydraulic connections provided by the fracture
system and the geological contacts. Groundwater production depends on
the water bearing capacity of the rock materials and the rate of flow

through the fracture systems.

3.1 Major Aquifer Units

A detail study of the production capacity of each geological
formation of the island has been made, the summary of which is shown in
Fige Eo2s

This diagrame reveals that 70% of the groundwater production
comes from three main geological formations =- Miocene Basalts, Roque Nublo
Formation and Post-Miocene Basalts (Bii). If we look at Map C.l we see that
the major outcrops of the Miocene or 0ld Basalts spread over the western
coast and appear in several valley bottoms of the south as well as in the
south~east near Agiiimes. The total outcropping area is about 170 km2 but
it is a productive aquifer only around Agiiimes and in Mogan regions. In
addition we can say that a good part of the waters derived from Ayagaures-
Arguine guin valleys, covered by thick layers of Phonolytes and Ignimbrites
originates from Miocene Basalts.

The Rogue Nublo is the principal aquifer in the northern and
eastern areas of the island. The productive level is the lower member pro=
vided at times with thickness of over 500m, such for example in the region
of Fontanales~Valleseco. The extension of the outcropping area is about
150 kmz but the covered region can be as big as the outcrops.

The Post-Miocene Basalts specially the Series 2, has a great
cxtension in the northern and eastern zones and probably attain the maximum

thickness of over 400m in the upper valley of Guayadeque. In the northern
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zone this formed the major aquifer about 20-30 years ago, but presently
it is much less important because of the dewatering in the past. In the
eastern zone however, it is yet an important aquifer.

It is seen that the Phonolytes and Ignimbrites account for 17%
of the production. The latter group produces water only under locally
favourable conditions, often with contact of overlying beds.

The alluvial materials represented by Las Palmas Terrace Forma-
tion and barranco deposits produce about 9%, specially in the lower reaches
of the Telde and Tirajana Valleys.

The rest of the geological formations such as the Trachy=Syenitic
Complex due to its impermeable nature and the Recent Basalts (Biii, Biv)

due to their extreme-porosity, do not offer suitable aquifer conditions.

3.2 Major Aquifers of Hydrological Zones

The production of groundwater from each geological formation within
the hydrological zones is shown in Fig. E.3.

The histrogramme shows that 70% of the island's production comes
ffom the NE (zones 1,2,3) with an area of 645 km>. The principal rock for=-
mations contributing to this high production are the Miocene Basalts (Zone 3),
Post=Miocene Basalts and Rogue Nublo (Zones 1 and 2).

The lower part of Fig. E.3, indicates that these 3 formations con-
tinue to be the principal aquifers also in the other zones. However in
zones 2 and 8 there is a significant contribution from the Phonolytes and
Ignimbrites.

In zone 2, the producing Phonolytes are found in the central part
of the island associated with the Roque Nublo Series. Most of the water is
derived in contact with the Roque Nublo. In zone 8, only the lowest part of
the Ignimbrites in contact with the 0ld Basalts are productive.

The accompanying map shows the principal producing areas in their

geological context, see E.k.
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3.3 Some examples of groundwater production

A nmore detailed idea of the occurrence and production of ground-

water from the principal geological units is obtained from the ex;kﬁzes shown
in Figs E5~E7. These examples do not show all the situations favourable for
water production but some of them are however typical.

In Fig E.5, , are shown two examples of groundwater productioun from
the Roque Nublo Formation. The well N2 1023 with continuous pumping at
18 1/s represents a well developed saturated aquifer deriving water mainly
from fissures. The diagrame shows a first period where the water level
dropped in the Modern Basalts with accompanying decrease in discharge. From
1967 to the present day the fluctuation of discharge within a limit of 18
to 24 1/s has been conditioned by the fortuitous nature of fissure yield
during the process of boring.

The well Ne 1060 is also in the Roque Nublo Formation. Here the
water is derived from a permeable basaltic¢c bed in contact with a more dense
layer below. In this case there exists a preferential contact flow as
opposed to the earlier example.

In Fig E6 we have an example of production from the Phonolytic
Series. Often, water is produced in contact with th;; type 6} rock. Here

in this case however water is derived from an agglomeritic layer which is

aquiferous. An example of production from_EgniéifItes_zs given S} well N@ 5653
in the upper part. The present water is obtained from hard fissured rock through
lateral boreholes.

The Fig E7 represents a rather typical example of groundwater pro-
duction from Old Basalts. In this particular case most of the water is de-
rived from lateral boreholes probably traversing a dyke. In ‘the lower part
is represented a case of the occurrence of water on the contact between 01d

Bagalts and Modern Basalts.
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GROUNDWATER IN IGNIMBRITES AND PHONOLYTES
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These examples in fact demonstrate the more usual situations

favourable for groundwater production -- figsure flow, contact flow, local-

ly saturated water conducting strata and dyke-impoundments.

L+——Stati-stics—of—captations—(1968—and—1972/73)—

e

The inventory of captations was undertaken on the basis of each

municipality of which there are 21 in the island. The -Table E.l

gives a summary of the essential results of the inventory for the vyear .

1968 on the basis of municipalities.

4,1 Analysis of well and gallery inventories

An analysis of the above table reveals that over 5800 demands for

HUNNersicad de Las lTlmm a4 Lian Canarls lalbllowoa Univarsiana. Ml!lllbl‘b Ugiial do Lamanas LUUS

borings have been registered up to 1971 and that only about half the numbex
had been authorized. Also, up to date about 350.000 meters have been bored
more or less equally distributed between the wélls and galleries. However,

in the wells the secondary galleries and small bores called "catas" are

estimation for small galleries and "catas" of about 260.000 meters for wells

and only 20 ﬁﬁg7year for a total perforated length of 1177000 mweters—for-

galleries. This would give a unit production of L1s m3/m/year for wells

_ 3 .
and only 171 m”/m/year for galleries. The total productiom for thre twland——
amounted to a water depth of 83 mm/year.

This inventory was checked in the field—during 1971 through—1973-

for about 450 points. During the jgapse of 4-5 years, it was found that the

tobal production had dropped by about 22%, which gives uga figureof162—

Mm3/year valid for 1972/73. Table E2 provides the figures for this year

based on the hydrological zones and subzoness
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The island can also be separated into an upper central part,
where infiltration is predominant, with a surface area of 536 km2 and a
lower part with 1022 kmz, where extraction is more intensive. According
to the table we obtain a total production of 4l Mm3 in the upper part
equivalent to a water depth of 81™" and in the lower part 56Mm3equivalent
to a water depth of 55mm. The total production of the island amounts to
65mm/year which is equal to 21% of the mean annual rainfall calculated at
300mm.

L.2 Potential yields

The geological analysis of the captations revealed the importance
of Miocene Basalts, Post-Miocene Basalts and the Roque Nublo Formation, as
the principal volcanic aquifers of the island.

An attempt has been made to study the frequential distribution
of their potentiality so that their characteristics could be better known
for future exploitation of grounéwater.

The two parameters considered in this statistical treatment were
well production per unit m3/24H/meter and saturated depth in meters. A
summary of this analysis is given in Table E3j. The frequency adjustments
fitted with the exception of the Phonolytes in Zone 2, the Frechet distribu=-
tion a logarithmic form of Gumbel law. As for the Phonolytes, they fitted
best, the distribution of Galton.

If we compare the medium production values, we note that Post-
Miocene Basalts (Bii) of Zones 1, 2 and 5 have values between 0,13 to 0,16
1/s/meter, that of Roque Nublo around 0,12 1/s/m. The values for Miocene
Basalts on the other hand are higher varying between 0,21 and 0,29 1/s/me
The highest value is that of the Ignimbrites -- Miocene Basalts contact in

the southern part of the island. Some of the adjusted curves are shown in

Figs E.8 to E.l1l.
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FRECHET DISTRIBUTION OF UNIT AQUIFER PRODUCTION
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GALTON DISTRIBUTION OF UNIT AQUIFER PRODUCTION
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FRCCHET DISTRIBUCION OF UNIT AQUIFER PRODUCTION
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If we exclude the curves with less than 10 points we can estimate
the . potential production on the basis of median values, for theoretical
saturated depths of 50,100,200 and 300m. The results are shown in Table EJ .

It is interesting to note the comportment of the potential pro-
duction for frequencies of 20% and 10% for example. Only 3 curves corres-—
ponding to Post-Miocene Basalts, Miocene Basalts and Roque Nublo Formation
were selected for a detail frequential analysis whose results are summarized
in FigE.1l2,

The following commentaries can be made of the above figure.

There is general increase of potential production from Rogue Nu=-
blo through Post~Miocene Basalts (Bii) to Miocene Basalts (Bi) and that,
for medium and low frequency values,

The spread of RN and Post-Miocene Basalts is less than for Miocene
Basalts in the higher frequencies (40 to 50%) and the difference between
RN and Post-Miocene Basalts (Bii) is not significant. This difference
however is accentuated in low frequencies to the profit of the Post=Miocene
Basalts.

For a frequency of 10% and for 100" of saturated depth in Bii
the potential production is around 50 1/s whereas for Bi it is nearly 60 1/s
for only SOm of saturation. Also, for 30% the potential is the same for
lodnand SOm of saturatiomn in‘Bii and Bi,y respectively. This would indicate
that the Miocene Basalts are provided with higher storage coefficient values
or high fissure flow rates distributed unevenly in the rock media on a low
frequency level.,

The opposite will be true for Miocene Basalts and Roque Nublo For-
mation where there is a certain uniformity in the hydraulic characteristics
of the rock media.

The above observations would indicate that in the search for water

in Post=Miocene Basalts and Roque Nublo Series, chances are high in obtaining
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medium yields probably explained by the existence of well connected hydrau-

lic systems. In the Miocene Basalts generally higher yields are obtained

but the spread is very great for low frequencies probably due to a greater

dispersion of the hydraulic characteristics of the rock media. The general-

ly higher yielding capacity of the Miocene Basalts should be related to

their occurence on the basal parts of the island where a higher degree of

saturation _generally exists as said earlier in this Chapter.

5. Hydrodynamic behaviour of aguifers

A knowledge of the hydrodynamics of the rock formation,of the

island was obtained mostly through analysls of the water level behaviour

under natural conditions, pump tests as well as through historical records.

5.1 Study of Water Level
Altogether 5 water level maps have been made in the island, L of

them corresponﬁing to dynamic levels during the summer and winter seasons

and 1 map of the static water levels giving a picture over a larger period.
The number of points used in the establishment of these maps varied from
350 to 450.

The piezometric surface thus designed shows generally the top of
the saturated zone as defined in Section 1 of this Chapter. However, in
certain areas specially the summit of the island, several hanging water
levels with springs are found. Also in the principal barrancos of the

southern part of the island the water levels are related to very individual-

ized flows along valley bottoms. In the western part of the island within

the Trachy-Syenite Complex, no groundwater flow has been detected but sub-

surface flow does occur in the valleys.

Two dynamic water level maps are presented in Figs E13~ElL4.The FigElh

represents the winter pumping gystem when the maximum pumping coincides

with the tomatoe season in the southern part of the island. The Fig El4 re-

presents the summer pumping system where maximum pumping takes place in the
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northern part associated with the banana plantations. In winter time the
pumping cones in the eastern and southern parts of the island are better
defined and accentuated due to intensive pumping in these regions.

The area below sca-=level at this season shown by hachures in
Fig E131is about 175 kmz. The area of overdraft represented as a permanent
cone in the static water level map in Fig El15 is about 50 km2 developed in
the Miocene Basalts between Agiiimes and Tirajana Basin. In both areas the
risk of salt water intrusion is great specially so in the overdraft zone
where in fact several wells are gradually abandoned due to salinization.

The comparison between the static water level with those of the
dynamic water levels indicates that the general pattern remains the same
but the curves are less accentuated and that in the eastern and southern
areas several seasonal cones in the lower valleys of Telde and in the Ar-
guineguin-Maspalomas region tend to disappear. As mentioned before, only
the permanent pumping cones between Agiliimes and Tirajana valleys persist.
On a detail scale the difference between the dynamic and static levels can

vary on the range of 10 to 50m.

A map of L water level values, Fig E1§ has been compiled
comparing spring and summer state with winter state for the year 1972.
There is a clear indication of positive values in spring and summer along
the principal barrancos due to recharge deriving from the centre of the
island. Also the great variation of levels both in a positive and negative
manner is seen in the eastern and southern coastal zones under the heavy

pumping impulse.

All maps present a system of flow where the drainage lines are
concentrated along the principal barrancos of the island sgpecially in the
eastern and southern regions. On the whole, there is a well defined coneen-

tric zone in the central area from which water flow diverges in all direct-
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ions. The real water level in the central area originates around 1.400™
above sea level. The general hydraulic gradients from the summit ta sea
level varies from 10% in the NW and N, 7 to 8% in the NE, 11 to 12% in
the E and SE, 7 to 9% in the S and SW. However, along short distance slopes
of up to 12% have been found. Nearer the coast the hydraulic gradients
vary from 4 to 6%.

These water level maps permit us to define the geometry of the
water massif of the island which would have a volume of about 650.109 m3.

If we suppose a storativity of 0,5% we have a total stocked volume of about

3250 Mm3 in the island's water massif.

5.2 Analysis of well hydrographs

Over 35 wells were chosen over the entire island showing pract-
ically all types of aquifer conditions and exploitation situations. Of
the hydrographs obtained over a period of 18 months about 100 recovery
and drawdown curves were analyzed. These well hydrographs were used not
only for the study of aquifer characteristics of the different formations
but also for the determination of gallery influences and of well storage,
the latter of particular importance in the large diameter wells of the
island. In the analysis of the pumping tests the nonequilibrium Theis
recovery method was largely used even though some examples of steady state,
equilibrium flow also were studied.

Typical examples of the drawdown analysis are presented below. In
Figgpl7 is shown an example of a short pumping test at a constant discharge
of 10 1/s during only 3h. Clear separations of well storage, aquifer con-
tribution and a near constant lowering of water level in a less permeable
strata are indicated in the figure. A similar example is given in F1Q2i§
in a well pumping for 7,60h and at 15 1/s, where however the well storage
factor is mixed up with the aquifer contribution derived mainly from a

gallery. In the same figure in a well pumping for 6,75h at 10 1/s we have an

opposite effect where a clear recharge boundary is seen. In fact the trans-
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missivity value increases from 150 m /day to 570 m /day due to the inflow
from a recharge level. In FigEl9 in a well pumping during lkh at 26,6 1/s,
the drawdown shows several influences. The well storage comportment is
reversed, possibly indicating confined aquifer conditions. Besides, one
can note the influence of a small gallery followed by a less permeable

layer and finally a recharge boundary with higher transmissivitye.

In the analysis of the recovery curves plotting residual draw-
downs '"s" versus t/t', two types of curves were obtained as seen in Fig E20Q.
The first indicates the normal type curve in a well without gallery where
the early part of the recovery shows slow recuperation . as in N© 5021 ., The
second type shows the opposite tendency with noticeable increase in the
rate of reco?ery at the beginning due to contribution through a gallerye.

A similar situation occurs when the bottom aquifer level contributes more
than the rest or when most of the water is derived from important second-
ary fissures as 1s suspected in the case of the well Neo 2082 ., Some wells
situated on the coastal zone near the salt water interface demonstrates

the same phenomenon where a strong alimentation arrives from the sea front.

A judicious analysis of well hydrographs both of drawdown and re-
cuperation helps understand the hydraulicsof aquifer comportment, sometimes
even in its details.

5.3 Hydraulic properties of geological units

The hydrodynamic properties of the aquifer units of the island
have been tested only on selected areas. The principal parameter tested
was transmissivity but several areas gave an idea of the storativity of
the water bearing rocks by an analysis of historical drawdown.

A detail study of the distribution of transmissivity showed that
it was possible to establish a certain scale in the comportment of the

aquifers. Also it was found that there was a regional grouping of tested
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values through which a zonal hydrodynamic behaviour was inferred., Trans-
missivity values calculated in m2/24h was correlated with specific draw=-
down or recovery expressed in m3/hour/metre. The resulting correlation
is shown in Fig E21l.

The above curve indicates that in spite of the dispersion there
is a clear correlation between the two parameters and also that there is a
general increase of T and QAQ values from Modern Basalts through Roque N;-
blo and finally to Alluvial Deposits. No clear example of 0Old Basalts was
found but some marginal cases showed that they behave more like the Modern
Basalts but with low values.

As for Phonolytes and Ignimbrites, practically all cases found
were on contact zones between two formations but all indications showed
that the values were low, with some exceptionse.

For the extrapolation of transmissivity values within each aquifer
zone, the general relation T = 9,5 QA: obtained from FigE2l was used. The
basic data for the extension was obtained from measurements and inquiry
from well owners, of the pumping systems, yield and. estimation of drawdown.
and recuperation. The resulting map.is shown in Fig. E.22.

The above map in spite of its inherent imprecision provides a
useful tool in the study of the potential yield of aquifers. Bésed on
the principal formations the following limits of transmissivity values are
advanced:

Geological Formation “Transmissivity

2
- O0ld Basalts 5«20 m°~/2kh

- Phonolytes, Trachy-Syenitic Complex

and Ignimbrites 5=10 "
" (Exceptional Zones) 10-25 n
-~ Roque Nublo (dominantly agglomerates) 25-50 n

- Roque Nublo (mixed with basalt layers,
tephrites, sediments) 50-200 "
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© Universidad de Las Paimas ds Gean Canaria. Bibdioteca Univgrsdana. Memorna Of

- Modern Basalts (contact with 5
Phonolytes, Old Basalts, etc.) 10 m"/24h

- " (Variable conditions) ",0-200 [
- Alluvial deposits (slope deposits,
_Terrace materials, dejection cones, etc.) _200~800 "
This scale of values indicates that Modern Basalts and the lower member of
the Roque Nublo Formation have similar values which would mean that hydrau-
lically the two units behave in a similar manner, a ¢conclusion we alréady
arrived at in Section 3 of this Chapter. N -
The study of storativity of the aquifers has been made using his=

torical drawdown as well as areas of pumping cones. The formula used was

as follows:

where

V = Total volume extracted during a time period.

“In = Infiltration calculated for the same periocads
H = Total historical drawdown or depth of pumping cone.

A = Surface arca.

0
[}

Storage coefficient.

In the application of the above formula for a certain area (be=
_tuegn_l_in_J_kmEl_jbg_xélues of storativity obtained were checked for several
periods.

The—result—of—this—analysis—showed_that_the_spatial variation of
storativity was much less then that of transmissivity. There probably is a
—lToser—relationship—between—therock—formation—and storativity than with
transmissivity. The following scale of values was proposed according to

the different formations:
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2Unbersidad de Las qu 85 o4 Glan Canarla

Geological Formation “Storativity

- 0ld Basalts 0,50 -~ 1,0 %
- Phonolytes, Trachy-Syenitic Complex

and Ignimbrites 0,01 - 0,10 "
- " (Exceptional zones) 0,10 - 0,50 "
- Roque Nublo 1,50 « 3,50 "
- Modern Basalts 1,00 = 2,00 "
-~ Alluvial Deposits | 3,00 - 5,00 ¢

Fhese—values can—be compared with_some values of total porosity

obtained in laboratory testst Roque Nublo 15-50%, Modern Basalts 30-~60%-

Seme—indirect idea_of_storage_coefficient was also obtained on

individual wells for various values of '"r'" as supposed limits of pumping

nfluences

The value of T and § calculated and estimated for the different

zones_of the island have been used in the simulation of present and future

water levels in the R-C model of Gran Canaria. The reproduction of the pre-

-sent—pi-ezometric—levels_have been quite satisfactory, thus imparting a cer-

tain confidence to the hydraulic properties thus obtained.
_An_attempt has been made to get a first idea of the value of per~
hydraulic gra-

meability of the different formations knowing transmissivity,

_dient_and_saturated thickness. It was assumed following the explanations
- m/-" S
given in Chapter 3, that Darcy's law‘%Zr volcanic aquiferﬁiig appliqabkg)

--f large zones are_considered.

A great 'range’ in ‘values . of K has been found varying between

—G795—¢o—25—m%24h*_prnbahlv due to the great variation of saturated thickness.

The values obtained for the different geological formations are shown below:



Geological Formation Permeability (K)

~ 014 Basalts 0,05 to 0,5 m/2kh
-~ Phonolytes, Ignimbrites 0,10 to 0,5 "
- Roque Nublo 0,30 to 0,75 "
-~ Modern Basalts 0,20 to 1,0 "
~ Las Palmas Terrace Materials 1,5 to 8,0 "
-~ Alluvial deposits 5,0 to 25,0 L

Some figures obtained in bore-hole tests made by the Geological

Service, applying the Lefranc or Luge¢on method, are also given below:

Site Formation Value of Km m/24h
Paralillo Trachy-=Syenites 0,03
Arifiez Roque Nublo 0,10 - 0,80

{(Agglomerates and
with intercalated
basalts)

These results are comparable with those obtained by the applica-
tion of the Darcy law and can be regarded as representative of the major
formations.

The above values computed correspond to mean permeability. General-
1y speaking the Modern Basalts which often overly the Roque Nuble Formation

comport essentially a vertical flow as reci.arge takes place across this



formation whereas in the latter formation, horizontal permeability will be
the principal component. In Phonolytes and Ignimbrites, which cons£itute
a substratum for flow in the North and Eastern parts of the island, the
movement of water will generally be horizontal and concentrated along a
few meters which could explain the relatively high values obtained for the
contact zones.

A certain idea of the mean velocity of water movement within the

different units can be attempted using the following formula:

Ki
Ve =
¢ =7s
K = mean permeability
i = hydraulic gradient
S = storage coefficient

Calculations have been made along the principal hydrogeological
cross—sections. There is concordance between the type of formation and

the value of real velocity found as seen in the figures below:

- Modern Basalts 1,5 m/2kh
- Roque Nublo 1,25 = 2,5 "
- O0l1d Basalts 0,75 "

- R.N. or Modern Basalts
overlying Phonolytes 2,0 = 5,0 "
or Ignimbrites Substra-
tum (contact zones)

~ Alluvial deposits 5,0
(including Las Palmas
Terrace Formation)

No figures have been obtained for Ignimbrites, Phonolytes and

the Trachy=Syenitic Complex generally considered impermeable excepting

where fractures occur locally. The Lefranc tests give values between 0,01

and 0,03 m/24h.



The general conclusions is that groundwater movement in the
principal aquifers in the island of Gran Canaria, varies from 8,5.10“6 m/s
in 01d Basalts through 1,37.10'5 m/s in Modern Basalts, 1,4=2,9.10 °m/s

in Roque Nublo to 5,8.10'5

m/s. in Alluvial Deposits.

The maximum thickness of the Modern Basalts and the Roque Nu~
blo formation in the centre of the island is estimated at about 800™. If
we suppose a mean velocity of 1,0 m/24h, recharge water will attain the sub-
tratum of the above aquifer units through vertical movement in 2 years.
Actually this may be a little longer as the vertical movement of water will
be slowed down with depth.

It is supposed that the centre of the island is constituted
by Phonolytic and Trachy-Syenitic materials opened up by numerous permeable
vents associated with more modern volcanism., Water movement in such a case
will be localized along conduits within the massif.

Aé for horizontal water movement, if we adopt the same mean
velocity groundwater from the centre of the island will reach the coastalk
zones after a 20 kms distance runy, in 20 years. This would mean that the
"turnover! period of the water massif of the island is around this time

period. This conclusion is in agreement with those of tritium analysis of

groundwater and salt=balance values established for thg‘island.
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6. Estimation of Ground Water Resources and Possibilities

In the earlier section we have studied the hdraulic properties

of the different geclogical formations. Also in the sections 1 and 2 it

was pointed out that the most productive aquifers are Modern Basalts,
Rogue Nublo and 014 Basalts.

§.l Major Underground Structures with Reference to Groundwater

In the North-=East half of the island the first two formations_

constitute also a future potential source of ground water. The substratum
composed generally of Phonolytes, Ignimbrites and_the Trach._y-Syenitic
Complex although can produce water locally, is generally considered im-
permeable.

The MapE.23 shows the approximate depths of this substratum
wi-th—reference to—surface levelw -A clear—definition—of two—import—under=

ground basins is seen = the more important comprises the upper part of

Zore 2—as well as the upper and widdle parts of Zowe I, Several individual
deeps seem to exist within this basin of which the major one is found
“@round Fontanales~Valleseco.
A second basgin develops across the borders of Zones 2 and 3
over Phonolytic as well as 0ld Basalts Substrata. The maximum thickness

develops a little horth of the upper part of Barranco Guayadeque.

A better idea of the future poss{gilities of the North East pagz
of the island is obtained from Map E.24  which shows saturated thick -
nesses obtaihed from the earlier wmap with reference to the static water
level.

In the first underground basin, the saturated thickness varies
from O to more than 300 meters. Thus, the upper Guiniguada basin has a

saturated thickness of 200 meters, the Fontanales=Valleseco region more
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than 300 m. and around Montaiia Alta up to 200 m. The hydrogeological situa=~
tions in the ground water basin as well as in the surrounding areas are
shown in cross=sections 1,2,3,4 and 13. It is seen that the future poten-
tial production lies principally in the lower part of the Roque Nublo for-
matione.

As for the second underground basin there is a gradual thickening
of the saturated depth from around 100m in the coastal zone to 200m or
more towards the interior. However geological control in the upper part
of this zone is poor.

In the southern half of the‘island the principal aquifer is cons-
titnted by the 01d Basalts. Water tends to appear in the covered region of
Ayagaures=Argineguin when approaching the contact zone or surface of the 0ld
Basalt basement.

An idea of the topography of the 0ld Basalt basement is given in
Map. E.25. In the east, the topography makes various dentations in the
coast and the surface plunges slowly towards Telde, but toward the interior
it forms a dome. This structure is explained in geological section 6. The
eastern dome is separated from the S. western dome in Mogan by a wide valley
found in the Fataga-Ayagaures region. Water from this aquifer can be ex-
ploited but it is advisable to remain above the 0" line in order to avoid
eventual sea water intrusion. The prospective zones are indicated in Map

E.25.

6.2 Groundwater Discharge

It was pointad out earlier in this chapter that groundwater in-
vestigation was carried out on the basis of hydrogeological units and sub-
units. The theoretical discharge of each of these units has been calculated

using the following formula:
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Q= T L i where
Q = discharge m3 /year
T = transmissivity éﬁ'/ZQ h
L = width of the flow cross=section (m)
i = hydraulic gradient

The calculated discharge for each unit refers naturally to the
exploited geological level at the present moment, and the computed results
are shown in Table .E.k. .

The above table also shows the ground water production for 1972.

Out of a total calculated discharge of 129 Mm> /yearibetween 100 to 110 Mm3/yea1
are extracted at present. In 1968-69 the volume extracted totalled 130 Mm3.
The contrast between the two years is shown in Map E-?Gy and calculated dis-
charge for the different. units in Map 'E.27..

A cléser look at the Table E.& ~ shows that production equals
practically the calculated discharge for Zones 1 and 3. There is a possible
surplus principally in Zones 2, 5 and 8 and to a lesser extent in Zones 6
and 7. A clear deficit is seen in Zone 4. However if we study the subunits,

surpluses are prevalent in ]BH s 2E, 3 A and 5 H and deficits in 2D

H L’

2By, 2 A s &k and 7cC.

S L

6.3 Potential Reserves

For each zone and subzone, potential reserves are also estimated .
covering the entire saturated depth in Modern Basalts and Roque Nublo, in
the North=East part of the island. As for the reserves in the southern
half of the island about 100 m. of saturation in the 0ld Basalt was assumed.
The total reserves thus calculated amounts to 1.300 Mm3 , of which the
maximum occurs in subzones 1 BH s 2E 4, 3 H principally in the Roque Nu-
blo and Modern Basalts., The reserves in the 0ld Basalts can be under =

estimated because of the doubtfulness in the variation of the saturated

thickness.
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Hydrological "

y Surplus/Deficity Estimated

Units and Sub—:t Calculated Production” Outflow ﬂ of annual H Potential
units. 1 h 1972 ' to sea [ Extract I Reserves
] I 1l m m
[ [[] I} il 1l
" Mm3 / Year | Mm3/Year h MmB/YearH Mm3 / Year I Mm°
i i ﬁ i 0
: : :.' :: "
VIIA I 2,1 I I 1,5 i 0 i 34
| il i
VIIB N 1,1 H 1,0 H 0 I 0 I 2l
tl I I} H il
VIIC I 1,5 ! ) ! - b= 0.7 i 17
L o :: " -
VIID 1 0, il ' I 0 “ 0 I: 3
f i i i i
TOTAL I 5,3 I L,3 i 1,5 I i 109
n j :: " ]
VIITAL I 0,3 I - I - i = l =
i i
VIIIAp E 2,3 o Lak 009 ! - i 26
il
VIIIBy n 1,2 I 0,5 i - I + 0,7 ﬂ 30
il i i
VIIIB I 5,5 i 4,6 I y9 - i 30
L ” :: P I I
JIIIC i Lb i 2,8 n ,6 N - I -
] 1] I H il
T 1] 1] 1] Il
TOTAL i 13,7 i 9,3 i 3,5 b + 0,7 I 86
Il U [ [Ty
i 0 i i 0 ! + 0,5 !
X i 12 i " i 2 i i
# it T I Ll
1
Total for Islandi 128,6 ﬁ 100,7 Noo17,2 +22,6 I 1.300
B i

Note:

All discharges are
and locally of 0Old

Subsurface outflow

Potential Reserves

calculated for Modern Basalts Roque Nublo formation

Basaltse.

is not included in outflowe.

are estimated only dor a depth of 300m of saturation,

mostly in Modern Basalts and Roque Nublo. In 0l1d Basalts only about
100M™ of saturation was assumed.




GROUNDWATER PRODUCTION Mm3/year
1968/69 and 1972/73
GRAN CANARIA

0,37 - 0,62

0,42-0,46

NOTE: Leftside figure for 1968-69 and rightside figure for 1972-73

* With springs 4,5 increases to about 5,0 and 0,6 to 1,6

FIGURE E-26




CALCULATED GROUNDWATER RESOURCES Mm3/yec|r

LEGEND

== PRINCIPAL FLOW DIRECTION

NOTE: DISCHARGES AND OUT-
FLOW ARE CALCULATED FOR
EACH ZONE OR SUBZONE

[----IXMAJOR HYDROLOGICAL ZONES
A, ---A| SUB-ZONES HIGHER AND LOWER PARTS

FIGURE E-27




6.4 Outflow to Sea

In the same table the annual permanent outflow.: to sea on each
coastal strip of the respective subunits has been calculated using the abo=
ve-=mentioned formula.

The total calculated discharge is about 17 Mm3 /year and the prin-

cipal coastal areas of outflow are found in 1 B, , 2 D_, 2E , 5

1. L 9 7A’ 8C‘)

L
each unit with losses varying between 1,5 and 2M m3 /year. To these calcula-
ted losses should be added temporary subsurface outflow occurring specially
in the Southern part of the island. This will be discussed¢ in section H
dealing with annual water balance.

Comparison of the aerial thermography of Gran Canaria obtained
during the infrared survey in Fig.E;E&ywith the above computed outflow shows
certain correspondence even though the picture is masked by ocean CZurrents.

Infrared thermal anomalies due to effluents coincide with outflow calcula =

8 B, and 8 C. The only sig=-

tions in subunits 1 B, , 2D, 4, 2 E , 7 A, 8 AL, L

L
nificant recuperable outflow seems to occur in subunit 2D on the coastline
S0 thi), of Telde. This also corresponds to an area with an important surplus
of entry into annual storage.

In Map E;z]m_pre shown areas of significant surplus annual storage

as well as calculated coastal outflows.

6.5 Exploratory Drilling Possibilities

The drilling program in the island of Gran Canaria up to the pre-
sent has been limited to very restricted areas. Small diameter boreholes
have been made in one of the galleries of Gamonal, in the Tejeda Tunnel both
found in Zone 2 CH in the Roque Nublo formation. Also, a borehole was made

in Zone 8 C to test the hydraulic characteristics of the Phonolytes and to
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define the top of the 0Old Basalts in Barranco Hondo. In this particular
point the Phonolytes were very thick and impermeable, and the tg of the
0ld Basalts could not be defined due to its great depth. In Zone 2 e a
borehole was made to verify the existence of a possible buried valley
indicated by the electro-seismic prospection undertaken in this region
but without success.

Lately two sites have been selected for larger diameter borings,
the first in the Roque Nublo formation on the top of the island near Cuevas
Blancas which seem to show the existence of a saturated zone of more than
200m. in this area. The objective of this boring is to test the hydraulic
possibilities of the entire thickness of the Roque Nublo formation. The
second point chosen for such a boring is found in the lower part of the
Fataga valley in hydrogeological wunit 8 BL « The principal objective is
to test the water bearing qualities of the contact Ignimbrites ~0ld Basalts,
as well as investigate the hydraulic properties of the 0ld Basalts in this
region.

In addition to this exploratory drilling undertaken up to now, it
is recommended to test the hydraulic properties and extraction possibilities
of the two zones, firstly in the area Fontanales~Valleseco on the one hand
and secondly in the upper part of the Guayadeque Valley. Several possible
sites are proposed in Fig.E.29 based on the comparison of the map of water
extractiong intensity Fig.E,30 with those of saturated depth and trans -
missivity o As for the Southern Zone it is advisable to reconstruct
the paleotography of the 0ld Basalts between Fataga and Arguineguin Valleys

through a series of small diameter borings.
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6.6 Conclusions on Resources

The calculated groundwater flow for the entire island is about
4,1 m3 /s or 130 m3 /year. This flow would refer to the presently exploit-~
ed levels comprising principally Modern Basalts and Roque Nublo together
reaching on the average 20 to 50 m. of saturation. Based on the known hy-
draulic characteristics, the potential reserves of the before mentioned two
aquifers covering their entire development as well as the 0l1d Basalts up

to exploitable depth of 100 m. of saturation have been made giving us a

3

total of 1.300 m~ . We could call this multi-annual resources as opposed
to the reserves calculated for the lower levels. Within the same levels affected

actively by recharge phenomena we have estimated an outflow to sea, of about

3

17Mm~ /year and an annual entry into storage of about 34 M m3 / year.

3

However there is a withdrawal from multi-annual resources of about 12 Mm
which gives us a real entry into multi-annual storage of only about

22 M m3 /Vear.

The deep reserves within the core of the island have been cal =

9 .
culated on the basis of a rock volune of 420.10 m3 of which the Pho -~

nolytes, Ignimbrites and Trachy-Syenitic Complex together account for about

280.10” m° and the rest of the Old Basalts. Application of khown storativity for
3

'

for the first group and . L

3

1.400 Mm3 for the second, in total a basal water reserve of 1.680 Mm~.

the respective areas gives us a total of 280 Mm

The total groundwater:resources .presently exploaited :imdd poten =

tially exploitable are resumed below:

- Calculated discharge in Exploited Zone 129 Mm3 /year
-~ Outflow to sea 17 Mm3 /year
- Reserve in exploitable Zone 1.300 Mm3
- Reserve in core Zone (up to sea level) 1.680 Mm?
TOTALeueeeanosasoseocacssseacascsssnccsasscannnsas 3.126 Mm~

These figures are comparable to those advanced in the beginning

of the section in the groundwater stratification systema



Tee Hydrogeochemistry

The hydrogeochemical investigations carried out in the island
were directed towards the definition of the quality and the suitability
of groundwaters for agricultural and publié use.

Hydrogeochemical parameters were employed as means for the de=
finition of the existing groundwater bodies and for the tracing of masses

of subsurface waters flowing through different geological formations.

7.1 Methodology

During 1970-1973 over 600 water samples were collected all over
the island. 530 samples were of groundwaters whereas the remaining ones
were of runoff and of rainwater. Sampling was carried out at 370 stations
of which 43% were resampled. The averade sampling density‘was of 1 sample
in every 4 kmz. In the northern and eastern parts of the island in which
occur the main groundwater producing zones, the sampling-density was higher,
i.ea 1 sample en every 1 km2. Water samples were collected from every geo=
logical formation and under every known condition of groundwater occurrence.
The chemical analyses employed in this study were carried out by the Pro=
jJect Chemical Laboratory in the Servicio Hidrlulico de Las Palmas. Data
processing was made on an IBM 1130 computer at the CEH, Madrid.

The following chemical parameters were studied for all analyses:

Major anions: HCOB’ COB’ 504, Cc1, NOB’ N02, Br; POl£

Major cations: Ca, Mg, Na, K (Na+K=Alk), NHl£

Radicals: 5102

Ion ratios: rMg/Ca, rNa/K, rCa+rMg/Alk, rCl/rH003+COBi r304/01
Meq %: rCa, :Mg, rAlk, rcCl, rSOQ, rHCO3



The positive and negative ion~exchange factors, the ionic force, SAR, Total
Hardness, Permaneant Hardness, Alkalinity and TDS, were also computed. The

conductivity, water temperature, pH, O CO2 were measured in the field

21
as part of the standard procedures of sampling operations.

The study of the various concentrates and parametric values have
led to the making of a number of distribution maps and diagrams which will
be commented later.

The conclusions of the present study were drawn following three
main s:ages of investigations: a) examination of the distribution pattern
of significant physico-chemical and chemical parameters; b) definition of
changes occurring in the behaviour of the above parameterg)some radicals
and ion-ratios along the flow paths. c¢) ellucidation of the interdepend-

ance in the behaviour of major ions as well as of relations existing between

the chemical composition of groundwaters and that of aquifer rocks.

7.2 Results of Field Measurements

Field measurements of certain chemical as well as physico~chemical
parameters were undertaken firstly as a diagnostic method to obtain a pre-
liminary idea of the hydrochemistry of the aquifer under field conditions
and to recognize the changes which may intervene after the sampling. Also
certain chemical elements like Cl were sampled several times to study va-
riations in time.

The principal elements measured in the field were groundwater

temperature, O co pH, electrical conductivity and Cl-. Alkalinity

2? 2!

(TA, TAC) measurements were also done within 12 hours of sampling.

In many of -the points where COz played an important part, the

samples were stabilized by acidification with Hz SO, .Besides this general

L

sampling, selected points were also effectuated for fluor and borca.
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All physico-chemical field data gathered were processed and used
conjointly with the laboratory chemical analyses for the final interpreta-
tions.

A specific study of Cl  was undertaken as L campaigns, each with
a total sampling of 300 to 350 points, permitted the making of seasonal
maps. The reader is referred to Section H, where this element has been

used to study infiltration and derive a salt=balance scheme.

Generally groundwater temperatures evolves parallely to air tem~
peratures and inversely to topographic conditions if no thermal gradients
or deep-circulation anomalies influence groundwater flow.

In the case of Gran Canaria the relationship existing between
mean atmospheric and groundwater temperatures is shown in Fige. E.31 which
is a cross-section from N to S. While the air temperature has a more re-
gular profile even though sharper in the arid south, the groundwater tem-
perature shows great variation. However, a mean gradient can be drawn
which indicates a more or less parallel development to air temperature
in the northern zone and ancmalous sharp gradient in the south. 1In the
northern zone groundwater temperatures are only a few degrees below air
temperatures (2-5°C) whereas in the south the difference is greater (5-12°C).

A separate study of this phenomenon has been made and it was
found that in the northern areas groundwater temperatures can be correlated
with elevation (IOC for 100 meters) which in turn is related to mean air
temperature. This proves that groundwater circulation is closely related
to a continuous recharge phenomen::e.

On the contrary, in the southern zone groundwater temperatures
can be correlated only with the elevation of groundwater level which in-

dicates that continuous infiltration has a lesser influence on groundwater



flow. Also the high thermal gradient (loC for 22 meters) which is prac-
tically 5 times greater than in the north may mean that waters are of
deeper circulation.

Now if we look at the Map E.32 showing distribution zones of
groundwater temperatures, we note the existance of a central area with
about 150C surrounded by successively concentric zones of increasing ground
water temperatures.

If we disregard the differences in thermal gradient existing
between the northern and southern regions, and against the normal tempera-
ture background, there stand out 6 hot spots where the water temperatures
exceed SOOC. Five of these are found on a line between Ingenio and Bahia
de Sta. Agueda in Arguineguin. The location of these hot spots as well
as their alignement, do not coincide with any known tectonical phenomenon
but certainly do with the ancient coastline of the 0Old Basalts, see Fig. E.25.

Also there is an anomalous zone developing arcund Marzagan and
another in the north near Guia, both of which can be related to recent
volcahic activity.

The analysis of the limited evidence on groundwater temperature
ieads to the conclusion that there occur 2 classes, the ones in the N and
E related directly to volcanic vents, and others in the S and SE associated
possibly to deep structural features associated probably with the 0Old Basalts,

the latter phenomenon possibly influencing groundwater circulation.

10232 Free Oq
- —— D

Existance of free CO2 in large quantities is one of the important
factors in the mineralization processes of volcanic terrains. In the
island of Gran Canaria, CO2 emanations are very extensive in the area
east of the line Agaete = Juan Grande, corresponding to the more recent

geological formations.
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If we look at Map E.33 we notice the existance of 6 large areas
with free CO2 content of above 150 mg/l. Besides these, there exist also
many other small spots with content varying from 25 to more than 600 mg/1.
The central, the southern, the western zones as well as a large part of
middle altitudes are free of volcanic COz.

Free CO2 seems to exist connected to recent volcanic activity
as is in the case in Jinamar, Valsequillo, Agaete Valley and possibly Guia
and some parts near Firgas. In certain areas, there is no direct rela-
tionship with recent volcanicg such as in Tenoya, Agiliimes, Sta. Lucia
and a large zone around Firgas. They consist in a large majority of cases
of trapped gas in geological formations specially of porous types. It is
also possible that some areas contribute free CO2 from deep seated origin
across fracture zones. Some gas escapes from phonolytic series may have
such an origin,

if we compare Maps E.33 and E. 32, we come to the conclusion that
free CO2 emanations coincide with high temperature gradients only in Inge=-
nio=~Agiiimes, and Jinamar-Valsequillo, which explains the mineralized nature
of the water existing in those zones. In the large CO2 zones of the north

around Firgas, Guia-=Galdar, Tenoya and Agaete, there are no thermal anomalies.

7.2.3 _Field pH, 0,, Conductivity
The above measurements have been made approximately in about 540
field samples. Thé mean statistical values have been computed in Table E.5
for each hydrological zone.
As can be seen, the mean field pH varies from 6,7 in zone 1 to
7,4 in zone 3, all in the N.E half of the island. In a detail study, va=-

riations from %,0 to 8,5 have been noted, the low figures corresponding

to areas of high free CO2 content.
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The mean pH in the S.W half of the island varies from 7,7 in

zone & to 8,0 in zone 9. In this sector of the island the variations are

between 7,0 and 9,0 and very low values are absent.

As for O2 practically all the waters seem to be well provided
with, but very locally there exist areas of oxygen depletion. The varia=-
tions occur between 6,0 and 12 mg/l. An inverse but complex relation
between oxygen content and carbonate . alkalinity TAC is noted. Hence in
zones of oxygen depletion,'very high TAC values are generally noted and
vice=versa.

Field conductivity has been expressed in micro-mhos for 20°cC.

The variations are 341 to 342 micro-mhos in the N.E. half and from 444 to

1192 in the S.W. half of the island. Thus with aridity there is an in~

crease of field conductivity as is normal.

igiad de Camarigs, 2003

_7.2.4 Cl” _content and Variations.

As said earlier a detail study of Cl~ has been done with refer=

ence to its role in water balance in Section H.

When examining the Cl-content in the groundwaters of Gran Canaria,

it is necessary to refer to two different sets of isochlore maps, one re-

presenting Cl-concentration at the end of the annual recharge period (end

A Unbersidad de Las Fpimes oe Glan Canaria oibhoiecs Univarsfaria Memons Ul

of the rain season) and to another set, drawn at the end of the dry summer

season. The pattern of both sets of isochlores resembles that of isopiezo-

metric lines, which is roughly concentric in shape.

Examples of the contrasted situation of the autumm dry period

and spring recharge are given in Maps E.3L anad E. 35, respectively. The

autumm early winter Map E. 34, shows a concentration range of 30 mg/l in
the ceater of the island, and 700 to 3.000 mg/l in the coastal zones, the
latter in the eastern Telde~Arinaga area where sea water intrusion is pre-

valent. On the contrary the recharge Map E. 35 shows a clear dilution



N\

ISLA DE GRAN CANARIA

MAP OF Cl” AUTUMN DRY PERIOD (NOV-DEC. 7

)

Los Albardaros

Punta de los Acartilod

Puata da Guonarieme

Flaya de-Guanarteme

Punta de las Pehas
Puata da Sordine

punta ds los Saiing;

La Guarcha

Punta do fos Monds
Playa del Contital

rta de los Coloradas
Punle de Cametio

—_—

ve de Moya

Puta Gallogo
Punrs 1o Saling

Puerlo go Sardng) £ Lo Lo

Punla de San Lorsnzc
Kcueva dal Guincho

&P
El Rocve
Punta de Arucos

RPlaya de San Felipa

Roque Partido

ElBojo de Aqushin Diabl

\&%@\;
Byt
5=
‘(jg,,)
S

ajo det Pedroso

Punta Morqués

°BAHIA DEL CONFITAL

Punta del Cardonel(
Punta Gordo

e E

Punta dolffnas

Playa da Guayedea S0
Playa de Solavanto,

Pinto Gdngora

Puts de los Arenas

Ros iy
2 de |0 Alder : /'

sevmony

Punla ds 103 Vallecilas

Playo del Cerrilto

Flaya ds Vaneguern

Playa da los Bajas
£L DOBIORAL
38

Porchel de Mogan 6

Fiayo de Mogen

N2
)
#9

Punla Cruz de Predea

s Casillos

Punta de ln Mesa de lauro
~. Playe det Luro

~Puntilla de o Colata
~.
- Ployn de los Amodores Playa del Cardon

Punta ds Puerto Rico Lo del Torojatilo
jaya del Toraotilo

Punta del Canario

Piaya d fa Vérga
Playe Pata de la Vaca

>
S gintg Margo esua
M,IS,,ALXM& e 4RI Sesaao
PRLG Thia da  Borron
= Playe dol Inglss
\ ®  SAMPLING POINT

BAMIA DEL INGLES
w,ﬁ
11 \
Punla del Parchel” BAHIA DE SANTA el \
¢ AcbEDA N

8 T20 ISOCHLORE 720mg/!
lara de
| escalaoooo . Playa de loe \\\,

Faro do Maspalomos ~Figyq 35 Higspaiomas

Punta de la Lojilla
El Puarto

£l veri

Punto de Maspolomas

LG ISR, OF 4% PO 100

Le Istata

Roqua Canitlenta

Puerto da ls Luz

Plava de los Alcaravanaras

B)LAS PALMAS DE GRAN CANARIA

Sinio Case Blonca

\eunto Piadra Caballoro

o B aNARRR £ Agusre

)¢ NP Peaseos

e Py
&2 70 Yone
) {Fioy
4 \X

28

h

}%
Playo ol

\\ :
X\

N
3

fPunta ce 1as Salnes.

Punta Gaviota

\
ahia de Fozo querce

Punto del Loreal

Tensta N
Punto de Tenete

Flayo do los Tartagos

—— — Subzonas

~——— Zonas Hidrogeologicas

o Pozo
Puntes can Anallsie
W Galsria ¢ quimicos de agua

& Nacients

FIGURE

de Malpuso

nto de 1 Mareto

- \,2100
Praya ds Mslenara
punta de Sotineta

Ensenodn de Tuhu

pucta de Siva
2 o

i, {aEraplerTon
7', Nagioands

FiF e 3

o3

Ploya da las Cruces

- SRiscc Varda

a2 SHINAGE

0
PR Homra

Burrera

de 1o sal

E-34




MAP OF CL™
SPRING RECHARGE PERIOD (JULY AUGUST 1972) N

®

/7

i
; i
B 1 K B e damaas) {
H T 3 Fore o e oo N
.1 ¢ g S z ~
g5 ¢ @ H i 3 Pty Lann
3 % S PN < 3z I rmmmee U '
@0 . 3. S, e Commi | Lo T
Rl S, : e: 3 L] {
‘ a 3 b4 35 . v
i g b < Ty i Lo Lam ]
i /e garLoRng & ey 38 3 v
- - g 4 % g N
T -
i
a2

Puma Morgsts ¢

Punte sl Corderaly
Pusey Gonde O

Pante -Q: ™
Surro du ion e, #-
by &0 ~
210 o e AN &Yy . t . X Lo Tenee o

Fioys da Guavesre
[N

. o T - / »v ':’ )% ’ 2 T i ) - i"" s
9 NN NN e T e

S ;&./.,/ Puetn a Areces
ok 1
: i
;
S‘/I
H
'
:
i

Lo Lo ow Rracy

azob [ :

s ow corirs %~y L

L e g
- am i S

Sloys da venaguere

Piare da los Bojes

Percner da Mogen

o

Bumitig o 6 Corers

S %oy0 det argor

it o8 Pusrto Rico e e

VALUES OF ISOLINES

o
Purta sal Canario o

» oo 0w lo Varga T 5
Siava barm o e vaco
20 ——— e
0
%0 P
120 . P
20 ronten cou Aas o4
€scacat 00000 200 ® wee baecw e
—— J— 420 -
7 weae
720
1200
2100

3000 FIGURE E-35




effect with concentration range varying from 15 mg/l in the centre of the
island to 720 mg/l in the coastal areas.
The chlorinity gradient in mg/1/km, along various sections for

the two contrasting seasons were as follows:

Dry Autumn Spring Recharge
Tejeda - Las Palmas L6 13
" - San Felipe 23 15
(Moya)
" - Agaete 10 11
n -~ Arinaga 125 20
" - Maspalomas 28 12
n - Mogan 6 16

The ratio autumn/spring varies from 1 to more than 6, the sharp-
est gradients are found in the eastern coast between Telde and Tirajanae.
The only reversal of gradient is found in the Mogan regio;, explained in
this case by autumm rains and dilution from runoff waters in wells found
along the valleys. There is concentration in C1° in summer following the
dry epoch. In Agaete valley a similar phenomenon has taken place this
yeare.

The different protrusions of isochlores are found along Guini=-
guada, Firgas-Arucas, Guia, Agaete valley, Veneguera-Mogan, Maspalomas and
Telde, which probably represent preferential flow lines of groundwater.

It is interesting to remark that these protrusions are found
both in the autumn and spring maps. Also we note that the position of
isochlores, 30 to 60, hardly suffers change.

In order to appreciate the phenomenon of variability several AC1
maps have been compiled. As an example we can see in Map E.36 the change

in Cl comparing the recharge period with that ot the dry autumn. The nega=-
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tive /| values correspond to dilution and the positive 4 values to concen=-
tration. During this particular water year, dilution occured in the cen-
tral areas, in the northern coast, Agaete, San Mateo-Marzagan area, Fataga-
Maspalomas as well as a wide coastal belt stretching from Gando to Maspalo-
mas, the latter precisely corresponding to the heavy pumped 0l1d Basalt
aquifer in the coastal zone.

The principal dilution lines are shown in the same map. The
very sharp dilution affecting the coast may be a secondary effect of pump-
ing. In fact in summer time there is less pumping in the coastal zones
of the eastern and south parts of the island, where the water is for tomatoe
cropping and the subsequent spring dilution is possibly due to shutting off
of pumping.

The principal concentration zones are of two types, the first
found in the western, south-western parts and east of Sta. Lucia, explained
by the lack of effective infiltration this year and the sécdnd found in
Tenoya, Telde-~Melenara and Sardina-Agﬁimes, all due to heavy coastal pump-
inge.

An attempt has been made to correlate Cl- content with ground=-
water and a correlation between Cl~ concent and elevation of water table
exists as seen in Fig. E.37. The dispersion is due to chlorinity changes
according to season.

We have remarked earlier that 30-60 mg/l isochlore suffers little
change and this possibly indicates the limit of fresh infiltrated water
due to direct recharge. In Fig. E.37 we also see that 60 mg/1 of Cl~ con=
tent corresponds to a mean water table elevation of 300m or about 500 to
700m of altitude. This value is considered in this report as the lower
1imit of the recharge lense existing on the top of the island and from which

water is transmitted gradually to the lower water strata of the island.
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Also we note that most of abrupt changes in the ccastal zones occur
for concentrations higher than 600 mg/1 of Cl. This corresponds to a
water table elevation of about 20" or 100 = 200" of height above sea
level. In fact 80% of the irrigated tracts in the island are found below
elevation 200m and the effect of return water as well as the influence of
brackish water are felt in this zone, which also explains the extreme dis-
persion in the chlorinity of this belt.

Taking intq consideration the foregoing observations, a c1~
stratification scheme for the island, analogous to the groundwater stra-
tification scheme already proposed in Section E.l, is given in Fig. E.38.

Following this scheme, the recent waters from recharge have a
C1” content varying from 15 mg/l on the top to about 60 mg/1 on the bottom
1imit. Below this level groundwater flow follows a slow movement across
the water massif gradually increasing in concentration from 60 to 600 mg/1
to the coast. The basal water zone has a variation from éOO to more than
1.000 mg/l. Sea water has around 20.000 mg/1 of Cl  and hence the diffusion

zone probably is very large.

7.3 Results of Laboratory Measurements

The laboratory of the Servicio Hidr&ulico de Obras Pablicas,
performs routine chemical determinations, and is also equipped by the
Project with a Perkin-Elmer 403 model atomic absorption unit for the ana=
lyses of micro-elementse. Only the reliable analyses were used for compu-
tations and the results of this study are discussed below.

The mean values of the cations and anions are summarized in
Table E.5, according to each hydrological zone. The weighted mean values
expressed in mg/l for the island in the cation group are 59,0 of Ca, 54,0
of Mg, 220,0 of Na and 11,7 of K. The waters are thus predominantly sodic

and are equally rich in Ca and Mg.
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If we study the anionic group we see the values obtained are

328 of Cl, 5,4 of CO_, 265,6 of HCO,, 162,2 of 50,, 24,8 of NO, and 1,2

3’

of POQ. The waters are subsequently rich in Cl1 and HCO,, but the-content

3
of 504 and NO_, are not negligeable.

3

The total mineralization T.D.S is less in zones 1 and 5 (671 to
613 mg/1) due to continual flushing by infiltrating and probably fast flow-
ing ground waters, and high in the rest of the island, the highest being
in zone 4 with 1650 mg/l, possibly due to the slow moving mineralized
waters of Old Basalts. However in the entire southern zone, the T.D.S
content is generally high probably due to the longer contact times of
groundwaters as well as possibly due to small permeability and aridity of
climatic conditions.

A better idea of the total mineralization of groundwater in the
island is obtained from the map of T.D.S, E.39. The values of T.D.S gra=-

dients expressed in mg/l1/km and corresponding electrical conductivity in

micro-mhos/km are as follows:

Te jeda - Las Palmas 86 (86 micro/mhos/km)
" -  San Felipe 112 (170 . )
" - ' Agaete 88 (112 " )
l - Arinaga 412 (412 " )
" - Maspalomas 103 (144 " )
" -  Mogan 30 ( 32 " )

A similar tendency as for c1” during recharge is noted, which
may be because total mineralization of groundwater follows a gimilar fluc-
tuation corresponding to that of Cl~ due to recharge phenomenon. Also it
is to be noted that the principal protuberances of c1” explained as possible

permanent preferential groundwater flow paths, are reproduced here.
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7+3.2 _Distribution 21‘_S_i_02

The average concentration of SiO2 in groundwaters of the island
is in the 20-40 mg/l1 range and thus does not differ from the world average
values established for groundwaters flowing through carbonaceous and ig-
neous rock-formations (White). For Gran Canaria, the 20-40 mg/1 concen-
tration range may be regarded as a background.

The higher values are found all within the NE half of the island
where the younger rocks occur. However within this region, there are lo-
calized concentration areas practically all of which coincide with the

previously mentioned high CO2 focuses. The SiO2 value varies from 40 to

112 mg/l1 and 6 of such areas stand out against the background values:

-~ Guia-=Galdar LO to 50 mg/1

- Moya=Firgas-Fontanales 50 to 80 mg/1

- Tenoya about 80 mg/1

- Upper valley of Agaete 50 to 75 mg/1

- Agiliimes=-Ingenio 70 to 112 mg/1

- Lower Tirajana (west of Sardina)

50 to 90 mg/1

The small focuses in Tafira, near Sta. Brigida and Teror, aléo
can be related to recentvolcanic vents characterized by high CO2 contente.

This coincidence between CO2 emanation zones and high SiOz values
is related to the rising of the solubility point by the lowering of the pH.
Later we will see how the comportment of the earth~alkalis follow a simiia;

pattern in these areas.

7.4 Study of Hydrogeochemical Ratios and Parameters

The study of the various hydrochemical ratios is of particular

interest in the diagnosis of hydrogeological problems. Several ratlios were



examined but only 5 of them were found to be significant in the analysis

of the groundwater system of the island. Through these ratios as we will
see in the following pages, an attempt is made to study the behaviour of
the earth alkalis with relation to alkalis, indicative of the ion-exchanges
taking place within the rock system, and also examine the metamorphism of
Cl with relation to bicarbonate along the flow paths of groundwater.

Also attention is paid to the study of the mecanism in the development of

Ca with relation to Mg and Na with relation to K.

The spatial variation of this ratio is shown in Map E. 40. Two
types of values can be seen, 0,25 to 1,00 considered to be alkali dominant
and 1,0 to 4,0 which are earth~alkali dominant.

The north~eastern half of the island stands out by a predominance
of zones with high values. These are, Montafia Alta (south pf‘Guia), upper
valley of Agaete, and between Fontanales-Moya-Firgas, Tenoya, small area
W of Telde, a large zone between Ingenio~Agiliimes and lower Tirajana valley.
Also there are local points near Tafira, Teror and San Mateo-~Lagunetas.

In this particular sector thg earth-alkali rich zones coincide
with high values of CO_ and SiO2 and are concordant with Modern Basalts
principally pyroclasts)and volcanic vents. The intermediate areas with
low values and therefore richer in alkalis are concordant with the Phono=-
lytic and Ignimbritic rock formations, such for example in the northern
coastal periphery, upper Tenoya valley, near Las Palmas and also near
Marzagan. It is to be noted the upper Telde Valley, where Ofdanchifgs E)
occur intercalated with Roque Nublo around Tenteniguada, also has low
values.

If we now look at the south=western half of the island, the only

high values found are in Mogan-Veneguera region corresponding to the 0Old

Basalt outcrops.
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This analysis reveals that the dominance of earth-alkalis and
alkalis are correlated to the nature of the rock formations, through which
water is flowing. Hence there is a concordance between the lithological
provinces of the island and the variation of this ratio.

The inversion of the ratio along the coastal belt of Gando~
Doctoral is probably due to the existance of brackish water from heavy
pumping.

These field investigations are confirmed by an absolute correla-
tion existing between this ratio in water and the chemical composition of
the rocks as seén in Fig. E. 46. A further explanation of the relation

between rock types and waters will be made later in this sub=~section.

The variation in this ratio is shown in Map E. 41. The distribu=-
tion pattern shows a clear development of the ratio 0,5 near the centre
of the island. This belt stretches from Artenara=-Tejeda to San Bartolome
de Tirajana. Another belt spreads from Tenteniguada to the upper part of
the Guayadeque valley. Two small zones seem to develop near Teror and
Valleseco. No clear correlation with either rock types or climatic condi=-
tions exists. However, these areas do not coincide w;th the higher raine-
fall areas and specially the Tejeda-San Bartolome belt is found frankly
on the leeward slopes of the central areca.

The ratio values 0,5 to 1,0 extends through the central zone
and the south central region. Protrusions towards Teror and Valsequillo
as well as large detached areas between Valleseco-Fontanales-Moya'and W of
Montafia Alta are also noted.

Over the rest of the island, the coastal areas in the south
generally have values between 1,0 and 2,0 which locally like in Tirajana
can go up to 5 and 6. The areas from 1,0 to 2,0 spread all over the east=-

ern and northeeastern section. The only exception is found in the northern



as. 2003

taria Memona Digtal de Canar

Biblioteca Univers:

iras de Gran Canaria

rsidad de Las Pal

< Unwer

\

| !
Preyo da lon Anpos 'y
Punra da tos Vasacives ¥
/

Punis e Gusmartame

i
?
H
:
3

1]

L

H
Punto de la Calare
@ Fureia

La Lag det Rca
o dvl Auaco /.
/

Punta Gongoro /\/J7/

I

i

Piow o0 Vemsguers

Pera g s By X
Parchel @u Moger ‘A
TN,

Plare 4o Mogen

Punra Crat do Maswe
Bunte de s Mers da Touro

Puaya det Curs 4

ProYA di liw Amdderes ]

Sumte de Pogrte Rice

Pesry ol Caverio

Piere &0 e
Harc Pete w0 ece |

Pt 2 'a Lot R
€ Parte S

X Ay
S A

£3CALA 100000 Adeo

B

Funte Gulloye

OF RATIO rMg/rCa

ﬂ,)m P

R e a4 ton Coloraenn

fPunta 6 Som Loranto

Lrreys oo 8an Foipe
RGY Purte o Moye
3 —

1 Bago 4o Aquarin Doable

: N

Los atverdaren Bogus Comammen
¥ een

m--w >
e 0y e ~
M.-g

e o N

o P

Los Pemns

L
f

i
1

M O 3

i 38 4 Prerra v s Lot

- s <%

; ;Iz f PlaTe S0 m Ao mirse.

A5 MOMAS OL SR AN CalAnh

——— Sarnias

Zooe < 4ien, o

s

{ Feares cor An

1
® rn P,

7 Nocere)

FIGURE E-41




zone where within an area of over 2,0. there exist nuclei of over 10,0.
These latter one localized W of Arucas, between Moya=-Guia and around Galdar.
There is no clear correlation between this distribution pattern and CO2
emanations or temperature anomalies, even though all areas with such anoma-
lies have values between 1,0 and 2,0.

The explanation for the pehaviour of the rMg/rCa ratio may be a

combination of both geological and climatic factors, where phenomena of

preferential leaching and dissolution may be the dominant factors.

7+4.3 The rCl/rHC03+rCO3 ratio

The outlines of the map portraying the distribution of this
ratio resembles those of the isochlorinity and water level maps. The dis-
tribution pattern is shown in Map E. 42, The increase in the ratio values
in the groundwatgrs of Gran Canaria, is gradual and is caused by bicarbo=-
nate saturation and by the increase in the C1~ content towards the geolo=-
gical strata nearer the sea level.

Ratio values of less than 0,5 englobes large parts of the central
zone as well as extensive areas in the south-east between Sta. Lucia and
Ingenio. The values increase gradually up to JPor 2,0 around the coast
excepting between Telde and Playa de Mogan. The maximum values of over
10,0 found between Gando and Juan Grande on the one side and around Maspa-
lomas and Playa del Cura in the south confirms the presence of sea-~water
intrusion in this area.

An inverse relationship has also been noted when this ratio was
compared with that of rCa+rMg/rAlk. When this ratio increases which is
normally the case when passing from Basalts and Roque Nublo to Phonolytes
and Ignimbrites, the rCa+rMg/rAlk ratio decreases and that for the same
arrangement of rock types. This indicates that when chlorinity increases

there is a parallel increase in alkalinity. Also earth-alkali enrichment
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goes parallel with carbonate enrichment.

The distribution of this ratio varies from around 1,0 in the
centre of the island to about 40 in the eastern and northern coasts and
to about 60-70 in the western coast. The ratio above 40 is related to
sea water encroachment as is the case in the eastern and southern coasts
and also to aridity of climate as is probably the case in the west of the
island.

It is noted that the rate of concentration of rNa along sections
is always higher than that of rK. This may be attributed in the latter
case to the absorption of K in clays and to the initial lower concentration-
of this ion in the surrounding rockse.

Hence "increase in this ratio shows the growing concentration’
of Na, when K remains relatively constant. The ratio 20 practically coin-
cides with basalts of all types and Roque Nublo. Above this limit, the
values englobe the Phonolytes, Ignimbrites, the Las Palmas Terrace and
the Trachy=Syenitic complex.

Z.%e5 _The rAlk/rCl ratio

All through the island this ratio attains positive values which
means that the amount of alkalis 1is always superior to the amount necessary
to counterbalance the chlorides. The ratio values increase seawards along
the flow-lines. This stands in good agreement with the hydrochemical data
from other volcanic terrains and is due to the extensive negative ion-
exchange processes through which alkali ions, abundantly supplied by vol=
canic aquifer rocks, are exchange against alkaline~earth ions in the
water and thus take the leading place in the cation-sequence. This proéess
is confirmed by the preponderance of negative exchange values found specially

in the middle and lower altitudes.



A better understanding of the mecanism of the hydrogeochemnical
processes in groundwater mineralization can be obtained by a detail study
of cross-sections. For this purpose 4 of these have been selected for
analysis in the following pages.

Cross section N. 2 traverses the northern region starting from
the near centre of the island (Mirador de Moriscos) and can be considered
representative of the structures of the entire northern part of Gran Cana-
ria, see Fig. E. 43.

Geologically speaking, it consists of a great thickness of the
Roque Nublo Series in the upper part, composed of agglomerates, intercalated
lava flows (specially of tephritic type) and sediments. This is the main
aquifer of the region. In the middle section, Ignimbrites and Trachy-
Syenites underly- the Roque Nublo series and most wells draw water from
the contact. Some modern volcanic vents pierce the ignimbritic substratum.
In the lower zone the thinning out Roque Nublo Series is overlain by Modern
Basalts and underlain by Phonolites. Water is drawn from the lower contact
with the Phonolytes or partly from fissured zones of the latter formation.

If we examine the hydrogeochemical section we note that in the
upper zone the temperature and pH values are rather constant, characteristic
of the recharge zone and Cl content increases only gradually.

Excepting for one point (1095) the ratios rCa+rMgéAlk, rNagK and
the value of 8i0_ remain constant which is opposed to the behaviour of

2
ratio rCl/rHCO3+rCO3 making a deep downward curve between 1095 and 1032,
This indicates a bicarbonate enrichment which probably is in relation with
an increase in CO2 at a volcanic vent near 1095-1032.,  In the same section

at the same point there is a sudden decrease in ratio rCa+rMg/rAlk which is

indicative of an alkali enrichment related to a CO2 highe. The ratio rMg/rCa
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remains constant excepting towards the lower section of this zone where
it rises suddenly, explained by an enrichment in Mg.

In the middle zone, we note a gradual increase of temperature
and Cl, also a gradual decline of the pH but a sudden increase of CO2
towards the lower part. As for the other ratios, rNa/rK fluctuates, rMg/rCa
generally decreases with a depresion around 1090 agreeing with a 002 high,
rCl/rHCOB+rCO3 accuses a general high with fluctuations corresponding to
the high chlorinity also related to 002 emanations and finally rCa+ngﬁAlk
increases gradually following very much the tendency of rCl. The value
of SiO2 increases following the curve of 002. In this middle section we
see notably the predominance of CO2 in the hydrogeochemistry of waters.

In the lower zone, the earlier tendencies are accentuated except-
ing at the end when the waters touch the phonolytic substratum.

As expected, there is a general rise of 002, Ccl1, ?iO2 contents
following a decline in pH. Also the ratios rNa/rK, rMg/rCa and rCa+rMg/rAlk
tend to rise with the increase in the solubility of the medium. Although
rCl rises, the rCl/rHCOB-i-rCO3 ratio lowers which indicates that carbonate
solution rate is greater. When we arrive at well 1100, the 002 mecanism
ceases with the incurving of the majority of the chemical ratios mentioned.

The crosswsection N2 5 can be divided like the earlier into 3 zones.,
The aquifer in the upper zone consists of Roque Nublo, but in the middle
zone this formation thins out and water is derived at times also from
Phonolytes. In the lower zone the thin Roque Nublo reposes over Phonolytes
and is covered by Modern Basalts. Towards the sea however, the main aquifer
is the Las Palmas Terrace composed of alluvial and colluvial materials.

As can be seen in Fig. E. 44 temperature and pH remain rather

constant but there is an important high in free 002 and rCl in the lower

part of the middle zone. The fluctuations in SiO2 also follow those of

COZ but in a less accentuated manner.
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With regard to the chemical ratio: . rCl/rHC03+rCO3 it follows an
opposite tendency to rCl and CO2 which indicates a relative bicarbonate
enrichment process. The rCa+rMg/rAlk ratio also seems to behave similar
to the earlier ratio, which indicates a general ;alkali~enrichment to the
detriment of the earth-alkalis. The general increase of rNa/rK along the
section confirms this hydrochemical processe.

Summarizing, we see again here the important role of CO2 as a
hydrochemical agent responsible for the major mineralization process of
groundwater in the north and eastern regions of Gran Canaria.

When we examine cross-sections 6 and 9 in Fig. E. 45, we see
certain other patterns. Section 6 is rather representative of the south-
eastern part of the island and traverses principally in the upper part,
the Roque Nublo and Modern Basalts and in the lower part the 0ld Basalts.
The section referring to Roque Nublo has been left out.

In section 9 we scc the typical situation in the éouth-western
part of the island. The upper part is composed of Modern Basalts and Rogque
Nublo (agglomeritic beds of upper levels) and in the lower area,of 0ld Basalts.
The middle zone composed of Phonolytes and Trachy-Syenites do not seem to
confirm the existance of any important groundwater circulation.

In section 6, the upper part is marked by normal temperatures,
low CO2 and high pH values. In the lower part corresponding to the 014
Basalts the temperatures are high and the pH goes down with a rise in CO2
content. This is in fact one of the major temperature anomaly zones in
the island coinciding with CO2 emanations. Both rCl and 5102 comportment
follows that of CO2 but with a still higher total mineralization charact-
eristic of these rocks. As for the ratios we note an increase in rMg con=
£ent as well as rNa. The rCl1/rHCO,_+4rCO, ratio as well as that of rCa+rMg/rAlk

3 3

develop parallely showing a general enrichment in Cl and earth-alkalis.
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In this section we find that CO2 is related to a general all round minerali-
zation process rather typical of the 0ld Basaltse.

In section 9, the development of the hydrogeochemical process
towards the coast is somewhat similar to that found in section 6. However,
the CO_ content even though rises gradually cannot be considered abnormal.

2
In spite of this, the SiO2 content follows closely the CO_ fluctuation.

2

A tremendous increase in Cl is seen and this can be noted in the ratio
rCl/rHC03+rC03, where rHCO3 tends to decrease. The rCa+rMg/rilk ratio
decreases from the upper zone to the coast indicating an alkali enrichment,
also seen clearly in ratio rNa/rK. In this section, the principal hydrogeo=
chemical process involved seems to be an alkali enrichment as against earth=
alkali (Mg) enrichment in section 9.

In the anaiysis of the 4 sections undertaken, we note that the
principal agent of groundwater mineralization is C02. We have also seen
that the mainmprocesses intervening in the metamorphism of gréundwater are

bicarbonate, chloride, alkali and earth-alkali enrichmentgwhose interrela-

tionships are tied down by ion-exchange phenomenon as mentioned earlier.

Z.4.7 _Rock-water relationship

An attempt has been made to relate the principal geological for-
mation of the island to salient hydrogeochemical characteristics studied
before.

For this purpose, uncontaminated water samples from the various
formations as well as associated rocks, were analyzed. In fact, a clear
correlation does exist between rock types and "formational waters" as shown
by the ratio rCa+rMg/rAlk of water plotted against CaO+MgO/Na£)+ Ké) of
rock on a logarithmic paper as seen in Fige. E.. 46,

We see clearly the increasing tendency for alkalinization when

water flows through Phonolytes, Ignimbrites, and the Trachy=-Syenitic Complex.
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The Roque Nublo formation occupies an intermediate position between the
former types and the basalts. As for the latter, their richness in earth-
-alkalis in clearly seen.

The rock-~water relationship of the same water samples have been
also studied with relation to their total cationic and anionic assemblages
and their dispersion shown in Fig. E. 47.

In Table E. ;'are presented the defining characteristics of the
rock waters. It can beimoted there is little difference between Modern
and 0ld Basalts in their alkali and earth-alkali %, but the latter are
richer in chloride and poorer in bicarbonates. The Phonolytes and Ignim-
brites have a similar comportment with regard to alkalis and ecarth-alkalis,
being always richer in the latter than the basalts. However, the Phonolytes
are poorer in chlorides and richer in bicarbonates than the Ignimbrites.

In this system the Roque Nublo series occupies an intermediate position.

This clear relationship between rock types and "formational

waters" can be tied up to the distribution pattern of hydrogeochemical ratios

specially rCa+rMg/rAlk.

7.5 Classification of Groundwater

The groundwaters of Gran Canaria are classified into 3 families
and 7 types, taking into account of the leading cations, anions and the
subsequent changes in their hydrochemical assemblages which indicate the

principal mineralization tendencies.

The families are named after the 3 major anions present, as

follows:
Family I = Carbonate~Bicarbonate Family: The dominant anion is
)

bicarbonate and only in/specific cases (15%) when the pH exceeds 9,3 the

leading . role is played by carbonates. This family occurs in the centre
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of the island related to Modern Basalts and Roque Nublo. This area coin=-
cides with high rainfall and the central recharge zone.

Family TT - Chloride Family: The major distribution is found in
the southern region as well as around the coasts. Its occurrence dgenerally
coincides with Phonolytes, Ignimbrites, the Trachy-Syenitic complex and
the Las Palmas Terrace. The waters of this family are confined to areas of
little recharge and increasing aridity of climate.

Family III - Sulphute Family: The distribution pattern 'is highly
localized to the lower reaches of the "barrancos". Its occurrence corres=
ponds to intensively cultivated zones where return irrigation waters occur

and also to drainage outlets of the main populated areas.

The three families are subdivided into 7 major water types and
13 subtypes. The characteristic mineral assemblages and hydrochemical
parametric limits are given in Table E. 6. The principal £§pes and subtypes
found in hydrological zones 1, and 3, , which would correspond to the areas
described by hydrogeochemical cross-sections 2 and 6, are found in Figs. E.48
and E. 49. The distribution of the water types an& principal subtypes are
shown in Map E. 50. A description of the main characteristics of these
are given hbelowt
- Tos1 Mg Dominant Bicarbonate waters:
They occur in the Ca~Mg rich olivine Modern Basalt zones found
in the upper Guinguada valley, Ingenio=-Agiliimes, Firgas and Guia.
Subtype T.l.1 is associated with Modern Basalt aquifers where
CO2 emanations and occasional high temperatures extst, such for example
around Firgas and Ingenio.

Subtype T.1l.2 shows a gradual enrichment in Na, although Mg

is yet dominant.
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GROUNDWATER TYPES - ZONE 1
-GRAN CANARIA-

N.B. TYPES 4, 6 ARE ABSENT IN THIS ZONE
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GROUNDWATER TYPES - ZONE 3

-GRAN CANARIA-
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- T.2 Ca Dominant Bicarbonate waters:

In this type Na forms the second important cation. They coin=
cide with T.l type and are related to pyroclasts of Modern Basalts.

Subtype T.2.1 has a higher mineralization due to CO2 associate
ione It exists around Firgas and Montafia Alta and can be classes as '"vol-
canic waters',

Subtype T.2.2 represents a transition to waters in the Roque
Nublo Seriese.

- T3 Alk Dominant Bicarbonate waters:

This is the most widespread type occurring in the middle al-
titudes and associated with the Roque Nublo Series, as is indicated by
the alkali enrichmente. ;t spreads over Fontanales-Valleseco, Teror, Valse-
quillo, all having Roque Nublo outcrops. The exception is the area W of
Agiliimes where Moddern Basalt outcrops are found.

Subtype T.3.1l accounts for about 50% of the areal distribution
of this type in association with Ordanchites and Phonolytes of high areas.
It also occurs in the upper part of zone 7 in 01d Basalts.

Subtype T.3.2 is found in Ca-rich rock type enriched by Na
brought from higher lying areas by leaching process.

Subtype T«3.3 is localized around San Roque=Valsequillo in
associiation with CO2 and higher temperatures and thus can be classed as
"volcanic thermal waters". It is characterized by high alkali and 504 cone
tent.

-~ T.4 Earth-Alkali Dominant Chloride waters:

This is largely found in the lower reaches of the Tirajana

valley associated with 0Old Basalts even though mixing is suspected. All

subtypes show a predominance in Mg (50 to 60%) in the cation groupgof Cl

(70 to 80%) in the anion group.



-~ T.5 Alk=Dominant chloride waters:

This is one of the most widespread types of waters covering
the entire Phonolyte and Ignimbrite outcrops of the southern part of the
islande In the north it covers the Tenoya and Moya basins as well as the
Tafira=Jinamar region, all of phonolytic or pumitic composition. The
major source of Na~mineralization is derived from these rocks (5-10% of Na
in rock analyses).

Subtypes 5.3.1 and 5.3.2 are found towards the interior.
Subtype 5.3.3 is marked by high T.D.S. and Cl values and is confined to
the coastal belt, which can be classed as '"brackish waters'".

- T.6 Earth-Alkali Dominant sulphate waters:

This type along with T.7 can be classed as 'mon-formational™
waters since their occurrence has little relationship to rock types but
rather to mixing of waters of different origins.

« T.7 Alk Dominant sulphate waters:

The extension of this type coincides with T.6 and is found
specially in the Arucas valley, and the lower reaches of Guiniguada-Telde
valleys.

The principal relationships existing between the rock formations
and the mineralization tendencies seen in the development of the various

water types are illustrated in Fig. E. 51.

7.6 Principal factors influencing hydrochemical porcesses

We have seen in Fig. E. 47.the rock-water relationship of the
formational waters" and in Fig. E. 51 the principal mineralization tenden-
cies of through-flowing water in various rock media.

Leaching processes dominate in the "cumbres" region, particularly

in the Modern Basalts where water types T.l and T.2 are found. In the middle
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altitudes, where the lower member of a Roque Nublo series outcrops, subtype
T.3.1 develops, the tendency being for NaCl enrichment. However, in'the
Roque Nublo series of higher areas and in the associated Ordanchites (phono-
lytes) the tendency is for an alkali=favourable base exchange. The T.5
type associated with the Phonolytes and Ignimbrites is characterized by a
general alkali-enrichment process.

The types T.4, T.6 and T.7 can be classed as "non=-formational
waters", resulting from artificial mixing of waters of different origins,
secondary derived waters, return flow from irrigation and drainage, and

salt water intrusion, as mentioned earlier.

Several detail laboratory tests were made to study the contribu-
tion of rock types in mineralization of water using both fresh and weathered
samples. A first idea of the importance of weathering was pbtained through
the study of "synthetic waters" obtained from rock samples collected in
Basalts and Roque Nublo in the north of Gran Canaria. This was followed up
by more detail analyses of rocks lapilli, dust and soils.

The latter undertaken for a number of horizones showed specially
the mecanism of the behaviour of cations and andéans during the leaching
process in rock types Roque Nublo and Modern Basalts. Thus it is found that
there occurs a faster leaching of alkalis over Roque Nublo and of earth=
alkalis over Modern Basalts. As for the anions, a clear idea was obtained
of their entrainment through the soil profile derived from the top-soil.
Also it was seen that a greater contribution of minerals took place from
pyroclast, paleo=-soils and the weathered zones. The total mineral content

for 100 grs of soil or weathered material varied from 83 to 173 mg/1.

The study of lapilli both fresh and steam-affected, was made of



the recent volcano of Teneguia in La Palma islande. The total soluble cons=
tituents in fresh samples were about 90 mg/1 for 100 grs of sample, but

in steam and gas impregnated lapilli, the soluable constituents increased

by 2 to 4 times. The lapilli and pyroclastic materials specially if in-
fluenced by gases such as COZ’ release large quantities of soluable minerals
and thus constitute an important factor in the mineralization of through-
flowing waters. We have already dealt with the important role of CO2 in

mineralization. The presence of volcanic phenomenon gives rise to subtypes

of water as was seen earlier.

7.6-3 _Dust fall out

Analyses of Saharan dust fallout revealed the presence of high
soluable constituents varying from 1,20 to 4.150 mg/1 for 100 grs of sample.
A large variation of the T.D.S. as well as the cationic and anionic assem=
blages from storm to storm may be atributed to variability pf origin and
local contamination. 1In all samples, the preponderance of Ca, Na, HCO3’ C1
and 504 were noted, the latter representing 20 to 30% of the total saltg.

Most of the dust storms last 4 to 10 days per year. At a rate
of 12 kilograms/kmz/yéar or 12 mg/m2 and at the rate of 2,4% soluable
mineral content, the total amount available for dissolution in groundwater
can be estimated at 300 « 500 kilograms of salts for the entire island
which is negligeable. We can hence conclude that dust fallout is a minor
agent of mineralization. It is suspected that the input of brine and

aerosol even though not measuredy; can be an important factor in the coastal

areas.,



7.7 Sea water intrusion

We have seen in Subsection E.4 the nature of coastal pumping in
the island of Gran Canaria. The pumping zone found below sea-level occupies
as we said earlier 50 kmz, representing a permanent cone. Also in the
eastern coastal belt between south of Telde and Tirajana there is a varia-
tion of the dynamic water level due to seasonal pumping and the limit of
the variation is marked in Fige. E. 13.

There is substantial hydrochemical evidence for the presence of
brackish water in this coastal zone through pumping. Thus if we superim=-
pose the T.D.S. and Al values and study. the results, we see a good
fit with the information obtained from water levels and also with the hy-
drochemical ratios investigated in the foregoing pages.

Sea water in this particular coast was analysed and the hydro-
chemical characteristics were compared with those of the groundwater.

The approximate limit of coastal pumping coincides with a f;D.S. value of

3.500 mg/1 and a Cl~ content of about 700 mg/l1 which is about ¥10 and %30
respectively of sea water concentration, shown in Fig. E. 52. The reader

is referred to Map E. 25 showing 0l1d Basalt basemené. The brackish water areas
are found mainly. below o™ level. Heavy pumping in zones below this

elevation should be regulated if future intrusion is to be avoided.

7.8 Micro=elements

The principal micro-elements studied are Co, Cr, Pb, Ni, Cu, Zn,
Fe, Mn, Sr, Li, F1 and Bo. The sensitivity characteristics and limits
uged in the 403 Perkin Elmer atomic absorption unit are shown in Table E. 6.
The variation of concentrations was not found to be significative
and no correlations between themselves or with the macro-elements could be
established. However their very presence in groundwater and the pattern

of distribution we found to be interesting. Out of over 350 points analysed
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only 241 points showed the presence of the above micro-elements as seen in
Fig. E. 53. A study of their distribution is attempted in the following
pragese.

Their distribution pattern is shown in Fig. E. 54. As can be
appreciated from this figure, Co, Cr and Pb are principally concentrated
in the Telde~Gando areas. Ni too is found in the same area but its dis-
tribution spreads towards the interior. The presence of this group of micro=~
elements could be mainly duc to industrial contamination. However, it is
to be noted that basalts are richer than other rocks in these micro-elements
as is indicated in rock analyses but their rather localized occurence do

not show any strict relationship with basalts.

No occurence of Cu was noted in the water analyses even though
the basalts contain between 20 and 100 ppm, which phenomenon could be ex-
plained by the position that Cu occupies in the scale of tension.

The distribution patterns of Zn, Fe and Mn are shown in Fig. E.55
in which we see that while Zn has a large distribution, the latter are
found in the north-east half of the island.,

In rock analyses, Zn predominates in basalts and Rogque Nublo
(up to 200 ppm), and the same can be said of Fe (20-30%), but Mn is found
in greater quantities in Phonolites and Ignimbrites (3000-5000 ppm) and
in lesser quantities in Modern Basalts (1500~3000 ppm) and 0ld Basalts
(_ 1000 ppm).

The wide distribution of Zn in groundwater can be attributed to
metallic contamination specially of galvanized pipes found in wells. As

for total iron, there is a clear correlation with the richness of the rock
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formations. In certain points however, bacterial contamination and specially
dissolution due to CO2 emanations cannot be underestimated. As an example
of the latter phenomenon we can cite the upper Agaete valley with more
than 1,0 mg/1 of Fe (total) and particularly of Berrazales spring where it
attain exceptionally 19 mg/1 of Fe for 800 mg/l of free C02.

As for Mn its distribution coincides with basalt rocks poor in
this element and total absence in Phonolytes, Ignimbrites and Trachy=Syenites,

all richer in this element which may be explained by the lack of leaching

and consequent infiltration in these rock formations.

Strontium is a very widely distributed microwelement in ground-
waters even though the basalts and Roque Nublo found in the north-east
show a higher content in rock analysis (700-2000 ppm). A particularity
of this distribution is the tendency for concentration in the coastal peri-
phery as seen in Fig. E. 56. This may be explained by their dissolution
in runoff waters from dust fallout rich in this element and re-infiltration
in the coastal belts.,

Distribution of Li, at first seems similar to Sr, but it is noted
that there is a greater spread towards the interior. All rock analyses
show very low content of Li, about 0,001 ppm and in dust fallout it is in-
gignificant. Hence we may have to atribute its presence and absence to

alkali-favourable ion-exchange and leaching phenomenon.

A special study was made of these two micro-elements, the first
due to its great importance in dental conservation. The limits of Fl are
chosen according to admitted safe limits and its distribution is shown in

Fige E. 57.
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As is seen in the above figure, the zone between Tejeda-Teror-
Firgas and Agaete is specially poor and can be named the "deficient zone'".
This region coincides with the presence of Modern Basalts and Roque Nubloj;
also it is one of the zones of heavy rainfall and leaching.

In the eastern zone starting from Telde and comprising also the
entire southern region, excepting the coastal belts and coinciding with
the phonolytic rocks and 0l1d Basalts, there are a number of points with
high content of Fl.

The above distribution in fact corresponds to the Ca-Mg dominant
bicarbonate waters in the "deficient zone" and Na-dominant chloride waters
in the richer zone.

As for Bo, there is a relation with Fl in its distribution but
not in its localization. Only a thin zone in the northern coast and a
point near Agliimes have a content » 1,0 mg/l. The absence of boron in

the central zone seems to correspond to the Roque Nublo aquifer principally.

7.9 Suitability for use

One of the objectives of the hydrochemical investigations was

the definition of water quality for public and agricultural uses.

7.9.1 Water for Public use

There are no standard legalized limits for drinking water in
Spain yet, but the international standards are currently accepted and used.

In Gran Canaria if we go by the international standard; in the
cation group specially of Ca and Mg, several zones have mean values superior
to maximum acceptable limits.

If we refer to Table E. 5, we see that zones 6 and 9 have mean
cencentratiors of Ca superior to the 75 mg/l1 which is the acceptable maximum

limit for drinking water. As for Mg, the zones 3, 4, 6 and 9 have concen-



tration superior to 50 mg/l. However, in both cases they do not surpass
the maximum tolerance limits which are 200 mg/1 for Ca and 150 mg/l for Mg.

In the anion group, the zones 2, 3, 6, 7, 8 and 9 have mean
values superior to 200 mg/l of Cl~ which is the maximum acceptable and the
zone 4 has a mean value superior than 600 mg/1, the tolerable limit. As
for SOZ- zones 6 and 9 surpass the acceptable limit 200 mg/l. We can there-
fore conclude that only in zone 4 in the lower reaches of Tirajana, the
water derived from the 0ld Basalt aquifer is unaccepted for drinking as
far as Cl~ is concerned.

In Map E. 58, we see the 200 mg/l line of isochlore as well as
the 1.500 mg/1 limit of T.D.S., the latter being the tolerable limit for
total salts. A good part of the coastal zone starting from south of Telde
going down to lower Tirajana valley on the one hand, the lower reaches of
"barrancos" Arguineguin, Maspalomas, Tauro and the valley o? San Nicolas
de Tolentino and the coastal belt of a north and north-east of the island
on the other hand, have concentrations above tolerable limits.

The same map shows 3 significant limits of the total hardness of
water. The presence of soft water with less than 15°F of total hardness
is confined to the central zone and very hard water superior to 50°F.cOincides
roughly with the T.D.S. values of 1.500 mg/1l.

With regard to the organic contaminants, the presence of nitrates,
nitrites and ammoniac at the same time, can be an index. The study of this
factor revealed that the coastal periphery with a T.D.S. value of over
1.500 mg/1l corresponds to the occurence of nitrates between 30 and 100 mg/1
accompanied at times by the presence of nitrites and ammonia.

The reader is referred to figures E. 55 to E. 57 for the occur=-
ence of micro-elements in groundwater. The presence of Cr, Co and Ni in

the eastern coast can be a sign of contamination, As for Zn it is probably
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related to existance of galvanized metal in wells. The concentration of
iron is normal excepting in 3 points. Comments have been already made of
the occurence and concentration of Fl and also of a specially "deficient
zone'" existing in the northern region.

No bacteriological analyses have been effectuated in.the Project.
However, a certain number of such analyses have been carried out by the
Laboratorio del Servicio Hidraulico of Las Palmas specially in the areas
found between Las Palmas~Tejeda and Agiiimes which supply water to the
city. Tests made on samples not subjected to chloration, showed the pre-

sence at several points mainly Coliformes and sometimes of Escherichia Coli.

Banana, which is the principal crop in the island has a tolerable
limit of 200 mg/l of c1~. If we consult the Map E. 58 we see that this
limit corresponds to a very large area in the central and middle altitudes.

Tomatoe cultivation has a limit of 1.500mg/l of Cl which explains
the fact that mediocre water derived from the coastal periphery canh be
successfully used for this crop.

Alfalfa is the only crop which admits a limit of 3.,000mg/1 of
€1~ and is widely grown in the eastern coastal plain utilizing practically
brackish water.

A study of the sodium absorption ratio has also been done for
all the points analysed. It was found that the major part of water pro-
duced has values below 1 and & (Sl) all in the central and middle altitudes.
However, medium values (Sz), 10-18 were found in the north coastal strip
between Galdar and Bafiaderos, in the east between Marzagan and Tirajana,
in the south between Maspalomas and Bco. Tauro as well as in the alluvial
belt of San Nicolas. High values of S.A.R (18-26) were found spreading

from the mouth of Telde valley to Tirajana valley as seen in Fig. E. 58.



7 Investigations through study of Environmental Isotopes

The initial plan drawn up for the isotopic study of Gran
Canaria island in December 1971, defined two stages of investigations: a
reconnaissance study of groundwater through analysis of stable isotopes 18¢g
and D, as well as of tritium as a first step; a detail study of particular
problems following the results of the first stage.

Only the first phase was realized during the Project pe -
riod and the main results are discussed below.

7.1 Methodology of sampling

In the island altogether 49 sites were sampled for the
isotopic study of groundwater: 36 wells, 12 springs and 1 gallery. The prin-
cipal sampling points were placed on radial lines starting from the centre
of the island and reaching the coast, but some intermediate points were
included to get better coverage.

Even though the large majority of points were concentra=-
ted 1in the north eastern half of the island some points were also sampled

in the more important groundwater producing areas found in the south.

The springs placed in the centre of the island were sam -
pled every month for stable isotopes, wheareas the wells along the princi =
pal sections were visited every 4-5 months including for tritium samplinge.

During winter, rain samples were also gathered every month
on 7 points in the upper ard middle altitudes and some runoff samples too
were collected in the different reaches of the "barrancos" on which were
placed the groundwater sampling points.

Out of the samples collected, only a selected number was

analysed , 147 for stable isotopes and 43 for tritium, due to financial and



logistic reasons. The samples were analysed by I.A.E.A. in Vienna, but some
tritium determinations were also made by GANOP in Madrid.

7.2 Results of Stable Isotopes

The variations of the stable isotope composition in ground-
water samples collected from the same site at different times usually do not
. =~ 18
exceed the experimental error of the measurements. The average O~ 70 values

of the points analysed are shown in Map E.59.

721 Distribution and differences between Nand S slopes

This map indicates the characteristic decrease of ESIBO
with altitude, the values between - Land- 5 indicating zones of effective
recharge. Such a zone cover the entire top of the island coinciding with the
probable main recharge area. Also a number of isolated points were found in
the peripheral area, practically all located near the "barrancos" Azuaje,
Agaete, Valsequillo, Guayadeque and Tirajana indicating recharge from surfa-
ce runoff.

On the same map are shown the mean water table elevation
of 700 m and the 60 mg/1l line of isochlore both of which largely coincide
with the defined recharge zone. Also it is interesting to note that the
100 mm annual isoinfiltration lin'e englobes this same area.

A few points show some variation in stable isotope va -
lues, which may be explained in principle by the existance of several water
bearing levels with different supply regimes which can be seasonal.

An attempt was made to find out, if the stable isotopes
suffered evaporation during rainfall. For this reason a 5’180 versus & D
correlation for groundwater was done. As a result, it was found that all

180. a higher Db value,

Q
samples for the Northern slope have at equal O
which would mean that groundwater in the southern slope has undergone a

partial evaporation. The same difference was noted in the surface water sam-

ples analysed.



VALUES OF 5 80 IN GROUNDWATER
(POSSIBLE LIMITS OF CENTRAL RECHARGE ZONE) -

GRAN CANARIA
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Sampling points: e well, & spring, o qallery.

—e——— 700" Water level (1970-71)
------------- 60 mg/l Limit of CI~ (i371)}
m §'% < - 4,0 (Possible central recharge zone)

<:> Local recharge areas

i—9 Hydrological zones

FIGURE E-59|




The altitude effect in the northern region is essentially
due to a Releigh type equilibrium condensation when clouds are forced over
the slope, while in the south this process is much less important,since the
moisture comes mostly as an overflow from the north and the altitudinal effect
is mainly due to evaporation and re-equilibrium during the fall of raindrops.

7e2e2a Evaluation of the altitude of recharge

1
In the study of the relation between altitude and 8O ’
only samples with higher tritium content for which the area of recharge 1is
probably nearer the sampling sites, were considered. It was seen that the

samples in the northern and southern slopes had two distinct 1linear rela =

tionship with altitude which can be expressed as follows:

1
Northern slope -~ 3 8O %o (0,00125 : 0,0009) h - (2,54 z 0,11)

S8, 4, - . (0,00239 -%0,00023) h - (2,06 % 0,16)

Southern slope =
h, being the altitude ip m.

The equation for the northern slope is similar to that
found for the precipitation of February 1972 for Gran Canaria and Tenerife
together.

These two equations have been used for the evaluation of
the mean altitude of the recharge area of each sampling point. A section
across the island from N to S, +taking into account of the feeder zones is
shown in Fig E.60. On the top of the island,as expected the feeder zones are
near the sampling/points but on the middle and lower altitudes, recharge is
derived often from long distances. However it must be remembered that there
are several points in the lower zone, specially along "barrancos"” which are
recharged locally by percolation, as mentioned earlier.

A certain correlation also exists between ‘5180 and

Cl- content of the different samples studied as seen in Fig E.6l. It was

seen in subsection E.6, that we can regard the 60 mg/1 " isochlore as
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the lower limit of recharge which correspond here to the S 18O value of
-4 if we consider only the mean slope of the island.

The above figure also reflets the difference existing bet =
ween the northern and southern slopes, even though the scantiness of the
measurements does not permit its definition.

7e3e Results of T ritium measurements

Although some tritium sampling was done as early as 1966
by + GANOP in Madrid, no measurements of its content in precipitation was
undertaken. Therefore no attempt is made to establish the input function
in groundwater and reconstruct the history of tritium in the Canary Islands.

However, E. Baonza del Prado and A. Plata Bedmar of GANOP
after having reconstructed theoretically the tritium level in precipitation
of Gran Canaria with reference to Gibraltar, and comparing values of the
few points measured, came to the conclusion that the waters analysed at
that time (1966) could have originated in 1956=57 (minimum\age). The con-

tents varied from 3,1 to 7,0 T.U.

The measurements carried out on samples collected from
1970~72, permit us to obtain the approximate age of groundwater. The dis=~
tribution of the sampling sites and the corresponding values are given in
Fig. E. 62,

The level of tritium in precipitation during the rainy
season of 1972 varied between 20 and 30 T.U. The content in groundwater
for the period 1970-72 (most samples in 71 and 72) varied from 0,3 to 37,7
T.U. It is noted that there is an increase in tritium content with altitude,
the higher values corresponding to the recharge zone on the top of the island.
The above map also shows that on the coastal zone the values drop to very

low levels (generally below 2 T.U).



TRITIUM CONTENT OF GROUNDWATER
GRAN CANARIA

1128‘6

1973
__—-Suop

1049 1130

NOTE: x ANALYED BY GANOP(MADRID)I968/69
1—-9 HYDROLOGICAL ZONES

FIGURE E-62




The upper recharge zone shows very recent waters, the few

low values of tritium referring to older waters may be explained by the

complex geological structure of the zone with dyke-injected zones. The
stock in the recharge zone may not be more than 2~5 years old.

The middle core zone with values ranging from 3 to 5 T.U
may correspond to ages between 15 and 20 years. Water then takes about 10
to 15 years to traverse this water-massif of about 600" of ‘thickness with a

9

rock volume of about 350.10 m3, composed mainly of Roque Nublo, Phonolytese

Ignimbrites and 0l1d Basalts. The core of the island'as can be imagined
would comport very many intrusive features, dykes, volcanic vents, etc.,
traversing the above formations. Hence water movement will be a slow pro-

cess, which would explain the low tritium content and its greater variation.

Igilal do Camanas JUUS

PimEE & Lian Canaris Sibliciecd Universiand. MEMOns LA,

L UnNersidad de Las ﬁ

Local recharge is limited to areas of surface water flow.

The basal water zone has generally values of less than 2 T.U
_ R EEE—
but most of the wells in this zone indicate feeder-zones following 0O in-~

vestigations,in the upper part of the island as is logical. If we judge
by the tritium content, the basal waters will be older than 20 years.

The general conclusion is that the turn-~over period of the
water massif of Gran Canaria is over 20 years. If we compare it with the
calculated velocity of groundwater, ° the north-eastern half of the island in
Modern basalts and Roque Nublo, the groundwater flow will attain the coast

in about 20 years, In" the south-western half on 0ld Basalts, it will be

around 40 years. As for the more compact formations of Phonolytes and Ig-
nimbrites, flow takes place only along large secondary fissures and it will

be difficult to estimate flow velocities correctly.




Certain points show wide variation of tritium, which can
be explained like for stable isotopes by the existance of several sources
of supplye.

The relationship existing between tritium, Cl~ on the one
hand, and water table elevation on the other hand, is shown in Fig. E. 63.
We can in fact group them into 3 water strata having the following characte

eristicss:

- Upper Recharge Zone: High tritium content, general-
(up to 2 600M water level ly > 10 T.U. Some over 20 T.U
from top of island) similar to content in rain=

water.

Low C1~ from 15 mg/1l in

the non-saturated zone (1900~ to
1500M) to 60 mg/l in the lower
limit. The T.D.S content is
around 200-300 mg/l.

- Middle Core Zone: Medium tritium content,
(lowest level about generally between 3-5 T.U,
50M water level) but higher values found lo=-

cally.

The Cl~ content varies from

60 mg/1 on top of zone to

300 mg/1 on the lowest limit.
The T.D.S values vary from
200-300 to 1000-~1500 mg/l from
top to bottom of the zone.

- Basal Water Zone: Very low tritium content,
(below 50M water level) usually below 3 T.U and high
Cl~ values varying from 300
through 1000 mg/l.
The T.D.S content is always
more than 1000 mg/l.

If we are to judge the approximate age of the waters in
the different water strata from the range of tritium content, we may draw

the fellowing conclusions:
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The upper recharge zone shows very recent waters, the few
low values of tritium referring to older waters may be explained by the
complex geological structure of the zone with dyke=-injected zones. The
stock in the recharge =zone may not be more than 2-5 years old.

The middle core zone with values ranging from 3 to 5 T,U
may correspond to ages between 15 and 20 years. Water then takes about 10
to 15 years to traverse this water~-massif of about 600m ol ‘thickness with a
rock volume of about 350.109 m3, composed mainly of Rogue Nublo, I’honolytesr
Ignimbrites and Old Basalts. The core of the island as can be imagined
would comport very many intrusive features, dykes, volcanic vents, etc.,
traversing the above formations. Hence water movement will be a slow pro-
cess, which would explain the low tritium content and its greater variation.
Local recharge is limited to areas of surface water flow.

The basal water zone has generally values of less than 2 T.U

18
but most of the wells in this zone indicate feeder-zones following 0 in-
vestigations,in the upper part of the island as is logical. If we judge
by the tritium content, the basal waters will be older than 20 years.

The general conclusion is that the turn-over period of the
water massilfl of Gran Canaria is over 20 years. If we compare it with the
calculated velocity of groundwater, the north~eastern half of the island in
Modern basalts and Roque Nublo, the groundwater flow will attain the coast
in about 20 years, In- the south-western half on 0ld Basalts, it will be
around 40 years. As for the more compact formations of Phonolytes and Ig-
nimbrites, flow takes place only along large secondary fissures and it will

be difficult to estimate flow velocities correctly.
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8. Simulation of the aquifer by Analog Modelling

8.1 Introduction

Analog techniques are extensively used throughout the world
and are a well known hydrological tool. A hydrologic system can be analysed
using the mathematical relationswhich describe the potential field within
a diffusive medium and the representation of the continuous medium of the
groundwater by a finite difference method.

Simulation is the use of this tool for the heuristic appraisal
of the system. In hydrologic simulation a prototype description of the system
which is the desired result, should sufficiently account for the response of
that system to applied stresses., The elements of the hydrological system are
fitted together and synthesized, duplicating some known historical stress-
response relationship and which if sucessfull can be used as the system des -
cription, from which the future response to new stregses may be predicted.

In the case of the complex volcanic hydrologic system of
Gran Canaria, a necessary simplification has been accepted in the quantifi -
cation of the system parameters, even though all available data were used in
the formulation of the conceptual model of this system. Only pertinent datea
were therefore used in the electric analog model of the island, but those
unused data are implicit in the functionning of the system, to the degree
that the model does not violate conclusions drawn from them.

It would be rare to attain a veracity of the hydrologic re -
presentation due to the above mentioned simplifications and the heuristic
nature of the system analysis, but in most cases it would be sufficient to
demonstrate that there is a consistency with available facts.

The analog model of Gran Canaria can be considered to offer a
certain guarantee in this field which implies the usefullness of the method

for future stress~response investigations.
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The modelling process of the Gran Canaria aquifer system has

followed the steps illustrated in the following chart, see Fig. E .

The present status of analog simulation is on its last step:
the input of strategies of exploitation and appraisal of results for a defi -
nitive selection.

8.2 R.C Model of the whole island

The preliminary works executed before the end of 1972 have been
already described in Chapter II. Here only the final phase which involves the
modelling of the entire island will be studied in detail.

8.2.1 Proceedure and basic assumptions

The final phase of analog simulation was undertaken keeping
in mind that:
- the simulation study should include zones of present and potential
groundwater production consisting of 1.200 km2 of productive area in the
N.E. and E. An additional 370 km2 of unproductive area in the W, was
incorporated in the ultimate stage.
- nodal density should result in lumping few wells at every node and that
the grid spacing between 500 and 800 m would be appropiate.
- an orthogonal square grid pattern would be the most convenient which
would result in a model with about 800 to 2.000 nodese. |
- validation was expected without resorting to drastic changes of the
values adapted for the formation constants, but taking into account the
influence of historical uncertainties.
The similarity between the characteristics of the two-dimensional flow fiela
of the proposed model for the entire island and the complex flow field of the
prototype could not be complete. The internal hydraulic system of volcanic
rock media as described in Fig. __ had to be simplified according ta the

following basic assumptions:
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- the primary and secondary fissures of the whole stratigraphic
column transmit and store water according to two parameters (transmissivity
and storage coefficient) averaged for the entire depth of the columnj; the two-
dimensional electrical network could be designed accordingly by computing the
values of resistors and capacitors proportional,respectively to the reciprocal
of averaged T and to the averaged S .

- one consequence from the regional water level decline caused by
pumping has been the almost complete depletion of spring discharge; no matter
the uncertain connection existing between "hanging'" water levels and regional
water table, the capture of spring discharge could be simulated feeding elec-
trical current to the net through diodes (current limiters) connected to the
nodes which correspond to the spring locations in the prototype.

- natural discharge to sea has also been reduced; this source of
salvaged discharge could be incorporated in the simulation by the current
through the ground bar which connects the terminal nodes equivalent to the
coastal line location in the prototype. Thus, the analogy here implies zero
head change along the aquifer coastal line and, of coursey no differentiation
between fresh and salt waters.

The validation proceedure lies on the comparison between
model and field water-level changes through some historical period. To the
usual scarcity of historical water-level records is added here the uncertain-
ty in the interpretation of the past position of the regional water table.
Most often it is not clear if the first level of water found some years ago,
as-it has been reported by the owner or user of the well, belonged to an
isolated water pocket or was a hanging level without any further relationship
with the true regional water table reached afterwards, as the deepening of the

well progressed.
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The figure ot + 20 m. has been the assumed raunge oi crror
itn the interpretation of watcer—-level change data for the pceriod 19060 - 1971.
This range 1s wide enough to overshadow the errors strictly due to the sim -
pliftying assumptions. For example, + 14 m. has been the maximum ditference
from simulations of water-level change, for the above period, when an overall
reduction of transmissivity values (to the 80%) was tested in the model. Con-
sequently, unless more confidence can be gained from further investigation
ol the past behavior of the aquifer, the retfinement of the model will have
to wait for the data collection (pumpage and water-levels) obtainable from
now on, from a scheduled program of measurements in carefully selected wells.

8.2.2 llydraulic parameters

Values of transmissivity and storage coefficients were
obtained evaluating data from limnigrams and pumping tests made in about 50
selected points scattered through the aquifer and located in different geo ~
logical environments.

The reader is referred to subsection E.4 of this chupter:
where a tentative correlation has been‘established between the hydraulic para-
meter transmissivity and storage coefficient according to the principal rocl
formatidng.

.

The figure E . shows the areal distribution of these
parameters as they were set in the model; in this figure are also illustrated
the small changes made in T and S to get the best possible agreement bet-
ween the simulation results and the historical data available at this time.

8.2.3 Steady state analysis

The simulation of steady state conditions made over this
field of transmissivity distribution pointed that a closer approach to the

latest_estimates of average steady water balance could be attained if an



raemona Lighal de Cpharms, JNUJ

= UnNMersioso Oe Lag FIAImAa O Gran anana. ERiotech Universitana,

MOP/UNESCO Proyecto SPA/69/515 Preparado por Pagina de

Informe Técnico Final, Borrador del Proyacto. Fecha *

overall reduction of T was made. With a reduction factor of 0.8, that is

decreasing all T's by 20%, the simulated steady state water balance results

in:
Mmj;year
Net recharge . . . & 125
SpTings Eischar_ges E
Bischarge to sea 83

The water level distribution associated to this balance’

is suspected of having its maximum error (of about 100 m.) spread over the

area between model coordinates x = 30 to 45 and y = 55 to 68, being the simula
ted water levels in excess of the probable historical ones that existed in

the aquifer before its development, This consideration points out to the
convenience of a more detailed research for transmissivity distribution,
mainly in that area. However, the significant hydrological factor on whicﬁ

the steady state simulation has laid stress on has been the spring discharge.

Consequently, the future 1investigation will have to pay special attention
to any data will allow to rebuild the historical evolution of spring deple -
tiona.

8.2.4 Transient state analysis

In figure E_ is shown a scheme of the electrical'
components used in the simulation of the transient state. The stimulus to
the passive net of resistors and capacitors is provided by electrical pul~
ses applied through "well" resistors connected to the nodes which represent
pumping centres in the prototype.

. The hydrologic parameters were converted directly into
their electrical equivaleuts in accordance with the basic assumptions made to
support the conceptual simplification of the system. The conversion is made

through the use of constants of proportionality or scale factors, whose

selection is made after evaluating the range of hydraulic vaniables and
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confronting it with the operating range of the electronic equipment.

The four basic scale factors are defined as follows:

Length ¢ ag = prototype 'cell" length/nodal

Yunit" (m/m).
Potential: a, = hydraulic head/voltage (m/v).
Flow i ajg = discharge/current (mB/day.amp.)
Time { a, = real time/electrical time
(days/scce) e
The following table lists the values used in this model

and a computed set of values for Rand C in correspondence with T and. S.

a, = 650 m/m ao2 = 4225 x 106 mz/m2
a, = 20 m/volt.

7 3 3 -
ag = 2.32 x 10’ m”/day.amp. £ 8.45 Hmn" /year.miliamp.

6 .

a, = ?365 x 10 days/sec. | 1 year/milisec.

T (mz/day) R (Kilohms) S(%) C(M F);
200 5.8 1 .01
100 11.6 5 .05

50 23.2
20 58.
10 115.
1 1.2 x 10° ete.
| a, 1 a, (ao)2
R = — C = N
22 1 A3 %4

R(kSL) = 1160/T (mz/day) C(MF) =8
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The basic steps followed in the excitatian of the model were

as follows:

- A total groundwater extraction of 113 Mmj/year obtained from 760
points producing over 1 1/s. in 1971 was distributed over 410 nodes.

-~ The historical pumping was known only for 60% of the points in -
ventoried in 1971. This programme was imposed on the model by the

‘usual step-change function. A small fraction (8 Mmj/year) from
older wells was accumulated to the origin of this programme.

- The water level changes from 1960 to 1970 were obtained from 200
wells with a possible error of + 20 m as inventoried earlier. A
close fit between field and model results was obtained as seen
in Fig _  but some local changes were made, using scattered data
available for period 1950-1960.

The flow rate balance obtained from oscillograms for 1971
!

B

gave the following results:

Mmj/zear
Pumping, (increment since 1935) | 113M
Rate of ch;nge in storage ; 58
Change in discharge rate to sea . L3
n n to spring’ . 12

If we assume that in 1935 prior to intensivergroundwaterV

development that spring discharge depletion equalled production, a certain

semiequilibrium state can be formulated for that year:

Mm3 ear
Net récharge 125
Pumping (assumed egqual to spring
discharge depletion) 16
Spring Discharge 26 (42-16)

Discharge tao sea 83
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The transient water balance for 1971, as a result of combining

this with the flow-rate balance is as follows:

MmB/Xear
Net Recharge 125
Rate of change in storage 58
Pumping (increment since 1935) 113
Pumpiné {(before 1935, not simulated) 16
' Discharge to sea 4o (83-43)
Spring discharge 14 (26-12)

These results show that about 45% of the extraction in 1971
came from reserves and that discharge to the sea accounted for 32% of
recharge. A comparison with the inflow-outflow balance in Fig____  shows
a similar evolution from 1935 to the present day.

8.2.5 Forcasting Programmes

*
The first programme imposed on the R-C model of the island

consisted'of an extension of the extraction rates in 1971 up to 1980, on
the assumption that no substantial changes in the pumping patterﬁ would
take plgqe during this period.

The resulting water level change map was superimposed on
the map of saturated thickness made for the principal aquifers of the
north-eastern part of the island. This superimposition revealed the po -.
ssible formation of a "critical!" zone where a total depletion of the pre -
sently exploted aquifer could take place before 1980 as seen in Fig N
This area extending from Moya to Sta. Brigida, with it maximum developﬁent
around Teror accounts for about 20% of the total extraction.

! The reliability of these results, excluding the SW zone, is

estimated to be within a range of + 30% and - 20% of the A h values shown,

the optimistic margin being considered less, because with the effect of
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progressive reduction in "T" as the regional decline occurs, there will
be an increase in the drawdown rates.

An analysis of the repercussion of regional drawdown on
cost of pumping is attempted later.

A second programme has been imposed to analyse the effect
of simultaneous increase and decrease of regional pumping. Thus from
1975 onwards, pumping was supposed to increase in 4 zones up to a total
increment of 35 Mmj/year and diminish in 5 zones by 50% of the present
extraction, for a total of 22 Mmj/year. This simulation was made for pe -
riods 1971-80 and 1971-1991 and results for the first period are shown in
Fig __ .

This forcasting programme shows that for 1980 in the zones
of pumping reduction sea water intrusion might be stopped or delayed in
the coastal region between Telde and Tirajana valleysj; that in the northern
zone S of Guia and Moya the rate of present decline can be aliviated.

In the region of pumping increment, the levels may be main -
tained in areas (a) and (c), partly in (b) but not in (d), the latter being
doubtfull as it is found in the zone "without sufficient field data.

Further simulations are planned in the neaf future.for Ya—f

ries hypotheses of groundwater extraction, but regional calibration is

necessary as more data become available on aquifer characteristics.



AGRO-ECONOMY

The total area of Gran Canaria island is 155.306 ha. For the pur -
pose of the study of water availability, the island has been divided into
two parts, named hereafter respectively Northern and Southern partsj; each

part includes the territory of tae following Ymunicipios".

Soutnera part Northern part
Agaete Arucas

Aguines Firgas

Artenara Galdar

Iagenio Moya

Mogéan Las Palmas

San Bartolomé Santa Brigida

San Nicoléas Santa Maria de Guia
Santa Lucia Telde

T=jeda ) Teror

Valleseco
Valsequillo
Vega de San Mateo
Uging the data of the 1971 = 1972 agricultaral y=zar gathered at the "mu -
nizipio" level by the "Organization Siandical™ and the "Ministerio de Agri-
cultura', it is possible to give tae following figures on the total dis -

tribution of land shown in Tabla __ Fel e

Tae percentage of arable land i3 much greatzr in the Northera part
than is the Southera part; wheresas fallow is much more developped in the
South!and on the whola cultivated land is two times greater in the Nort =
hern part of the islaad. On the contrary, the total amount of land under
permanent vegetation (meadows, pastures, forests ees) is much greater in

v

the South than in the North. Finally, only about 12% of the total area was
really cultivated in 1971=1972.

If we consider now the distribution of arable land by main crops

under dry farming or under irrigation, we have the following figures as

shown in Table _“fhz .



71-1972)

Table F.l = Land distribution of Gran Canaria (1971-1¢
| ""“"'““I' ‘“555&?5?5752??“']‘ "Nortuern part | Total island |
- 4 -~ —— iy o s e v e ot i oo S — |
l ha % i ha ha ‘ % !
SRS WO NN U O NN LN . S
1 ! ‘ H
Azable land + 31,164 30,5 | 22, 587 k2,6 | 53.7515 34,7!
! ! ! !
' Cultivat=d | 6,012 ''5,9 ' 12,360 2 3 18,372 !11,9 i
i ! b 1
| Fallow 125,152 |2k,6 | 10,227 19, I 35,379 02,8
H ' ! !
Land with : i ! '
permanent 47.861 I 46,7 | 15,558 29,4 63,449 40,8
| vegetation. ‘ )
! t !
1 t
U ducti l I
P =RRTOUEiVEe |l 23,314 22,8 | 14.792 28,0 38.106 2k, 5
i land. 1 !
!' — ]
I ; : ;
__-_--_--__--r.__.-___-__}._-.._‘,__-__L-__--___.__.L_.____._-_M_-_.___._.__,, -
[ Total 102,339 L 100,0 | )“’967i 100,0 | 155.306[ 1OOLZ
f - — ———— ——— b v -
Table F.2 - Distribution of arabls land by main crops faov dry
fargiﬂg and irrigation (1) (1971-1972).
1'_‘..._.... ..._..-._._._..._T___ - - N _-.l_.-.‘ e e e s el il i A e = - - ——
1 ! Southern part X Northera part Total
'Main crops :“—'“““"‘“"'““""““"““:'“ =
¥Dry farming! Irrigatiou:Dry farming |Irrigation {Dry farmi.ag ] Irrigation |
R b e [ ___-m4
Cereals . 295 3 176 | 1,072 218 | 1,367 394 :
' 1 [} i
! Legumes \ 102 ! 59 215 ! A 318 | 143 ;
1 . ' |
' !
1 Potatoes ! 19 : 608 ! 480 1,844 499 E 2,452
! ' !
Vegetables | - ‘ 2.633 ! 1 ! 14542 1 | L.175
! .
Forages : 304 E 356 X l.711 ! 368 2,015 E 7ok
! i I | '
Jdthe - 12 - - 10
dther R R - S fammmmaTaee domaen Y AR S S %.-a_-_?_-__
Sub _total __| 720 {3484k ! 3,480 ' 4,153 | 4,200 % 74997
P ar 4 e s ey -p = D 8 ==y e S == oS- '- ——————————— et i St
Frult plantai ; ! : 1
tions. t 77k : 674 ! 688_ 1 %4039 __1 1,462 i 4,713
[ A e i e R e i e e di i it it Bt i wm o mm s nm i D D i P .y wm A TS Ay S wn S ap =D AR wm 1 ————————————————————————
Sub total i 1,494 ' 4,518 1+ 4,168 | B,192 | 5,662 * 12,710
(el te S PO IR} -1 PP e A2l N 5 Rt SR N4 53-8 medaea22222 _louSrlooLl.
' Fallow y 164290 ' 8 862 ' 6.813 I 3.h1h 23,4103 1 12,276
G US b W A W e e e W S [ AL AR e A D s wn - -ii--. ‘‘‘‘‘ -‘-—--T-_-_-.‘--‘_- - ) Dl — Y Dy - - wn ay v an e i W ) ~m am R e e oy - g
i Total 17.784 | 13.380 - 10,981 [ 1l!§°§ | 28,755 T 241986_

(1) The figures refzr
year

to the maia crops grown during the agricultural

not including secondary or asasociated crops.



Dry farming is not very important in the South of the island due
to scanty and unreliability of rainfall and the products are mainly cereals,
forage crops and legumes. On the other hand it is much more importanf in
the Northern part; where the crops are howsver the same except for potatoes
which are grown in higher elevation farms with more rainfall. .

Irrigation farming is by for the more important, since high yields
cannot be obtained without water under the climatic conditions of Gran Ca =
naria. With a total area of about 13;000 ha, irrigation is devoted mainly
to annual crops but one third of the area is under permanent crops princi =
pally banana as we will see later on. In fact, fruit production is much more
important in reality and the statistics in Table. F.2 do not show it as ‘they
refer only to regular plantations.

As annual irrigated crops, two main products are grown (tomatoe
and potatoe) and represent more than 80% of total area in both sections of
the island but potatoes are more important in the North’thqp in the South.

It is now possible to give a more detailed analysis of these
crops. In fact, the total area physically irrigated is not a good indicator
for a study of water consumption since several crops can be grown during
the same year on the same field.

The distribution of total area of wvarious products grown on the

12;710 ha under irrigation is shown in Table Fo3e .
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By comparaisoan wita Table F2 we sse that in the Southern part 1,4
crop is grown as an average on one hectare of irrigatsd land devoted to
annual crops and in the Northera part the corcresponding figure is less
than 1,2,

We sce now that the main irrigat=d crops in the Southsara pbart are
tomataes, corn, forages and baaana; in the northern part, banana, potatoes
and tomatoes.

To have a completa picture one should add that in 1973, an inven =~
tory was made of tne area under hot-houses which are developping rather

rapidly and the results are given below?

Cucumbers: 320 ha
Peppers: 75 ha
Green beans: 80 na
Tomatoes: 30 ha

Total: 505 ha

2 = Farm Sizes

In 1972, a census of agriculture was made in the Canary islands
and we will use its results to prasent the characteristics of farm hol =
dings ia Gran Canariaa.

As we can see from Table Fh total number of farm units has conside-
rably decreased over the last ten years but especially in the Southern area
of the island. This is a consequence of the rapid evolution of the economy
of the island and especially of the large increase of activity in the building
and tourist industries. During the period 1960-1970, the total population
of Gran Canaria increased by nearly 30%, from 400.837 to 519, 606 inhabitants.

Most of the farms are small, as can be observed in Table F.5.



Table F{Q- qu{gtqu‘gg_EQE_numeE of farm holdiags

1962-19372.

———— i i > in = T o o e e e b e MM MR e e e e o e e

Southern part !Northern part | Total island
'

i

'

1
!
] '
i Fara units in 1962 } 12,485 X 23, 642 ; 36,127
- l ’ |
\ Farm units ia 1972 | 5,630 5 15,452 g 22,082
! {
H i
% of dacrease l 54,8 30,5 38,8

j

i

72e

Table F.5- Distribution of farm holdings by size in

R Bkt

t

. !

i Farm size E Southern part ; Northern part E Total island i
l ha i —ﬁﬁﬁgésm_—_‘AT%‘-tqﬂiﬂ;;F % T Number % !
' B S i e R !
! 0,1 - 1,9 i 3. b1k 60,5 §12,76o 7746 16, 174 73,2 !
i 2 = 1,9 11125 20,0 | 2,269 13,8 34 39k 15,4 |
t5 = 9,9 ; L7 8,0 § 597 3,6 1, Okk Ly7 E
E 10 =19,9 s 264 b7 | 281 1,7 545 2,55
|20 =9,9 ! 180 3,21 133 0,8 313 1,k !
| 50 =99,9 i 70 1,21 3 ) 104 0,5 !
) 100 =499,9 76 1,3! 31 ; ok | 107 ) |
( 500 =999,9 ! 11 0,2 I 1) ‘ 12 ; 0,65
E > 1000 ! 11 o,zg - ; 11 ) i
U S - SP——
Sub total i 5.. 598 99,45 16.106 97,9 : 21,704 98,3l

! Faring without E ! E ,:
land, ! 32 0,6 346 2,1 378 1,7
b _-__~_--__;--_________-_-__.,4______._-______44_4______4,__.-A__A__%
Total é 54630 100,0; 16.452 100,0 | 22,082 100,0 |

Sources: Primeros resultados = Censo Agrario
de Espafia = 1.972.



In the Nortaern
five hectares, as against80,5

of farms according to size is

part, 9174% of all farm units have less than

% in the Southern part.

not yet available but

The distribution

it would show a con =

centration of the area in the large size farms.
The age distribution of farm holders is interesting to study
becausz we can infer from it a possiblzs evolution of farm production in

the futare.

Table F.6 - égq_qtgggtggtqugqg‘aaggJlgliers and importance

of part-time agriculture.

Age group of the farm
-l’_l—(.:)_ld.‘.il"s .

- s 4 .
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First, we notice that 12% of all farm units arc not owned
or run by iadividual persons which is a high figure. Second, we see that
only about 40% of the farm holders are working mainly in agriculture.

Hence part-time agriculture is predominant in Gran Canaria probably in the
small farwms. Although we have no data on this phenomenon it would be very
interesting to be investigated because of its consequences in the future.

Also we note that the majority of farm holders are on a
high age group since more than 50% of threm (even 67 % in the Southera part),
are older than 55 vearse.

Hence, we can coaclude that in ten years from now 35 % of the
preseat farm holders (40% ia the Southern area) will most probably disa -
ppear (dying or retiring); this could be true also of a part of the farm
holders in the 55=64 yezars age group.

Than, the problem is: will younger people take over all these
farms or not?: This is not obvious at all, since less than 4 % of all
farm holders are less than 34 years old. To have a better idea about
the fundamental change that will occur in the next ten years, one should
study very carefully the structure of the family of farm holders and from
the present activities of the adult members (mainly men) deduce how many
people could stay in agricalture in the future.

From the present characteristics of the farm holdiangs, one can
find a good explanation of the problems encountered now. With a majority of
old people running the farms and the existance of part-time agriculture,
we caun infer that gains in productivity will be difficult to obtain in the
near future, But in the long term, the preseat characteristics allow for a

much better farm size distribution. If regrouping in larger farms occurs



modernization and new crop patterns will be casier to achieve,

The main problem will be however to find the necessary farm
hands. A special study of thne movements of the active popu%ation,vwithin
the various sectors of activities would enable the Canarian authorities
to sce if a sufficient amount of hired labor will be available.

Thus a detail study of the present farm activity is needed
to have a better knowledge of the future trends and possibilities. This
is very important fof the fature of irrigation, since dry farming will
probably decrease because of low yields. Also for irrigation, the total
water demand will depend mainly on the total area under irrigation as

well as oan tha distribuation pattern of ta1e maia crops.

3 - erp»Patterns

We have seen earlier the existiang crop pattern for the land
under irrigation. It is interesting to obtain an idea of Ehé general evo -
lution ia the recent past and try to forecast possible future tendencies.

In the last thirty years irrigation has known a very large
development as a result »f groundwater extraction. This resultsd in a
large developnent of the baaana plantation as well as of the vegetable
production. Ia the last ten years, the area devoted to banana in Gran Ca =
naria sezms to be relatively stable varying between 3.800 hectares and
4,100 hectares a situation which contrasts with what happened in Tenerife
which has scen a further development of the area under banana cultivation.
One of thie maia reasons for tne stabilization ia Gran Canaria appears to

be the shortage of water.



During the same period of time the area devoted to potatoes
decreased from about 7. 000 hectares to 3,600 nhectares. This crop is no

more profitable since it appears that the value of the crop does not pay

the total cost of production.

Tomato production has a greater fluctuation depending oa

the climatic conditions iLa the island and also on the evolution of prices

in the main foreiga marxets since most of the production is exported. Ano -

organization.
The most interestiag recent chaage ia crop pattern is the
rapid developmeat of the cicuamber production in hot houses (320 hectares

in 1973) which has the advantage of hHeing Bijhly ' productive usiag only a

small quantity of water.

igiad de Camarigs, 2003
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Speakiag of the future evolution of agricalture in Gran

Canaria, one should be cautious because of the lack of real knowledge of

the praesgent situation. It appears however clear that due to the present

shortage of watsc and its increasiag price only high productive crops.-will

remain competitive in the future. Tlhiese are maialy export crops in the
winter season Such as cucumbens, green heans.ffléwers,-tomatoes; Sy

either with a very great yield per hectare or a high value per uniti The”

advantage of winter crops would also be to to reduce the total amount

of water needed per hectara.

As for the Cutiure of banana plantations it will depend

mainly on two factorst
- firstly change in the irrigation systea that could reduce the
—total amount of water uased by shiftlag—to-gprinkler=irrigation—
.This would allow barana to remain competitive ;for a whilej

=_§€tUﬁdTy—th€—fthre—gowernment—po&&ey—w&%h—negapd—bo—ptice_suppomx



and of the amount of the subsidy paid by the Spanish cousumers.
This factor is the more important since until now the price of
banana , has been guaranteed by. the spanish government so that

it is higher than on the world markete.

Most probably in the next future, the price support will go
on but the tachnical changes in the plantations will not be made in time
everywhere. This would mean that the marginal plantations, with low yields,
will probably disappear when they are too old. Will they be replaced by
modera banana plantatiorms or will another crop, like cucumbar or tomato
take over the laad ? Most probably, new crops will ne practiced. But tais
variable depoends on a govaecament decision,

L « Crop. VYields aand Cost of Produstion

-

4,1 - Crop. Yields

It is AiffiLcult to get a good idea of the yields in the
di fFf:arent sectors becauss most of the time the available statistics agre-
gate the data of dry farmiag and irrigation.

It is howevar possible to illustrate the level of the various
yields obtained ia the province of Gran Canaria through tae "Anuario es -
tadistico de la produccidn agricoula for the 1970~1971 agricultural year,

for the nmaia crops:

- Hard wheat in dry farmiag 1,7 Qi/ha
- Barley in dry farming 2,1 QL/ha
- Potatowes (dry farming and

irrigation) 89,0 Qi/ha
- Tomatoes irrigatad 283,0 Ql/ha

-~ Banana 365,0 Ql/ha



Another source, theryganization Sindicall, gives the following
figures for average yialds in Gran Canarias

Banana:

. under 150 m elevation 480 Q1/a1a
. from 150 to 250 m 350 QL/aa
- Tomato for export in open fizalds 260 Q1/aa

- Potatoaes:

. for export 125 Ql/ha
.« Tor local consuaption from 150 to 210 Ql/ha
~ Irrigatad cora 35 Qi,/ha
-~ Cucumbers ygrowil in 10t houses 750 Qi/ha
- Tomatnes grown i1 hot hoases 600 Ql/ha
~ Peppers growa i1 hot houses 350 Qi/ha

b,2 - Costs of Production

Few informations are available on this subject and further -
more they are difficult to compar=. Sometimes also they are too old to
match the preseat sitaation.

Two examplas can ba givea for banaina and tomaibn for 1972 or

the hegianing of 1973:

112.000 pesetas/ha

L}

. Watar 14,000 m3/ha x 8 pesotas

. Manure aad fertilizers: 33,820 il
« Chenicals for pest and descases: 13.350 Ul
« Labour257 days x 320 pasotas: 94,528 "

— o m M = 4 o o mam = m e

Total Dirzct Costsz: 253,698 pesctas/ha



Total Direct Costs 25334698 pesctas/ha

. Amortization: 94000 "
. Taxes: _ 15,196 "
« Interests of capital iavest.:d and of
the value of laad: 104,553(1) "
Total costs 373.427 pesetas/ha
Prodaction: 45.000 kyg/ha x 9,5 pesctas Lo7.500 n
Profits: 54.073 "

From this example, we can sec that water costs are greater
than the cost of labour;taey represented 44% of direct costs and 30 % of
total costs, when labow represcats 37 % and 25%. Few products are ia a
sitnation similar to banana. The benefits depend maialy on two factors:
water and labour.If both factors see their prices go up at the same time,
no profits can be attained. This example shows also that benefit could
be maintained by reduciag the water consumption which is~véry high. New
irrigatisn techiaiques conal:d perhaps reduce this consumption by 10 or 20%.
The economy on water thus obtained has to be compared with the cost of
the needed equipment.

- Tomato

..

. Water: 5.938 m3/ha x 4,17 pesectas 24.759 pesetas/ha
. Chemicals for pests and deseases: 37.741 " n
. Fertilizers and manure: 25.661 " "

. Various inputs and preparation of

the soil: 26,734 " "

. Labaur 432 days at 200 or 250 pesetas 90.250 n n

Total direct costs 205.145 " 1"

Indirect costs 23.000 " "

Total costs 228,145 " thi

Production: 30.000 kg x 10 pesetas: 300.000 " "
Profits 71.855 " "

(l)High value due to the very high price of the land in the banana area.



Here, water costs are only 12% of direct costs and only 11%
of total costs whereas labaur costs represents 44 % of direct costs and 40%
of total costs. Therefore, we see that the profits in tomatoe cultivation
depend much more on the variations iIn. the! price:oflabeur than in the changes
in the price of water, assuming that other costs do not rise too quickly.

Some remarks can be made on the above examples.,.

le - If we compare the cost of labair in both examples we note
an appreciable difference in wages. We see thus the cost of labqu-is‘sz
pesetas per day in banana plantations and only 200 pesetas in tomato field
for an ordinary worked and 250 pesetas for a qualified worker.

22 ~ In the case of tomatoes, the cost of water is only 4,17
pesetas/m3 wheareas for banana it is 8 pesetas/mB. Since tomatoes are main=
ly grown in fall when prices are highest, this value appears to be low.

One explanation possible is that in the case of banana
we are dealing with average prices on the water market whereas in the case
of tomatoes, it probably ‘refers to the .average :cost af pfbduction of 'water
when the farmer owns his supply of water.

Ingpite of these descrepencies the conclusions already
deduced from the above cexamples will not change ;uch since, in physical
terms benefit in banana cultivatioan deperid much on water and labour whe =
teas in tomatoe cultivation they depend more on laﬁour and to a lesser
extant on water.

No example of costs of production is available for cu =
cumber cropping in hot houses. As a consequence of the great amount of
labowr needed per hectare and of the very high cost of investment, water

is a minor factor in total costs. Like for tomato , the increase in the



wage rates should be much more important than an increase in the price

of water.

5 =« Prices of Water

As seen very often, there is only rare coincidence betweeen
areas under irrigation and water production points. Also since groundwater
is privately owned, there exists in Gran Canaria, as in the other islands,
a water market. This market follows the normal rules of adjustment between
supply and demand. Nevertheless it has the characteristics of an oligopo=

listic market as there are only few owners and many buyers of water.

5.1 =« Water Market Tendencies

The price on the market includes all costs of production
and distribution of the water as well as the profit margins of the owners
and of the intermediaries. -

In general when the demand is high and according to the
physical possibilities of shifting from one place to another through pipes
and canals, the price on the market will tend to rise up to a level accept-
ed by the more productive sectors.

But the most important thing to notice is the fact that in
agriculture the price of water can change very quickly from one week to
another, which makes agriculture a highly speculative operation, when
water is an important input as in the case of banana cropping.

These facts can be illustrated on Fig. F.l, which shows
the price fluctuations during several years for the water market on San
Mateo in the Northern part of Gran Canaria.

Firstly, we notice that there is a close correlation bet-

ween the amount of rainfall and the price of water, as a result price of



water is at its lowesl lavel during the December-March rainy period,
but it goes up very quickly after the end of the rain . The maximum price

is attained duriag October and Novexnber, which enregisters the combinad

demand for baaana and tomutn crops.

If we wish Lo analyse the various factors behind the price
variatioas duriag the 3 year-périod under study, one should also know the
quantity of water uscd by the different ccops each month in order to get
a weighted price for every crop.

Now, if we computs: the average price for the unit period

15t August to 31 July of tae followiag year we obtain an evolutive tenden -

cie as seen below.

Uniersidad de Las Iiblml! o¢ Dian Canaris lﬂlbllﬂﬂoa Universnana. IT!IIIBND Agiial do Camanas LUUS

1970 - 1972 average pcice 4,5 pesetas/m3
1971 = 19722 1] 1 Ty 7 " 1
1972 = 1973 ] 11 6,6 " 1]

The price increase from 1970-1971 to I971-1972 was 27% and”

from 1971-1972 to 1972-1973 was 16%.

After June 1973 water demand was so high that the aorwal

market mechanism disappeared. Price was about 12,7 pesetas/m3 until Sep -

N - . 3
téember, and the local authorities fixed & maxiwmum priceof 1072 pesetas/m”

put it appears that this decision had little effact and effective prices

were wmuch higher.




The referred prices on Fig. F.l are those paid by the o
more important consumers. At the small farm level, they are higher becau -
se of extra costs of distribution and of profit margins for the interme -
diaries; these extra costs in the Saa Mat=20 area range from 0.5 to 1,5
pesetas/mj.

As a conclusion we can say that in three yecars, the price
of water ia this area rosc by aearly 47%, which is extremely high. If one
adds also the increase of the cost of labour,we can infer thhat the econo=-
aic results of farm produaction must have been sharply reduced. The maia
crops of tae island will not be able to support aew increases ia the price

of water if the preseat tandency goes on.

We reproduce here ths 1972 structure of prices charged oa
consumers depeadiiag on the pnblic distribution system in Las Palias mu -
nucipality and are detailed as follows:

- Private users: housecholds and tourist activities:

« Mminimum fa2es charge

coasumption = L& m3 33 pesatas
. below 10 > 3,8 pesetas/:n3
« from 10 to L5 m3 11,1 " "
« from 15 to 109 m3 16,5 " n
» above 100 m3 22,0 " "

3

. minimum fee: 10 m

3

88,0 pesetas

. below 100 m 8,0 pesatas/m

. above 100 m3 11,0 " "
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Here we see clearly that the price increases with total con-,

sumption except for municipal uses. This price structure intends to preveat
. .
users from wasting water.

We can try to see now the iacidence of this price structure
on the budget of a normal family of six persoas, using two hypothesis of
daily consumption: 50 1 and 100 1 per head. The total annual consumption
of the family amoants to 109,5 m3 and 219 m3 respectively. Using the pri =
ces for the different amounts of water, the total expenses ars respectively
1.755 pesetas/year and 4.1564 pesctas/year.

Assuaiag 0w a total revenue of 10.000 pesetas/month for the

household, i.2.: 120.000 pesetas/year, water expenses would represent from

1,5% to 3,5% of total gains which are high figures.



G. WATER USE AND REQUIREMENTS

—Introduection-

The rights and conventions for the use of water resources in
_the—island have_their origin_in_the Spanish conguest of the Canarian Ar=-
chipelago in the 16th Century.
The—constitution_of different_regional bodies with water rightsg
coming down even to modern times is related to the original settlement
—ofthe—Spanish—speaking population.
Up to the First World War , most of the water used in the island

was—supplied-by springs and associated stream=Dbed derivations controlled

‘ana Liginad Os Canarias, J000

principally by the 'Heredades de Agua ". The total production at that period

—couid—have—been—anound_l,5m2/5+_wiih_ihe_expansign_gf irrigated plantation

agriculture and with the growing demand for water, there took place a gradual

g———————deve&opment—ef—gfoundwatep—pesounces*_ﬁefoxe_thﬁ_ﬁeggnd World-War , the pro-

UniversiCed de Las Faimat Ge Gran Cangna Jolidjeca Universiena,

duction can be estimated about 2 m3/s. With the tremendous expansion of ir=
—riga%ed—agFicuixuﬁe—apound_lshoLs.r there was a corresponding increase in

groundwater captations and dam building activities.

"1, Surface Water

The utilization of surface water resources comprises storage dams
and river-bed derivations. In earlier . times rivere=bed captations and small
capacity dams of less than 15 meters of height as well ag stocking ponds,

furnished the major part of the surface water resources, However with the de=-

velopment of exteﬁsive irrigated tracts and the ever=growing need for large

and permanent supplies of water, the construction of large capacity dams was

3

undertaken. For a normal year a total of about 25 Mm~ can be estimated as

collected from runoff, either stocked in reservoirs or diverted from riverzheds.




1.1 Storage Capacity

The larger part of the storage of surface water is achieved ét
present by 59 large dams with walls higher than 15 meters, which together
have a capacity of about 80 Mm3 as indicated in Table D.8 « A few more

3

dams under construction will add about 5 Mm” within a few years. The dams
with small storage capacity operate on an annual basis so that they ge =
nerally are empty towards the end of the dry season. The bigger reservoirs,‘
however, are pluriannual in operation which permit a carry-over of water
to dry years. A special case is the large Soria dam with a storage capa~
city of 4O Mm3 in a basin of 32 kmz. Average runoff in the basin can be esti=
mated at about 3=k Mm3, which means that this reservoir will permit sto =
rage over a very long period and in the future could act as a '"despatch
dam".

Also a considerable storage capacity exists in the form of sﬁall
dams, cisterns and tanks, mainly located in the northern part of the island.
The capacity of these tanks and small reservoirs varies between 20 and

3

500,000 m”, and their total storage capacity, failing an inventory, could
be estimated at 5=10 Mm3. Many of the tanks are not uéed entirely for col-

lectirig surface water but are also stocking reservoirs for extracted ground-

water.

1.2 Distribution Systems and Practices

The island is covered by a very complex network of water conduits,
where water from wells and dams sometimes is mixed. Due to the complexity
of the system it has only been possible to make an inventory of the main
canals and pipelines.

The transportation of water from the source to the point of uti-
lization takes place by means of covered and open channels, ditches, tunnels
and pipelines, with frequent changes in the mode of conveyance depending

on the terrain. The system operates almost entirely by gravity.

Water is sold at several places in the network of canals before



it is distributed to the ultimate buyers. The total distribution system can
be considered as covering four independent zones in the western,northern,
north-eastern and the southern parts of the island, respectively. Present =
1y the northeastern part of the island is being connected to the southern
part by means of a big canal which will enable water to be carried from

the large dams in the south to the important agricultural areas around
Agiiimes, Ingenio, Telde, as well as for public water supply in these places

and in the city of Las Palmas.

1.3 Historical Development

After the Spanish conquest of the Canary Islands irrigated agri-
culture was developed in the coastal areas and a system of tunnels, irriga-
tion ditches and aqueducts was built in order to convey the water from the
springs and the perennial streams to the irrigated fields. The irrigated
agriculture expanded slowly and in the year 1900 only two dams existed in

3

the island with a total storage capacity of about 1 Mm~.

After the First World War with the expansion of - agriculture

the availab%e quantities of water frgm springs and streams were not suffi-
cient to satisfy the demands, and therefore the construction of many smaller
dams was undertaken in the 1920'se The reservoirs built in this period were
generally small and construction of the large dams in the southern part of
the island started after the Second World War. The storage capacity is

still being expanded.

1.4 Costs and Prices

The cost of surface water invelves two items, the cost of the
storage of water and the cost of distribution. For both items the cost can be
split up into the amortization of the original investment and the cost for

operation and maintenance of the installations.



The investment cost for storage of water is obviously dependent
on the size of the reservoir and the characteristics of the site for the
dam. Most likely the best sites have now been exploited. The investment

3

cost for storing 1 m” of water could be estimated at about 60 pts for a
dam of 0,5 Mm3, and about 40 pts for a dam of 2.5 Mmj (Toran, 1968). The
cost of the water from the dam will also depend on the average quantity
of available water. If it is assumed that as an average the storage capa -
city is twice the annual inilow and the interest rate is 8%, the total yearly
cost per m3 at the dam is about 8 PMs for the larger dams and 11 Ps for the
smaller.dams now under construction, whereas the cost of water from the exis-
ting dams in many cases could be lower.

The distribution cost depends on many factors that can vary so

much between the areas that an estimate is somewhat futile, but the order

of magnitude may be about 2HVm3.



2. Groundwater

The development of groundwater in Gran Canaria can be traced to
the beginning of the present century. Up to 1924 no authorization was ne =
cessary for the boring of wells and galleries. However from this year on=
wards, there has been a steady increase in demands . for opening up of wells
as seen in Fig. Gesl « The maximum amount of demands = correspond to a pe =
riod between 1940 to 1950, but there has been a recrudescence of activity
between 1960 and 1963. At the present moment boring of new wells has prac =

tically stopped but bore-holes and lateral galleries continue to be opened.

2.1 Historical Development of Ground Water

Before 1924, there were 50 to 100 wells equiped with machinery and
about 200 to 300 weils with windmills. Most of the wells were concentrated
in the zone of Telde-~Ingenio and the wind mills in San Nicolas de Tolenti=
no., Up to this period, the main water supply of the island came from the
springs found at the head waters of the '"barrancos" together yielding about
1,5 m3/s. In the same figure is presented the historical development of
groundwater extraétion‘in the island. There has been a notable increase in
the production capacity from wells and galleries from 1945 to about 1963
corresponding to the, heaviest demand for opening up of wells as seen hefore.
As the production capacity increases, the yield of springs fell as expected.

The earliest available information on the inventory of captations
is in the yvear 1933 given in Table _G.1 « If these informations can be ta =
ken as reliaﬁle, the total production was around 67 MmB, of which 50% came

from springs, 39% from wells and 11% from galleries. In the same year the =

re were about 285 springs with a mean yield of 3,7 1/s, 303 wells with a
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Inventory of Groundwater

Table G,1

1932
Municipality Springs Wells Galleries

Agaete 3,784 (&) 1,356 (6) -
Agiiimes 1,892 (5) 8,060 (28) 0,599 (5)
Artenara 0,032 (10) - -
Arucas 1,186 (3) 0,482 (20) ‘6}152 (2)
Firgas 3,376 (14) - :\\\\
Galdar 3,521 (16) 0,367 (8) 0,03k (2) \\\
Guia 3,27k (12) 0,205 (1) - o
Ingenio - 0,667 (67) -
Mogan 0,383 (39) 1,921 (29) Insig. (1)

" Moya 1,497 (5) 0,022 (1) -
Las Palmas - 1,577 (20 -

(+San Lorenzo) 0,093 (10) 1,984 (19) 0,512 (&)
S. Bartolomé 0,360 (32) - .-
San Mateo 2,688 (32) . - 4,336;(15)
S. Nicolas 0,158 (10) 1,577 (20) -
Sta, Brigida 1,198 (7) - 0,820 (2)
Sta. Lucia 2,278 (30) 5,990 (30) -
Te jeda 1,703 (8) - -
Telde - 1,887 (53) -
Teror 1,104 (22) - 04473 (2)
Valsequillo 2,160 (6) 0,165 (1) 0,473 (k)
Valleseco 2,365 (20) - 0,788 (5)

Iotal for island

TWm3/year - 33,052 (285) | 26,260 (303) 8,104 (k2)

= 67,506 or : .
L3,3mm/year, ! ’
1/s 1048 833 260
= 24141 1/s ,

Note: All figures expressed in Mm3.

In brackets are number of captations.
Estadistica Minera y Metaltirgiga de Espaifia, 1933.

Source?




mean production of 2,8 1/s. and 42 galleries with a mean production of 6,2
1/s. The total production of that year amounted to a water lamina of L3 mm
which compared to the mean rainfall of BOOmm/year accounted for 14% of the
total.

A closer look at the same table indicates that most of the yielding
springs were concentrated in the"municipios" of Agaete, Firgas, Galdar, Guia,
Valsequillo and San Mateo, and most of the high production wells were found
in Agliimes, Sta. Lucia and Las Palmas wheamwras the'”municipioﬁof San Mateo
alone produced half the yield of galleries.

From this year onward only partial statistics are available on
the development of groundwater in the island. However it must be said that
these figures correspond except for 1933, to production capacity and not
to real production. The maximum production capacity coincides with the pe =
riod 1952 to 1960 after which no statistical figures were available even
though the tendency was a drop in the production capacitys

It is interesting to note however the increase in wells from about
600 in 1945 to 1400 in 1950 and to about 1900 in 1970. Galleries augmented
from about 115 in 1945 to 240 in 1950 to about 340 in 1970.

As for the total perforated length. it increased for 57 kn® for
wells and 50 kms for galleries in 1945, to 90 kms. for wells (bore=holes
and lateral galleries excluded) and 80 kms. for galleries in 1950, and
172 kms. for wells and 177 kms. for galleries in 1970.

During these 3 years the unit production in 1/s/m in wells and

galleries -varied. probably as follows:

Total perforated (meters) Total production (1/s) Unit product.
(1/s/m)
1945 107,000 3.800 0,036
1950 170.000 L.,800 0,028

1970 350.000 4,060 0,011



gliad do Canarfas. 2003

© Universidad de Las Praimas da Gran Canaria. Biblioleca Universfarla Memona Dl

The above figures demonstrate that during the last 25 years
the unit production has decreased gradually but sharply to about one-fhird
of the original value.

-Al-so—from—1940—up—to 19720 the_mean_depth of the well has re=-
mained around lOOm, excepting between 1950 and 1955 where it dropped to

m . . s .
around—6e—7—exp}a¥ﬂed—pess&bly—by—a_pﬁollie:aiLQn_Qi_naLLs_algng the coast-

al areas.

The_historical trends_in_ground water development are given in
Fig. G.1l.

2.2 Perforation and Equipment of Wells

Construction of wells is a costly operation in Gran Canaria due
largely to the hardness of the rocks and the great depths to water. Most
of the coastal wells attain a medium depth of 100™ but in the interior the
mean depth to water is around 150m and occasionally wells aftain a little
over 300™ of depth. The price of boring varies from 5.000 to 10.000 ptg/=-

meter according to the terrain and depth.

)

In Fig. G.2 i8 presented the general aspect and egquiptment of a

typical well in the island which normally has a diameg;r of 3 meters. The

development of ground water has been closely related to the improvement in

the techniques of well-making.

In early times wells were hand dug using simple tools and with=-
out explosives. The extraction of rock debris was effectuated by winches.
Sections of loose materials on the wall were consolidated with lime at

earlier times and with ciment at present.

The use of explosives and air-compressors in relative recent

t

times has greatly accelerated perforation activities.

Once the water level is reached, lateral galleries and bore-

holes, the latter named ficatas", are effectuated to increase the yield.
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The bore~holes are either vertical or horizontal and are effectuated by
small diameter rotative machines.

At earlier times the withdrawal of water was done by fuel oil
piston engines of 50 to 100 H.P., now substituted by electric pumps and
motors of higher performance. A second elevation pipe is sometimes placed
for the elimination of dirty water during perforation periods. If the
well produces toxic gases (CO2 etc.) ventilators are also installed.

2.3 Well and Gallery Inventory System

An inventory of existing wells and galleries was undertaken for
the need of the Project through 1968 to 1970. In this inventory the prine-
cipal data obtained were ownership, well or gallery location, depths or
length of well or gallery, annual production, state of construction and
installed H.P. The data were grouped by "municipios” and the numbering
system was the same as that used by the Jefatura de Minas of the Ministry
of Industries. This system which is the one currently used for adminis-
trative purposes has been retained in the enclosed Hydrogeological Maps
in this report.

With the undertaking of field investigations through 1970 to
1973, each well or gallery visited was also given a study number based
on the division of the island into 9 major hydrological zones. This .
system adopted for ulterior data processing is composed of 4 digits, the
last identifying the point visited within the zone. In this system
springs as well as borings have been included.

The analysis of the official and field inventories has been done
in Section E-3. The statistical summaries are presented in Tables E.1
and E.2.

2.4 Historic Withdrawals and Variations of Digcharge

Only sporadic data are available on historic withdrawals and

discharge variationse. Data published by the Jefatura de Minas gives



perforated lengths and corresponding installed extraction capacities but
no real productions are available as said earlier excepting some rare
statistical summaries like for 1933 and 1945,

The historical trends in production could - be correlated to
several factors of which the increasing demand for irrigation and varia=-
tion of rainfall seem to be the most important. In Table Gl is given
historic yields of certain points with relation to the total precipita-
tions of the island. The spring "La Mina' as well as the gallery Gamonal
No 36 seem to follow the rainfall tendency although the carry=-over effect
in dry years is clearly seen. There is however some doubt with regard
to the behaviour of the gallery which could be also explained as a recesion
of a subterranean water pocket.

There is also a correlation between the rainfall and the perfo-
ration of wells. For example between 1945 to 1950 a total of 98.000 me=
ters were perforated whereas between 1950 and 1955 only 37;000 meters
were bored. If we consult the Fig H.9 showing the mean annual rainfall
tendency of the island, we conclude that intense water searching activity
coincides with a previous dry period. The dropping of the boring activity
between 1950 and 1955 coincides on the other hand with a wet period, as
is also seen in the above mentioned Table.

p

The relatively dry périod 1959-69 is also marked by a recrudescence
of the search for water specially by deepening of wells and over exploita=-
tion in the northern and eastern parts of the island. Study of historic=~
al records in these zones from 1960 to the present day shows very sharp
water level declines varying between 1 to L4 meters/year. Reconstruction
of the historic piezometric levels has been attempted in sub=-section E.8
based on simulation of aquifers and a separate analysis of this problem
will be made later.

An approximate idea of the total volume withdrawn between the
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last 50 years can be obtained using Fig G3 and on the supposition that
the actual production was one~third less than the indicated production
capacity. This seems to be in agreement with the present system of ground

water production. The volume variations are as follows:

Period Discharge (m3/s) Total Volume (Mm3) Water Lamina (mm/year)
1923-1933 1,3 L1x10 = 410 26 ‘
1933-1947 2,5 79x14 = 1106 51
1947-1950 4,0 126x3 = 378 81
1950-1970 L,3 136x20 = 2723 87
1970~1973 4,0 126x3 = 378 81

TOtaleeeeoeosooescsssscsesscnss 4992

The above figures even thaugh approximative indicate that max-
imum extraction took place between 1950 and 1970, more preciseiy between
about 1955 and 1965 and this coincides with the period of maximum decline

of water tables specially in the northern part of the island.
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3. Crop-Water Requirements

No scientifically established data exists in the Canary Islands
on this subject. But one could use the figures most commonly admitted
in published works on Canarian agriculture. The difficulty with these
figures is that they vary from one source to another, the reason being
that the climatic,technic¢al and production characteristics of each
example cited were not clearly explained.

The figures cited below constitute only a broad basis which
could be used Lo draw out certain conclusions.

We shall retain the mean unitary needs obtained after study of
the figures found in various publications and the mean level of crop

productivity.

TABLE G 2 Unitary water needs of crops

Banana 155000 m3/ha/year Cereals (other) ’ _ 44000 m3/ha/year
Potato 4,000 m3/ha n Vegelables 8;000 m3/ha n
Tomato 8;500 m3/ha n Forage crops(1) 45800 m3/ha "
Corn . . 4;000 m3/ha " Others annual 4 ;500 m3/ha "
Cucumber . 4;500 -to " Crops

hot houses 5;000 m3/ha " Others fruit trees 123000 m3/ha "

(1) Weighted average between maize for forage 4.000 m3/ha
and alfalfa 19.000 m3/ha.

With these figures we could estimate the water demands for
agriculture in the two agro-climatic zones of the island, with the help
of landuse statistics.

Two thirds of the total consumption is found in the north and
southeast of the island and this is due to the banana cultivation which

3

in itself uses up to 55 Mm~. In the south, tomato cultivation accounts



for almost half the total demand of the region.

On the whole, three crops use up 75% of the water in the island:

banana, tomato and potato. However, the rest, mainly vegetables, together

consume a little more than that of potato.

TABLE G 3 Annual Water Consumption in Agriculture

(Estimated in Mm3 - 1970/71)

Southern Northern Total
Crops pagt part
4 o Mm- % | Mm3 % | Mmd % L
Cereals . 3,32 7+5 1,23 1,4 4,55 3,5
Legumes 0,35 018 0,39 01’* Oa7l* 0)6
| Tomatoes ~ 19,01 43,0 | 7,22 8,4 | 26,23 20,1
Other vegetables 5,58 12,6 6,25 7.2 11,83 9,1
: Potatoes | 2,64 6,0 8,72 10,1 11,36 8,7
i Forage crops 3,83 8,7 2,64 3,1 6,47 5,0
: Other crops 0,05 0,1 0,45 0,5 0,50 0,k
. T Total annual crops | 34,78 78,7 | 26,90 31,1 | 61,68 RYRS
Banana 6,54 14,8 54, bl 63,2 60,98 46,8
_ |{—Other fruit trees. | 2,86_ 6,5 4 4,02 5,7 - 2,78 5,8
Total Hm3 Ly 18 100 B6,26 100 130, b4 100
% 34 66 100

A Unbersidad de Las Fpimes oe Glan Canaria oibhoiecs Univarsfaria Memons Ul

It 18 thus on these three cropa that future technical and eco -
nomic investigations should be focused in oder to determine their real

regional needs as well as the irrigation methods most suited to reduce

the total water consummation.
In Section D of this Chapter certain theoretical calculations
have been made on evapotranspiration potential and the need of plants

depending of rainfall and the so0il moisture situation. Two examples



were retained: banana in the north and tomato in the south. Thus for

3 3

banana the need would be 11.000 m” and for tomato 5.000 m~.

An efficient irrigation system must be able to supply the ne -
cessary quantities for the crops. The methods presently used have low
efficiencies: 0,7 for banana (flood irrigation) and 0,6 for tomato (fu-

rrow irrigation).

3

3 and 8.300 m~, respec -

The consumptions vary between 15.000 m
tively for the two crops, and approach those given in the above table.

The efficiency can reach 0,8 if sprinkler irrigation was prac-
tised which shoul represent a water economy of 12,5 % and 25,0 % for
banana and tomato respectively. It sprinklers irrigation is practiced

3

for both crops, it is possible to economise 14 Mm~ of water per year.

igiad de Camarips 2003
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But this is a theoretical conjecture since only large modern farms are

in a position to practice it. In addition, it is necessary first to ve -

rify the preceeding figures by concrete experiments and then study the

cost-benefit margins since sprinkler irrigation will automatically in -
crease investment costs.

One should also note the small volume of water necessary for
hot-house cultivation. According to the "Organizacion Sindical', one
cubic meter of water permits a harvest of 3 to L xg. using classical
methods and 8 to 15 kg. in hot-house cultivation. Hence an important

change will occur if present open-field cultivation (banana and other

fruits) was partially replaced by hot-houses.
A8 an example let us suppose that half of the actual area un -
der banana cultivation, those that give the worst harvests were repla -

ced by hot-house cultivation. This would give a cultivable area of

2.000 ha or 1/6 of the existing irrigated land. In this eventuality

the water economy realized will be 21 Mm3/year. Also,, if the remaining



areas under banana plantations used sprinkler irrigation as well as half
of the area under tomato, a total economy of 28 Mm3 per year could be
achieved, which represents a volume economized, sufficient to supply
other activities during a number of years.

Such a change however needs time, and meanwhile it is probable
that there will occur reduction in agricultural consumption due to pro -
gressive abandonning of the less productive cultivations, which leaves

intact the problem of supply in the entire field of activity. Hence, one

reckons the urgent need of finding a solution to this problem.



L Municipal Water Supply and Other Requirements

Besides the agriculture the sector we have water requirements
in the following sectors of activity:
- Tourist Industry
- Industrial needs
- Port water supply in Puerto de La Luz for international ocean traffic.
In 1967, according to the document "El1 Plan de Abastecimien =

tos y Saneamientos Hidr&ulicos" the following data have been published:

- Domestic and municipal uses - 27,40 Mm-

~ Tourism - O,41 v

= Industries - 3,50 "

= Harbour (Inter?atlonal sea _ 0,74 "
traffic)

Total: 32,05 "

The domestic, municipal and touristic requirement were cal =

culated at a mean unitary consumption of 150 litres per day per inhabitant.

4,1 Consumption Needs of the city of Las Palmas

According to the data for "Término Municipal de Las Palmas"

the city consumption in 1971 was as follows:

Volume of water entering pipe-system: 14,37 Mm3

Volume of water paid by consumers: 12,52 "

These volumes were distributed in the following manner:

3

- Domestic and touristic consumption - 0,93 Mm

- Municipal requirements - 0,56 "

- Industries - 0,72 "



- Public and Official Buildings - 0,75 Mm
- International port requirements - 1,06 "
Total: 12,52 "

3

The total supply of 14,37 Mm~ (455 1/s) was derived mainly
from ground water complemented in 1971 by 2,36 Mm3 (75 1/s.) from the de =
salinization plant. When we compare the volume entering the pipe system

3 in the pipe

and the volume sold to consumers, we note a loss of 1,75 Mm
network which is about 12% of the water provided. This figure is not too
high considering the multiplicity and the age of the networke.

A comparison of the data, estimated for 1967 with those for
1971 helps to draw certain interesting conclusions:?

~ Industrial needs continue to be of litt%e importance; the
figures cannot be compared as the consumption in the first case is for the
entire island and in the éecond for the municipality of Las Palmas. But
most of the industries are in this zone. The port requirement has risen on
the contrary sharply.

~ The comparison is instructive only when seen from the point
of view of consumption per head.

The population of Las Palmas during the 1970 census was
263,000 inhabitants to which one must add 24,000 tourists present at that
time giving a total of 287.000. The resident population was estimated as
283.000 in 1972, and 273,000 in 1971, We could estimate a total of 30.000

tourists in 1971 having stayed on the average 7,5 days in the capital equal

to 225.000 night stopovers.



Admitting a net average consumption of 120 litres a day per
head the corresponding requirements would be 270.000 m3 net and 307.000 m3
grosse

The consumption of the inhabitants of the city was established

as follows:

Net Gross
Domestic consumption 92 1/day 104 1/day
Collective 13 1/day 15 1/day
105 1/day 119 1/day

These figures seem to coincide with total gross consumption
obtained for Arucas in 1972 which was about 96 litres a day per head.

L,2 Consumption Needs of the island

It is then possible to estimate the global c;nSUmption for
the entire island using a few supplementary hypotheses. We could assume
that:
— In the other regions of the island the gross consumption
per head is on the average 80 litres/day per head.
- All the tourists consume 135 litres/day per head.
- The total industrial consumption for the island is 2,0 MmB.
With a population of 520,000 in 1970 in the island of Gran
Canaria in which we include 40,000 tourists and taking intoc consideration
the rate of increase already formulated, one can use as a base of calculation

for 1971 a total population of about 500,000 inhabitants of which 273.000

in Las Palmas and 227.000 in the other municipalitiese
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In 1671 the tourist population was about 595.000 with an
-average stay of 7,5 days equal to 4,5 million night -stopovers.
The total consumption for the entire island can be establi =

-shed—as followsi-—

Consumption need of the islands population

(domestic and collective uses) - 17,07 Mo
- Las Palmas - 10,44 Mmg_
- Other regions - 6,63 1
- Touristic consumption - 0,60 n
- Industrial o - 2,00 *
- Port " - 1,06 M

Total: _56,73 KT

One notices that the requirements Af the poﬁulation are by
for the most important, tourism requiring only a feeble quantity. However
this could increase in the future when the urbanistic plans in the south
of the island are fully developped-

As a conclusion we can say the total consumption of water

in the island of Gran Canaria for 197) was as follows!

Agriculture - 130 Mm3

Other uses - 21 "

Totalt 151 "

Irrigation used up to 86% of this total.



4,3 Future Perspectives

In "El Plan de Abastecimientos y Saneamientos Hidraulicos"

one finds the following future consumption estimates for 1985:

- Domestic and municipal uses - L7.,08 Mm3
- Tourism - 1,58 ©
- Industry - 8,75 "
- International sea traffic - 0,60 "
Total: 58,01 "

These previsions seem very high considering the actual si -
tuation. In fact it corresponds to a gros consumption of 180 litres/day
per person for a total population of 700.000 inhabitants and a forecast of
600.000 tourists.

Actually in Las Palmas according to earlier studies, the
increase in unitary consumption was about L% per year per person, as a
result of the rise in living standards and the housing development scheme.
It is probable that an increase will manifest also in the villages and in
less important towns with a certain time delay (+ 5% a year ?).

It seems that one could retain the following unitary con -
sumption norms:

Urban population of Las Palmas - 200 litres/day per person
(individual and collective needs)

Population of other areas - 140
In the tourist sector on the contrary, it seems that the

area of Las Palmas is beginning to show a decline in growth while in the



south it is developping rapidly. In these regions where irrigated lawns and
gardens have to be created and maintained, the unitary demand also would

be high. For this reason it is proposed to retain a grosgconsumption of

250 litres/day per head.

For the industrial (and port) sector where development
programmes do not seem to keep to the scheduled ' rythm, we will nevertheless
admit the double of the present requirements. Furthemore for industries, if
development takes place as planned, it would be best desirable to insist
that all new installations adapt systems for reuse of water,

In 1985 according to different sources of information the
islands total population would be between 650.000 and 700.000 inhabitants
whether or not the actual immigration continues. For Las Palmas the co -
rresponding estimates are 390.000 to 430.000 inhabitants.

It is difficult to forcast the number of future tourists
as one could question the saturation point which would one\day manifest
itself in the south, similar to what is happerniing in Las Palmas presently.

However in 1973 about 800.000 tourists are expected to vi -
sit Gran Canaria. In 1985 it would be possible to predict 1.500.000 tourists
with an average stay of 10 days although since 1965 the 7,5 days average was
constant. |

With these hypotheses, bearing in mind fhe average figures

for the population the following consumption needs can be proposed:

Population Requirement

(domestic and collective) - Lo,5 Mm3

Las Palmas: 30,0

Other regions: 10,5

- = Tourism - 3,75
- Industry - 4,00
- Port ’ - 2,00

Total: 50,25



This represents about 30 Mm3 more than the present consumption.

Of this about 5 Mm3 could be provided by the desaliniza -
tion plant which is not yet functionning at full capacity. Hence there will
be a deficit of 25 Mm3.

We saw in the subsection G.3 relative to crop requirements

3

that by switching on to sprinkler irrigation 21 Mm~ could be saved with
no loss of the irrigated agricultural surface but cutting out marginal
and improductive banana crops and growing more productive crops instead.

3 can be probably obtained by a further

The remaining 4 Mm
development of surface water resources and possibly by improving the sys-
tem of distribution.or by a second desalinization plant.

Nevertheless the main problems remains, the capacity of the
groundwater aquifers to support the present rate of production. It is po -
ssible that the presently used aquifers provide the volume pf water soli -
cited on condition that a rationalization of the captations is realized
so that no serious water level decline is registered in the future and
hence the cost of unitary production does not go up. The present effort
to simulate future levels and possibles costs, through the Gran Canaria
R~C model will give the answer and will be dealt with later.

It is also possible that the effort to preserve the dispo -
nible more easily exploitable groundwater resources and the desire to
avoid water level decline could diminish groundwater extraction in the
future. In this case the problem of the maintenance of the present agri -
culture system with the big water demand will remain unsolved since it is

out of question tha desalinization can ever supply the need.



5. Desalinisation

Since 1970 a desalinisation plént has been functioning in Gran

Canaria installed a little south of the city of Lag Palmas.

5.1 Characteristics

The process used is multiflashing and it serves a double purpose:

production of potable water and electricity.
Some technical characteristicsg of this plant are given below!
- nominal water production capacity: 20.000 mj/day
= nominal electricity production capacity: 24.200 Kw at 13.000 V

18.000 Kw at 66.000 V (max.
€0 net)

2 Universidad de Las Palmat do Gran Cangrla Diblicieca Unhersilerls Nomoria Digilal de Canarias. 2003

= number of stages: 22

~ performance ratiot Quantity of water/Quantity of vapour,6, 35

-~ recirculation performance: cooling discharge/freshwater discharge 6,67

- temperature range sea water (20°) - soft water (33°) = 13°¢c

- production vapors: 148 T/h (reheated vapour)
28 T/h (max. saturated vapour)

- pre~treatment by poly-phosphates

~ materials used: soft steel and epoxy for parts in contact with vater,
copper=nicker for evaporation and condensors.

In 1971 the plant produced 2,36 Mm3 of fresh water with less than

2 ppm of total salt content and 61,6 millions Kwh. In 1972 the production

3

increased to 3,43 Mm~. It is used at present to satisfy peak-hour consump-

tion of drinking water and mainly for electricity production.

In the face of the penury of water in Las Palmas, its hours of

production should increase. In fact in 1971 it was used to ¥3 its capa-

city. In 1972 the percentage reached 47%. It seems that certain tech-

nical problems have not yet been totally solved, principally corrosion.



The functioning costs of this installation figures in the follow~
ing publication: "Problematica de la Desalinizacidén y la Reutilizacidn en
Esparia", presented by the Direccidn General de Obras Hidraulicas at the
International Symposium on the planification of Hydraulic Resources (Mexico,
December 1972).

The initial investment was 570 millions pesetas. Amortization
is calculated at the rate of 4% for a period of 20 years with 75% of the
investment, and 15 years for the remaining 25%, which gives us an annuity
of 44,5 million pesetas.

In 1971 the costs were as follows:

76,1 million pesetas

Exploitation costs

Amortization - L, 5 " "
Insurance costs - 5,7 " "
Total 126,3 million pesetas

Deducting the selling price of electricity at the rate of 0,72
pts. per Kwh or 44,4 million pesetas, we have a rest of 81,9 million pese~

3

tas for a production of 2,36 Mm~ of fresh water equal to a unitary cost
of 34,68 pts/ms.

For the first semester of 1972 the corresponding costs were es-

tablished as follows:

Exploitation costs 51,0 million pesetas

Amortization - 22,2 " "
Insurance costs - 2,8 " "
Total: 76,0
Sale of electricity - 31,3
Remaining: 44,7 million pesetas
Production of water: 1,17 Mm3

Cost price of 1 m3: 38,22 pts.



The cost price was thus very high. However we see that the cost
price is not based on an analytic study of investment costs of water and
electricity and corresponding functioning costs, thereby falsify the esti-
mation to an extent.

It is also evident that the more capacity of the plant is used,
the more the role of investment costs in the cost price will diminish (in

1971 and 1972 it was 35% and 29%, respectively).



6. Treatment of Waste Water

A waste water treatment plant has been functionning in Las
Palmas for some years.

Planned to treat 300 1/s. of used water with 575 ppm of
BOD and 700 ppm of matter in suspension, it renders treated water back
with 15 ppm of BOD and 60 ppm of suspension matter. At the present mo=-
ment it treats 200 1/s., equal to 6,3 Mm3 per year éf the 10,4 Mm3 con -
sumed by the population if we except indusfrial uses. The rest of the
used water is sent out directly to the sea.

This station is a classical biological station made up of:

- a pre-treatment unit.

- a primary treatment (decantation)

- a biological treatment (activated slugs)

- a tertiary treatment (floculation) -

- a treatment of muds

The product of the last stage unfortunately is lost to
agriculture as there is no interest for this type of organic matter and
consequently almost everything is incinerated.

As for the treated residual waters, 3.000 to 6.000 m3/per
day are used for agriculture in Tafira and Almatriche. This corresponds
to an annual volume of 1,1 to 2,2 Mm3 and the rest flows out to the sea.

Utilization of these treated waters, however, poses cer -
tain problems. In order to transport it, prior pumping to a height of
200 - 300 m is needed. Also, the treated water has an NaCl content of
700 to 800 mg/l1 and is not suitable for banana cultivation, which is

sensitive after a limit of 200 mg/l. It is however used for tomato



cultivation or for vegetables after mixing with less salted water.

Farmers pay 4 pts a cubic meter which is insufficient to
cover overall costs.

The future sewage treatment programme provides for the
functionning of the plantat full capacity. The ulterior stages forseen
are only at a pre-project level.

Hence we see that the hope of using these waters in tle
near future is not to be exaggerated. Here again apart from the economic
factors of transport costs and rendering it readly available for agri -
culture, one finds the same problems posed by banana monocultivation as
in the Northern part of the island.

However, this supplementary source of irrigation water
should not be neglected as in the long run it could provide many mi -
llions of mefer cubes which would otherwise be lost to the sea. TIts
future utilization can be also considered for artificial recharge of
aquifers in areas of salt water encroachment for example (South of Telde
and North of Tirajana), and where medium quality water is actually in

use for crops such as tomatoes and alfalfa.



7« Cost of Groundwater Pumping

Quantitative data have been studied for 15 wells, the depth of
which varied between 40 and 212 m. These are summarized in Table .G.4k., -
They come from a private source and one not%zs immediately the current
booking keeping method for expenses incurred in well pumping and management.
When one questions people, about the cost of 1 m3 of water produced, we
obtain the usual answer, 2 to 3 pts. In fact, as seen in the above Table,
only real annual costs are registered as expenses, disregarding all notions
of amortization of initial investment costs which is very high, or even
the short term investment on the pump which does not last more than 5 years.

Amortization costs do not seem to be taken into account except
at the level of selling price. It must be stated that the initial investment
has a long life-span, the well itself, the shed, the winche¢, the generator,
the ventilators, etc., last indefinitely.

7.1 Current method of calculating water price

This method of accounting for costs has its inconveniences, be-
cause a big reparation intervening on a generating plant for a particular
year is listed for that year and not for a 5 or 10 year amortization period,
which raises very much cost price

After these preliminary remarks, one can make the following obser-
vations for the 15 cases studied:

a) Annual extraction from wells oscillates between 72.000 and

540,000 m3

or by a factor of 1 to 7,5.
b) If the installed power of the generating plant follows the

variation in the depth of wells, the pump on the contrary remains

relatively constant.
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c) The total maintenance costs are estimated fbrfeitaViy'but
seem to be established in the following manner:
- Wells with piston pumps - 65.000 to 70.000 pts/year
= Wells of 80m to 150m deep = 90.000 to 100.000 pts/year
- Wells of 150m to 215m deep - 130,000 to 150.000 pts/year
d) Examination of energy costs per m3 extracted should show a clear
relation with price.. But one notices large variations going up
to 0,5 pts. per m3 for identical depths.
e) Labour costs also vary per m3 extracted.s It seems however
that when the annual output in less than 200.000 m3, there is
usually only one labourer. On the contrary when production is

3

over 400.000 m” there are three workers for each well,

In fact things are more complex. One would suppose that a well
which functons énly a few hours a day could be looked after by 1 worker
vigsiting several wells. But in reality a single worker permanently looks
after one well no matter how many hours the well is pumpings If pumping
last long hours and the unitary production is high, he is helped by one or
two more men.

Following the above considerations, we should find at the level
of the cost price of 1 m3, a relation between itself, the depth of well
(due to extra power used) and the annual production (because labour costs
become fixed according to certain extraction limits).

3 considering the depth-

In Fig. G.4 is shown the cost price of a m
of a well; in the first graph the total cost price is used and in the second,
the cost of energy is used distinguishing the following types of wellss

- Wells with an extraction of 200.000 m3/year

Ne 1, 2, 3, 10, 13, 15: 6 Wells
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Wells with an extraction between 200.000 and %00.00 ma/year

N2 5, 6, 7 aund 11: L Wells

Wells with an annual extraction superior to 400.000 m3/year

L, 8, 9, 12 and 1lk: 5 Wells
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No clear conclusions can be drawn from these graphs but one can notice 2
classes of curves:

1) The first composed of high yielding wells with an extraction above
400.000 m3/year which in both cases are found below the other points when
the depths increase.

The total cost price for 1 m3 would increase by about 0,75 pts.
per 100 m of depth, while the energy costs would increase by 0,52 pts. per

3

m”, representing thus 2/3 of the increase.

2) The second class is less clear. One must first disregard the three

wells with piston pumps which do not represent the same characteristics as

the others. This family will include all the other wells with an extraction

of less than 400,000 m3/year.

Without being able to guarantee the validity of the following
3

figures the total cost price of 1 m~ would increase by 1,75 to 2,15 pts. for

100 m of depth while the price of energy would increase by 0,80 to 0,90

pts/m3, representing 40 to 45% of the total increase.

_These figures should be used with extreme precaution as we do not

understand why the cost of energy should increase with depth in a way so

_diverse in both types although the pumps installed in wells 8 and 9 are

more feeble than those in other wells of the same depth. It is the contrary
_for wells 4, 12 and 1k,
Does it mean that the material is more modern with better perfor-

_mance, or must one question the basic data?
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Besides one does not know if this could be extrapolated to depths
—over 200 _m._following—a—linear—or—exponential curve—in the—absence—of—refere—
ence points.

Also_it must be_said—that the-wells_examined—are particularly pro--
ductive, since the well the least used (N2 15) produces 72.000 m3/year,
—equivalent_of_2,3-1/s..

The total extraction in the island amounts to 108 MmB/year for
_about 1.200 producing wells equal to an average yield of about 2,85 1/s per
well (case of N2 13). For the 15 wells the average is about 9,35 1/s or
343 times the mean for the island.

Even if we accept as a base for calculation the cost of energy
—for per_mg_pumped_wiih_nelation_io_depthf_ii_is_necessany_io_multiply;ihe.
cost of labour, maintenance costs and reparations by the volume of m3 pumped
by the_coeﬁriciehx_g,g_in_onden_xo_have_an_idea_aﬁ_neal_auq;age,

It is thus materially impossible to extend the results obtained
_for these wells in one_and the_same_region (1,25% of all the wells_of the-
island) without committing serious errors. Only a selective study of about
-10%_of_the_wells, chosen_in_a_way to_be_representative_of_the_various_depths

and the total volume pumped could enable a valid extrapolation.

_Also it should bhe noted that it is necessary to add to the cost
price calculated in the example, the cost of amortization of the pump.
_Taking_an_average of 125.000 pesetas_as cost of pump, an_interest
of 8% per year for a life-span of 5 years. (This has yet to be verified in
3

the fieldd. Amortization_ costs per m” taking_ into_account the_annual extraet=

ion well, would be as followst

50.000 0,62 pesetas/mj'
100.000 0,31 M M

1502000 0, 21 e




200.000 0,156 pesetas/m3

250.000 0,125 " n
300.000 0,104 " "
400.000 0,078 " "
500.000 0,063 L "
550.000 0,057 n n

If the cost is negligeable for wells with large production it is cer-
tainly not for the average wells in the island, of which the production

is less than 100.000 m3 per year.

7«2 Influence of progressive deepening of wells en cost price

The above examples referred to recent years without reference as
to whether the wells more deepened or not. Also the cost of upkeep of the
pumps would be about 8% or 10.000 pesetas per year. The corresponding
charges for a generator valued new at 600.000 to 800.000 pesetas according
to its capacity, would be about 10% including big reparations done every
5=6 yearsa. It is thus seen that the average cost of maintenance of a single
well would be 70.000 to 90,000 pesetas/year for pump and motor, which cons-
titutes the major expenditure item in maintenance.

Of these figures out of the 15 examples one should leave out a
certain number of posteriorily deepened wells (Ne¢ &4, 5, 6, 9, 10, 12, 14),

In order to utilize the simulation results of the analog model
it is interesting to estimate the importance of posterior deepening on
price levels.

The cost of deepening of wells is about 16.000 pesetas per meter.
The complementary costs (lowering of pump, pipes, etc.) are negligeable for
which we will use a forfeitary sum of 1.0000pesetas per year. Thus subsequent

deepening of 5 meters would cost 17.000 x 5 = 85.000 pesetas.
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_We knaw that the water table is declining constantly in_ certain
zones of the island and therefore we can consider that this operation becomes
an—annual—expenditure, although in—reality deepening—takes place every 2, 3,
5 years following the rythm of decline of the water table.

~One can thus caleculate—the incidence—of—deepening—on—the—cost—=.

3

price of 1 m”, according to the amount of water extracted. One should also

for 100 m, or 0,036 pesetas/m3 for S m« We have the following price ele=-

vations for a 5 m deepening:

Volume Effect on cost-price per 1 m3
extracted P (5 m of deepening) in pesetas
1= per—year—in—m ) —Extra— 1~
Cost of deepening | energy Total
cost
[ 50,000 = 1,70 170,036 | 1,736 |
100.000 0,85 0,036 0,886
: 150.000 _ 0,576 0,036 | 0,612 |
200.000 0,425 0,036 0,461
300.000 0,284 0,036 0,320
- 400.000 - 0,212 —0,086 | 0,248 |-
500.000 0,170 0,036 0, 206

Here again, the effect is particularly great in wells of small
output, being about 0,9 pesetas/m3 for an average well in the island,

As decline of 2 to 4 m/year in the water table is not rare, in 10
years thig would signify for wells of feeble discharpge (100,000 E?/year)
an increase in the cost price of water from 3,6 to 7,3 pesetas/mj.

For productive wells of 300.000 m3 for example, the increase in

‘cost in 10 years would be from 1,3 to 2,6 pesetas/m3 which is already quite

_high._



Remarks

1) Because of the general rise in the standard of living and the
difficulty of working at the bottom of deep wells, this operation becomes
more and more costlye.

The current tarif for deepening is 16.000 pesetas/meter but L
years ago it was only 10.000 pesetas. If the actual tendency continues,
the increase in price calculated above constitutes a minimum.

2) It will be the same with the salaries of the labourers which
would have increased about 10% between 1972 and 1973. Taking into account
of the importance of labour in the cost price calculated for the 15 wells
studied, we can forsee the role of this factor.

3) As seen before, amortization was not included in the calcula=-
tions and this is a weak=point. According to the current prices of equip=-
ment, it will cost about 5 millions pesetas to make a well of'200 m deep,
of which 4 millions for the digging operation and 1 million for the
generator. (Pump, reservoir and shed not included).

Even if we base our calculations on a well with a life-span of
30 years (which seems to be a reality for the major investment units) the
effect on the price of 1 m3 is important: annuity of 444L.000 pesetas at 8%
varies from 4,4k pesetas/m3 to 0,82 pesetas/m3 for wells having production
of 100.000 to 540.000 m3/year.

Such prices make the digging of new wells a financially risky
operation as the production cannot be forseen.

But for the wells already existing, such values are not applicable.
A large majority of these have been dug after the war, and in the 50's when
the labour costs were low, compared to other expenses. However, we have

no data on this point.



H. WATER BALANCE

l. Surface~water Balance

As discussed above, the island has been divided into 9 hydro -
logical zones, some of which in turn have been divided into subzones.

In order to be able to take into account special features such as diffe =
rences in precipitation or geology, some of these have been divided onue
more into smaller parts which are the basic units. The water balance of
tiran Canaria will be evaluated using 36 such units considering only natu-
ral conditions. Natural conditions in this context signify that all direct
manipulation of water by man has been disregarded.

When two or more units form part of a hydrologic zone or subzone
they have been divided into areas of equal size in order to facilitate the
calculations since all quantities can be expressed as laminas of water
instcad of volumes. After the balance for natural conditions.has been es =
tablished for the hydrologic years 1970/71, 1971/72 and 1972/73, an attempt

is made to superimpose the effects of man.

l.1 Terms of the Balance Equation

The terms considered in the surface-water balance are defined
in Figure H.l + With these notations the surface-water balance equation..
for the basic unit under natural conditions can be written as follows:

P+ Qi = ET + R + Qo + a H; ees(l)
with the following relationships between terms:
P = ET + Qp + Rp + AH; eee(2)

R.

Rp + Rqg; eee(3)

Q0= Qi + Qp - Rq; ooo(lf)



Figure H-1 The unit used for the surface water balance

Qo




where
P = Precipitation
Qi= Surface water inflow
Qp= Surface runoff from the unit
Qo= Surface water outflow
ET= Evapotranspiration
Rp= Recharge from precipitation
Rq= Recharge from stream percolation
R = Total recharge

AH= Change in soil moisture storage

The local hydrological relations existing between rainfall and
the other terms of the balance obliges the evaluation of these terms on
a daily basis in order to obtain values reasonably close to reality. The
determination of the daily values of recharge from precipitation will he
made using equatién (2) after which the effects of stream percolation will

be assessed and superimposed according to equations (3) and (4).

1.2 Calculation of the Parameters

The calculation- procedures for precipitatioq runoff, real evapo=
transporation, recharge and stream percolation are discussed below.

For each zone and subzone a linear relationship between yearly
rainfall and elevation has been established, which has made it possible
to simplify the calculation of ddly rainfall on the studied area. For
each studied area one or two representative stations were selected and
the rainfall for the total area was assumed to be equal to that of the
representative stations. These stations were selected in such a way that
their elevations were as close as possible to the median elevation of the

studied area, obtained from the hypsometfic curve.,.



From the gauged basins a relationship has been established between
rainfall and runoff which has been expressed as the curve=number CN, for
which type-curves have been published by the US Soil Conservation Service
(1957), Figure__B;é_ The relationship has the following mathematical ex -

pression in metric units:

‘P _ 200, 2
25.4 \ 25.%4 CN

Q =
2§.4 . 2;0 -8 see(5)
where
Q = Storm runoff in mm.
P = Storm precipitation in mm.
CN = Curve-number (varying between O and 100)

The curve-number is related to the infiltration characteristics

of the basin according to the following formula:

.eu(6)

2540
= — 254
S N 5
where
S = Potentiat infiltration capacity in mme.

The curve=numbers depend on the infiltration characteristics
of the basin, and in this case principally on geology. Also it lias been
possible to establish a relationship between runoff and rock types for the
gauged basins so that for each main‘geological formation a corresponding
potential infiltration capacity has been established. This procedure has
enabled an extrapolation of runoff characteristics to ungauged areas, whereby
each studied area has been assigned a curve~number, see Figure D.7 .

For each studied area daily runoff has been calculated from the

daily rainfall using the curves in Figure D.6 , based on equation (5).



The real evapotranspiration depends on the potential evapotrans-
piration and the soil moisture conditions. For each zone, monthly poten =
tial evapotranspiration was calculated using a modified Blaney-Criddle

formula written as follows:

ET, = Fp (0.46 t + 8.1); eeel(7)
where
ETp = Potential evapotranspiration in mm.
F = Modified consumptive use coefficient taking into
account climatic factors.
P = Monthly percentage of yearly sunshine hours
t = Average temperature of the month in ©C

The coefficient F has been established for each month of the studied period
for the six main meteorogical stations where the existence of more complete
data have permitted a good evaluation of the potential evapotranspiration, as
has been previouély discussed. To each studied area has been assigned the
same F value as for the closest main station with similar climatic conditions.
The calculated monthly potential evapotranspiration has been assumed to be
evenly distributed on all the days of the month.

For each studied area the soil moisture retention capacity has
been estimated, see Figure D.ll, For each day, available soil moisture in the
area has been calculated utilizing a bookkeeping method, where the differ-
ences Dbetween daily rainfall and runoff is considered to enter the soil
moisture storage. The real evapotranspiration was then calculated for each
period between rainy days utilizing the Thornthwaite-~Mather hypothesis dis-
cussed previously. In order to facilitate ' the calculations, tables for the
soil moisture depletion derived by Thornthwaite and Mather (1955) were used.

In the bookkeeping method of calculation, actual available soil



moisture is calculated for each day or each period between rainfalls as the
available so0il moisture at the beginning of the period, augmented by the
excess of rainfall over runoff and diminished by the real evapotranspira-
tion for the period. As soon as the actual available soil moisture exceeds
the retention capacity, the excess is considered to form recharge to the
ground=-water body.

As has been discussed previously in this report, stream percola-
tion 1is quite noticeable in the southern rivers. Therefore for each day
with runoff in the river derived from the calculations, the part of the
runoff that .would percolate in the riverbeds has been estimated with an
ad hoc method taking into account observations made by the Project, quali-
tative information obtained from local inhabitants, the relative magnitude
of the alluvial deposits, the existence of wells in the alluvial areas for
exploitation of the infiltrated water and the previous moisture conditions.

The result has been superimposed on the balance, using equations (3) and (4).

l.3 Results of the Surface-water Balance

For the 3~year period defined by the hydrologic years 1970/71,
1971/72 and 1972773 , a water balance has been carried out on a daily basis
for the 36 areas defined above. Yearly summaries for each zone and subzones

are presented in Tables H.l =~ H.3 . Data for the last few months, that is

the dry season, of the final year have not been available, and hence they
have been estimated. However this will have no important influence on the
result since that period has had no significant rainfall.

It can be seen that the year, 1970/71, was very wet with a
recurrence interval of about once every ten years. The two subsequent
years 1971/72 and 1972/73 have both been normal. This is favourable for

the present study since estimates for the median conditions can be based :ir
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directly on the calculated results for the last two years. For these years

it is obvious that stream percolation in the lower parts of the rivers has
been less than was indicated for the natural conditions since much water has
been retained in the reservoirs , the capacities of which are listed in

Table D«8 . The stream percolation therefore has been adjusted so that the
surface-water balance for Gran Canaria for the three hydrologic years 1970/71,
1971/72 and 1972/73 will be the one that is shown in Table H.k .

A preliminary idea of where additional gsurface water resources
might be exploited can be obtained from a comparison between the detailed
water balance of the two normal years 1971/72 and 1972/73, Tables H.2 and
H.3 , and the list of present storage capacity of 5=10 Mm in smaller re-
servoirs is situated in the northern part of the island. However the re -
sults for certain areas have been based only on estimates which should pre-
ferably be verified the soonest possible.

The following coefficients have been derived for ‘the period 1970/73:

v e
1970-71 0,32 0,26 0,17
1971-72 0,20 0,16 0,1k
1972-73 0,29 0,24 0,11
Mean for |
1971-73

(Mean years) 0,24 0,20 0,12



Table H.4

Adjusted surface-water

balance for Gran Canaria

Year 1970/71 1971/72 1972/73
Item mm Mm3 mm Mm3 mm Mm3

P 435 677 300 468 304 L7k
Qp 7h 115 - k2 66 32 Lo
Qo L8 75 30 48 18 28
ET 246 348 210 327 200 312

H + 1 + 1 + 0 + 0 -1 | “- 1
Rp 114 117 L8 75 73 114
Rq 26 4o 12 18 14 21

R 140 214 60 93 87 135




2+ Groundwater Bglance

An exhaustive study of the state of surface water balance has
been made in the preceding subsection for the period 1970-1973. In this
subsection an attempt is made to diagnose the variation of the annual

storage factor in the different hydrological subunits taking into account

of the groundwater extraction.

2.1 State of Annual Water Balance

A state of the annual water balance has been studied for the
three water years 1970-71, 1971~72 and 1972=3. In fact the yYear 1970-=71
has been similar to a tenth wet year whereas the two latter Years were
nearer to mean years as far as rainfall was concerned.

The state of the groundwater balance has been investigated
following the scheme presented in Fige He2 The results according to the
hydrological ugits, for the wet as well as for the average years are pre-
sented in TablesﬁléljFS- For the wet year figures of groundwater extraction
obtained for 1968=-69 were used whereas for the mean years the extraction
figures were obtained from field data for 1971-1973.

For the mean year the calculated total recharge R was 79 mm

3

equal to 123 Mm~, Comparison with groundwater extraction shows that in

3

zones 1 and 3 about 18,7 Mm~ have been taken out of storage. In the case
of zone 3 the deficit is entirely due to extraction from deep reserves
confined to lower areas in 0Old Basalts. The detail:-. situation of the ba-
lance for the subunits is given in Fig.H«.3 . In zone 4 the lower part aise
has an important deficit but probably is compensated by recharge in the

upper parte. In zona I,also subunit ¥e -afofind .Arutas has an important de=-

ficit probably compensated by surplus in the neighbouring areas.



¢-H 34¥Nold

mojysno  sajompunosn <

MOINO  09DJINSqnS<c—

81G0; JBIOM

\

MOI34N0
JojoM  8004NG

WNIYEININO3IS3a  NOILVLIOTdX3

‘S3IA¥ISIY ONV 39VHOLS WOHd TVMYHAHLIM

"WNIYEIMIND3S30  NOILVLIO X3

‘U 4+ 39vH01S WANNVILIAK OLNI ANLN3

bx3p ~

‘g13IA-34YS  NIHLIM  NOILVLIONdX3

‘7 —39VHOLS TWNANNVILINW WOYH TYMVYQHLIM--

‘A13IA-34YS  NIHLIM NOILVLIOTdX3

'V + 39vHOLS TVANNVILINW OLN! AMINI

ﬁ (sonsese y )

(eboaoig
1DNUUDLHINQ))

3NOZ

a3.1vdnivs

D TJK |

3NOZ
31V HNLYSNN

3JONVIvE

d3LVMANNOYY dO04 3IW3IHOS

"D < Bx3D>Y = A~

oD < BxaAp<Cy = A~

PO >XID>SY = A+

90 >6x3n <y = A+

£002 ‘seueue? op [e)biq eLoWa "BUBYSIAIUN B22]01|qIg "EUBUBY UBISD) 9P SEW[ed SBT 9p PEPISIOAN &



ighal do Camﬂal.FﬁN

& Universided de Las Palmas de Gran Cenarla. Bibliofecs Universitarta. Mem pris D%

WATER BALANCE
i971-72 ond 1972-73 (Average years)

NOTE: All figures expressedin mm.

Deficit ares for period 197t-73

I1-IX Hydrologica! zones

FIGURE H-3
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If we consider the entire island there has been an entry into
multi-annual storage of 39,2 Mm3 , a withdrawal of 6,6 Mm3 from storage
and an overdraft of 12,2 Mm3 from deep reserves, resulting in a net entry
in'to :s.torage of 20,4 Mmj. During the mean water years 1971- 73 , the
major part of the net entry into storage occurred in the southern part of
the island in zones 6,7,8 and 9 accounting for a total of over 30 Mmj/year.
In this part of the island due to the existence of low permeable rocks, it
is reasonable to formulate that large quantities of this volume returned to
stream beds and were lost to sea through subsurface flowe

For the wet year 1970-71 the situation changes radically. Out of

3

a total recharge of 218 Mm3 the extraction :was . : 121 Mm~. The total en=-

3

try into multi-annual storage was about 98 Mm~ and only about 1,2 Mm3 were

withdrawn from storage giving a net entry of 96,6 Mm3. Slight deficits were
found in zones 1 and 5. However the situation in zone 3 has not changed ,
where in fact persists the large permanent deficit in the lower part,due
to extraction from reserves. The subsurface outflow principally from the

3

southern region can be estimated at about 50 Mm~ which gives an entry

3

into multi-annual storage of about 47 Mm~ for the entire island.

The above analysis demonstrates that several dry years can gene =
rally be compensated by the high recharge occurring in wet years. However
it must be born in mind that a mean year for the entire island may not ne =
cessarily represent average conditions for individual zones. If more rain
falls in the southern sector, a good part of it will be lost by underflow

as deep recharge will be very limited. It will be the opposite case in the

North=East sector where deep infiltration and voluminous storage can occur.



2.2 Water Balance versus Groundwater Flow and Extraction

The Fig. He2 presents a scheme of groundwater equilibrium condi -
tions with reference o recharge, extraction and groundwater flow. In fact
the groundwater level in any area will reflect the equilibrium situation
attained between these three factorse.

We can represent the changes in the multi-annual storage levels
in the upper part of the saturated zone as follows:

3

:A= R - Q@ Ex where R= Annual recharge in Mm

3

Q Ex= Annual groundwater extraction in Mm

The equilibrium in extraction can be represented by:

I+

Y = Q G - Q Ex where Q G = Groundwater flow rate MmB/year

3

Q Ex = Annual groundwater extraction in Mm-.
The combination of the two conditions will give us a number of
favourable and unfavourable exploitable situations of which four are cited
below:
(l)+Y=R> Q Ex <QG
This will indicate a + A situation with entry into multi-annual
storage of recharge waters and extraction of groundwater occutrring within

"safe yield" conditions defined for the present exploitation zone.

() +ry=r< @, <Q_

This indicates a = zﬁ situation and hence withdrawal from the
annual storage system but groundwater extraction occurs within defined

"safe yield" limits,

(3)—Y=R<QEX >QG

Such a condition would indicate a =- Z& situation and withdrawal
from storage and reserves., This also implies that groundwater loss to

sea along the exploited aquifer thickness is negligeable.
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Svenda, D
(&) - Y Q g Q .
This situation can occur in certain areas especially in_coastal—
zones. If the captations extract only reserves, there is a possibility
of loss to sea as a result of flow from multi-annual storage levels, but_

if the captations are well disposed in the upper levels this would cong-

The optimal exploitation situation is attained when extrac-~
tion equals annual recharge, maintaining thereby the water levels and_when
the recharge of wet years enter integrally the multi-annual storage

system and when outflow to sea is reduced to a minimume.




3. General Scheme of the Water Cycle

A complete picture of the water cycle, obtained through the
study of surface and groundwater parameters as well as of water use
is presented in Fig.H.4,

31 Interrelationship of the Principal Parameters

The situation as presented in the above figure depicts only
average conditions represented by the last two water years. In arid
zones, annual rainfall variation is a climatic characteristic and ground
water recharge follows up very closely changes in the interannual
rainfall regime.

There is an increase of evapotranspiration with higher réinfall
but it is not proportional. Runoff depends mostly as said before on the
intensity of the rainfall and the state of moisture in the soil. An im =
portant fraction o6f the increasing total rainfall in wet years profits
groundwater recharge.

As for example the hydrologic year 1970-71 which had 44%
higher rainfall (435 mm.) than mean years, had the following increases:
21% of evapotranspiration (246 mm.), 100% of runoff, (74 mm.) and 87%
of direct recharge (114 mm,) from rainfall.

Compared to the mean water year, an appreciable increase in
both surface and groundwater resources is noted for the wet years. It
would be the opposite for dry years. This phenomenen must be taken into

account in the future planning of water resources.

3.2 Estimation of Error Margins

In the utilization of various components of the water cycle
it is necessary to consider the possible error margins of each of the main

itemse.



Considering the high density of raingauges in the island, the
error margin in the calculation of precipitations is estimated at z 10%.
However in the definition of the mean Yyear it is necessary to admit an
extra = 5% since only 8 stations with long term records (30-45 years)
were used for this purpose.

Runoff is a weak point due to the paucity of data and uncertainty
of rating curves. An error margin of ¥ 20% is estimated for this parameter.

Evapotranspiration calculations are more reliable but the soil
water retention capacity which form the basis of these calculations can

carry large errors locally. About =~ 10% error is advanced for this para =

meter.

Recharge is calculated as a daily difference of the terms of the
balance and about : 20% of error is estimated in these calculations.

As for groundwater extraction, water consumption quantities
for irrigation and domestic use, an estimated error of b 10% is included.

3.3 Comments on Water Resources

One of the items to be studied in detail for optimal use of
water resources as indicated earlier in this section is outflow. In the
water cycle scheme, QL refers to surface water outflow and - QE
indicates groundwater outflow. Every year about 25 Mm3 is stored in dams
or diverted from stream beds. For a mean water year the loss to sea by
direct runoff is about 18 Mm3 occurring principally in the southern part
of the island. This figure needs to be verified by measurement devices
at present lacking.

With regard to groundwater, losses can occur both as subsurface

outflow and aquifer outflow, the latter originating probably from multi-

annual storage levels . From the water balance for an average year a
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groundwater loss of 20 Mm3 was estimated. This possibly corresponds to

the 17 Mm3

of coastal outflow calculated earlier using groundwater hydraulic
pafameters. However in this volume is included a return flow component

from irrigated zones of low quality water estimated at 8 to 10 Mm3/year.
Groundwater losses from deeper zones are difficult to estimate but

20 Mm3/year of enLry into storage perhaps would mean alsoc outflow of

an equal quantity from the multi-~annual system. In the southern zone a

major part of -the infiltrated water seems to be lost by subsurface flow.

3

For a mean year this can be estimated at about 20-30 Mm~ and in a tenth

wet year it could be double that amount.

The water cycle. also shows an estimated reserve of about 3000 Mm3
in the entire water massif of the island. Of this quantity about half seenms
to occur in the principal aquifers as multi-annual storage and the rest

as deep reserves. The total figure has been obtained by several methods

and would seem éo indicate a stock of 20-25 years which would imply that

the turnover period of the groundwater body of Gran Canaria could be around

this period.



4./ Water Balance with Cl1~

Starting from December 1970 up to September 1972, four chlorine
measurement campaigns were carried out in the island of Gran Canaria, two
during the winter season and two during the spring~summer season. On each
occasion abéut'BOO to 350 points covering the entire island, were sampled.
Besides the C1™ measurement "in situ", the conductivity, water temperafure,
water depth, were determined and general information on pumping was also
oebtained.’ |

The main objective of these campaigns was to determine the possible
variation of C;- with time énd thereby obtain a dynamic salt balance if that
was possibie. . It was also believed that an idea of annual infiltration could
be‘obtained.by the study of the dilution factor.

§TL C}: change in annual. cycles

The four Cl~ campaigns permitted a comparative study of the two water
years 1970/71 and 1971/72. 1In order to facilitate such a comparison, two
aci maps were prepared for each water year, see Maps H.5 and E.36.

Lines of maximum dilution in each water year coincided with the prine-
cipal '"barrancos" and maximum concentration with heavy pumping areas.
These two pehnomena seem to occur mostly in the peripheral zones. In
the central region of the island, there seems to occur a certain equili~-
brium as extreme Cl values are not found. The eastern coastal belt from
south of Las Palmas going down to Tirajana alluvial fan is the most sensi-
tive as far as chlorine change is concerned. In wet years, like in the
case of 1970/71, the northern and southern coastal areas also show high
dilution. ’ .

The study of the two annual cycles in our posession indicates firstly
that maximum dil;tion occurs in spring-summer time and the minimum in

winter, specially early winter. This would indicate that the infiltration
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occurring in autumn-winter seasons has a lag of 6-8 months. In fact, a
corresponding effect, even though masked by pumping seems to occur in

the recuperation of measured water levels.,

Y Methodology for Calculation of Infiltration

Taking into consideration the effect of the lag on chlorine dilution, it

vear.

In—fact] "the total infiltration in the case of the Canary Islands,
would be the result of direct infiltration from rainfall and loss of run-

off along water courses due to percolation phenomenon. The frequency

and dilution lines along the major "barrancos" would indicate not only the

preferential drainage of infiltrated water from high altitutes but also

percolation on their lower courses.

—The amount_bf_61:_6ntéYTng_thé_SUTT'cﬁn'be expressed as followsy

(1) Cl, = {1-Q) P.c1p Cl =~ = Cl entering soil

(1=Q)" = “Infiltration . Eoefficient

{with Q runoff coefficient)

P Rainfall in mm (1 cycle)

o Cl- concentration rainwater in mg/1.

And the recharge can be calculated by:

Cl

(2)
Clp r ‘
R u (1-Q) 3 * v < cl
- SEasS (
R = Recharge coefficient
r = Cl~ dissolved from soil and rock
by water flowing to saturated zone.
Cl = Cl- concentration in groundwater.

The term "r'" would integrate effects of
dust fallout and Cl content of rocks.
The total input in the case of Gran Ca =

naria is around 0,6% equal to about 5 mg/l yearly input.
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The term r is the negligeable and the formula becomes:

P x—€l1—
. n Cl
(3) R= (1-Q) —Eii—

In a pumping area exploiting principally the upper part of the aquifer
and where infiltration is taking place continuously, the calculated volume
increment R will give only a partial picture of the volume transfers if the
extraction is not taken into account. If we admit this principle, the total

infiltration calculated by this method c¢an be expressed by

(&Y I = R:P + W T = Infiltration in mm/year.
R = Recharga .coefficienti:.
W = Water extraction due to pumping during
the period. - N
P = Rainfall in mm/year.
—The above formulas—have_been used_for the calculation of total_infil =
tration using the following correlations as shown in Fig, H.6 t
l. Corralation of Cl1~ values of May=June 71 (C2) with annual rainfall
of 1970/71.
2. Correlation of Cl  values of July-September 72 (C4) with annual
rainfall of 1971/72. _
3. Correlation of Cl1~ values of Dec. 70/Feb. 71 (Cl1) witﬁ_dnnual
rainfall of 1970/71.

k. Correlation_of. C1_ values of_Nov=Dec. 71 (C3) with annunal rain -

fall of 1970/71.

The first two correlations would reflect the effect of infiltration

at its maximum point and the latter two correlations the amount of water
discharged out of the system with reference to the peak dilution periods.

4,3. Annual Infiltration Results

Information on annual rainfall., annual runoff, Cl~ contents of rain =

water and groundwater as well as the computed values of infiltration for the

L, CI  campaigns are Shown in Tables H. 7 —to HLO0=
The following volume increments were obtained for the peak dilution

periods for campalgns C2 and Ck:
— _6_
Commmmmemmmn 5770 (88,7.10 m)

77mm (120.106m3) eeesss Volume of groundwater extracted

during the period.

seees Volume increase by dilution

S 6_~a.
134mm (208,7,10 m3! ===-~ Total volume increment.
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Results of C1~ balance C~-1
- Hydrogeolo- a1 Annual | Cl-content | Cl content | Loi1ue of total anfils ~
gical rainfall runoff in ground~ | rainwater tratlc_m (without ex~
Zozgﬁzub- P(mm) Q (mm) water/ mg/l traz:‘lon. m3
mg/1
1 a 175 o 495 13 4,6 109.000
- 1 by 350 o) _ 427 _ 13 _ 10,6 | 492,000
1 by 650 0 109 13 7745 3.586.500
__1_c,L_ 475 0 _ _157 1 13 39,3 623.400 |
1 Cy 855 o} 4s 13 247 3.915.000
4- 3 @ 395 0 - 276 — -13 - 12,7 - 605.800
. ZONE 1 L63 o 270 13 51 9.332.000
2 4
: 2 ap 400 0 226 13 23 461.000
%— | 2ay 250- -0 - =78 a3 — 125_ . 2.507.000_ _
E 2 by 300 0 382 13 10,2 510.000
%‘_ —2—by 300 0 _ 470 13 8,3 415,500 |
E 2 C, 450 0 133 13 bl ©1.233.000
‘i P 875 o - 46 BT _ok7,3 | 6.h36.000_ _
g 2 dy, 275 o 380 13 9,4 357.000
: —2dg +——600- o 63 13 12348 4.697.500
2 e 225 0 775 13 3,8 177.000
) ZONE 2 k17 0] ) 337 B 13 B 53 ;17.294.000 -
+ 5L 150- 0 - 1230 — 13 S, Y - S % 115.000
3 H 400 0 111 11 46,8 3.398.000
) ZONE 3 275 o B 670 - 13 B ok 3.514,000 -
A — 175 0 368 . 13 6,2 273..000
L H 570 103 66 13 92 2.066,000
1 zonE & 372 51 217 13 49  £.339.000

Table H.7,




Table H.7(con

Results of Cl balance (cont.)

Hydr?geolo- Annual Annual C1 content| C1 content Valu? of t?tal infil-
gical . . . tration (without ex-
rainfall runoff in ground-| rainwater K
zone/sub= traction)
o P (mm) Q (mm) water mg/1 3
zone mg/1 9 mm m
5 L 490 8 165 13 38 938.000
5 H 770 40 96 13 99 2.442.,000
ZONE 5 630 2k 130 13 68 3.380.000
6 L 225 22 805 13 3,3 195,500
6 M 300 90 398 13 6,9 409,000
6 H 550 55 90 13- 71,5 4,254,000
ZONE 6 358 56 431 13 27 4,858,000
7 a 225 56 Li2 13 5,3 364,000
7 bL 150 45 230 13 549 147.000
7 bH 300 75 Lok 13 742 179,000
7 CL 175 61 L20 13 3,5 £61.500
7 ¢, 275 184 260 13 4,5 79.000
7 d 200 60 597 13 3 211.000
ZONE 7 217 69 L37 13 5 1,042,000
8 ap 250 35 647 13 4,3 230.000
8 ay 430 120 124 13 32,5 1.728.000
8 bL 150 22 702 13 2,8 170.000
8 bH 325 130 120 13 21,1 1.293.,000
8 ¢ 225 k5 500 13 ky7 kLl 000
ZONE 8 268 67 429 13 12 "34865.000
ZONE 9 375 130 436 13 11,2 469,000
Total for Loz L 394 13 31 48.093.000
island
Total for island 73 113.000.000
NeB. Averages are all weighted. with extraction




Table H.8 .

Results of Cl1_ balance C=2
Hydr?geolo- Annual Annual Cl” content|Cl content Valu? of t?tal infil~
gical . . . tration (without ex-
rainfall runoff in ground- |rainwater ] .
zone/sub= traction)
P (mm) Q{mm) water mg/1
zone 3
mg/1 mm m

1 a 161 0 249 13 8 199.179
1 by, 345 21 241 13 17 808.980
1 by 733 53 51 13 173 8.017.646
1 ¢y, 549 27 101 13 67 1.065.080
1 Cy 1.028 81 30 13 410 6,504,485
1 4 393 31 139 13 34 1.160.600
ZONE 1 506 3k 14k 13 97 17.756.000
2 ay 461 57 209 13 25 503.750
2 ay 886 89 39 13 266 5.325.700
2 by 380 55 373 13 11 566.200
2 b 4673 LO 235 13 23 '1.169.000
2 Cyp, 705 83 76 13 106 2.984.000
2 Cy 824 78 27 13 359 10,073.000
2 dy, 398 16 193 13 26 975,700
2 dy 716 102 31 13 257 9.771.000
2 e 284 2 155 13 2k 1.109.500
ZONE 2 523 52 161 13 101,5 |[32.480.000
3 L 285 8 488 13 7yh 535. 500
3 H k7 15 82 13 68,5 4.968. 300
ZONE 3 366 11 285 13 38 5¢503.800
L L 382 30 348 13 13 580.800
4L H 641 161 55 13 113,5 5.015.000
ZONE 4 511 95 201,5 13 63,3 5.600.00




Table H.8(cont

Results of Cl~ balance (cont.)

Hydr?geolo- Annual Annual C1 content | C1 content Valu? of tqtal infil-
gical T, . . tration (without ex-
/sub-= rainfall runoff in ground- | rainwater tracti )
zone/ s P(mm) Q(mm) water /1 raction 3
zone mg/l mg mm m
5 L 361 b4 88 13 52,7 1.303.000
5 H 567 19 64 13 111,3 2.749.000
ZONE 5 Lok 11 76 13 82 4.050.000
6 L 210 20 142 13 17,4 1.035.000
6 M 370 103 85 13 L1 2.430.400
ZONE 6 397 55 95 13 62 11.065.000
7 a 305 61 305 13 25,6 1.748.000
7 by 334 105 334 13 30,4 751000
7 by 382 95 382 13 bl,5 1.026.000
7 Cy 308 118 308 13 10,4 181.000
7 CH 371 177 371 13 13,5 ~ 235.600
7 d 305 119 305 13 9,7 671.000
ZONE 7 322 101 322 13 24 ‘ 5+280.000
8 ap 345 73 345 13 15 810.500
8 ay 569 21k 569 13 32 1.974.400
8 by, 410 67 410 13 12,4 758 .000
8 by 581 319 581 13 18,3 1.120.,000
8 ¢ 298 71 298 13 8,7 823.000
ZONE 8 L25 141 Log 13 19,5 6.310.000
ZONE 9 306 71 306 13 15,5 650,000
Total for L35 7k oLk 13 57 88.700.00
island
, Total for island 134 208.700.000
N.B. Averages are all weighted with extraction




Table H.9

Results of Cl_ balance C-3
Hydr?geolo— Annual Annual Cl content Cl content Valug of t9tal infil-
gical . . . tration (without ex-
rainfall runoff in ground=- | ralnwater .
zone/sub= traction)
P{(mm) Q (mm) water /1 3
zone mg/l mg mm m

1l a 161 o 304 13 6,9 163.300
1 bL 345 21 368 13 11,5 529.700
1 bH 733 53 65 13 136 6.289.000
1 cL 549 27 174 13 39 618.000
1 CH 1.028 81 L7 13 262 4,152,000
1 d - 393 31 259 13 18,2 623.000
ZONE 1 506 3k 217 13 68 12.374.000
2 ap 461 57 229 13 23 460.300
2 a 886 89 77 13 134,6 2.698.400
2 bN 380 55 386 13 11 547,200
2 bs 403 Lo 542 13 10 . 507 .000
2 CL 705 83 88 13 91 2.557.000
2 C, 824 78 40 13 242,4 6.800.000
2 dL 396 16 668 13 7ok 282. 400
2 dy 716 102 63 13 126,7 4.806.800
2 e 284 2 860 13 4,3 199,800
ZONE 2 523 52 391 13 58 18.858.000
3L 285 8 1722 13 2,1 151,000
3 H L7 15 120 13 43,5 3.158,700
ZONE 3 366 11 920 13 23 3.309.600
L L 382 30 Ls7y 13 10 442,000
L u 641 161 78 13 80 3+536.000
ZONE 4 511 95 268 13 45 3.978.,000




Table H.g(cont)

Results—ef—Cl—bal-ance—teont)-

a0

IgNdl de Canaries.

L Unversicad de Las FeamEs 0 bran Lanena, Sibioleca Vineversians. hemoria U

HX§5$§39}°7— —Annual- |- Annual—|—Cl content-|—CGl-content Valu? of_t?tal infil= |
gical . . . tration (without ex-
rainfall runoff in ground~ | rainwater .
zone/sub=- traction)
. P (mm) Q (mm) water mg/1 3
zone mg/1 9 mm m
5 L 361 4 130 13 35,7 881.900
5 H 367 19 66 13 108 2.666.500
ZONE 5 Lok 11 98 13 72 3.548.400
6L 210 20 189 13 13 777.200
6 M 370 103 120 13 29 1.721.600
6 H 610 Lo 66 13 112 6.656.500
ZONE—6 — —3697 1= 55— — 25— 1= 13 = 51 -1 931557000 |-
7 a 305 61 210 13 15 1.031.000
7 bL 334 105 218 13 13,7 338,000
7 by 382 95 105 13 35,5 879.300
7 CL 308 118 284 13 8,7~ 151.000
7 ¢, 371 177 84 13 30 522.000
7 d 305 119 487 13 550 345,000
ZONE—7 - 322 T Y0l - —282— 1= —13 - 15 -1 3+267000— -
8 8 345 73 337 13 * 10,5 557400
B a 564 alh 75 13 61,5 3.209.200
8 bL Lio0 67 599 13 745 456,700
8 bH 581 319 299 13 11,4 700,000
8 ¢ 298 71 596 13 s 469.500
ZONE 8 4os5 141 412 13 17 5.452.,000
ZONE ‘9 306 71 174 13 17,6 738,000
Total for | 435 S 2 i 356 = -13 — -39 4 606680.,000— |-
island
Total for island 81 125.000.000
N.B, Averages are all weighted With extraction | — —




Table H.10

Results of Cl  balance C-4
Hydr9geolo- Annual Annual C1 content Cl_content Valuc'a of t?tal infil-
gical . . . tration (without ex-
rainfall runoff in grounde-~ | rainwater .

zone/sube= traction)

o P (mm) Q (mm) water N 3

zone mg/1 mg mm m
1l a 159 2 223 15 9 217.000
1 b 212 L 219 15 14 659.000
1 b, 576 2 37 15 232,7 10.762.600
1 cL 4Lio o 134 is5 50 796400
1c, 772 8 25 15 458,4 7 .266.000
14d 278 0] 164 15 25,4 873.000
ZONE 1 349 2 139 15 113 20.573.000
2 ap 318 2 215 15 22 L4o,.000
2 ay 654 5 Lo 15 232 L,6L7.000
2 bN 282 10 367 15 11 555.000
2 bS 295 8 367 15 11,7 587.000
2 cL 483 5 98 15 73,2 2.053.000
2 cH 767 26 24 15 463 12.990.000
2 dp 210 o 364 15 8,7 328.300
2 d, 493 3 32 15 229,7 8.716.700
2 e 167 0 537 15 L,7 218B.500
ZONE 2 394 18 210 15 93 30.538,000
3 L 167 0 718 15 3,5 253,000
3 H 274 0 70 15 58,7 4,260,000
ZONE 3 221 0 394 15 31 4.513.000
L L 180 16 390 15 6,3 278.500
& H 36k 6k 76 15 59 2.618.000
ZONE &4 272 35 233 15 33 2.896.000




Table H.10(cont)

Results of C1™ balance (cont.)

flydrogeolo-| , . Annual [ Cl17content| C17content| '21ue of total infil-
gical . . . tration (without ex-
rainfall runoff in ground-| rainwater .
zone/sub=- traction)
P (mm) Q (mm) water /1 3
zone mg/l mg mm m
5 L 194 17 80 15 70,7 1.746.000
5 H 607 Lo L7 15 178 4.399.000
ZONE 5 500 33 6k 15 124 6.145,000
6 L 247 39 Lok 15 74k 438.000‘
6 M 363 137 210 15 16,2 961.000
6 H 616 128 50 15 146,4 8.712.000
ZONE 6 408 101 228 15 57 10.111.000
7 a 200 56 k17 15 5,2 354,000
7 bL 192 68 300 15 6,2 153,500
7 by 215 ) 60 115 15 20,2 500,200
7 ¢ 188 62 366 15 5,2 90.000
7 Cy 244 100 88 15 21 368,000
7 d 131 37 476 15 3,0 205, 500
ZONE 7 180 56 359 15 8 1.671.000
8 ai. 210 I 383 15 6,4 3394300
8 By 326 153 87 15 29,8 1.585.400
8 b, 164 9 482 15 4,8 295,000
8 b, 276 117 120 15 19,9 1.216.000
8 c 105 7 451 15 3,3 309,000
ZONE 8 202 54 323 15 13 4,054,000
ZONE/9 471 220 163 15 13 963.300
Total for 306 45 261 15 52,3 81.471.000
island
Total for island 121 188.500.000
N.B. Averages are all weighted. with extraction . J




6
Ch  mmmmmmme 52" (81,5.10 m3) essss Volume increase by dilution

6
69mm (107.10 m3) eseee Volume of groundwater extracted

during the periode.

6
121™ (188,5.10 m3) ----- Total volume increment

If we compare the above results, with the respective rainfall figures,
1970/71 (435 mm) had an infiltration coefficient of 0,30 and 1971/72 (306 mm)
0,39« Thus, in spite of the lesser rainfall, there has been an increase in
infiltration coefficient during the latter year. Also, it is possible that
the effects of the wet year 70/71 were prolonged into the following year.

As said earlier the campaigns C3 and Cl were used to study the recession
periods between peak dilutions. The following volume decreases were calculat-

ed for the campaigns C3 and Cl:

C3 wommccaaa— 39mm (60,9.106m3) eesese Volume decrease by recession
42" (65,0¢106m3) essees Volume of groundwater extracted
during the period.
81™ (125.10°m3) =w-m~ Total Volume
Cl =mm——e—m—a 31mm (48,1.106m3) eseess Volume decrease by recession,

6
42™™ (65.10 m3) esees Volume of groundwater extracted

during the period.

m==w=- Total volime

73™ (113.10%°)

These figures, in fact very similar for increment on the one hand and
discharge periods on the other hand, show that there exists a certain annual
equilibrium. However, the wet year 1970/71 indicates a higher carry~-over.

v

See Fig. H.6 for volume variations between 1969 and 1972.

Summing up we have the following comparative results:

196970 Decrease C} (from origine) e==-- -77.106m3?? with extraction 7

1970=71 Increase Cl to C2 me-mecmcmcwm—u- +96.106m3 n

. ~ n
1971%72 Decrease C2 to C3 w=c--= e —— -84.106m3

U - 6
197172 Increage C3 to Ch wemwcaccacwowa +64,10 > "

(190.106m3 increment assumed for 1969/70 summer)
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_Qampa:ing_ihese_nesuLtS—we—nete—t&a£—thefe—is—a—certatn—tendency—fur‘
attaining equilibrium in the discharge figures but a greater variation is
found in the recharge figures. During the water—year—1970/7)-,—wetter—than—
1971/72, more recharge occured as is expected. The equilibrium tendency in
the discharge figures is probably due to_a_constant underground—di-ffusive-
discharge to the sea and a possible regulating capacity of the groundwater

system in the upper areas.

Conclusions

A dynamic water balance with Cl- shows large volume exchanges within
the aquifer system. There is a tendency to even out rainfall differences
by a regulating phenomena in groundwater flow, probably originated in the

"cumbres'" region of the island.

The actual wmecanism of the volume variation may be due to a displacement

effect originating in the "cumbres" zone even though direct infiltration

in lower altitudes cannot be excluded. The infiltration coefficient calculate

ed by this method for the period 1969-72 vary from 0,30 to 0,40,



5 Ei:;EYE}e and salt balance

Introduction

—Sotute—baTEnte—wrth—CT_—hﬁs_thé—zdvaﬁtﬁgé ovexr other chemical

elements, of being influenced only to a lesser deBree by ion exchange phe=-
nomenas —This rn—fact—pyrmrts—tHE—gtﬁdy—df—yrvuhﬂWHf@r‘BﬁHf@y—ﬁgiﬁb_Ciz_EE‘
a pulse and estimate not only immuediate changes due to infiltration but also
Studythe turn—overperiod or the system.
The solute balance for any chémical element caﬁ'be written in the
— Torm of anm inflowsoutflow equation. In the cage of the istand of Gran Carna=

ria, this equation takes the following form:

ACl = C} + Cl + Cl, 4Cl_+Cl_+Cl +Cl_ =- (c1D+01

stock = “'In SD A v R D F *Clp +C1y)

L

ClIn = C1 brought into the system by infiltration from rainfall.

Clg, = €1~ fallout from Sahara dust.

haleca Universiona ismona Ligik Oe Lanariax, L000

ClA = Cl content of aerosol. . ,

Clv = Cl~ inflow from vegetation decay.

CIR = Cl  input from rock decomposition.

Cl = €17 inflow through percolation.

LUNnversiCe0 de Las Faimat e Gran(angna DR

p
ClF = C1~ release from fertilizers.
ClQ = él- outflow from runoff,
Cl;_ = Cl  outflow by diffusion t6 sea and to lower strata.
cl, = Cl” outflow to sea through underflow.
ClEx = Cl1~ output from groundwater extraction.

The_main_items of the balance have _been_measured _during a 2=year

gtudy period. As is seen from Table.H.‘b s+ the principal contributing




Cl

ClIn(l) cee

c

C1

Cc1

lln(z)

SD

ClV

ClR

Cl

C1

ClF

Cl

Cl

Cl

Ex

Table H.1l1
ESTIMATION OF SALT BALANCE ITEMS

6 3

15 mg/1 c1l” in rainwater for mean annual volume of 471.10 m~.

Total - 7065 MT/year.
- 6 3
20mg/1l Cl~ in infiltrating water for a volume of 250,5.10 m .

Total = 5010 MT/year.
20mg/1 €1~ in infiltrating water for a volume of 125.106m3.
Total = 2500 MT/veosr.
20 kilos/year/sz of aerosol over 25% of the islands surface.
Total -~ 8 MT/year.
90 kilos/year of Cl~ measured in Sahara dust fallout.
100 grams/year/hectare from vegetation cover . Total Lk MT/ year.
15 mg/1 of C1~ release per year from weathered rocks to circu =
lating waters. Total = 6.300 MI/year. Recharge Zone (Ri)

n - 46,500 " . Stratified Zone (Ry)
LO mg/l of C1~ for total runoff volume 95.106m3/year.
Total - 3500 MT/year.
50mg/1 of C1~ in percolation water for 57.106m3/year.
Total = 2850 MT/year.

Total release from fertilizers estimated at 5 MT(year.

- ’ 6
D(l) Diffusion to lower zone with Cl1 100 mg/1 for volume 70.10 m3.
Total = 7000 MT/year.
6
D(Z)Diffusion loss to sea estimated with 600 mg/l for 20.10 m3.

Total = 12.000 MT/ year.

. ‘ . 6
D(B) Diffusion to lowest strata estimated with 600 mg/1 for 20.10 m3

Total = 12.000 MT/yeare.
- : 6
Subsurface loss to sea with 300 mg/1 Cl1 for volume 20,10 m3.

Total = 6.000 MT/yeare.

Ex(l)Extraction in Recharge Zone with 50 mg/l1 C1 for 35.10 m3.
Total - 1750 MT/year.
Ex(2) Extraction in lower Stratified Zone with 300 mg/l Cl~ for

LkO.lOGmB. Total - 120000 MT/y’ear.
Extraction in lower Stratified Zone with 450 mg/1 Ccl” for
30.106m3. Total = 13.500 MT/year.



factors in the solute balance are rainfall, release from rock decomposition,

extraction and outflow to sea. The principal items of the Cl1~ cycle are

7
()

shown in Fig. H._/(';

Of the large quantities of C1~ taken out of the ground annually
through groundwater extraction, 50% is estimated as entrained by return
water in the peripheral coastal irrigated areas, and 50% as retention in
soil. The presence of return water, in fact explains the high Cl~ content
of some areas even though sea water contamination is absent. It is assumed
that 25% of the Cl1~ extracted from groundwater is lost to the sea. In
Figﬂﬁﬁ?ﬁlIR represents 50% of the total extraction Clex .

For the sake of clarity, the consequent comportment of Cl~ of the
extraéted water is excluded from the solute balance.

Balance for Vertically Stratified Zones

In chapter 4, section E,a groundwater stratification scheme
was suggested for the island of Gran Canaria. A parallel stratification
also exists for Cl  as shown in Fig._E.38,

In fact, the Recharge Water Lense corresponds to the top of

the island with le content varying generally from 15 to 60 mg/l but

some extreme values up to 100 mg/1l are also found. The Stratified Core -

.zone found below the above level has a greater variation in C1~ content,

from 60to 500 mg/l. The lowest part of the saturated zone, in the so
éalled Basal Water zone found only about :50 to 10Q m. above sea level,
the Cl~ content varies from 500 to 1.500 mg/l or more. The fresh water -
sea water interface is marked by a large diffusion zone with concentration
varying 1.500 mg/l1 to 3000 mg/l1 and more of Cl .

If we accept this simplified scheme of stratification, the salt
balance can be applied successively to each stratified level. Only the
mean Cl~ content will be used for the salt balance and this will be limited

to sea level, what occurs below this level being difficult to predict.



5.2 Recharge Water Lense

5.3

The Cl1~ balance of the recharge zone expressed in tons per

year can be written as follows:

tAc =<01 In(i)*Clgp * Cl, + Cly+ Cly +C1R(i9 -(ClD(i) +Clo iy +c1Q)
- 1225 = 11.325 =12.550

The existence of this deficit is due to extraction and hence
the system can be considered at equilibrium state.

The rock volume of the water body in the recharge water lense is

09 m3

. If we assume a storativity of 2% for the circula-

6 3

ting fraction of the stocked water, we have an equivalent volume of 640.10 m~,

estimated at 32.1

The mean concentration of Cl~ in this water body is about 45.mg/1 which
gives us a mobile Cl  volume of 29.000 MT/year.

If we compare the inflow of 11.000 MT/year with the mobile volume
we arrive at the gonclusion that the water stocked in the recharge zone may
comport a chemiéal equilibrium cycle of about -3 years only, "~

Lower Stratified Zone

This, in fact constitutes the principal water body of the island
and a stratified system is developed with less mineralized waters on the
top and more mineralized waters in the basal water 2zone near the sea level.

The Cl1~ balance of this water body is influenced to a less extent

by direct inflow from rainfall unlike in the recharge water lense above.

In. . fact the main inflow will be by vertical diffusion from the above zone,
percalation from runoff in the peripherical zénes, deposition from aerosol
and dust fallout, and release from rock decomposition. The outflow is main=-
1y through lateral diffusion to sea or to lower levels, runoff, underflow
and extraction.

L The balance in this zone is limited to a water level of about

50m. above sea level, below which non=equilibrium chemical conditions due

to mixing and contamination are bound to occur.



5.4

The total balance for this zone can be written as follows:
+ZlCl—él +Cl1 +C1 +Clyp +Cl1 1 +C1 +Cl _+Cl_+Cl1
L in(2) " )T p F R(2) .€D(2) D(3)777Q L Ex(Z))’
- 450=58.850 ~-59300
If we neglect the residual value, we can conclude that outflows
equals inflow. But this pseudo-equilibrium is attained due to a high extraction
figure, which makes us suspect that a larger amount is transferred by ver -

tical diffusion than supposed.

9 3
m
and the circulating volume of water at storativity 0,5% is about 3;1.109m .

The rock volume in this water massif is calculated at 620.10

o

The mean Cl  content of the zone is about 300 mg/1le.

If we compare the inflow of 59.000 MT/year with the annual mobilized
volume of 930.000 MT/year, we arrive at the conclusion that the chemical
equilibrium cycle in this zone may be around 15 years. For areas around
the coastal belt at 600-700 mg/1l of Cl~ where equilibrium conditions exist,

the chemical turnover period may be between 20~30 years or more.

Conclusion

The analysis of groundwater body of the island of Gran Canaria
through Cl~ solute balance reveals a state of equilibrium in the recharge
water zone and of desequilibrium in the lower stratified zone, the latter
probably due to the lack of a precise idea of outflow through vertical diffusion.

The comparison of annual input of Cl~ with the mobile annual
volume indicates that the waters in the recharge zone represent a stock
of only 3 years whereas in the main water body the lowest zone indicates
a 15-year equilibrium cycle for a mean concetration of 300 mg/ 1 and perhaps
20-30 years for the coastal periphery.

Several maps of C1~ concentration made for the island show a re=
establishment of stable conditions in winter months, dilution effect occur-
ing only in summer time. This would indicate that the different concentrations
under normal conditions are acquired by equilibrium flow.

Under such a case, infiltration water from the top of the island,



flowing through the aquifer system under undisturbed conditions, will-acquire
corresponding concentrations in a timc-scale similar to ones calculated by
the solute balance.

If this conclusion is valid, the "turn-over!" period of the entire
water massif of the island of G. Canaria is about 20530 yvyears. This is in
agreement with the dating of groundwater realized through tritium analyses
where the major part of the groundwater“body of the island has very low

values corresponding to injection a few vears before 1953,



HOYA DEL GAMONAL S.

CORRELATION TOTAL ISLAND RAINFALL VERSUS STATION
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6 Multiannual Groundwater Balance_

The study of the groundwater balance for a short period‘gives

only~ an—appreciation of & particular Situation referring to the period.
A better understanding of the aquifer comportment can be obtained,if the
hi-gtorical evolution—can be traced:

The lack of longterm basic data makes this task very hazar =

dcuss However—sBome do exist —and using certain refinemen® and assSumptions,
a diagnosis of historical aquifer behaviour can be obtained.

Methodology far— Tatal -Rechargs Bstimation

The only long-=term source of information available for such
an investigation is rainfall of a few stations with available data from
1924 up to now. For a largs number of stations data are-available for

1949/50 up to now, permitting the calculation of the island rainfall by

- igohyetal mapsg..

Several correlations were done between the few longterm sta =

tions and the islands rainfall for the period 1.943/50 to 1.971/72 and

finally station Hoya del Gamounal was chosen to extend backwards the is =

landg rainfall since the guaranty offered by a correlation coefficient

of 0,95 was ' ' judged adeguate. The islands rainfall can be expressed 5;?

P =0,317 S + 29 (see Fir. H.8 and Table H,12)

where P = 1islands rainfall in mm/year
S = rainfall of station

_Hoya_del _Gamonal_in mm/year._

The extension and extrapolation of the islands rainfall for

4,
the entire period 1924/25Up to 1972/73 are showa in Fig. H}gi___.
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The adjusted rainfall series was-}ouné_to f;t ‘a GaltoJ;

distribution frequency law which perwmits us to calculate the rainfall fre-

EEEEE§_E;; the entire island.

Total recharge (R),which is the sur of e infiltration fraction
from rainfal) and percolation of runoff, has been cal;ulated from observed
data for the last 3 water years. The frequential comparison of these 3
years and the relation R/P showed that recharge behaves similar to rainfall.
A check has been made on calculated runoff and recharge as seen in section
D for ovne basgin in the north and another in the south, and the results showed

that a certain correlation exists between total recharge, and rainfall

but recharge ig a little less for wet years and a little more for dry
'}

yearsa. The estimated frequential curve for recharge is seen in Fig. H.X0 .

With the aid of this curve the reconstitution of historical

recharge has been made for the entire period 1924/25 to the present day
Ty

and the cumulative values are shown in Fig. HXT .

—Estimation_of Hisptorical Extraction

The main source of information on historical discharge of
springs and captatioms is obtained from statistical figures of extraction
;apacity published by the Ministry ofImdustries .

Thé curve ds repregsented in Fig‘_ésj_w_has been corrected for
the maximum extraction period by a factor of 75% to obtain figures which
seen nearer the <truth. The estimated cumulative extraction is also shown

/l\
in Flg- H‘Y_r__ .

Variation of Inflow=Outflow Baltance

The comparison- of inflow from total recharge and outflow—

frm extraction and spring disdwrye gives us the state of the regidual
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volume, of which the larger partis assumed to represent outflow to sea. The
)

Fig. H. 1 gives us precisely a notion of the variation of this oytflow
component to the sea.

The correct interpretation of the historical tendencies of this
outflow, needs a knowledge of the original equilibrium conditions before
the starting of wells or galleries. We know however that by 1924, there
existed in the island around 50 to 100 motor=driven wells, 200 to 300 wind-
powered wells and 10 to 20 galleries. Also it was noted that the totalt
spring discharge in 1924 was only about 65% of that registered in 1870,

The outflow to sea up to about 1944/45 maintained at a level
of about 65 Mm3/year, which would represent a semi-equilibrium state of
the island's aquifer. From 1944/45 to 1950/51 there has been a very heavy
extraction represented in the latter year by 1430 wells and 237 galleries.
The subsequent wet period reconstituted the multiannual resources, and that
inspite of the‘high groundwater production. From 1959/60 up to the present
the accumulated reserves have been used up with a gradual ;ecra%e of out~

3 3

flow . from 85 Mm~ to about 25 Mm~ to the present déy. The last 2 years

have also seen a sharp drop in the production of groundwater by about 15%.
K [

The lattér figure is comparable to the 18 Mm3 calculated with hydraulic -
parameters as outflow in coastal zones at the present moment.

An attempt to chek on the hypothetical equilibriume~state has
been made by the consgtruction of a steady~state model using theoretical

recharge figdres of about 175 Mm3/year and known spring yield of 59 Mm3

3

- (for 1870) which gives us an outflow to sea of 116 Mm”. These result even
though fough confirm that in 1924/25 the aquifer system was under semi =
equilibrium conditions and that on the whole, the discharge to sea has gra-
dually diminished to the present station.

Incidently the total recharge entering the system for a period

of 49 years has been 6.215 Mm3 which gives us 126 MmB/year or 81 mm/year.



