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NOTE ON THE SPELLING OF PLACE NAMES 

Constant reference to the published topographical maps of Malta will be 
found necessary for a full comprehension of the material and discussions of this 
report. For this reason it has been deemed advisable to adhere, as far as 
possible, to the ·spelling of place 'names used on those maps, although, in many 
cases, that spelling differs considerably from current Maltese practice. Pre­
ference has been given to the spelling adopted on the contoured 2-inches to the 
mile map, published in 1934, on which a very creditable attempt was made to 
reproduce Maltese place names according to the then current R.G.S. system. 
In the numerous cases where local place names are not available on the 2-inch 
map they have been given according to the 6-inch and 25-inch maps, on 
which the spelling followed an older and not always consistent system of 
transliteration. A complete list of the place names used in the report, and 
on the accompanying illustrations, together with their spelling according to 
present day local usage, is appended for the convenience of Maltese readers. 

Ashiak 

Baida 
Baida-Shemshiya 
Benghaisa - Shrop il Ghain 
Bieb-ir-Rua 
Binjemma 
Birzebbugia 
Blata il Baida 
Bonua ... 
Burnuhhala 

Curmi 

Dahliet il Fekruna 

El Kortin tal Iskorviet 

Fawara 
Fomm ir-Rih 

Gargur ... 
Ghain Kaiet 
Ghain Kattus 
Ghain Klieh 
Ghain Rasul 
Ghain Tuffieha 
Ghain Znuber 
Ghar id Dwieb 
Ghemieri 
Gharixiem 
Ghirgenti 
Gneina ... 
Gneina - Tai Hjezen Fault 
Gnien ta Binjemm1,1 
Gudia 

Gliaxaq 

Bajda 
Bajda - Xemxija 
Bengliajsa - Xrobb il-Gliagin 
Bieb ir-Ruwa 
Bingemma 
Birzebbuga 
Blata il-Bajda 
Bonuwa 
Bur N uliliala 

Qormi 

D alilet il-F ekruna 

Il-Qortin ta' 1-Iskorvit 

Fawwara 
Fomm ir-Rili 

Gliargliur 
Gliajn Qajjed 
Gliajn Qattus 
Gliajn Klieb 
Gliajn Razul 
Gliajn Tuffielia 
Gliajn Znuber 
Gliar id-Dwieb 
;Eglimieri 
Glieriexem 
Girgenti 
Gnejna 
Gnejna - Tal-IIzejjen Fault 
Gnien ta' Bingemma 
Gudja 
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Misrah Suff ara Misrali Suff ara Hal Dragu Hal Dragu 
Miziep Mizieb Hal Far Hal Far 

Hamrun Hamrun Musta ... Mosta 

Has Saptan Has-Sabtan 
Nashar Naxxar 

Hemsia - Mdina Hemsija - Mdina 
Hofriet ir Ritz Hofret ir-Rizz Paula Paola 

le Ciaki Ic-Cagliki Ramla tal Puales Ramla tal-Pwales 
le Cianti Ic-Canti Ras il Griebej Fault Ras il-Griebeg Fault 
Iddar il Hamra Id-Dar ii-Hamra Ras ii Pellegrin Ras ii-Pellegrin 
Id-Dueira Id-Dwejra Ras ii Wahsh Ras il-Walix 
II Balluta II-Balluta Redum id Delli ... Ddum id-Delli 
II Barumhara II-Barumbara Redum Kammieh Rdum Qammiegli 
II Bidnia II-Bidnija Redum L'Imdauar ... Rdum 1-Imdawwar 
II Blata Steps II-Blata Steps Redum Mayesa ... Rdum Majiesa 
II Fawara II-Fawwara Redum ta Zecchenia Rdum taz-Zekkenija 
II Guida II-Gwida 

Saqqajja II Hodba ta Seikla II-Hotba ta' Sejkla Sakkaja 
II Kala II-Qala Sakkaya Saqqajja 

II Kamla - Ta Ragha Fault II-Kamla - Tar-Ragliad Fault Shaghara il Hamra Xaglira I-Hamra 

II Kolla II-Qolla Shaghara ta Iddar il Baida Xaglira tad-Dar il-Bajda 

II Miziep II-Mizieb Shaghara tal Lippia Xaglira tal-Lippija 

II Palma II-Palma Shaghara tal Mayesa Xaglira tal-Majiesa 

II Puales II-Pwales Shaghara ta San Martin Xaglira ta' San Martin 

Shatba Ix-Xatba Imjar Mgarr 
Sijuwi Siggiewi Imkabba Mqabba ...... 

Ix Xaghara il Hamra Ix-Xaglira I-Hamra 
Ta Baidu ... Ta' Baidu 

Ix Xaghara ta Iddar II Baida Ix-Xaglira tad-Dar il-Bajda Ta Berkuka ... Ta' Berquqa 
Ix Xatba Ix-Xatba 

Ta Decotzu Ta' Dekozzu • Iz Zebbieh ••• Iz-Zebbiegli 
Ta Furingin Ta' Furingin 
Ta Garibaldi Ta' Garibaldi J ebel Ciantar Gebel Cantar 
Tn Hajret Ta' Hagrat J ebel Ghauzara Gebel Gliawzara 
Ta Kali Ta' Qali Jeneina Bay Gnejna Bay 
Tai Karagha Ta' Qarglia 

Kleigha Reservoirs Qlejglia Reservoirs Ta L'Abatia Ta' 1-Abatija 
Krendi ... . .. Qrendi Tai Garrum· Tal-Garrum 

Tai Gharbi Tal-Gliarbi 
L'Arinier L-Armier 

Tai Haddedin Tal-Haddedin 
Lia Lija 

Tai Hlas Tal-Hlas 
L'lskolba L-Isqolba 

Ta l'Iskof Ta' 1-Isqof 
Luca ... Luqa 

Ta L'Iskorviet Ta' 1-Iskorvit 
Tai Madonna Tai-Madonna Mahlak ... Maglilaq 
Ta Mreinu Ta' Mrejnu Marsascala Marsaskala 

Marsa Shlok Marsaxlokk Ta Ragha Tar-Ragliad 

Mellieha Mellielia Ta Randa Ta' Randa 

Misida Msida Ta Rapa Ta' Rapa 
Tarshin Tarxien Misrah Miel ... Misrali Miel 
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Ta Sala 
Ta Santi 
Ta Sienja 
Tas Salib 
Ta Tarjia 
Ta Teuma 
Ta Zerp 
Torri Lippia 

Wardia 
Wied il Busbies 
Wied il Ghasel 
Wied il-Hmir 
Wied il Kbir 
Wied is Sueda 
Wied Kanotta 
Wied Kirda - Ghar Ram 
Wied tal Gneina 
Wied tal Hjezen 
Wied tal Kleigha 
Wied tal Puales 
Wied ta Seikla ... 
Wied ta Zebbieh 
Wig-el-Kamla 

Zahbar 
Zebbug 
Zeitun 
Zurriek 

Ta' Sala 
Tas-Santi 
Tas-Sienja 
Tas-Salib 
Tat-Targa 
Ta' Tewma 
Ta' Zerp 
Torri Lippija 

Wardija 
Wied il-Buzbiez 
Wied il-Gliasel 
Wied il-Mmir 
Wied il-Kbir 
Wied , is~Sewda 
Wied Qannotta 
Wied Qirda - Gliar Ram 
Wied tal-Gnejna 
Wied tal-Mzejjen 
Wied tal-Qlejglia 
Wied tal-Pwales 
Wied ta' Sejkla 
Wied taz-Zebbiegli 
Wice il-Kamla 

Zabbar 
Zebbug 
Zejtun 
Zurrieq 

I. INTRODUCTION 

1. In ancient times there was no water supply problem in Malta. The 
not inconsiderable winter rainfall, and the storage capacity of the rock form­
ations of which the Island is built, were more than adequate to meet the simple 
needs of the indigenous population of cultivators, the limited demands of the 
small garrisons installed by the successive powers which dominated this sector 
of the Mediterranean, and of the small craft which made use of the Island's 
harbours. The springs from the Upper Coralline catchment areas, and from 
the sea level water tables in the lower parts of the main valleys of the island, 
have been drawn upon from the earliest times. In areas removed from these 
perennial sources large underground tanks, excavated to store water derived 
from surface run-off during the winter rain-storms, were in use as far back 
as early Neolithic times, just as they are at the-present day. 

2. The need for organised municipal supplies has arisen only during the 
last four centuries, since Malta became a strategic base of first class importance, 
and the change commenced from a relatively static, predominantly rural 
population, to one predominantly urban and increasing rapidly in numbers. 
During the past ninety years or so, despite occasional severe epidemics and 
spells of increased emigration, there has been no major interruption to the 
steady rate of population increase as measured by the decennial censuses. 
Today, with a resident population of approximately 250,000 (excluding Imperial 
Navy, Army and Air Force personuel), Malta is the most densely populated 
island of its size on the face of the earth, and, as a result of the constantly 
increasing demands for more water for domestic use, more water for local 
industries, more water for agricultural irrigation, and more water for defence 
establishments, the problem of maintaining an adequate piped supply of good 
quality the year round becomes one of considerable difficulty. 

3. Unli~e smaller fortress areas, such as Gibraltar and Heligoland, the 
problem in the case of Malta cannot be solved by drastic restriction or by 
wholesal~ removal of the civilian population; and, unlike Aden, Singapore, 
and Hong Kong, there is no nearby mainland under British control from which 
additional supplies of potable water can be delivered by pipe line. Malta, to 
he of any value as a fortress, must manage on the resources · available from its 
own limited area of ninety-five square miles. 

4. In Britain and in continental countries the whole of such an area 
containing public underground water supplies would be protected most string­
ently. Most of the surface area of Malta, however, has been under cultivation 
for ages, or is occupied by buildings, roads, etc; only a small fraction remains 
in its original bare rocky condition. Yet the only water of composition suitable 
for human consumption has to be drawn from underground sources within this 
area, nowhere from a depth of more than 300 feet below the surface (generally 
from much smaller depths), from limestone formations seamed through and 
through with open fissures. Schemes for a complete sewage system for all 
the villages of the Island, drafted many years ago, are still uncompleted. Plans 
are being made for a wider dispersal of the population of the congested urban 
areas, and for further surface and underground appropriations for defence 
purposes. Further, there is disturbing evidence that the present main sources 
of supply are deteriorating in composition year by year. 

5. The need for an overall plan, on which to base a steady but energetic 
development policy directed to the best utilisation of the water resources of 
the Island as a whole, as opposed to the spasmodic piecemeal treatment the 
matter has received during the past forty years, and to harmonise all the claims . 
which are being made and are likely to be made within the next few years on 
the surface and interior of this small island, is obvious. Much can be done 
along the lines detailed in later sections of this report. But as consideration 
of Plate 1 will demonstrate, a full reconciliation of the present trends of supply 
and demand threatens to become, within a comparatively short span of years, 
as much a political and social problem as an engineering one. 
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II. A CRITICAL REVIEW OF WATER SUPPLY DEVELOPMENTS 

IN MALTA 

1610 - 1945 

6. The oft-qu~ted report of the Commission of Knights despatched by 
"!)e L'Isle A?am _to mspect ~he Isla~d, before_ the Knights Hospitallers entered 
mto possession, 1s a convement pomt at which to begin this brief history of 
public water supply works in ~alta. The apparent poverty of the Island in 
the matter of natural free-flowmg sources was regarded by the Commission as 
one of its major disadvantages as a headquarters for the Order though their 
picture of "neither river, nor spring, nor any other fresh water' for the most 
part, sav~ rain preserved in tanks or cisterns, except a few wells, rather brackish," 
was considerably overdrawn. They do not seem to have noticed the numerous 
per~nnial Upper Coralli~,e spring~, nor even those used by the inhabitants of 
Mdma and Rabat, _th~ sort of ill-walled town, called a capital". The "few 
wells, rather brackish was probably a reference to the shallow wells in the 
margin of th~ ~owe_r Water Table at the Marsa, whi~h had been used for ages 
to supply sh1ppmg m the Grand Harbour, and by B1rgu, and other villages in 
the neighbourhood, to augment their roof catchments. . 

7: The total P?pulation of Malta at the arrival of th.e Knights of St. 
John m 1530 was estimated at about 15,000. At the end of the Great Siege of 
1565 it had been reduced to 10,000. By 1582 it had recovered to 20,000 and 
before the end of the sixteenth century the growing importance of Valletta 
necessitated plans for more adequate arrangements than roof catchments and 
water carts from the Marsa wells. A project for delivering fresh water to 
Valletta, from the Upper Coralline springs of the Rabat Plateau, was placed 
before Grand Master Garzes in 1596 and received the approval of the Council. 
It was not, however, until Alof de Wignacourt became Grand Master that 
funds_ were made available, in lar~e measure from his own private estate, for 
carrymg out the work. Construction commenced in 1610 and wa~ completed 
in 1615. An interesting account of the work is given in Ciantar's "Malta 
Illustrata" (1784); a translated summary of which is included in T. Zammit's 
1924 pamphlet. 

8. The Wignacourt Aqueduct was designed to collect the waters of several 
groups of natural springs which issued from the edges of the Upper Coralline 
outcrop ~t the, head of the Wied tal Kleigha and around the Blue Clay inlier 
of the Wied L Iemu. In consequence, although there have been considerable 
subseque~t m,~difi.catio1:1s and addit~ons, these springs are known as the "Wigna­
court Sprmgs . To this day, despite the fact that several of the larger springs 
are no longer utilised by the Water Department, owing to the danger of pollution, 
the group contribut~s annually more water to the public supply than all the 
ot~~r Upper C~ralline sources of the Island combined. The springs which 
or_1g11:1ally- supplied the aqueduct were Migrah ta Misrah Musa (Gharixiem), 
N1xxia tal Borg tal Mtarfa, Ghain Teuxin (Busugrilla), Ghain Kaiet, 
Ghain Cirani (Ghain Klieb), Diar Handul, Hofriet ir-Riz, and Wied ii-Busbies. 
While trenches were being cut for the stone channels to gather together the 
waters of the springs along the Wied L'Iemu many ancient earthenware pipes 
were found: one foot in diameter by two feet in length, showing that De Wigna­
court's engmeers were only reviving much more ancient works in this area. 

9. As an original piece of construction the Wignacourt Aqueduct may 
be taken as extending from Fiddien Bridge, at a height of 440 feet above sea 
level, to the Palace Square, Valletta, at 125 feet above sea level: a distance of 
about 15,200 yards. From Fiddien to Attard the water was conveyed at 
grade in stone channels at ground level, taking full advantage of the natural 
contours of the Upper and Middle Globigerina scarps on the south side of the 
Wied tal Kleigha and around Bukana and Venezia. The channel was carried 
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on masonry arches across the long shallow depression between Attard and 
Hamrun. To convey the water across the deeper depression between San 
Giuseppe Tower (in present day Hamrun) and Floriana an ingenious expedient 
of terracotta pipes set in puzzuolano was devised. 

10. The increase of population during the Seventeenth and Eighteenth 
Centuries was very slow and suffered numerous set-backs. By 1741, however, 
it had reached 110,000, and, at the time of the French occupation in 1798 it 
was estimated at 114,000. It was not until the census of 1861 that this figure 
was again reached, and slightly surpassed . Since 1861, as a result of continued 
security, improving medical services, and the gradual improvement of hygienic 
conditions and knowledge, there has been a steady rate of increase (Plate 1). 
The British connection with Malta had continued for more than thirty years 
before the need for any further water supply work of the magnitude of Wigna• 
court's Aqueduct began to be felt seriously. By that time the in~reasing 
importance of Malta as a trading station and a British naval base, coupled with 
an awakening realisation that recurrent outbreaks of plague and cholera are 
primarily a consequence of insanitary conditions, demanded further develop• 
ments. Every epidemic and every drought from that time onwards has been 
accompanied by more or less numerous suggestions, from Government officials 
and from members of the general public, for extension and improvement of the 
water supply, so that by now the literature of the subject, both published and 
in Government files, has attained considerable proportions. 

11. A succession of dry years between 1834 and 1841 resulted in plans 
being made, during the governorship of Sir H. F. Bouverie, for the construction 
of an aqueduct, reproducing all the essential features of the Wignacourt Aque­
duct, to supply high level spring water to some of the villages of the eastern 
part of the Island (Imkabba, Luca, Tarshin, and Paula) and to the Three Cities. 
This aqueduct, the Fawara Aqueduct, was completed and put into service in 
1845, during the regime of Bouverie's successor. It derived its supplies from 
the springs of San Giorgio, Fawara, and Annunziata, which issue from the foot 
of the Upper Coralline cliffs on the seaward side of J ebel Ciantar, at the southern 
end of the Rabat-Dingli Plateau. It was of approximately the same length as 
the Wignacourt Aqueduct, and its alignment presented similar natural dif­
ficulties of construction, viz. a steep gradient along unstable hill slopes at its 
head, and a wide depression which had to be crossed by an imposing 
length of masonry arches. The head of the aqueduct at St. George's Box is 
about 600 feet above sea level. At its lower end the open channel delivered 
into a small settling tank at Ta Fgura, about 175 feet above sea level, between 
Tarshin and Zabbar, whence the water was conveyed by a 9-inch cast iron pipe 
into the old Tank Tai Giasal, about 50 ft. lower, near the Zeitun Gate in the 
Cottonera Lines, and finally into Cospicua through a tunnel. 

12. For more than two hundred years the Wignacourt Aqueduct, with 
little modification, met all the requirements of Attard, Lia, Balzan, Birkirkara, 
Musta, Zebbuj, Hamrun, Curmi, Floriana, and Valletta. The only important 
addition to its sources was that made by the energetic shaft-sinking and tun­
nelling campaign of 1864-66, in response to the dry years of the early 1860's, 
which is said to have increased the daily dry weather flow by about half, from 
half-a-million to three-quarters of a million gallons per day. About this time 
a 9-inch cast iron main was laid between San Giuseppe Tower and Valletta 
to supplement the delivery of the old earthenware pipe. In 1881 a 3-inch cast 
iron main was laid to convey water froin San Giuseppe to the new suburb of 
Sliema. In 1886 a new 9-inch cast iron main was laid between the almost 
completed Santa Maria Reservoir at Ta Kali and San Giuseppe Tower, where 
it was connected with the older 9-inch main delivering to Valletta. As the 
internal diameter of the latter had been considerably reduced by encrustation 
a peculiar and quite useless attempt was made "to relieve it of a portion of its 
work" by laying a new 4-inch pipe parallel with the old terracotta pipe for a 
length of 1,600 yards, and connecting them together at several points. I have 
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been unable to discover the exact date at which Wignacourt's terracotta-in­
cement main finally passed out of us_e .. The ~pen stone_ channel of the upper 
portion of the aqueduct, from th~ Fiddien ~ridge Gaugm~ Chamber down to 
Sta. Maria Reservoir, continued m use until 1910, when its duty was taken 
over by two 12-inch cast iron pipes. 

13. Later modifications to the Fawara Aqueduct followed on lines similar 
to those made to the Wignacourt System. Piped bran_ches were t~ken o~ to 
supply additional villages in the eastern part of the island (Gudia, Ashiak, 
Zeitun, and Zabbar). Later, the San Niklaw Reservoir was buil~ along the 
line of the aqueduct, near Kre~di, and branches were _taken off from it to supply 
Krendi, Zurriek, Safi and Kirkop. The old galleries were extended further 
beneath Jebel Ciantar; and finally, in 1912, replacement of open channels by ­
cast iron pipes was completed . . 

14. The seasons of scanty rainfall during the 1850's, pa~ticularly 1852-53 
and 1855-56, do not seem to have produced as strong a reaction loca~y as. the 
preceding and succeeding periods of deficiency. Even the chol~ra epidemic of 
1854 was regarded as a relatively mild one. Evident!)'.' the m~pact of such 
stirring external events as the Crimean War and the Indian Mutmy to a large 
extent diverted attention from local problems of water supply shortage. Two 
events during these years are worthy of note, however, as both have had a 
continuing influence down to the present day. 

15. One of the most important products of the interest in scientific 
matters which Sir William Reid (Governor, 1851 - 1858) strove to encourage, 
was a p;per by Dr. Nicola Zammit, read to the Scientific and Literary Institute 
in 1854. In this paper Zammit set forth a scheme whereby the potable wa~er 
supply of the Island was to be increase? by sin~ng deep wells; the expect~tion 
being that they would encounter artesian supplies of_ fresh water, transmi~ted 
through the rock formations deep below ~he surrounding sea floo~, from neigh­
bouring continental catchment areas. His argument, on the basis of observa­
tions he had made on the rate of evaporation and percolation in Malta, was 
tha.t the recorded yields of the springs were much greater than could_ ~e accoun~ed 
for by the annual rainfall upon the surface of the Island. Z~mnnt s at~ractive 
thesis seems to have been received with enthusiasm, and, despite all the mcrease 
of knowledge concerning the geological structure of th_e Island, and the pra?tical 
aspects of its water supply, which have accrued durmg the subs_equent nmety 
years, such speculation is still well received, as is ofte~ the c~se with far-fetched 
proposals which seem to offer an easy way out of <;lifficul~ies. In ?~tual fact 
his arguments showed even less perceptio~ of local ge_ological. conditions t~an 
the much older ideas recorded by Ciantar m 1784. His experimental physical 
data may. be dismissed with Chadwi?k:s re.mark that "being mad~ und~r con­
ditions quite different from those existmg m nature, they throw little light on 
the subject." 

16. In 1856 a shaft was sunk to the sea level water table in the Globi­
gerina Formation at Ta L'Armier, at t~e inner edge of the ~arsa, and was 
equipped with a steam engine for pumpmg water, _by way of an aqueduct, to 
shipping and naval establishments on the south. side of ~he Gran~ Harbour. 
This development is interesting from several pomts of view. It is the ~rst 
occasion that resort was made to the Main Lower Water Table for an orgamsed 
public supply; and the site selected on the edge of the rising ground, a~ay from 
the much shallower wells lower down the Marsa, which had been used m a small 
way for centuries, foreshadowed the great developments into t~e ~nte:ior ?f the 
Lower Water Table, which were to follow later under Chadwick s direction. 

17. The four seasons 1856-57 to 1859-60 had rainfalls well a~ove the mean, 
and one of them, 1858-59, is credited with 39.2 inches, the highest seasonal 
rainfall ever recorded in Malta. By contrast, in five of the seven seasons 1860:61 
to 1866-67, rainfall was well below the mean; that of 8.6 inches in 1866-67 hemg 
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one of the driest seasons on record. In consequence considerable activity 
was displayed in the extension of w~ter supply works, spurred on by a serious 
cholera epidemic in 1865 and a milder one in 1867. 

18. The outbreak of cholera in 1865, which lasted four months and caused 
1,873 deaths, was responsible for a report by Dr. Sutherland on "The Sanitary 
Condition of Malta and Gozo", which contains some interesting data concerning 
water supply and storage conditions at that time. Particularly valuable for 
purposes of comparison with present day conditions are six analyses, made by 
Mr. A. A. Abel, W .D. Chemist, Woolwich, quoted in the appendix to the report, 
which, as far as I am aware,!are the only complete analyses of Malta waters that 
have ever been published. 

19. During the years 1864 to 1866, under the direction of Francesco 
Micallef, Surveyor of Aqueducts, 175 shafts and 8,300 feet of connecting galleries 
were excavated in the Upper Coralline of the Rabat-Dingli area. This work 
added the springs of Imtahleb (Bieb-ir-Rua), Misrah Suffara, Tat Tarjia, and 
Wied Sienja to the Wignacourt supply, and is estimated to have increased the 
dry weather daily flow by about one-third to one-half of its previous volume. 

20. To supplement the very small quota of Wignacourt water received 
by the village of Curmi a number of shafts were sunk in 1865 in Strada San 
Sebastiano of that village, and a large spring of "slightly brackish though 
palatable water" was encountered in the gallery connecting them. In 1867 a 
pipe line was laid to convey water from the Armier Pumping Station to a re­
servoir near Santa Teresa in Cospicua, following upon the failure of an attempt 
to supplement by means of condenser water the inadequate supply derived by 
the Three Cities from the Fawara Aqueduct. After this, fifteen years elapsed 
before any further works of significance were undertaken to provide additional 
public water supplies from either the Upper or the Lower Water Tables. 

21. The first visit of a consulting engineer specifically detailed by the 
Colonial Office to investigate and report on the whole question of water supply 
in Malta occurred towards the end of the developments of the years 1864-67, 
noted above. In 1867 J. F. Bateman spent a few months in l\lalta, to study and 
report on "the best means of relieving the water shortage". He appears to 
have developed definite preconceived ideas on the subject after a study, in 
London, of Spratt's 1843 sketch of the geology of the Island; particularly a 
conception that Spratt's "Semi-Crystalline Limestone" (the Lower Coralline 
Formation) could be regarded as an impervious series, thus affording the over­
lying "Calcareous Sandstone" of Spratt (the Globigerina Formation) extremely 
good prospects as a water-bearing formation. During his brief stay in Malta 
he recognised the presence of a continuous water table standing at or near sea 
level in the Globigerina Formation around the Grand Harbour and the Marsa, 
and was undoubtedly impressed by the yields of the Armier and Strada San 
Sebastiano shafts, and the convenience of pumping a steady supply of water 
from them for the harbour towns, as compared with the much smaller and much 
more variable supplies which had been procured from the high level springs in 
the Rabat Upper Coralline area. He thought, erroneously, that the lithology 
of the "Calcareous Sandstone" was very similar to that of the Bunter Sandstone 
Series of Merseyside, and argued that as Liverpool and Birkenhead were able 
to draw upon millions of gallons of freshwater every day from wells sunk in that 
series, in close proximity to the sea, so Malta should be able to draw an almost 
unlimited quantity from its "Calcareous Sandstone". He considered that in 
each case the amount of freshwater concerned was far too great to be derived 
from local surface rainfall, and put forward what was really, even in 1867, an 
astonishingly inept theory for an engineer of his reputation, namely, that the 
greater part of the supply must be derived from sea water, from which part of 
the soluble salts had been removed by filtration, during lateral migration 
through the pores of the sandstone formations. A return by a strange and most 
unexpected route to almost the same views as those recorded by Girolamo 
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Manduca (1598) and G. A. Ciantar (1784) concerning the origin of the fresh­
water of the Lower Water Table. 

22. Bateman recommended that a 12 x 6-foot shaft should be sunk to the 
sea level table, a little to the N.W. of Curmi. From this he was confident at 
least half-a-million gallons per day would be obtained, sufficient in conjunction 
with the aqueduct supplies to provide 10 gallons per head per day for the popula­
tion of Floriana, Valletta, and the Three Cities. He stated that at the time of 
his visit the Wignacourt and Fawara Aqueducts were providing not more than 
one gallon per head per day to the towns. The location of his proposed shaft, 
defined as l½ miles from salt water, and l½ miles from the Wignacourt Aqueduct 
cannot be correlated with the local geography; but as he also stated that the 
water, after being raised to the surface, would have to be lifted into the aqueduct, 
or, preferably, forced through about 2½ miles of pipe line to Floriana and Valletta, 
it would seem that he had in mind some site in the Wied is-Seuda, not far re­
moved from the present Tal-Hlas Pumping Station. 

23. In due fairness to Bateman it should be observed that he had also 
considered the possibilities of both covered tanks and open reservoirs for the 
storage of surface water, and had decided that it would be impossible to achieve 
any useful degree of equalisation of supplies by these means; in the first case 
owing to the immense cost, and in the second case on account of (i) the absence 
of water-tight basins for damming at a suitable altitude, and (ii) the intense 
vegetation and evaporation losses in years of deficient rainfall. Thus, pumping 
from a presumed inexhaustible sea level water table seemed to him the ideal 
soh1tion of the problem. Unlike Chadwick, twenty years later, he did not 
realise that the resources of potable water from the Lower Table were not 
unlimited. 

24. About the time of Bateman's visit a similar scheme was proposed by 
Messrs J. H. Faucett and W. H. Woolliut for the supply of water to the towns 
from Lower Table Wells at L'Imghieret on the south side of the Marsa. Their 
estimates of production and costs were much less optimistic than Bateman's. 
Whereas Bateman considered that a total expenditure of £14,000 would guarante 
a supply of 500,000 gallons per day, Faucett and W oolhut estimated that a 
supply of 100,000 gallons would cost £35,000. However, nothing practical 
came of either scheme. 

25. The three seasons 1867-68 to 1869-70 all had ·rainfall a little in excess 
of the mean annual figure of 20 inches. During the 1870's there was a regular 
alternation of seasons with rainfall below and above the mean, with the balance, 
on the whole, in excess. It is perhaps not surprising, therefore, that no major 
projects were undertaken for obtaining new supplies of water. The general 
tenor of discussions seems to have turned to the possibilities of assuring a more 
even distribution of the available supply throughout the year by means of 
storage tanks. 

26. In 1873 Francesco Micallef advised construction of several large 
reservoirs along the line of the Wignacourt Aqueduct. Tw<:> years later Sir 
Adrian Dingli put forward a scheme on similar lines, in which he proposed the 
construction of tanks with a total capacity of 43,000,000 gallons for storage of 
Wignacourt water, and of 25,000,000 gallons capacity for storage of Fawara 
water; the laying of a cast iron main between the lower ends of the two 
aqueducts; and a system of local taxation to meet the cost of these works. 
Within the next few years the underground tanks Nos. 1, 2, 3, and 4 wer~ 
constructed at Ta Kali, with a combined capacity of 5½ million gallons, to store 
Wignacourt water for public supply; the Fgieni Tanks, with a .capacity of 
l½ million gallons to store Wignacourt water for the San Antomo Gardens; 
and the Pinto and Bouverie Tanks, with a combined capacity of 3,700,000 
gallons, to store water for shipping and establishments in the Grand Harbo~r. 
The 11,000,000 gallon Santa Maria Reservoir at Ta Kali, on which Chadwick 
insisted and which was completed in 1886, · was but a further instalment of this 
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programme. But even to-day, with all the smaller reservoira 1,11at have been 
added at intervals, the total storage capacity of the public water supply 
throughout the Island is still far short of the amount proposed and considered 
financially practicable by Sir Adrian Dingli when the population of the island 
was only one half of what it is to-day. 

27. In 1876 surveys were made and plans drawn up by W. Unsworth, in 
collaboration with G. Schinas, for the construction of an open reservoir of 
70,000,000 gallons capacity on the Blue Clay inlier of the Wied L'Iemu, west of 
Rabat at an altitude of 400 feet above sea leveL This is the only place in the 
whole island where geological and topographical conditions combine to favour 
the construction of a large storage work of this type. The valley above the 
proposed embankment site has a gentle gradient and open cross-section; the 
Bh~e Clay Formati.on provides an absolutely impervious bed; the clays can be 
easily and ec~nom1cally e~cavate~ by mechanical means; and the site is high 
enough to deliver by gravity to all the towns and villages of the island except 
Dingli, Rabat, Mellieha, N ashar, Gargu:r, Nigret, and Bubakra. The scheme 
~~s revived by Chadwick a few years later, not so much as a project for equal-
1smg the supply of water for domestic use as for storing for irrigation the winter 
storm surpluses from both the surface run-off from the catchment area and from 
the surrounding groups of high level springs. In view of the local climatic 
and soil conditions such a reservoir would be :filled from its own catchment area 
only in very exceptional seasons, as was demonstrated beyond all doubt by 
Chadwick's measurements of surface discharge at Fiddien Bridge during the 
three seasons 1883-84, 1884-85 and 1885-86. Large contributions from other 
sources would be required to guarantee regular irrigation supplies through the 
dry we~ther to the extent contemplated by Chadwick. The high evaporation 
loss which such supplies would suffer; probable serious contamination from the 
intensely cultivated and heavily manured lands around the reservoir; and the 
expense of. filtration, rule out the use of this site for open storage of domestic 
supplie~. But for the economical construction of large covered reservoirs, 
employmg modern methods of excavation and construction, the site had 
ad':antages, which will be discussed later in this report, as attractive as those 
which appealed to Unsworth and Chadwick in their day for the construction of 
an open reservoir with an earthen embankment. . 

28. The very poor rainfall of seasons 1878-79 and 1880-81, only partially 
~ompensated by the excess of season 1879-80, together with the rapidly increas­
mg urban population around the harbours, resulted in serious shortages of water 
supply during the dry weather. Notwithstanding the failure of the attempt at 
Cospicua in 1867, an effort to alleviate the shortage of supplies in the new suburb 
of Sliema was made in 1881 by the erection of two condensers on the Tigne Road 
and the construction of a large underground storage tank. The tank was filled 
once only, after which a more economical and dependable supply was secured 
by laying a 3-inch pipe line to deliver water from the Wignacourt Aqueduct at 
Torri San Giuseppe. 

29. Of the ten rainfall seasons 1879-80 to 1889-90 only three attained the 
annual mean of 20 inches. It was fortunate for Malta, therefore, that the early 
years of this long dry spell witnessed the inception of a coordinated water supply 
system on modern lines under the aegis of Osbert Chadwick. Chadwick was 
deputed to Malta in the latter part of 1883, and for more than four years, until 
1888, was continuously occupied with Malta water supply problems. He 
revisited the island several times in later years for shorter periods of consultation, 
and after his last visit in 1897 he had the satisfaction of knowing that a large 
part of Malta had been provided with an efficient water supply system, up to the 
standard of most municipal supplies of the day, and that conditions seemed 
ass"?-red for a continuous programme of further expansion and improvement, 
designed not only to keep pace with ever-increasing needs, but to anticipate 
them. 
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30. Various circumstances combined to afford Chadwick every facility 
for prosecuting his schemes for improvement of the water supply. From the 
outset he had the whole hearted interest and support of a new Lieutenant 
Governor, Sir Walter Rely-Hutchinson, and of the Crown Advocate, Sir Adrian 
Dingli, whose previous efforts for improvement of the water supply have been 
mentioned above; while on the technical side he had the collaboration of France­
sco Micallef, for many years Surveyor of Aqueducts, and of Dr. George Schinas, 
who in 1884 was appointed Resident Engineer of the newly-formed Water 
Works Department. Only the main items of Chadwick's work in Malta need 
receive summary and comment here. For a detailed appreciation of all he 
planned and accomplished it is essential to refer to the series of special and annual 
reports which he prepared between the years 1883 and 1897, almost every item 
of which has as much interest and significance to-day as it had fifty years ago. 
Chadwick, above all, was a practical engineer, who acted on the sound principle 
that "the first duty of an engineer is to make a measurement; his second, to make 
a better one". Preconceived general theories, such as influenced Bateman, for 
example, had little attraction for him, and, realising the difficulties and com­
plexities of local conditions, he was very disinclined to make far-reaching fore­
casts, or to base practice on anything less than a solid basement of facts ascer­
tained by deliberate tests and surveys. The development of a thorough appre­
ciation of local climatic, topographical, and geological conditions requires 
several seasons of residence in the islands, not merely a few w_eeks or months. 
With the possible exception of C. Rizzo in later years, no one who has been 
concerned with Malta water supply problems has been favoured with such 
facilities, untramelled by other duties, over such a length of time as Chadwick 
was; hence the abiding value of his records, discussions, and recommendations. 
It can be stated, without the slightest exaggeration, that had Chadwick's 
reports received the full attention which they merit, and had his recommendations 
for steadily continued further surveys and development work been carried 
out subsequent to 1897 along the lines he indicated, instead of only spasmodically 
under recurrent impulses of sheer necessity, the water supply of Malta would 
be in much better condition as regards both quality and volume of established 
resources than it is to-day. 

31. Chadwick commenced his study of the existing water supply system 
in October 1883, by installing gauges for regular measurement of the daily 
discharge from the high level springs, gauges at points where storm surpluses 
from the springs discharged, a gauge at Fiddien Bridge to measure the surface 
run-off from the Wied L'Iemu catchment, and a gauge at Torri San Giuseppe 
to measure the quantity of water sent forward to Hamrun, Pieta, Msida, Floriana, 
and Valletta, after Mosta, Zebbuj, Lia, Attard, Balsan, Birkirkara, Curmi, and 
Sliema had been supplied. His investigations into conditions of storage and 
distribution within the towns and villages resulted in reports, made in Decem­
ber 1883 and April 1884 respectively, on means whereby the water supplies 
of Bii:kirkara and Sliema could be improved from the Wignacourt Aqueduct, 
and in the pungent criticisms of the existing system of distribution generally 
contained in his first general report on the Water Supply of Malta, submitted 
in August 1884. Concurrently he was making a thorough examination of 
existing wells and galleries in both Upper and Lower Water Tables, in order to 
evaluate the prospects of additional supplies from these sources; observing local 
methods of irrigation; and considering various possible sites for open reservoirs 
with a view to storing flood water for irrigation purposes. 

32. With regard to the high level sources of supply for the Wignacourt 
and Fawara Aqueducts he formed the opinion that, under existing conditions, 
further works would produce no results comp.arable with the costs which would 
be entailed, mainly owing to the defective state of the law concerning rights to 
underground water supplies. He pointed out that the need to align, along 
public roads, the galleries constructed in 1864-66, with no rational relation to 
either surface topography, or to geological structure, had resulted in the con-
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struction of galleries of inordinate length compared with the yields obtained, 
and, as Micallef had empha~ised years previously, owners of lands alongside the 
Government galleries enjoyed perfect liberty to put down shafts and to drive 
headings to intercept the springs which had been discovered at public expense. 
He advised (1) the purchase of strips of land to protect the existing galleries from 
further offsetting by private shafts; (2) that an Act should be passed making all 
underground waters public property, and conferring on Government the sole 
right of directing and controlling all operations concerned with their develop­
ment and use; and (3) that no new works should be undertaken until the contours 
of the water tables in the region had been proved by numerous trial shafts, and 
the most suitable and economical lines for galleries decided upon. As far as I 
am aware no action has ever been taken to implement the first item of Chadwick's 
advice, poaching and contamination by private works being allowed to proceed 
to such an extent that some of the most productive springs have had to be cut 
out from the public supply for many years. No action was taken in the matter of 
protective legislation, despite subsequent repetitions of Chadwick's advice, until 
the Water Pumps Ordinance of 1938 and the Underground Water Ordinance of 
1943 were enacted, and these ordinances are still inadequate for the full protec­
tion of the water resources of the island. With regard to the third point of 
Chadwick's advice, apart from Robertson's and Rizzo's inadequate efforts 
(1916-28), no systematic work was undertaken to determine geological contours 

. of water-bearing formations, until Dr. E. B. Bailey's visit early in 1943 and the 
provision of boring crews and equipment by the Royal Engineers. 

33. Several other arguments tentatively advanced by Chadwick in 1884 
against the extraction of further public supplies from the Upper Coralline of the 
Rabat-Dingli area cannot be sustained, and, in fact, were modified in the light 
of his own subsequent experience. One of these ideas was that exploitation 
might already have reached such a stage that further Government galleries 
would have an appreciably adverse effect on the existing private supplies 
developed for local domestic and agricult1:1ral use. Another apprehension was 
that the greater fluctuations in the discharge of the newer galleries, as compared 
with that of the older springs, might perhaps indicate that a point had been 
re.ached at which the storage properties of the formation 'were already being 
destroyed over a wide area. Further consideration of these possibilities did not 
deter Chadwick from constructing the Via Dingli Pumping Station and galleries 
in 1885, and after testing this work he was able to report that "the pumping 
had no material effect, either on adjacent wells, or on government springs". 
Since Chadwick's time the annual production of the Via Dingli Pumping Station 
and of private wells has been increased several-fold, but there are still no adequate 
grounds for supposing that extraction has reached either of the undesirable 
limits mentioned above, except, perhaps, in certain definitely restricted areas. 
The supposed demonstration, by Robertson and Rizzo in 1917, accepted by Dr. 
E. B. Bailey in 1943, that the storage capacity of a large part of the area had 
been ruined, was based on an erroneous interpretation of the Water Department's 
records of spring discharges, as will be shown later in this report. Many factors 
have to be taken into account when analysing and comparing daily and annual 
variations, such as size and surface character of catchments, local rainfall, and 
local geological structures, before such definite conclusions can be reached. Under 
the natural conditions which obtain in the area no two gallery systems can be 
expected to show the same characteristics in every detail, whether they be old 
or new; and much more data will have to be collected and subjected to analysis 
before sound conclusions can be reached concerning the behaviour of individual 
gallery systems, quite apart from the present position and future prospects of 
the Rabat-Dingli Upper Coralline area as a whole. The gauging of individual 
galleries and groups of galleries at two to three day intervals, as instituted by 
Chadwick, was continued until July 1911, when, for reasons which will. appear 
later, these more detailed records were discontinued until April 1941, when Mr. 
J. Pace recommenced recording them for certain springs. The seven rainfall 
gauges instituted by Chadwick in 1886 have continued in use, and probably 

• 
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provide as adequate a record of this factor as can be desired. But, apart from 
routine partial analyses of combined spring waters made by the Public Health 
Department since 1911, this is the sum total of research which has been carried 
out on the hydrology of the area. When the survey work now contemplated is 
completed I estimate, tentatively, that about two-thirds of the Rabat-Dingli 
Upper Coralline catchment will be found to have been little more appropriated 
by local farmers than it was when Chadwick examined the region in 1884. 

34. Chadwick's study of the relation between rainfall and surface run-off 
at Fiddien Bridge had convinced him that storage of surface waters afforded 
no satisfactory means of increasing domestic supplies, and that such works 
were only worthy of consideration for providing additional irrigation water. 
His study of high level spring discharges, from 1883-84 figures of his own gauges 
and a few earlier readings made at irregular intervals between 1869 and 1879 by 
Micallef, had demonstrated that storage for at least 18,000,000 gallons would 
have been necessary to equalise the daily supply in 1883-84, and much larger 
reservoir capacity to equalise supplies through several successive years of 
deficient rainfall. Hence his profound satisfaction at finding that the Lower or 
Sea Level Water Table could provide all additional suppli~s immediately 
required (in order to realise the minimum objective he had set himself of a 
regular supply of 10 gallons per head per day of the existing population), with­
out incurring immense capital outlay on equalising reservoirs for the high level 
springs, and without endangering existing agricultural supplies from the Upper 
V/ ater Table. He made this discovery not by deduction from any general 
theory, hut as the result of a deliberate survey of the waters of existing wells in 
the Lower Water Table, analyses of which were made for him by Dr. G. Caruana 
Scicluna. He found that, proceeding inland up the Wied il-Khir, the brackish 
waters of the Marsa and Curmi wells were replaced by much sweeter waters, and 
observed that the change in composition coincided with a change in the litho­
logical characters of the formation in which the wells were sunk. The original 
remarks of his 1884 report are wprthy of quotation. "An examination of 
existing wells has shown that an extensive water-bearing stratum exists, near 
the Casal Curmi, at an elevation of from 3 tc 10 feet above mean sea level. 
The waters of this stratum are in some places brackish, in others sweet. This 
drpends upon the characters of the rock through which the water passes. It 
is not due to the infiltration of sea water, because the water is above sea level. 
The water is rain water, making its way through the fissures of the rock to the 
sea. In the valley of Wied il-Kbir and Wied Hanzir trial shafts and existing wells 
have shown that the underground water is sweet. The extent of country beneath 
which potable water is found affords hopes of an abundant supply. Good water 
undoubtedly exists. The question to be solved is, how much can he extracted 
daily without fail, and without impairing the quality of the water". 

35. Despite the conservative attitude to preliminary results evident in the 
above quotation, and expressed repeatedly in the body of his 1884 rep~rt, 
Chadwick had sufficient confidence to place the cost of 2,000 yards of galleries, 
and a pumping station with duplicate steam pumps, at the head_ of his estimates. 
The work proceeded, and on the 2nd May, 1885 he was able to report a proved 
production of 52,000 gallons per day, with a maximum salinity of 15 parts 
chlorine per 100,000, from the length of gallery between shafts 20 and 26, at. the 
junction of Wied Kirda and Wied Hanzir. On the 1st August 1886 Schmas 
reported that 1,475 yards of gallery had been completed, that the proved yield 
was more than 175,000 gallons per day, and the estimated total yield not l~ss 
than 300,000 gallons per day-this from the whole length of the gallery. The Wied 
il-Kbir Pumping Station was opened on the 26th June 1887 for the supply of the 
Th:ree Cities, and during June, July, and August of that year water was pumped 
r, m average daily rate of 116,000 gallons. This water all derived from Chad­
wick's "White Rock" (the Lower Coralline Limestone) at the south-western end 
of the gallery, conveyed by pipe through that part of the gallery ~n the '~Yellow 
Rock" (the Glohigerina Limestone) of the lower portion of the wied, which had 
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yielded water which Chadwick considered too saline for his first. ..:1ass supply. As 
ddivered during this first summer's pumping the salinity of the water was 7-11 
parts chlorine per 100~000, and, by the application of Clark's process to the 
whole supply, the hardness was reduced to 9-10 parts CaCO3 per 100,000, from 
the 26-28 parts per 100,000 as drawn from the rock. In other words, Chadwick 
had succeeded, temporarily, in his attempt to supply large volume of water 
from the sea level table practically equivalent in chemical composition to 
aqueduct water from the high level springs. But even in that first summer a 
rise of salinity to 17 parts of chlorine per 100,000 was noticed, and the rate of 
pumping was reduced to restore it to the "normal " amount. 

36. There can he no doubt that Chadwick was very pleasantly surprised 
at both the volume and the quality of the water derived from his Wied il-Khir 
gallery, and a note of caution with regard to ultimate limits occurs in all his 
later reviews of developments in the Lower Water Table. But, having realised 
so early, that, apart from the unpredictable vagaries of "springs" from discrete 
fissures, the best water was to he found in the "White Rock" towards the centre 
of the island, not in the "Calcareous Sandstone" as anticipated by Bateman, and 
having deliberately commenced the excavation of the galleries in the Lower 
Coralline outcrop at the junction of Wied Hanzir and Wied Kirda, with a view 
to further extensions of the system within the "White Rock" below the floor of 
those valleys, it is impossible not to criticise adversely his location of the Wied 
il-Khir Pumping Station. Its retention at the site originally shown on his 1884 
plan of "Proposed Water Works for the Five Cities" would appear to have been 
due to his desire for economical concentration of pumping plant, coupled with 
the plan to which he was committed for a dual supply of first and second class 
water to the cities, outweighing considerations of obtaining a maximum supply 
of first class water with the funds available. Although the projected gallery, 
shown in the 1884 plan as running north-eastwards from the pumping station 
site, through the Glohigerina Formation beneath Tal Hammieri, was never 
taken in hand, we find the Armier shaft being connected to the Strada San Se­
bastiano gallery in Curmi as early as 1885, and, in 1894, the recommendation 
that a connecting gallery he driven between the Armier shaft and Wied il-Khir, 
so that both Armier water and that from the Glohigerina Formation shut-off in 
the lower end of the Wied il-Khir gallery could be pumped at the Wied il-Kbir 
Pumping Station, alternately with first class water and by the same pump if 
possible. In the interest of maintaining both volume and quality of supplies the 
better plan would have been to have neglected entirely marginal developments 
in the Globigerina Formation, to have placed the pumping station at Ghar 
Hanzir, and to have pushed ahead energetically with galleries up Wied Xcora 
and Wied Ta Kandia, notwithstanding the deeper shafts "hich would have 
been required. , 

37. The history of Chadwicks' other two major works for extraction from 
the Lower Water Table, the St. Anton and Wied is-Seuda Pumping Stations, the 
one pumping a second class water from a fissure in Globigerina Limestone, the 
other a first class supply from the Lower Coralline, is interesting to compare 
with the parallel developments at Armier and Wied il-Kbir, the two pairs of 
initial pumping points being only I½- miles apart in the same monocline. The 
St. Anton Shaft was sunk in 1884-85 with the sole intention of providing a local 
supply from the Lower Water Table for watering the St. Anton Gardens, so that 
the extravagant consumption of Wignacourt Aqueduct water there might be 
avoided, and the water utilised for domestic consumption instead. Shortly 
after breaking out the headings from the shaft bottom a strongly flowing fissure 
was encountered. When opened up on the 13th May, 1885 the water rose 
rapidly in the shaft, and Chadwick reported that a bailing test, carried out by 
mules and mot at an estimated rate of 7,200 gallons per day, only lowered the 
water level for 8 inches. In the light of subsequent experience of this fissure 
system I have little doubt that this drop of 8 inches was a tidal effect. In 1886 
Schinas reported that a test by steam pumps at a rate of 84,000 gallons per day 
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did not lower the water level appreciably. Installation of a permanent pumping 
plant was completed in May 1887, and from that time onwards the fissure 
supplied all the needs of the St. Anton Gardens, with later the addition of the 
domestic supplies of Nashar and Gargur. It was noted in 1887 that the salinity 
of the water resembled that of Armier, increasing with pumping, but returning 
to its original composition after a stoppage of a few hours. So it continued, 
averaging about 36 parts chlorine per 100,000, until the 11th October 1944, 
when the fissure system was intersected in the north-westward extension of the 
Wied is-Seuda gallery, as a result of which its natural equilibrium was still 
further disturbed. · 

38. Chadwick's first trial shaft in the Wied is-Seuda was sunk in 1884, at 
the downstream end of the Lower Coralline inlier, south of Attard, and by 1885 
he was already contemplating the possibility of pumping "White Rock" water 
from Wied is-Seuda into the Ta Kali tanks to augment the Wignacourt supply 
to Floriana and V allctta. Four additional shafts were commenced in 1885, and by 
December 1886 more than 90,000 gallons per day had been proved to be available 
from the galleries connecting them. Regular pumping into the Ta Kali Re­
servoir commenced in 1887, and was followed immediately by the recommenda­
tion that the Wied is-Seuda-Wignacourt and Wied il-Kbir system of supply to 
the harbour towns should be united by a 12-inch main, so that either pumping 
station could undertake the duty of the other in the event of a major breakdown. 
In 1894 Chadwick suggested that considerable extensions should be made in 
four directions to the 1,000 feet of gallery then existing in the "White Rock" of 
Wied is-Seuda; namely, upstream beyond the Attard-Zebbuj road bridge, 
towards the Asylum, where a former danger of contamination from the 
Asylum's leaky cess-pool no longer existed; in each direction along the Attard­
Zebbuj Road; and down the valley towards Curmi. Extensions of only 
170, 218, and 264 feet were made in the first three directions before the 
decision to carry out Chadwick's later recommendation to join up the Wied il­
Kbir and Wied is-Seuda galleries led to concentration on the heading down the 
valley towards Curmi. We know now that the heading up the wied was 
abandoned within 280 feet of the line of the St. Anton fissure. 

39. The suggestion in 1897, of a connecting gallery between Wied il-Kbir 
and Wied is-Seuda, as a further attempt to centralise pumping plant, was 
Chadwick's last major contribution to production from the Lower Water Table. 
It would appear, from reading between the lines of his report, that he had 
considerable difficulty in obtaining acceptance of this scheme. His former 
assistant L. Gatt, by this time Superintendent of the Public Works Department, 
wished to make the connection by a route from the Armier Pumping Station, 
beneath the village of Curmi, and along the Wied is Seuda, which would have 
kept the gallery within the Globigerina Formation throughout its length. 
Fortunately Chadwick, by pointing out that the water in that region was known 
to be more saline than further in:land, and that there would be grave danger of 
orgaO:ic contamination from Curmi village, managed to avoid the false economy 
of the shallower shaft sinking, which was proferred as an advantage of this route. 
He insisted that the line of gallery should run well to the south and west of Curmi 
and that it should be kept in the ''White Rock" as far as possible, regardless of 
the depths of the shafts required. In the event, although the village of Curmi 
was by-passed, the desire to keep the depths of the shafts to a minimum caused 
the line finally adopted to diverge considerably from the direct line between 
Wied Kirda and the end of the "White Rock" at sea level in the Wied is Seuda, 
with the result that the length of gallery driven between Wied is Seuda Pumping 
Station and the last shaft (No. 42) in Wied Kirda amounted to about 10,000 feet, 
of which about 4,100 feet was cut in the Globigerina F01·mation. Had the 
direct line between the Wied is Seuda Pumping Station and Wied Kirda been 
taken, the distance would have been reduced to about 7,250 feet, and the whole 
of this length would have been in the Lower Coralline Limestone, as intended by 
Chadwick. The work took 12 years to complete and cost £21,000, as compared 
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with Chadwick's estimates of 5 years and £10,000. No valid excuse can be 
fou!1d for the dev~ation fron:i Chadwick's recommendations. Two or three days 
de~berate geolorcal mappmg on the excellent 1 :2,500 topographical sheets, 
which were available by 1897, would have determined the contours of the 
Globigerin~-Lower_ Coralli~e contact with considerable accuracy in this area; 
or, alternatively, a light bormg outfit would have provided the required evidence 
much more cheaply and more speedily than the numerous trial shafts which 
were sunk by L. Gatt and V. Mercieca, and whose evidence was apparently 
neglected or completely misinterpreted. 

40. T~e success of Chadwick's demonstration that, for the time being, 
large S't~.pplies of pota?le water could be obtained ~ost expeditiously and 
e~onomically by pumpmg from, the ~ea level table, did not completely blind 
him to the fact that the Island s ultimate resources of fresh water lay in the 
Upper Water Table. He always insisted that vastly increased storage was 
essential for equalising the seasonal and annual variation of supplies from the 
latter source. Ten thousand pounds for an additional reservoir of 10 million 
gallons_ ca~acity, at Ta Kali, in c?ntinuation of the policy advocated by Micallef 
an?- Dmgli, to store some portion of the wmter surplus discharge from the 
~ignacourt Springs, was the largest single item of expenditur.e recommended 
m the 1884 report, despite the fact that, at this early stage of his acquaintance 
with local conditions, Chadwick was hoping that his new "deep wells" in the 
Lower Table might prove to yield more abundantly in summer than in winter, 
and that further expenditure to increase storage perhaps might be unnecessary. 
The Santa Maria Reservoir was completed and put into service in 1886; and it 
still remains the largest storage work in the island. In a temporary loss of 
perspe~tive, resulting from enthusiasm at the speedy completion of the reservoir, 
Chadwick wrote: "Together with the old Ta Kali Reservoirs, it virtually 
?ugments the summer supply by 100,000 gallons a_ day, for 160 days. As this 
1s pro~ably more than will be required, in years of ordinary abundance, it may 
e-.:r,m give the means of storing the surplus of one year to meet the deficiency of 
the next". By the end of 1887, however, he had obtained a clearer idea of the 
limitations of Lower Water Table supplies, and, in view of the considerable 
extensions of public supplies which were being demanded, he recommended the 
construction of another large reservoir at Ta Kali with a capacity of 10 to 15 
million gallons, pointing out that the collection of data concerning the variations 
of ~he high level springs would have to be carried out for many years before any 
ultimate figure for storage capacity could be given. When reporting in 1897 on 
his last visit of inspection to Malta, after the 1895-96 "drought of ·unusual 
severity, unprecedented during the period in which accurate records of the 
springs have been kept", Chadwick only regarded his Lower Table develop­
ments as having afforded "a most welcome addition to _the supply from the High 
Level Springs". That was the first year in which the pumped supply from the 
Lower Table exceeded the gravity supply from the Upper Table. In 1906-07, 
the second of two seasons of abundant rainfall, the yield of the high level 
springs was the highest on record, and this was the last season in which supplies 
from that source exc~eded those from the sea level table. By that time it 
should have been obVIous from the accumulating records of variations in the 
annual yield of the high level springs that storage facilities of at least the order 
of their average discharge would be required to equalise their service through 
alternating periods of wet and dry seasons; but, despite Chadwick's warnings, 
his successors had come to regai-d the Lower Table as a practically inexhaustible 
reservoir of potable water, to be appropriated when and as the demand increased 
by construction of further galleries and pumping stations. Storage policy thus 
remained little more than the construction of service tanks sufficiently large to 
protect the increasing daily demand against the possibility of a few days break­
down of pumping equipment. After Santa Maria the only large tank constructed 
during Chadwick's connection with Malta was the Schinas Reservoir near Luca, 
to hold 1,163,000 gallons of Wied il-Kbir water. Nothing was done until 
1920-23 to implement Chadwick's 1887 recommendation for increased storage 
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capacity at Ta Kali. Then the 5,766,000 gallons Mercieca Tank was con­
structed at a cost of £12 000; after which the Water Department Annual Report 
proclaimed: "There is n;w no danger of~ recurrence of the ~ritical circumstances 
which characterised our water supply m summers followmg an unfavourable 

. " ramy season . 

41. The changes originated by Chadwick in the distri~ut~on of the public 
water supply were as extensive and fundamental as th_ose_ m its mode of pro­
duction. His reports of 1883 and 1884 marke~ th~ begi~mng of t~e end of the 
old system of distribution by open cha°;nels mto msamtary_ pubhc and h?use 
tanks, and its replacement everywhere m the towns and VIlla~es by a piped 
supply. By 1887 the piped distribution system of_ Valletta, Flonana, the Three 
Cities, Birkirkara, Zebbuj, Sijiewi, Rabat, and M~°;a ha~ been completed,. an,d 
a severe cholera epidemic in that year gave addit10nal 11;11petus. to Chadwick s 
plan for providing the remaining villages of the lslan~ with a piped supply. 

42. Although in earlier reports he had pressed for adequ~te mains along 
the whole of the Wignacourt and Fawara lines of s_upply, and tha: the open 
stone channels should be relegated to agricultural service only, Chadwick deemed 
it advisable in his later reports (1894 and 1897) to recommend that, where the 
channels passed through open country and the danger of pollution ;Vas not. so 
great, their replacement by iron pi~es was not so urgent as the need tor ~ressm_g 
on with works for the augmentation of the whole su~ply. In pro~enng this 
advice he was influenced by the fact that even contmu?us pumpmg at the 
Lower Table stations had barely managed to meet the deficit of the ~pper Table 
supplies during the dry seasons of the_ late: 1880's and early 18~0 s. Accord­
ingly the piping of the aq~educt supplie_s all ~he w_ay back t~ their :?urces was 
deferred continually, until the typhoid ep1dem1c of 1909 ne~eso1tated _the 
running to waste of immense quantities of aq~educt water and _aga~n emphasised 
the need for as complete protection as possible from contammat10n. 

43. Another aspect of distribution, repeatedly discussed by Chadwick, 
is worthy of reemphasis, for it has not !ece~ved in subsequent year~ the constant 
strict attention it should have to mamtam any supply at a desirable level of 
efficiency. Although he advised that every effort should be made, by means of 
a basic gratis allowance and a cheap_ water rat~, to encourage the use of suf­
ficient water per head of the population to at~am a good sta~dard of p~rsonal 
hygiene and to maintain the sewage srstem m proper working condition, he 
always insisted upon the necessity to avoid waste. In the early days of the under• 
taking he allowed that a completely free supply fro~ public sta~d-pipes was .t~e 
only method by which a large portion of the populat10~ could be mduced to utilise 
the safe piped public supply in preference to contammated water from r?of an_d 
street catchments. He endeavoured to guard against the abuse to which this 
system is always liable, even when self-closing stand pip~s are used, by introduc­
ing locked fountains, for which householders could ohtam keys on payment of a 
small fee. Long before his connection with Malta ce~sed, howe:er, he had 
realised the enormous waste involved, and was advocatmg that me1,ered house 
services should be encouraged, or even made compulsory, ·and the wasteful 
public taps suppressed. 

44. Chadwick repeatedly emphasised also that the other major sourc~ of 
waste, to which every water supply is liable, namely, le~kage from roams, 
should be most strictly guarded against in Malta, where, owmg ~o th~ natu:e of 
much of the sub-soil formation, even very large letikages may contmue _mdefimtely 
without a trace being seen on the surface of the ground. Sounding . qlone 1s 
inadequate to evaluate what proportion a water supply system loses ~aily _fro_m 
inevitable leaks, and, warned by an early case of large scale leakag~ m Birkir­
kara, Chadwick recommended in 1887 that Deacon's waste detec:mg meters 
should be used for maintaining a constant check. Two of these mstruments 
were purchased and were apparently used for a while. But they were no l?n~er 
in use on the occasion of his last visit in 1897, when he was compelled to ms1st 
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again that the distribution network should be divided into districts and a com­
plete system of waste-detecting meters installed. 

45. Chadwick's interest in maintaining and increasing the supply of water 
for agriculture was second only to his concern for improvement of urban domestic 
supplies. His desire to interfere as little as possible with existing agricultural 
supplies has already been mentioned (para. 33) as one of the reasons which led 
him to hesitate about undertaking further extraction for domestic supplies 
from the Rabat-Dingli Upper Coralline area, and caused him to welcome the 
newly discovered potentialities of the Lower Table. From the very beginning 
his attitude, as expressed in his 1884 report, was that though "potable water 
must be provided at any cost", yet "no springs should be diverted from the land 
unless an equivalent supply of surface water is provided". With a limited 
rainfall and a population problem such as Malta's, however, it is impossible, as 
will be demonstrated later in this report, to satisfy even present day demands for 
both urban and agricultural supplies, and at the same time adhere to the second 
half of the policy enunciated by Chadwick. The total supplies which could he 
made available to agriculture, even in a good rainfall season, are strictly 
limited; the supply from year to year would be very variable; and, although 
much may still be done, along the lines indicated by Chadwick for saving and 
utilising every available gallon of the intermittent surface supplies, more 
particularly in the upland wieds which cross the Blue Clay outcrop, the "springs" 
(by which term he meant the.,Upper Table supplies, as distinct from "wells" in 
the Lower Table) will have to he conserved and appropriated much more 
extensively for urban supplies, and any compensation or additional water for 
agriculture provided by following another of Chadwick's 1884 recommendations, 
namely, the use of the sewage of the towns and villages for irrigation. 

46. For appropriation of the surface run-off during the winter rains 
Chadwick proposed that small masonry dams should be constructed at suitable 
points in any wied ·with an adequate catchment, and the storm-waters should be 
passed along from them to existing field storage tanks by means of open channels 
or by pipes, if need be, assisted by portable pumping sets. The ultimate height 
of each dam was to be determined experimentally, commencing with a low dam, 
and increasing its height according to the actual results observed from year to 
year. His measurement of the surface run-off at Fiddien Bridge, from the Wied 
L'lemu catchment area, during the period December 1883 to March 1884, when 
only 1.9 per cent of the estimated rainfall on the catchment area passed the gauge, 
convinced him that no useful increment for domestic supplies could be depended 
on from this source, but showed that a valuable addition ( actually 4l million 
gallons during that period) to agricultural supplies could be obtained economi­
cally. Accordingly, in 1884, he constructed an experimental dam further down­
stream in the Kleigha Valley, to intercept the run-off from Wied Ghemieri in 
addition to that from Wied L'Iemu, and put forward a scheme for conveying 
the water down to the neighbourhood of Ta Kali by means of a 12-inch pipe line. 
The dam was based on the uppermost of the two limestone members of the 
Upper Globigerina Formation, and, with an original height of 14 feet, provided 
an estimated storage capacity of 2,250,000 ga1lons. The foundations were made 
adequate for an ultimate height of 40 feet and a storage capacity of 40,000,000 
gallons. During the ensuing raining season (1885-86) the reservoir was filled 
eight times, equivalent to 18,000,000 gallons, and an unmeasured quantity 
passed over the crest. In 1887, in addition to recommending £2,500 expendi­
ture for raising the height of the dam, constructing a second similar dam further 
downstream, and the pipe line to Ta Kali, Chadwick revived Unstone's project 
for a large reservoir in the Wied L'Iemu to hold 70,000,000 gallons from surface 
run-off, from rainfall on the reservoir area, and from spring surpluses combined, 
at an estimated cost of about £10,000. The pipe line was laid during the next 
few years, but, despite repeated recommendations in 1894 and 1897, it was not 
until much later that the second dam was built. The first dam was raised in 
1927-28 to provide 2,750,000 gallons extra storage; the second was raised, and a 
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third constructed, still further down the valley, in 1937-38. Owing to the 
unsuitability of the local topography and the permeability of its foundation, 
Chadwick's first Wied Ta~ Kleigha dam has never been raised to the ultimate 
height for which it was designed, and no other large storage reservoir for surface 
catchment supplies has been provided, either in Wied L'Iemu, or at the alter­
native sites proposed later by Chadwick on the lower ground at Hemsia or near 
Tai Mirakli. 

47. Another storm-water dam was constructed at Chadwick's suggestion 
at the head of the Buskett Valley, but it has never been duplicated downstream. 
The only other venture of this type at Government expense was the imposing 
masonry dam thrown across the Wied Hanzir above Ghar Hanzir. This work 
has probably served a useful purpose in arresting storm discharge from Wied 
Sillani and Wied ta Kandia and turning it into the intensely fissured Lower 
Cm·alline bedrock of the reservoir site, so helping to maintain the freshness of 
the Lower Table at the western end of the Wied il Kbir galleries. But as a 
source of irrigation water it was foredoomed to failure, and the delivery pipe 
was removed long ago. 

48. During the course of his investigations into the possibilities of augment­
ing supplies of water for agriculture Chadwick found it necessary to criticise 
severely the wasteful methods of irrigation employed in Malta, both in Govern-

- ment and in private gardens. He reported that 95 to 175 gallons per tree was 
being consumed for each watering of orange gardens, and that the usual rate 
for mixed garden produce amounted to about 448,Q00 gallons per tumolo per 
year. Little attention appears to have been paid to his recommendations for 
employing more intelligent methods of subsoil irrigation to reduce the enormous 
wastage. Where abundant supplies of water happen to be available locally the 
irrigation of orchards still follows the same primitive lines described by him, and 
the results of surveys made by Mr. Baldacchino during the past year, of the 
irrigation appropriations in three separate catchment areas, show that water is 
still being expended on irrigation of mixed garden produce at rates ranging from 
270,000 to 400,000 gallons per tumolo per year. 

49. One further aspect of Chadwick's work must receive notice in conclud­
ing this appreciation of his efforts for the material welfare of the Island, namely, 
his constant insistence on the need for systematic surveys, adequate records, and 
repeated studies with the object of maintaining progress and avoiding stagnation. 
When he came to Malta the only available topographical map was a small scale 
sheet similar to the Old Series hachured maps of the Ordnance Survey of the 
United Kingdom; an excellent production for its time and of its style, but 
totally inadequate for practical engineering requirements. Apart from this 
there were only "elaborate and doubtless accurate" lands record plans of de­
tached individual properties. Before he could carry out·the works which, in a 
few years, revolutionised the water supply of the Island, Chadwick had to arrange 
for many miles of traverse and levelling, and it was largely due to his insistence 
that ."an accurate map is one of the first requirements of every civilised country" 
that the 1 :2500 survey sheets of the whole Island were prepared during the 1890's. 
It is a great pity that they were not used subsequently to :better effect. No 
provision was made for their upkeep, nor for adding accurate contours, with the 
result that in later years two completely new surveys have had to be carried out 
to meet modern requirements; first, the aerial survey of 1927, which forms 
the basis of the current 2 inches to 1 mile contoured map, and, in 1944, the 
1 :2500 revision of the region around the harbours for town planning purposes. 

50. During his residence in Malta Chadwick always made a liberal pro­
vision in the estimates for "surveys and studies". Each year he prepared a 
digest of observations, results achieved, and proposals for future improvements, 
and it-was his intention that these reports should be continued and expanded. 
"It is most desirable that a report giving the rainfall, discharge of springs, a 
summary of pumping returns, progress of works, and the li}ge, should be sub-
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mitted to Gove_rnment annually. It might be drawn up on the lines of those 
which I formerly submitted. Much information, of great value when projects 
for extension are to be studied, will be brought together in an accessible form. 
The matter doubtless exists, but in scattered and undigested form. Moreover, 
public attention will be directed to the operations of the Water Works Depart­
ment, a branch of the administration which is certainly but little less important 
than any other". This hope of a yearly full appreciation of the situation has 
never been realised, and, after Chadwick, the ''annual report" declined to a few 
paragraphs, often only a few lines, explanatory of the major items of expenditure 
for the year. Fortunately, whatever plans and records were made have been 
well preserved in the Water Department's Office, but they cover the develop­
ments of the past fifty years very unevenly, both qualitatively and quantita­
tively. 

51. For more than ten years after Chadwick's last visit to Malta the driving 
of the gallery between the existing Wied il Kbir and Wied is Seuda systems, and 
completion of the gallery connecting the Armier Shaft to Wied il Kbir Pumping 
Station were the only works of major importance undertaken to increase the 
public supply. No attempts were made to increase production from the Upper 
Coralline areas, apart from a few yards of trial driving at Bir Nuhhala in 1908. 
The purpose of this latter work was to ascertain whether the flow of that spring, 
which already supplied Imjar and Binjemma, could be increased to provide 
water for St. Paul's Bay and Mellieha, additional to the water from Ghain 
Tuffieha. The Via Dingli Gallery in the Upper Coralline, in its original condition 
as left by Chadwick in 1887, was already proving inadequate to meet the growing 
demands of Rabat, Mdina, Imtarfa, and Dingli, so, in 1905, by arrangement with 
the War Department, the pumping plant which had formerly lifted water from 
the Ghemieri Spring up to the N adur Tanks, for military supplies along the Victoria 
Lines and to Imtarfa Barracks, was removed to a ne.w site at Ghain Kaiet, 
where it could draw upon a larger supply from the Wignacourt Group of springs 
for pumping to both the Rabat and N adur Tanks. It is to he regretted that the 
construction of this new pumping station was not combined with the carrying 
out of a recommendation made by Chadwick in 1894, that a gallery should be 
driven northwards from Via Dingli to connect that gallery with the aqueduct 
supply. Had such a gallery been driven to join the old Ghain Kaiet Gallery it 
would have passed down the pitch of the Ghar Barca Syncline, which is one of 
the largest natural drainage areas of the Rabat-Dingli Upper Coralline tract, and 
it is possible that, with a major public supply located there, earlier attention 
would have been attracted to summer overpumping by farmers' shafts, and 
measures of control enforced. 

52. The Wied il Kbir-Wied is Seri.da connecting gallery was completed 
in August 1909, and, by a fortunate coincidence, it most opportunely provided 
additional water from the Lower Table to replace a complete stoppage of the 

. Wignacourt supply during the winter of 1909-10, due to an outbreak of typhoid 
fever which was traced to the water from these springs. The alignment of the 
gallery has already received criticism (para 39). So also must the poverty of 
data concerning the Lower Water Table, recorded during the construction of the 
gallery. Almost all that appears in the annual reports of the Water Department 
are notes of the amount of excavation carried out in expending each year's vote. 
In addition it is recorded in 1904-05 that "hard rock was met with" and that "it 
was difficult to find miners;" in 1908-09, "two centrifugal pumps of a capacity of 
1,000,000 gallons per 24 hours had to be kept working day and night to keep the 
water down", and "the tunnel had to be divided into sections by dams to enable 
the miners to work;" and in 1909-10, that on completion of the gallery it was 
estimated the potential production from the Lower Water Table had been 
increased by 1,000,000 gallons per day. On the plans and sections of the gallery 
no less than 82 separate fissures are plotted in' the 6,300 yards between the Wied 
il Kbir and Wied is Seuda Pumping Stations, but there are no precise data con­
cerning either water levels, yields of separate fissures or of the sections of the 
gallery which were pumped separately, or of variations in the composition of the 
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waters encountered. The only description of hydrological conditions is the 
broad classification of the fissures into six groups, viz. large fissures through which 
water flows, fissures through which water flows, fissures oozing water, small 
fissures oozing water, fissures yielding brackish water, and dry fissures, It 
would appear from the height of the gallery, as shown on the sections, that 
conditions within the Lower Coralline continued as far as Shaft 28 much the 
same as they were in the original part of the gallery at the junction of Wied 
Kirda and Wied Hanzir, where pumping tests provided Chadwick with his 
factor of approximately 100 gallons per foot per day for potential yield from the 
"White Rock". From Shaft 28 to Shaft 42, with the exception of a short dist­
ance driven through "loose rock" in the neighbourhood of Shaft 31, the formation 
must have yielded very little water, as the roof of the gallery is only 6 to 7 feet 
above mean sea level. From Shaft 42 to Shaft 51 the formation must have been 
more "open" again, for the roof lies 16 feet above mean sea level with the floor 
3 feet above mean sea level, suggesting an original standing water level of 10-12 
feet above datum. The main difficulties with strongly-flowing fissures would 
appear to have been encountered between Shafts 51 and 55, where, in places, the 
roof is cut at more than 30 feet above mean sea level. From Shaft 55 to Shaft 
64, at which point the branch tunnel takes off to the sump of the present Tal 
Hlas Pumping Station, the roof is again at 6 to 7 feet and the floor at 1 foot 
above mean sea level. Along the whole length of Wied is Seuda the roof is 
shown at 6 to 7 feet above, and the floor at mean sea level. As a matter of fact, 
however, a line of levels, specially run from mean sea level at Marsa Creek in 
connection with the new work at Wied is Seuda and Ta Kali in 1944, showed that 
the floor of the gallery had risen to 1.92 feet above mean sea level at Shaft 76 in 
Wied is Seuda. 

53. The only other outstanding piece of work carried out by the Water 
Department during the period reviewed in the preceding paragraphs was the 
construction of a service tank of 1,220,000 gallons capacity at Misrah Lewsa, to 
provide the higher parts of Sliema with a bette:r service than that afforded by the 
old branch line from Hamrun. 

54. The outbreak of typhoid fever in 1909 brought about the most import­
ant advance which has been made in Malta water supply practice since Chad­
wick's initiation of a continuous piped supply. Consequent upon an extensive . 
chemical, bacteriological, and field examination of all sources of supply, both 
from the sea level table and from the high level springs, which was carried out 
by Dr. T. Zammit, then Government Analyst, and Major A. H. Morris, R.A.M.C. 
Sanitary Officer for Malta Command at the time, the long-delayed completion 
of the piping of aqueduct supplies was carried out (para 42), and sterilization 
of all public supplies by means of chlorine was commenced. Thus, thanks to 
the fortunate collaboration of two men fully up-to-date in their respective lines 
of scientific work, Malta came to have a safely sterilized water supply within a 
few years of the first introduction of chlorination as a routine measure for the 
purifi:cation of public supplies. The contribution made by this timely work of 
Zammit and Morris to the protection of public health in an island where all 
supplies are drawn from such shallow depths, and where so much of the land 
surface is heavily cultivated and manured, cannot be overestimated. 

55. Subsequent to the publication in 1912 of Zammit and Morris's ""Report 
on the Water Supplies of Malta" routine bacteriological and chemical examina­
tions have been continued by the Public Health Department, and the results 
recorded in the Annual Reports of that Department provide an invaluable 
history of variations in the composition of the water supply, compensating to 
some extent for the almost complete neglect of this aspect in the records of the 
Water Department. Another sequel to their work has produced less fortunate 
results from the engineering point of view. After certain springs, on their 
recommendations, had been cut-out from public supply, and the aqueducts had 
been piped completely, the Water Department discontinued the gauging of 
spring discharges in detail, which had been commenced by Chadwick, and only 
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measured the total quantities actually passed down the main from each modified 
group of springs. Thus it is only for the twenty four seasons from 1885-86 to 
1908-09 that the records of high level spring discharges are at all complete and 
comparable. . The ga~gings for those years cover two fairly well defined cycles 
of seasons with deficient and seasons with ample rainfall, but it is very un­
fortunate that, no matter whether the water discharged was considered suitable 
for domestic consumption or not, the detailed gaugings were interrupted just 
at the commencement of the longest spell of dry seasons on record since rainfall 
gauges were first installed. From 1912-13 to 1926-27 inclusive, only three out 
of fifteen s~asons provided the Rabat gauges with total rainfall figures in excess 
of the 20 mch me~n. From 191_1-12 onwards the records of spring discharge 
(Ta~le 3) are very !nc?J::?plete u~til 1941-42, when Mr. J. Pace again commenced 
routme.records of mdividual sprm_gs. In fact the only figure available for every 
season is that for the total quantity drawn annually through the mains for the 
public supply. This is a very much smaller figure than the actual total annual 
discharge of all the springs which were formerly gauged. 

56. Considerable improvements in the water services for northern part 
of the Island were effected during the years 1910-14. Pipes were laid to convey 
water from Ghain Tuffieha, and any surplus Bir Nuhhala water, to St. Paul's 
Bay and Mellieha. A service reservoir of 715,000 gallons capacity for St. Paul's 
~ay wa~ constructed on the Baida Ridge near II Puales, together with a pump• 
mg st~tion to bo~st water from that site to a service reservoir of 553,000 gallons 
cap~city at M~llieha. The onl~ new work carried out to augment resources 
durmg that period was an extens10n of about 90 yards to the previously existing 
galleries at Fawwara and Annunziata Springs. 

57. ~1;1ring the. war years 1914-18 there was no expenditure on new 
galle~y d~ivmg, but, m respons~ to the heavy demand made by the military 
hospitals m the Island, product10n from the Lower Water Table was increased 
by the construction of a new pumping station near Tal Hlas, at the point where 
the gallery from Wied K_irda and Wied il Kbir joins the Wied is Seuda gallery. 
The expense of construct10n was met by the War Department. The new station 
was completed and commenced pumping in 1916, but it was not until 1924 
af!e~ the ~nstalla_tion of :in elec_trically-driven pumping set in addition to th; 
origmal diesel-driven reciprocatmg pump, that it was able to take over com­
pletely the duty of the Wied is Seuda Pumping Station, which was then closed 
down. 

58. Early in 1916 the urgency of the war-time demand for increased water 
supplies, coupled with the greatly reduced yield from the high level springs, 
caused Lord Methuen to seek an overall expert appreciation of the situation from 
Colonel J. C. Robertson, I.M.S., then Sanitary Officer, Malta Command. As 
guide to local geological conditions and the past history of water supply deve­
lopm_ents, Robertson enlisted the aid of C. Rizzo, Sanitary Engineer in the 
Public Health Department, one of the local school of naturalists who were 
maintaining the interest in local geological research created by Sir John Murray's 
yisi~s to Mal!a _in 1889 and 1890. Eighteen months were spent on the exam­
matlon of existmg works and the geology of the main part of the island to the 
east of _the Victoria Lines Fault. Robertso~'~ ."Report on the Possibility of 
I~cr~asmg th~ Fresh W a~er Su_Pply and of Utilismg the Sewage for Crop Irriga­
tion m Malta was submitted m October 1917, and was published in 1919 with 
critical minutes by J. A. Galizia, Manager of the Water Department, and by 
L. Gatt, Superintendent of Public Works, as appendices. The first half of the 
repo~t consists of a brief description of the climate, topography, and geology of 
the island, followed by ~~ analysis of the probable effects of the geology on 
underground water condit10ns. The second half consists of brief descriptions 
of the water supply works as they existed in 1917, and the recommendations 
for their extensions. Only the penultimate paragraph refers to the utilisation 
of sewage for irrigation, and this does little more than repeat Chadwick's advice 
with the addition of calling attention to the areas floored by impermeabl; 
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Middle and Upper Globigerina beds in th~ ea?tern part of the Island, where th~re 
would be little or no danger of contammation of underground water supplies. 
Robertson's Report has had considerable influence on subsequent water supply 
discussions and developments in Malta, owing to its attractive conciseness, its 
illustrative maps and diagrams, and the fact that it is the ?nly approxima~ion 
to a complete discussion of local water supply problems that has been made smce 
Chadwick's 1884 Report. A careful study of Robertson's work, however, soon 
reveals the author's lack of practical geological and engineering experience,. an~ 
the technical value of the report has proved to be far less than that of Chadwick s 
and Zammit and Morris's contributions. 

59. Robertson made two main recommendations concerning further 
developments in the Lower Water Table; (a) that greatly increased supplies 
could be had from the existing galleries, without any deterioration in composition, 
by deepening them sufficiently to enable the pumping level ~hroughout t~eir 
length to be lowered to mean sea level; and (b) _that ne~ galleries and pu°:1-p~g 
stations should be constructed north-west of Brrzebbugia, west of St. Julian s, 
and at Wied il Ghasel. Despite his own detailed presentation of the hydrostatic 
theory of a sea· level freshwater table and his picture of the Malta limestones as 
extremely porous, permeable, cavernous, :fiss~red forfil;ations, not to men~!on 
Chadwick's objective accounts of actual pumpmg experiences, Robertson faued 
to appreciate that localised pumping to a low~r level must inevitably produce 
an increased rate of diffusion between the sahne and fresh zones of the water 
table and especially on the actual upward streaming along the open :fissures 
that pass between the zones. Much of the suggested g~llerY. deepening has 
been carried out in the years subsequent to 1920, has provided mcreased annual 
pumping potential, and has been accompanied by ~ contin~al rise ~n the mean 
annual salinity of the water pumped. Robertson ~ selection of s_1tes for new 
pumping stations down the pitch of presumed synclinal structures 1~ the Lower 
Coralline Limestone, in every case near the coastal edge of t~e rnam sea level _ 
water table and designedly in close proximity to major fault lines, also reveals 
inability to' relate his conception of hydrological ~onditions w~thin the Lo~er 
Water Table to the probable results of actual pumpmg. Galleries and pumpmg 
stations have since been constructed at two of the three sites he recommended, 
namely at Wied Dalam near Birzebbugia, and at Wied il Ghasel near Fort Musta. 
In both areas initial trial shafts revealed low salinities at the top of the water 
table but subsequent experience has been that even a moderate rate ~f pumping 
to sea level raises the salinity of the water produced to a proport10n almost 
prohibitive for domestic consumption: I~ is mo.st _unlikely that_ R?hertson's 
suggested gallery in the Lower Coralline m proximity to St. Julian s and St. 
George's Bays will ever he taken in hand. · . . 

60. Robertson's recommendations concerning the Upper Coralline areas 
followed much sounder lines. He repeated Zammit and Morris's advice that 
when adequate arrangements had been made fo~ chlorinat~ng high lev~l _spring 
supplies, even those which had been cut out owmg to. their sha_llow origm a~d 
liability to serious contamination could once more be mcluded 1~ the domestic 
supply, with a considerable saving in expense as compar_ed with the _cost of 
pumping an equivalent quantity of water from. the Lower Table ~urmg the 
winter months. He remarked upon the deleterious effects of contmued and 
increasing poaching by private shafts and galleries _in proximi~y to the Govern­
ment works, reinforcing his warnings by comparative produ~t1on gra~hs of the 
Wignacourt, Buskett, and Fawar~ Springs p~epa~ed for him by Rizzo, and 
repeated Chadwick's recommendations that leg1slat1on should be undertaken to 
place all water supply developments un~er offici~l con~rol. _Surve-ys · of the . 
irrigated areas were recommended, to provide a basis for discussions with regard 
compensation; as well as a survey of the underground contours of the t~p of the 
Blue Clay Formation, to enable plans for development and conservation to be 

formulated. 
61. Little was done to give effect to the above recommendat~o~s unti_l the · 

Water Pumps Ordinance of 1938 prohibited the modification of eXJ.stmg pnvate 
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wells ~nd the sinking of new ones over a large part of the Rahat-Dingli Upper 
Co_ralhne areas. By that date, however, the increase in the concentration of 
private ~ells had reduced the 'summer output of most of the Wignacourt group 
of galleries to a m~re fraction of their former yield. No measures have been 
taken to reappropriate to the full their winter storm discharge. No full and 

_ accurate surv~y has yet been made of the private shafts and galleries, their 
water produ~t10n, and the extent of the lands irrigated by them. The geological 
survey of this area carried out by Rizzo in the years subsequent to Robertson's 
departure from Malta pro~uced only a very imperfect geological map, no con­
t~urs, only a coupfo of brief, vague paragraphs on "Possible Water Tables" in 
his 1928 report, and some 1,900 feet of new gallery constructed during the years 
1931-35 to the south-west of Boschetto, to provide additional water for the 
Government gardens. , · 

62. Robertson also made_ sever~l suggestio~s with a view to reducing 
surface run-off to the sea and _mcreasmg percolat10n to underground storage. 
He was averse to the construct10n of further dams of the size of those in Wied 
tal Kleigha, for fear of proviaing breeding places for anophelene mosquitoes. 
lnstea~ he suggest_ed numerous smaller dams to serve the double purpose of 
retardi_ng storm discharge. and collecting silt. It is quite possible that an 
extensive programme of this type, as envisaged by Robertson, would do more 
harm than good, ny actually reducing the quantity of percolation through the 
".'alley floors. A smaller nu~ber. of l~rge dam~, located on suitable outcrops 
like that o~ the Lowe~ Coralline m Wied Hanz1r, and not designed for the pur­
pose of soil reclamation, would be much more likely to produce the desired 
result from the water conservation point of view. The case mentioned is 
~or~hy of careful st_udy to determine whether the results achieved are likely to 
.~ust1fy the expens_e 1~volved. Robertson's suggestion of extensive deep trench­
m~ along rocky hillsides and the planting of trees would probably have a bene­
ficial effect, on the balance, in reducing evaporation loss, if carried out extensive­
ly on the Upper a~d Lo~er Coralline "xghara". But the expense involved to 
produce an appreciable improvement on existing natural conditions would be 
immense. Another suggestion, that early ploughing or harrowing of fields 
should he made compulsory, was valueless. There can be very little percolation 
to underground storage through the heavy clay soils of most Maltese fields. 

6?. !lobertson left M_alta towards t~e end of 1917, was awarded the C.M.G., 
and_ died m 1924. Th~ history of_pu~lic wat~r supply developments in Malta 
d?-rmg ~he _years following the publicat10n of his report has consisted largely of a 
d1sapp01?-t1~g. and hopel~ss struggl~ to re~lise in practice the ill-consider~d and 
ove_r-optrm1st1c expectat10ns he raised with regard to the potentialities of the 
Mam Lower Water Table. For example,· towards the end of his remarks on 
"Structural Geology", in an attempt to illustrate the possible annual rate of 
den~dation by solution, he hazarded a guess, completely unsupported by any 
pertment data, that some 10,000,000,000 gal.Ions of fres~ water found their way 
each year to _the '?nd~rground wat~r tables m that port10n of the island to the 
east of the V1ctona Lmes Fault. We have seen that the average annual rain­
fa~ is 21,000,000,000, gallons and we may assume that probably about half of 
this (~~y 10,000,000,000 ga~o~s) sin~s into the rocks and goes to form ground 
water . Subsequently this mcaut10us figure has been seized upon with 
ev~n less ~onsideratio?, by those who have regarded Robertson's Repo;t as a 
reliable gu~de to practice, and has ~een quoted repeatedly as a valid estimate of 
the_ quantity of potable water which should be obtainable annually from the 
Mam Lower Water Table ~lone. Th~re has been no reflection that a large part 
of the ar~a of 70 square mil~s, to which Robertson's over-simplified calculation 
referred, 1s co-~ered by su_ch impermeable form~tions as Blue Clays, Globigerina 
marls, a~d thick day soils,. t~rough all of which there can be no appreciable 
percolat10n, nor that, even 1f 1t were to be shown, by direct measurement, that 
10,000,000,000 gallons per annum was a reliable approximation to the mean 
annual fresh water replenishment of the Main Lower Water Table, this would 



not guarantee that anything like that volume of potable water could he re­
covered in practice from such a body of sea level water. Nevertheless the 
unfortunate misapprehension appears to have taken firm root, and based on it, 
and in ignorance of the many other factors concerned, during the last ten years 
there has arisen an agitation for Governmental provision of vastly increased 
supplies of water for agricultural use, over and above the ever present demand 
for improved domestic supplies. In the twenty-two years from 1919-20 to 
1940-41 the capital expenditure of the Water Department on new production 
works amounted to £354,812, an average rate of £16,128 per annum. The in­
crease in volume of production was by no means commensurate with the capital 
outlay, and the overall composition of the water extracted depreciated con­
tinuously (Plate 1). 

64. Carmelo Rizzo's association with Robertson during 1916 and 1917 
was responsible for his promotion in 1919 from the post of Sanitary Engineer in 
the Public Health Department to a newly created appointment in the Water 
Department of Engineer in charge of Extraordinary Works. In addition he 
received a separate commission to continue and complete the geological survey 
work he had commenced in conjunction with Robertson. Rizzo was not a 
young man when he was entrusted with these responsibilities, and he had no 
formal training as a water engineer or as a field geologist, so that it is not surpris­
ing that he learned little from his subsequent experience in endeavouring to 
carry out Robertson's schemes. The ideas he had imbibed from his brief associa­
tion with Robertson prevailed with him to the end of his service, and were 
passed on by him to the deliberations of the Water Supply Committee of 1934-35 
and the Agricultural Supply Committee of 1935-36, on both of which he served. 

65. In 1920 work commenced on the first of the sites suggested by Robert­
son for a new pumping station and galleries in the Lower Water Table, at Wied 
Dalam, north-west of Birzehhugia. A million gallon service tank was built at 
Axiak during 1922-25 in conjunction with this scheme, and the Wied Dalam 
Station commenced pumping in 1925. The high hopes which had been enter­
tained that this station would provide a solution of the water supply problem 
of the eastern part of the island, were disappointed from the very outset. Pro­
duction for domestic supplies has never exceeded a few million gallons a year, and 
although annual figures for the station have never been published, Dr. V. J. 
Mifsud informs me that the mean annual salinity of the water pumped has never 
been less than 100 parts of chlorides per 100,000. 

66. The work of deepening and extending the Wied il Kbir - Wied is 
Seuda galleries also commenced in 1920, and was continued by small instalments 
every year until 1939. After the floor of the old galleries had been cut down to 
sea level throughout their length a programme of widening was commenced in 
1935 in the Wied is Seuda gallery, with a view to facilitating flow to the sump of 
the Tal Hlas Pumping Station. By 1939 a length of 1,266 feet had been en­
larged from the original average of 2 feet to a uniform width of 5 feet. TI:,.e 
extensions to the system were carried out in two directions, (i) continuing the 
old branch further along Wied Hanzir and Wied Xcora, where the end of the 
gallery now stands at a distance of 3,750 feet from Chadwick's old Shaft No. 23 
at the junction of Wied Kirda and Wied Hanzir, and (ii) an entirely new branch 
driven southwards for a distance of 1,850 feet towards Tai Gharhi from Shaft 71 
in Wied is Seuda. 

67. The first trial shafts at the second of Robertson's suggested sites for 
additional Lower Table galleries, alongside the Victoria Lines Fault at Wied il 
Ghasel, were put down in 1926. The low salinity of only 15 parts chlorides per 
100,000 was considered to be very favourable, but the low standing w3:ter lev~l of 
only 5 feet above sea level which was recorded should have been a warmng agamst 
over-optimistic expectations from pumping results. After the 1934-35 Water 
Supply Committee and the 1935-36 Agricultural Irrigation Com~ttee had re­
emphasised the need for increased supplies, funds were made available for the 
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more rapid prosecution of this work. By 1938 some 6,600 feet of gallery had 
been driven, the Wied ii Ghasel Pumping Station completed, a semce tank of 
5,320,000 gallons capacity constructed,. an?- a ! 4 inch main laid to. connect this 
new source of supply with the general d1str1but10n system, The saline character 
of the water produced has already been mentioned (para 59).. There has bee~ a 
tendency to ascribe ~he poor results. to the f3:ct that so~e p~rt~ons of the gallenes 
are cut in the Glob1germa Formation. This explanation 1s madequate, for, as 
in cases on record from Wied il Kbir and Wied is Seuda, as high salinities as any 
from the Globigerina Formation have been recorded fr?m fissures in the Lower 
Coralline Limestones. The gallery system was located m an area of very broken 
rocks, near the margin of the Main Sea Level Table, ~ith the consequence ~hat 
even a moderate rate of pumping down to sea level mduces strongly localised 
circulation along open fissures from the more saline zones of the table. 

68. The only works carried out in the Upper Coralline areas in Malta 
during Rizzo's regime as Engineer Water (E) were (i) the new gallery at Buskett 
(para 61) for the purpose of increasing the supply of water to the garden~, and 
(ii) extension of the Ghain Tuffieha Gallery to a pomt. about _2,600 feet distant 
from the original surface spring, for the purpose of mcreasmg the supply . of 
water to Mellieha and St. Paul's Bay. The alignments chosen for these galleries 
were not determined by any geological work on Rizzo's part, but simply by the 
old necessity to follow along the verge of public roads to avoid the trouble and 
expense of having to obtain access to private land. By chance the road along 
which the Ghain Tuffieha Gallery is driven coincides closely with the westward• 
pitching synclinal axis responsible for the original surface sprin~, so th~t, from 
the structural point of view, this gallery possesses the most rational alignment 
of any constructed to date in the Upper Coralline areas. 

69. There is little of outstanding importance to note in the way of exten• 
sions and modifications of storage and distribution a~range1;11-ents during ~he 
years under review. In 1928, following upon the obvious failur_e of the Wied 
Dalam scheme to provide a remedy for the summer shortage m the eastern 
area, a pipe line was laid to connect the Buskett main with that fro~ the Fawara 
Springs near Tai Providenza, so that the Fawara supply could be mcreased by 
37,000 gallons per day, when necessary". ~ further connecting li~e from the 
Ta L'Iskof Springs, mooted at the same time, has never been laid. By the 
construction of the Mercieca, New Rabat, Axiak, and Luca Tanks in the twelve 
years 1920 to 1932 reservoir capacity was increased by little more than the 
amount Chadwick and Schinas provided in the two years 1884-86 by the con­
struction of the Santa Maria Reservoir alone. 

70. As an example of the extent to whi_ch the ~hole outl~ok on th? l?c~l 
water supply situation was vitiated by Robertson s attractively optim1st1c 
picture of the Lower Water Table it is interesting to refer to a paper on "The 
Water Supply of the Maltese Islands", written by T. Zammit in 1924. After 
providing an interesting historical outline of water supply developments and 
bringing up to dat~ the descriptiye portion of his and Morris's 191~ Report, he 
concludes by advismg concentration on further development work m the Lo~er 
Water Table as being capable of providing the easiest and most econonncal 
solution of Malta's water supply difficulties. Having introduced Rizzo to 
Robertson in 1916 Zammit no doubt derived considerable satisfaction from the 
apparentlylbrilliant results of that collaboration; hut had he been able to re• 
linquish his administrative and archaeological labours for a year or two, and to 
devote his keenly critical faculties to an independent detailed consideration of 
water supply developments from the point where he and Morris had left the 
matter in 1912, there can be little doubt that he would have felt by no means so 
complacent about the situation. 

71. In the paper referred to in the preceding paragraph Zammit expressed 
the hope that a more adequate treatment of the subject than he was able to 
provide would be forthcoming in the near future, presumably as a result of the 
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w?rk on which Rizzo, hy that time, had been specially engaged for several years. 
Rizzo's ~'Report on the Geology of the Maltese Islands, including Special Chapters 
on Possible Water Tables, and on Prospecting for Mineral Oil and Natural Gas" 
was completed in August, 1928, and finally printed and published in 1932. 
There is no sign in this Report that Rizzo appreciated the fact that his selection 
for the dual appo~tme~t of Engineer Water (E) and Geological Surveyor or had 
been prompted pnmanly by the need for a thorough quantitative investigation 
of w~ter supply resources. T~e Report is mainly a compilation of previously 
published work on the stratigraphy and structure of the islands, with the ad­
dition of a few new observations of his own. He excused the brevity of his 
chapter on "Possible Water Tables" on the grounds that the subject had been 
amply d~alt with already in Robertson's 1917 Report, "which contains most 
of my VIews on the general behaviour of the underground water". It is dif­
ficult to understand, how, with the disappointing Wied Dalam results fresh in 
mind, he could bring himself to believe still that the Lower Water Table was 
"far more reliable ...... both from the point· of view of potability of water obtain­
able therefrom, as well as from that concerning its quantity" than the High 
Level Springs; and why, after repeating Robertson's completely out of scale 
text book figure of a thick lens-shaped body of freshwater floating on sea water 
as ~he on!y ~ll1;1stration. _i~ his Re~ort, he sh?uld procee_d_ to detail six separate 
reg10ns w1thrn 1t as localities at which he considered cond1t10ns would be particul­
arly favourable for the formation of "Water Tables". It is perhaps indicative 
of some dawning hesitation1 that, while Wied il Ghasel still figured in this list, 
Robertson's St. Julian's area was omitted. Rizzo's descriptions of separate 
smaller sea level tables in the north-western portion of the island and of 
possible "Upper Tables", are correct as far as they go, but lack precision. 

72. Rizzo's Report was intended to serve as explanation of a complete set 
of the 1 :2500 survey sheets of Malta, on which he claimed to have distinguished, 
by no less than eleven separate colours, most of the mappable members of 
the local succession, from Lower Coralline to Quaternary. A footnote to the 
preface, as published in 1932, states "The Survey Sheets and the 6-inch maps 
of Malta and Gozo accompanying the original report are not published with this 
report," and now the whereabouts of the original 1 :2500 sheets cannot be dis­
cover~d. Two fe~rogallic prints of tracings of the 6-inch maps of Malta and Gozo, 
on whic~ many 1s~lated field notes. ha~e been entered, and on which the outcrops 
of certarn format10ns have been rnd1cated by rough masses of crayon, with a 
conspicuous absence of precise boundary lines, are preserved in the office of the 
Water Department. It is thought that they are possibly the originals of the 
6-inch maps mentioned in the footnote. Reduced to the 2-inch scale they pro­
vide in some respects a more adequate picture of the surface geology of the 
Islands than that afforded by Murray's small scale map ofl890, but the gain is not 
in proportion to the time and scale Rizzo claims to have devoted to the work, 
and they are of little or no value for practical engineering purposes. At no 
time during the tenure of his appointments does Rizzo appear to have made any 
attempt to organise a deliberate survey of irrigated areas and private water 
supply works, such as had been advised by Robertson. Complete records of 
this nature are essential for proper discussion and planning of measures for 
conservation and development, but it was only in September 1944 that a com­
mencement was made by Messrs. J. Baldacchino and A. Pace. 

73. The year 1928, in whic_h Rizzo's Report was submitted, saw the end of 
the long spell of seasons of deficient rainfall, which had continued, with only 
three interruptions, since 1913. Some analytical observations on the effects of 
this long drought, the longest recorded since measurements of rainfall have been 
systematically observed, might have been expected from Rizzo, for its influence 
on the composition of the water pumped from the Island's two major pumping 
stations is very obvious from the analyses of the Public Health Department. 
No such study was made, nor of the effect of the six consecutive seasons of excess 
rainfall, 1927-28 to 1932-33, which followed. To Rizzo the water of Mediter-
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ranean salinity, which must be reached within five or six hundred feet- \>elow the 
top of the sea level table, served "the purpose 9f an impermeable stratum"; 
with Robertson's 10,000,000,000 gallons in mind the difficulty of maintaining 
an adequate volume of domestic supplies du_ring the summer w~s a matter w~ch 
could readily he solved by the construction ~f more galleries ~nd_ pumpmg 
stations. It never seems to have occurred to him to debate the sigmficance of 
the progressive deterioration in quality he was witnessing; "the galleries recover 
quickly after a short interval without pumping", and any summertime increase 
in salinity was "entirely checked every year by the advent of the winter rains". 

74. In 1934 Rizzo's service in the Water Department as Engineer (E) 
came to an end and with it the well-intentioned hut ill-fated attempt to ensure 
progress by differentiating the development and maintenance sides of the 
Department's activities. Mr. A. S. Mortime~ joined t~e Department. as Water 
Engineer in 1934, and in 1935 he was appomted Semor Water Engme~r. In 
this position he inherited the accum~lated effects o~ m~ny years of mistaken 
policy, found the Department committed to the Wi~d _11 ~hasel scheme, ~as 
confronted with the renewed and increased appeal for irngat10n water, and with 
the continued influence of Robertson-Rizzo ideas as the result of Rizzo's service 
in an advisory capacity ori the committees of 1934-35 and 1935-36. 

75. The Water Supply Committee of 1934-35 and the Agricultural Ir­
rigation Committee of 1935-36 both originated ~rom the desire of the J?ep_a~ment 
of Agriculture to provide more reliable supplies of water for certam 1~ngated 
areas where the q-qantity available from the Water ~epart~ent was liable _to 
considerable variation from year to year, and to proVIde entirely new supplies 
for large areas where landowners and tenants had been unable to develop supplies 
for themselves. The fact that the initiative came from this direction, and that, 
when the demand was made, so little by way of results achieved, or by way of 
reliable quantitative information conc~rning the Island's undevelo_Ped w~ter 
supply resources, c?uld be provide? by th~ Water Department engmeers, 1s a 
most serious reflect10n on the state mto which the outlook of the Water Depart• 
ment had deteriorated since Chadwick's connection with Malta ceased. In a 
detailed review of agricultural conditions in Mal~a Sir F. ~tockd~le had em­
phasised the fact that the internal food p~oduct1on by dry-farmmg methods 
had reached its limit of expansion, and that 1t appeared to him that most of the 
areas in which farmers could obtain their own irrigation supplies from under­
ground sources had also been fully developed. He recommended, therefore, 
that the Water Department should be called upon to ascertain whether further 
supplies could be economically pro_vided for irrigation, and specificallr, suggested 
(i) boring in search of deeper supplies than those already known, and (u) measures 
for further conservation of stormwaters. In following up these recommenda­
tions the Director of Agriculture endeavour~d to obtain quotations _of b_oring 
costs from various English, French, and Italian firms, and, althou~h its . discus­
sions were expanded ultimately to all aspects of the problem, mcluding the 
annual summer shortage of domestic supplies, it was primarily to consider the 
prospects of a deep boring campaign, by contract or departm_entally, that_ the 
1934-35 Committee was convened. As the ~orps of Royal Engmeers. had d~~ed 
shallow holes in the island from time to time, as part of the routme trammg 
programme for various sapper tradesmen, the Chief Engineer, Malta CommaD:d, 
(at that time Col. C. Turner-Jones, D.S.O., M.C.), was re~uested to ac~ as chair• 
man of the committee. The other members were Dr. G. Micallef, Supermte:c.dent 
of Agriculture, Prof. J. L. Gatt, Senior Water Engineer, C. Rizzo, and W. Booth­
man, representing the Public Works Department. 

76. The committee commenced its deliberations in June 1934 and sub­
mitted its first report on the ~~st August. Robertson'~ 10,000,000,000 ga~ons was 
accepted as the basis of legitimate annual expectat10ns from the Mam Lower 
Water Table and was described as "probably a conservative estimate", though 
"indetermin~te". Rizzo could supply no more quantitative picture of the regime 
in th• Lower Water Table than that which he had provided to Robertson in 1916. 
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Opinion concerning methods of incruiiiing the water supply were recorded under 
five separate heads. (i) With regard to deep boring in hopes of striking an 
"artesian supply" the Committee considered that there was a "reasonable 
possibility" of succ~ss, and recommended that machinery should he purchased 
and a. driller engaged so that the work could he carried out departmentally, as 
no private firm would quote acceptable terms for hire of plant or for carrying 
out the work by contract. (ii) It was considered that before any further ex­
tensions of the existing gallery system were carried out the long-term behaviour 
of the sea level wate~ table should he investigated with some degree of precision 
by m~ans of small diameter boreholes all over the island. Widening of existing 
g_alleries_, .. however, w~s suggested as an ~~mediate means of increasing produc­
tion. (m) Construction of dams for retammg storm waters in the wieds was not 
recommended ~s. i~ was ~onsidered that the cos~ of large open storage reservoirs 
would he prohibitive owmg to the valuable agricultural land which would have 
to be purchased, and the large evaporation losses which would have to he 
accepted. Even smaller works, on the scale of the Wied tal Kleigha dams were 
not _favoured, as they were held_ to "merely serve the purpose of increasing the 
available amount of water durmg the months when rain falls". (iv) Construc­
ti_o~ _costs of fur~her large artificial storage reservoirs were regarded as pro­
hibitive at the estimated figure of £2,000 per million gallons for reservoirs of 
more than 10,000,000 gallons capacity. (v) With regard to measures of 
conservation it was recommended that a series of low dams should be con­
structe~ at inter':als, after the manner suggested by Robertson, along 
the Wied tal Kleigha and at the points of infall of its main tributaries 
and one in Wied Anglu, to determine to what extent surface run-off to the se~ 
could he impeded; and that an experimental attempt to delay marginal loss 
from the water table to the sea should he made by drilling holes from 14 feet 
above to 14 feet below sea level and grouting in cement "under very great 
pressure, with a view to filling fissures and forming an impermeable harrier 
to water". 

77. By the time the Committee (now with Col. C. W. Bushell, O.B.E., 
Chief Engineer, as chairman) submitted its second interim report on the 16th 
November 1934, its views on a number of important points had altered con­
siderably. The idea of deep boring was temporarily abandoned, as such an 
attempt was considered now to he "a mere gamble", with "all present indica- · 
tions against the likelihood of success". The committee was also influenced by 
~rr.oneous belief tha! "any such bore ( depth not stated, but 2,000 feet suggested 
m it~ first repor_t) '!11i~~t take up tw? years to drive, and at least another year to 
put mto comrmss10n . They considered that the need was urgent to increase 
the daily summer supply provided by the Water Department to 20 gallons per 
head per day; that widening of existing galleries would be inadequate to yield 
the quantity required, and, in any case, would be far too slow; and that the 
construction of adequate storage reservoirs, besides being too slow, would he 
far too_ expensive. The recommendation of the Committee's first report, that 
a systematic overall investigation of the sea level water table should he carried 
out by means of numerous shallow boreholes before driving any further new 
galleries, was abandoned, and the Committee expressed itself to he unanimously 
of opinion that completion of the Wied il Ghasel scheme should he expedited at 
a cost of £47,000 spread over the next two years. 

78. The third and final report of this committee was submitted on the 3rd 
April. 1935. The main points of this report were (i) that the committee, after 
st~dymg maps and r~ports on the geology of Sicily and Tunis, were firmly of 
oprmon that deep hormg below the sea level table in search of potable water was 
foredoomed to failure, and that such an enterprise could only he justified as an 
item of pure geological research, or as a speculation for oil; and (ii) that further 
extensions of the Wied tal Kleigha system of storm-waterdams should receive 
consideration, thus reversing another ·recommendation of their first report. 
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79. The Agricultural Irrigation Cc,, ..nittee was convened in June 1935 
and held its first meeting on the 10th August 1935. The chairman, Dr. G. 
Micallef, Director of Agriculture; C. Rizzo, now Director of the Valletta Museum; 
and W. Boothman, representing the Public Works Department, had served on 
the previous committee. Mr. A. S. Mortimer took the place of Prof. J. L. Gatt 
(who had been promoted Director of Public Works) as representative of the 
Water Department; and Mr. 0. Sammut, of the Imposts Branch of the Treasury, 
provided an independent point of view. During the early meetings of the Com­
mittee visits were paid to a boring rig which had been hired from the firm 
Motomeccanica of Milan and which was in operation at the Marsa Cold Stores. 
The idea of a deep trial boring, which had been turned down a few months 
previously was again revived, and, hefor~ the equipment was returned to Italy, 
the Committee submitted to the Government a recommendation that a contract 
be entered upon for a trial boring to a depth of 2,000 feet at a cost of 25/- per 
foot. This recommendation was not accepted. Thereafter the committee 
returned to consideration oflocal time-honoured methods of obtaining additional 
supplies from surface catchments and from galleries in the Main Lower Water 
Table, and paid visits of inspection to various localities in Malta and Gozo 
which had been suggested as sites for such additional works. They also re­
opened the question of sewage utilization, erroneously crediting Robertson 
with the recommendation which had been made repeatedly by Chadwick many 
years previously. 

80. The final report of the committee was completed on the 22nd June 
1936. It is almost as lacking in fundamental quantitative data concerning the 
subjects under discussion as were the reports of the preceding committee; 
even the figures quoted as estimates of areas already under irrigation are self­
contradictory and the value of the attempt which was made to estimate the 
quantity of water being :used is likewise very doubtful. In paragraph 3 of the 
report the average area of vegetable gardens irrigated year by year, in Malta 
and Gozo combined, is given as 2,387 acres, not including potato and tomato 
fields, nor orange gardens. In paragraph 9 the total area under irrigation is 
quoted as only 1,120 acres. Using the latter figure and assuming that the water 
used amounted to an average of 21 inches over the whole area the Committee 
calculated that 752 million gallons (should have been 532 million gallons) of 
water per annum were already being used for irrigation, or 3½ million gallons 
(should have been 2½ million gallons) per day during the seven dry months of the 
year. No surveys appear to have been made to determine a reliable average 
rate for Malta irrigation practice, and the basis for the assumption of 21 inches 
only was not explained. It is certainly only one-third or one-fourth of the 
quantity used by farmers who have provided themselves with mechanical 
means for raising water and who possess wells which yield the supply they 
consider necessary. A count of the number of mechanical appliances in use for 
raising water (windmill pumps, engine-driven pumps, water wheels, and "other 
mechanical appliances") was made in September 1935 and is tabulated in the 
report, hut no check estimate of the quantity of water extracted by these ap­
pliances was attempted. However, the table will provide some basis for 
comparison when the deliberate survey of irrigated areas and private pumping 
equipment, at present in progress, is completed. 

81. The committee again accepted the assumption that 10,000,000,000 
gallons of water per annum could he recovered from the Main Lower Table of 
Malta alone, and inferred that this could he interpreted as meaning 40,000,000 
gallons per day throughout the year. With confidence in these assumptions, 
despite the fact that they indicated that irrigation was already deriving more 
water per day from underground sources during the dry season than was being 
extracted for domestic supplies, the committee had no hesitation in recommend­
ing that a further 10,000 feet of galleries he constructed in the Lower Water 
Table solely for the provision of additional irrigation supplies. The Govern­
ment was stated to own already "about 2 miles of galleries" in the Lower 



28 

Water Table, and to draw "about 2 million gallons of wate1· daily" from that 
source, Actually the length of the Armier-Wied il Khir-Wied is Seuda gallery 
system alone was about 5 miles in 1935, and the average total daily water 
production by Government pumping stations in the Lower Water Table was 
approximately 2¼ million gallons in 1934-35. . 

82. The specific proposals made by the committee, as far as Maha was 
concerned, were (i) 10,000 feet of new galleries in the Lower Water Table; 
(ii) production of "hard water" from Wied Dalam to be increased, and the whole 
output to be distributed from the Axiak Tank solely for irrigation; (iii) the 
two existing dams in Wied tal Kleigha to be raised, and an additional one 
constructed; (iv} a fourth dam, 30 feet high, to be built further down this 
valley, near Mosta, on the Lower Coralline outcrop, in the expectation that even 
if it should fail to hold any appreciable irrigation supplies it would transfer a 
large surface run-off to underground storage; (v) 200 tees and sluice valves to 
be fixed on the domestic supply mains throughout the island, and hoses provided 
in order that any surplus to the requirements of domestic consumers could 
be distributed for irrigation; and (vi) an experimental borehole to 2,000 feet 
was again recommended, at a cost now estimated at £4,200. In a minority 
report Mr. 0. Sammut expressed his opinion that the responsibility of deciding 
when water could be provided for irrigation from the domestic mains (visualised 
by him "as soon as the winter water level was reached in the galleries") should 
not be allowed to rest with the Water Department, but with higher authority. 
More usefully he emphasised the increasingly adverse effect which further 
uncontrolled sinking of private wells was likely to have on the sources 0£ 
domestic supply. 

83. Inl937-38 one of the existing TalKleigha dams was raised5feet and a 
third dam constructed lower down the valley, providing an additional 
5 million gallons capacity for diversion of stormwater to irrigation. 155 tees 
and valves were fixed on various mains for distribution of water, when available, 
to fields. The suggested dam near Mosta was not proceeded with, and the 
suggested deep boring w.as considered unjustified in view of the committee's 
belief that hardly one-twentieth of the available supply from the Lower Water 
Table was being utilised. The warnings concerning the adverse effects of 
uncontrolled private well-sinkings were at last heeded, and resulted in the 
Water Pumps Ordinance of 1938, whereby applications for permission to sink 
new shafts, or to modify pumping installations of existing wells, were made 
compulsory, and a Water Board under the chairmanship of the Manager, 
Water and Electricity Department, was set up for the purpose of considering 
such applications. 

84. The major schemes for production from the Lower Water Table could 
not be financed from Local Government resources, so, in June 1937, a loan of 
£62,800 was applied for from the Colonial Development Fund, on the grounds 
that it was extremely desirable that the Islands' capacity for internal food 
production should be developed to the utmost, particularly in view of the 
possibility of "a time of emergency when there might be difficul_ty in obtaining 
the supplies normally received from external sources". It was stated that the 
proposed schemes would add 600 acres, or 45 per cent, to the irrigated area of 
the island. The Colonial Development Advisory Committee had some difficulty in 
appreciating the proposals, owing to a mistaken idea that the quantity of water 
quoted as being normally supplied by the Water Department for irrigation, 
and the revenue derived therefrom, referred to the whole of the area already 
irrigated. They found it difficult to believe that as much as the estimated 640,000 
gallons per acre would be taken up by local farmers at there commended price 
of 4d. per 1,000 gallons.Accordingly Sir F. Stockdale was deputed to visit Malta 
again in December 1937 to look into the matter. In a five days visit he was able 
to clear up the misapprehension which had arisen and was convinced that if a 
regular seasonal supply could he maintained there would be no doubt that, in the 
new area it was proposed to irrigate in Malta, all the water would be purchased 
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at the suggested rate, and the financial basis of the scheme was quite sound. He 
did not consider, however, that the probable demand in Gozo would justify 
proceeding with the major scheme for that island. 

85. Apart from the economic aspects discussed several other points of 
general interest in Sir F. Stockdale's Report are worthy of comment. He 
noted that no confirmation had been obtained of the Irrigation Committee's 
assumption of a 21-inch average rate and estimate of 752½ million gallons annual 
consumption on land already irriga~e~, hut accepted, without query, a. new 
estimate that no less than 13,720 rmllion gallons of water should be available 
annually from underground sources to the east of the Victoria Lines Fault. 
He does not seem to have been favourably impressed by the high salinity of the 
water it was proposed to use for irrigation, and it should be noted that large 
quantities of water of much higher salinit)'.' than th~ highest figu:e supplied_ to 
him (80 parts chlorine per 100,000) are bemg used m Malta. His observat10n 
that "the numbers of wells are always high where faults occur between the Lower 
Coralline and Globigerina Limestones" is incorrect, and does not refer to any 
known well or group of wells in Malta. 

86. A loan of £43,300, free of interest for five years, thereafter capital and 
interest at 3½ per cent to be repaid in twenty equated annuities, was recommended 
by the Colonial Development Advisory Committee in March 1938, and was ap­
proved by the Treasury in April 1938. Only then was the actual surver work 
for the scheme put in hand on the ground, and the first plans and estimates 
were not ready until November 1938. The location decided upon for the 
galleries in the Lower Water Table was alongside the Victoria Lines Fault, to 
the west of Fort Mosta. Upon calling for tenders for sinking of shafts and 
excavation of galleries a contretemps arose in the form of a f~rther. revival of 
the deep boring project, which effectively postp?ned further act10n to 1mpleme~t 
the irrigation scheme already sanctioned, until the outbreak of war placed 1t 
altogether out of question. Messrs. C. Darmanin and Son, acting as agents for 
an Italian firm, offered to sink a deep borehole in search of"artesian" sup~lies, 
on the understanding that, should a yield of a million gallons a day be obtamed, 
they should be paid the sum of £17,500 pro rata for yiel~s ranging between 
half-a-million and million and half gallons, and should be given a monopoly_ of 
boring operations in the Island for a period of twenty years. Should the bormg 
prove a failure the firm would require no ?ompensation from Gov:ernmen!· The 
Crown Agents for the Colonies were applied to for further techmcal. advic~, b~t 
could only suggest more specific terms f~r the a~eement. No considerat10~ m 
the framino- of these terms by the techmcal advisors to the Crown Agents, JUSt 
as in previous local discussions of deep boring, w~s given to t~e. J?recautions 
which would be absolutely essential to guard agamst any possibility of con­
taminating the main existing source of the island's potable wat~r supply. A 
committee, with Sir Philip Pullicino as chairman, and Lord Strickland, Col. 
A. E. Micallef, Prof. J. L. Gatt, Major S. Sammut Tagliaferro, and Mr. A. S. 
Mortimer as members, was appointed to negotiate with the firm, and the accept• 
ance of tenders for the driving of galleries in the sea level water table was held 
up pending the outcome of these ne~otiations. The Committee held its fir~t 
meeting in February 1940, and transrmtted propose~ term~ t~ Messrs. Darmamn 
and Son. Nothing further was heard from the Italian prmcipals, however, and 
the Italian Government declared war on the 10th June, 1940. There seems to 
have been a suspicion in the Committee that this Italian-sponsored offer to 
undertake deep boring, with a view to obtaining a long-term monopoly for s~ch 
work in Malta, might have been an attempt to evade the Petroleum Borill:g 
Ordinance of 1921. This is possible. But in the light of subsequent events it 
is also permissible to wonder if it might not h~ve been ~esig1;1ed,: by interests 
fully conversant with the water supply and agricultural situat10n m Malta, for 
the purpose of delaying any action calc:a,lated to· pl~ce those ?spects of the 
Island's internal economy on a more satisfactory basis for meetmg the threat 
of war. 
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8~. In 1940-41, for the first time in many years, the Water Department 
fou_nd itself free of the usual summer outcry for more liberal domestic supplies. 
Th~s was partly due to good late rain showers in March, April, and May, hut 
mai°:ly to th~ exodus of ~opulation f,om the har~our towns to the countryside. 
The mcrease m consumption thus brought about m the Rabat and Zehhuj areas 
was met by installing booster pumps at Ta Kali, whereby Tai Hlas water could 
he lifted to the Rah~t and. Zehhuj Service Ta~ks to supplement the supplies 
from the Upper Coralline which now were totally madequate, despite an extension 
of 8_00 ft. add~d. to the Via Dingli galleries i~ 19~8-39, which was rated as pro­
ducmg an additional 50,000 gallons per day m wmter and an additional 20,000 
gallo_ns per day in summer. While it was necessary, therefore, to continue pro­
duction from Tai Hlas at the full normal rate, it was possible to slacken off a 
little_ at Wied ii Khi~. In view of the high salinity of the water now being 
a?m1tte~ t? the mams" fr_om,,the ~~w Wied ii Ghasel Pumping Station the 
differentiation between First and Second Class" waters which had survived 
from the time when Chadwick had endeavoured to marn.'tain a supply of sea 
level water no more saline than that drawn from the high level springs, was 
relinquished. The new limit for "First Class" water was fixed at 120 parts 
chlorine per 100,000. At Wied ii Khir Pumping Station "Second Class" water 
from the Armier Gallery was allowed to flow when and as required into the 
"First Class" sump, and the maximum salinity permissible for mixed waters 
pumped from this station was fixed at 50 parts chlorine per 100,000. 

. 88. Se~eral o~ t~e larger reservoirs inevitably suffered during the air raids 
owmg to their proximity to the Luca and Ta Kali airfields. The Luca Reservoir 
was hit twice, and on each occasion the walls of the tank were breached suf­
ficiently to put it completely out of action. The Schinas Reservoir was hit by 
a 250 lb. bomb, whi.ch fortunately failed to explode. The Santa Maria Reservoir 
was breached by a delayed action bomb on the night of the 21st-22nd March 1942, 
releasing practically its entire contents to flood houses and shelters in Attard, 
Balzan, and Birkirkara. The pumping stations of the Island escaped unscathed, 
and strenuous work by the employees of. the Water Department in repairing 
broken mains and bomb damage to smaller service tanks kept the general supply 
funct~o~g well. T~e most ~erious interruption was one of only three days 
duration m Valletta m the sprmg of 1941, when the needs of its greatly reduced 
population were met by the use of mobile water tanks. 

89. The water supply situation was more difficult in 1941-42, for, although 
t_he total precipitation for the season was well above average, there was very 
little rainfall after February. Provision of supplies for the dispersed population 
and military camps kept the Water Department fully extended, and food 
shortage was emphasising lack of action in providing additional irrigation 
supplies, either from underground resources or from the sewage system of the 
Island. Under the pressure of siege conditions previous opposition to the use 
of crude sewage was relaxed, and large areas were thus irrigated at the Marsa 
and at .Rabat. In September 1942 Mr. A. S. Mortimer was requested by the 
Governor to supply a memorandum on the water supply situation. In this 
memorandum, after outlining the general background of the problem and the 
earl)'." history of water supply developments in Malta, Mr. Mortimer gave a 
detailed account of events from the time he became Water Engineer. His final 
('.onclusions were (i) that further water supply development work on any useful 
scale was impossible under war-time conditions, owing to the shortage of labour 
and materials; (ii) that work on the proposed gallery system west of Fort Mosta 
should rece_ive priority in the post-war reconstruction programme, and, should the 
water ohtamed prove to he of better quality than that from Wied il Ghasel, it 
should he used for domestic supplies, and the Wied il Ghasel production diverted 
to irrigation; (iii) that while the disappointingly high salinity of Wied il Ghasel 
water might he due to excessive local fissuring of the rock formations, it might 
also indicate that the annual potential of 10,000 million gallons, so long assumed 
for the Lower Water Table, was a gross overestimate, and that "it is quite 
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possible that even now the limit is being approached beyond which extraction 
would upset the natural balance of the water table"; (iv) that there was "no 
possibility of extracting any more water from the Upper or Clay Water Table"; 
and in view of the foregoing considerations it was essential (v) that an attempt 
should he made to locate deeper supplies of freshwater by boring beneath the 
Sea Level Table, and (vi) that the use of purified sewage effiuent was probably 
the only way in which any considerable increase could he made in supplies for 
irrigation. 

. 90. Mr. Mortimer's memorandum was referred to Dr. E. B. Bailey, Director 
of the Geological Survey of Great Britain, and its implications were discussed 
at a Colonial Office conference in November, 1942. Dr. Bailey's appreciation of 
the situation, after consideration of the memorandum and study of Chadwick's 
first general report on Malta Water Supply, Robertson's and Rizzo's reports, 
and other papers, was that the Main Lower "°' ater Table still contained 
"very extensive undersea-level untapped resources of usable water" which 
could he easily exploited even under war-time conditions. He recommended 
that for rapid increase of supplies from the Main Lower Water Table a programme 
of boreholes to 50 feet below sea level should he embarked upon immediately in 
regions where the top of the Lower Coralline Limestone rose more than 10 feet 
above sea level, and suggested various precautions to he observed in carrying 
out this work. The imminence of a greatly increased strain on the Island's water 
supply, which would he caused by the move of the 8th Army from Africa and 
the contemplated invasion of Sicily, added force to Dr. Bailey's recommenda­
tions, and it was arranged that he should visit Malta early in 1943, and that a 
Boring Section, R.E., should he made available from M.E.F. to carry out the 
proposed shallow boring campaign. Dr. Bailey arrived in Malta on the 8th 
February 1943, and was followed shortly by No. 3 Boring Section, R.E., un'cler 
the command of Capt. R. Sparkes, R.E. 

91. Dr. Bailey's report on ''Underground Water in Malta" was written 
at the conclusion of six weeks field work in the island. The general geology of 
the Island from the hydrological point of view is described and discussed in this 
report with a degree of precision that had been conspicuously absent from such 
work in Malta since Chadwick's surveys. By means of spot heights at selected 
localities along coastal and inland outcrops Dr. Bailey constructed a 2 inches to 
the mile plan showing the contours of the Lower Glohigerina-Lower Coralline 
contact at 100 feet vertical intervals from sea level upwards over the area of the 
Main Lower Water Table. The plan was intended as a guide for boring opera­
tions, so that wells might he sited in the portion of the table which lies within 
the Lower Coralline Formation and so obtain fresher and more copious supplies 
of water than could he expected from the Glohigerina Limestones. The numer­
ous boreholes that have since been put down by No. 3 and No. 7 Boring Sections, 
R.E., and several months of geological and geophysical surveying by No. 42 
Geological Section, S.A.E.C., have necessitated considerable revision of Dr. 
Bailey's structural plan in certain areas, hut the main new feature revealed by 
his work, the broad north-south anticlinal uplift running right across the island 
from IP Ghallis to Wied Mahlak, has required comparatively little modification 
beyond the minor adjustments inevitable in a region previously unexplored by 
boreholes and which is characterised by gentle dips and numerous small fault 
displacements. 

92. The feeling that the Main Lower Water Table of Malta must contain 
"very extensive" untapped resources survived Dr. Bailey's examination of the 
situation on the spot. At the end of his visit he recorded his impression that 
"the water between the water table and sea level has been extensively, hut not 
exhaustively, exploited", with the qualification that "the under sea level fresh 
water resources do not off er any possibility of maintaining an average yi~ld over 
a number of years greater than the percolation derived from rainfall". This 
replenishment, he thought, must amount to "a large proportion of the local 
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rainfall",for he considered that downward percolation to replenish the Sea Level 
Water Table was possible over the whole surface of the Island occupied by out­
crops of the Globigerina and Lower Coralline Formations. This is not so. 
Quite apart from the thick residual red clay soil which covers much of the area, 

, a large portion of the Globigerina Formation itself, right down to the base of its 
lowest member, is composed of impervious marls. No account was taken by Dr. 
Bailey of the pumping results of private wells and the Government Pumping 
Stations in the Main Lower Water Table, the only remarks on the undesirable 
composition of water extracted in recent years being references to the general 
belief, founded on Robertson's work, that water derived from the Globigerina 
Formation must inevitably tend to be more brackish than that derived from the 
Lower Coralline, and to the obvious exceptions to this simple and inadequate 
hypothesis which had been provided by the Wied Dalam and Wied il Ghasel 
galleries in the Lower Coralline. It remained for Mr. A. S. Mortimer, in his 
minutes on Dr. Bailey's report, to emphasise that the unpredictable results 
of fissure production from a sea level table were liable to upset completely any 
simple ideas based solely on conceptions of relative permeability of formations 
en masse. 

93. Only one borehole, a 10-inch hole near Krendi, was completed and 
submitted to brief pumpimg tests, at a rate of 1,000 gallons per hour, before the 
conclusion of Dr. Bailey's visit. No rise in the salinity of the water produced was 
observed, and the result was considered "extremely promising" and as justifying 
the adoption of a vigorous boring campaign to remedy the water supply short­
age. Thus encouraged the Department of Agriculture submitted a list of 
forty-one areas for Dr. Bailey's advice as to their prospects of being supplied 
with borehole water for irrigation. The fact that the total of the areas indicated, 
approximately 2,728 acres, would have required, according to Maltese standards 
of irrigation, a large fraction of the mean annual precipitation on the whole area 
of the Island, and more than four times the volume of water already being 
extracted from the sea level table by existing Government Pumping Stations, 
seems to have escaped notice entirely. Under the urgency of war-time demands 
a scheme was sanctioned for providing borehole water for irrigation at 8d. per 
thousand gallons, 5,000 gallons per hour borehole pumping sets were made 
available from M.E.F., a large stock of asbestos cement pipes was obtained, and 
plans were made, without any survey of the location and results of the numerous 
private wells already in operation, for commencing the scheme at some of the 
areas indicated by the Department of Agriculture in the low-lying eastern 
portion of the island , in the neighbourhood of Tarxien, Zabbar, and Zeitun. 

94. In dealing with the water supply prospects of the Upper Coralline 
areas Dr. Bailey was again strongly influenced by conclusions enunciated by 
Robertson in 1917. He accepted the view that shaft-sinking and tunnelling by 
farmers had depreciated very considerably the storage capacity of the limestone 
formation, and, in consequence also its value as a source of additional urban 
water supplies. He recommended, therefore, that private exploitation should 
not only be allowed to continue, but should actually be encouraged, so ong as 
the regulations of the 1938 Water Pumps Ordinance were observed. He repeated 
previous recommendations for a systematic survey of the Upper Coralline areas, 
and made practical suggestions with regard to the preparation of a structural 
contour map, by collection of records of existing shafts to be supplemented by 
boreholes where necessary, with a view to assisting farmers to select the most 
favourable sites for their shafts and galleries, and for consideration of the 
possibilities of increasing storage by means of underground dams. The time 
at Dr. Bailey's disposal permitted only a few days' reconnaissance of the Upper 
Coralline catchments and water tables in the northern and western parts of the 
Island, and, in places, subsequent more deliberate work has necessitated 
considerable revision of his map lines and structural interpretations, particularly 
the faults and Blue Clay outcrops of the Mellieha and Baida Ridges. 
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D · N 3 Boring Section's six months work in the Island, from 
Mar;{~o A:rgums~ 19~3, visits of inspection, for the purploHse odf locating bMoreEhoFle 

. ff 1 · ts from Genera ea quarters, . • ,, 
sites, were paid by two st:nl;f/!:SG. L. Paver, S.A.E.C., in April, May, and 
Capt. E. W. Shot~on, R.lfi;, d h .J f reports on their geological observations 
June 1943. B?t contr. ute; r1: ess A more complete account of No. 3 

s:~ti::,!h:;ri:!g:r;::~:: ~f :~fulth ~\~:vg:!1:e~~:Y1!!ti:::nt~I~t~~t: 
at various borehole sit~, "":at ~~/Pt1d ; of Water S~pply in the Middle East: 

t::::re!f!t:1~~~~ t ;_ !!i: fro:: t{:1o.c_., 798 Boring n~:t~:~!~~ :i;.f~~t 
No. 3 Bor_ing Section for~~~exa;;; ~~f~:~\:i:. :tceor::om of the sump of Tal 
diameter hole shoul_d be. h f dym' g the shortages experienced at that 
Hlas Pumping Station, m ope o reme 
Pumping Station during the summer of 1943. 

96 Thirty-seven boreholes, ranging from 6-inches tod 10-inbche;in a;a:c,::g, 
. . 5 856 £ t . total length, were put own y 1 o. 

and amountmg to ~ ee m f ater supply exploration and development. 
Section, R.E., for tt\ p~urp~se h~chwfi.ve were abandoned before reaching their 
Fourteen of the~e O e::i, 0

- w -elo ment of su lies from the Main Lower 
objective, were devo~et to th1 d~v B~iley's reco!inendations. Twenty-three 
Water Table along t e nes O t £ lies in the Upper Coralline areas, 
holes were expended on t:a.;:~~nt:rse:11 !vel tables in proximity _to existing 
hut onlr five of these,dpu fol volume of production; the remamder were 
farmers shafts, secur_e any u~e than a few gallons per hour, and the 
either "dry" or ohthamed notdh~g do~~ supply had to depend upon the Water 
8th A my camps t ey were esigne . . f , h f 

r . d · stalled temporanly m armers s a ts. Department mams an on pumps m 

3 S . in addition to the well-boring, also installed six bor~-
97. No. ect1on, De artment one for the Department of Agri• 

hole pumping ~ets for the Water p B adding together the rated capacities 
culture, and mne for Ardmy hcampsh.. h ywere to be installed later in holes which 
f h Ping sets an ot ers w ic • 

o t ese pum . d kin the assumption of twenty-four hou~s contmuous 
had been provided, an . :ma 1 imed that the Section's work. had mcreased the 
pumping by every set, it was c a d b about one and a half million gallons per 
potential water supply 1\th~ Islan . y was created that this additional "poten• 
day. Unfortunate!;; a se~mpressl;n already available for daily distribution 
tial" had bee~ ad e to t e ~u!:fa.ins As a matter of fact, all the pumping 
through the 1 ater Rexartmen mps ;ere removed shortly after the departure 
sets which ha supp ~. armydca ever in a position to provide any addition 
of the 8th Army for ~~ily' anl wf~~: Island· those installed for irrigation could 
to the permanent pu C supp r O 

• . ' 11 (B H 24) at the Birkirkara 
'b h d est1c mams· one we · · ' not contn ute t? t e om . d an' thin a roaching the 72,000 gallons 

Service Re~ervoird ~ever ~:~l~:ed fo?it after r~rief pumping test, and, even 
per day which ha ... een ~ . ited a rohibitive rise in salinity; frequent bre~k­
at a much smaller _ra1-e,de~i the Dster-Cook 5,000 gallons per hour sets m­
downs ~er~ expe~1rcruc:i and St. Anton boreholes; and upon the arrival of 
stalled m tne Axia , . ' hi h h d been modified to pump 5,000 gallons 
four Dandofc~ry pumrng sets,5;0 feet ~t was found impossible to insert their 
per hour ~ga1;llsthhea s ~p ltolo-· ch diameter holes which had been drilled to 
rising mams m t e nomma m 
receive them. 

f h W D tment were attached to No. 3 
98. Sever.al_ employees o ! e du:~r t{!~:tter ortion of the unit's stay 

Section for traimng m wellhhormf th '!nen showedpconsiderable aptitude for 
inh the IsklandN, and tf;h~~ t ~:~v~ver' e::emed enthusiastic about adopt~gf the 
t e wor • one O 

' 1 . On the departure of the umt rom­
trade as a permanent mode of emp dJI:nt~achines and a selection of drilling. 
Malta two 33W Rustr•~uJus t th!Water Department for use in continu­
and fishing ~ools were an e oTvher o hines which had seen . much service in 
ing the bormg programme. e mac 
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Africa before being sent to Malta, were not in very good condition; in particular 
their Ford B type engines were practically worn out, and the effectiveness of the 
machines was limited accordingly, quite apart from other minor shortcomings. 
The loss of a string of 10-inch tools in a borehole (No. 38) alongside the Zebbug 
Service Tank, in September 1943, provided the occasion for the present writer's 
detachment to Malta to assist in water supply work. 

99. Towards the end of 1943 it was becoming obvious that well-boring 
under the working conditions then existing was unlikely to make any very con­
siderable or speedy contribution to the solution of the Island's water supply 
problem; moreover, it appeared almost certain, to judge from the variable and 
disappointing production results being obtained, both as regards quantity and 
quality, added to the cost of maintaining many small separate pumping units, 
that even though a temporary alleviation of the situation might be secured by 
this means of extraction from the Lower Water Table, it could not be expect~d 
to provide an ultimate economical e-olution of the problem facing the Water 
Department. The shallow working limits of the Witte-Cook and Lister-Cook 
borehole pumping sets in possession of the Water Department restricted their 
use to the low-lying portions of the Island and to the marginal areas of the Main 
Lower Water Table. Also, no drilling bits larger than 10 inches diameter were 
available for reaming out the existing deeper holes, or for drilling new ones, to 
receive the Dandoferry pumping sets, and, in any case, the 33W machines were 
not in condition to carry heavier strings of tools to the depths required. Appeals 
were made accordingly to General Headquarters, M.E.F., for heavier equip­
ment and for a further detachment of experienced well-borers. The despatch 
to Malta of another complete Boring Section was promised in November 1943, 
but in December, operational requirements necessitated indefinite postponement 
of assistance from this direction. Meanwhile the continued heavy demand 
for water by shipping, added to the normal civilian requirements of the harbour 
towns, was straining the water supply system to the utmost, and the need to use 
large quantities from Wied ii Ghasel Pumping Station in order to maintain the 
supply was having a very adverse effect on the average salinity of the water 
delivered to consumers in certain areas. 

100. The solution of the problem of providing a large additional supply 
of good quality water at a point whence it could be fed through the existing 
distribution system to the main areas of consumption was obviously the con­
struction of a new gallery system and a central pumping station of capacity 
similar to Wied ii Kbir, Tai Hlas, and Wied ii Ghasel, but unlike those stations, 
situated within the central region of the Main Lower Water Table. By reason 
of the topography any such location naturally involved far more ambitious 
shaft sinking than had hitherto been contemplated in Malta, and it was fortunate 
that, in Captain S. E. Pugh, R.E., of 171 Tunnelling Coy., R.E., an officer was 
available with considerable experience of this type of work. During January 
1944 a plan was devised for the rapid construction of an 8 x 8-foot shaft, 300 
feet deep, and with a pump chamber at the bottom for installation of a 40,000 
gallon~ per hour Paxman-Gwynne Centrifugal Pumping Set which the Water 
Department had recently obtained for the Wied il Kbir Pumping Station. A site 
near the Ta Kali Reservoir was selected for this proposed new pumping station 
for two main reasons, (i) this region lies further from the seaward margins of the 
Main Lower Water Table than any other place in the Island, and (ii) the char­
acteristics of the pumping set were such as to ensure delivery at its full rated 
capacity into at least the Santa Maria Reservoir and the four smaller surface 
tanks. The scheme was discussed with Civil Government officials, the Chief 
Engineer, and the General Officer Commanding, and was formally put forward 
in my "Notes on the Civil Government Water Supply Position as at 31st January 

· 1944". Thanks largely to Lord Gort's determination that the ensuing dry 
season must find the internal water supply system in a better position to meet all 
conceivable demands than it was in 1943, the scheme was speedily sanctioned 
and implemented. A section of the Tunnelling Company was made available 
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from the Dockyard, and work commenced at the Ta Kali Shaft site on the 14th 
February. 

101. Meanwhile, as it was realised that no considerable increase in output 
could be expected within a period of at feast several months from either tunnel­
ling or boring operations, and as there was every possibility of a sudden increase 
in demand, particularly from Service establishments, the Naval Authorities 
agreed to allocate two large tankers for the routine importation of freshwater 
from Syracuse. In March arrangements were made for the water from the 
tankers to be discharged into the Bouverie Tank on the east side of Marsa Creek, 
and to be pumped thence, through a specially laid 6-inch Victaulic pipe line, 
1,100 yards in length, connected at the junction of Strada Corr~dino and Strada 
Ghain Dwieli with the 12-inch main which feeds the eastern side of the Grand 
Harbour from the Schinas and Luca Reservoirs. Deliveries from one tanker, 
the "Arena", commenced in April, and a most useful contribution of four to six 
million gallons per month was made by this ship throughout the summer. The 
second tanker was never called upon, thanks to the increase and maintenance 
of borehole supplies at selected points during the dry season, and to the large 
new supplies opened up by tunnelling before the end of the year. 

102. Excavation of the Ta Kali Shaft to a depth of 291.5 feet below 
surface ( 6 inches above standing water level), and construction of a pump 
chamber (16 x 14 x 18 feet) at the bottom shaft, together with a connecting 
passage, were completed on the 10th June, 1944, seventeen weeks after the . 
commencement of work at the ·surface. Of this period three weeks were occupied 
in sinking and lining the shaft collar, and in completing surface arrangements, 
which included the construction and erection of a headgear specially designed 
for the work. It was not until the 6th March that it was possible to go ahead 
with continuous three-shift sinking. Extensive patches of loose marly ground 
and ground much broken by joints were encountered from 105 to llO feet, from 
123 to 136 feet, and again from 197 to 281 feet. These required the insertion 
of much masonry lining, thereby slowing up progress. Altogether the lining 
which was found necessary amounted to eighteen per cent of ~he area of the 
shaft walls down to water level. It had been estimated originally that twelve 
weeks would be required to sink an 8 x 8-foot shaft to a depth of 300 feet, as­
suming that the whole depth of the shaft would be in good solid formation and 
that its walls would stand without support. In view of the unavoidable initial 
delay in commencing three-shift work and of the amount of lining which was 
found necessary, the completion of the shaft and pump chamber within seven­
teen weeks from cutting the first sod was a performance highly creditable to the 
officers and men concerned. 

103. After reaching water level seven weeks were expended on the sinking 
of a 24-inch diameter borehole from the shaft bottom to a depth of fifty feet; 
on the installation of the Paxman-Gwynne pumping set; on inserting and con­
necting up the rising main ( for which a composite string of 11 ½ inch I. D. inserted 
joint and ll¾ inch I. D. socketed borehole casing had to be improvised, owing 
to the lack of sufficient flanged cast-iron piping of suitable diameter); and on 
dismantling, moving, and re-erecting the shaft headgear. Then, on attempt­
ing to use the Paxman-Gwynne pumping set while excavating the sump, it was 
found that the quantity of water available was totally inadequate to maintain 
the pump for runs of more than a few minutes duration. Accordingly_ a 
Continental-Cook borehole pump, capable of 5,000 gallons per hour, was m­
serted down one side of the shaft into the 24 inch diameter borehole. This 
proved adequate to deal with all water made by the formation while the sinking 
of the 8 x 8-foot sump to 30 feet below standing water level was in progress, 
and also with that from a considerable length of the two headings driven later 
from the sump at sea level. Sump sinking occupied five weeks, owing to the 
delays caused by the installation of the borehole pump, by replacement of 
broken rods and worn valve cups on six occasions, and by a five days' hold-up 
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to clean out the shaft~bottom borehole. The sump was completed at 322.5 feet 
below surface, an~ gallery driving commenced, on the 4th September 1944. 
One gallery was ~rected sout~-e~stwards with a view to joining-up with the 
north-westward dnve from Wied 1s Seuda; the other was directed south-west­
wards towards the interior of the freshwater area of the Lower Table. It was 
no~ until t~e 3rd November, however, by which time the headings had been 
~ven for distances of 153 feet. an~ 222 feet respectively from the sump, that the 
);eld became a?equate to mamtam the Paxman-Gwynne pumping set in con­
tmuous operation, and that the borehole pump could be withdrawn The 
increased yield was not due to any change in the general character of th; form­
ation, b~t was entirely the result of the intersection of a fissure upon breaking 
out a dnve to the north-west at 128 feet along the south-east heading. The 
flow from six 2-inch pilot holes drilled into the fissure ahead of the working face 
raise~ the total ~roduction to ~bout 26,000 gallons per hour. Unfortunately 
a series of mechamcal defects which developed shortly afterwards in the Paxman­
Gwynne .P~mping set pr~vented _the Tunnelling Coy. from carrying out much 
more driving at Ta Kali. Durmg the few relatively brief runs which were 
possible before the Company moved from Malta at the end of March 1945 the 
south-east and north-west headings were advanced to 168 feet and 240 feet 
respectivelr from the shaft. !he last seventeen weeks of the Company's work 
at Ta Kali were devoted mainly to the construction of a second and much 
larger pu~p chamber (32 x 24 x 24 feet), on the east side of the shaft bottom, for 
the reception of a Ruston-Harland pumping set, which was withdrawn later from 
the Wied ii Ghasel Pumping Station and installed at Ta Kali by Water Depart­
ment personnel. This set has proved much more reliable than the Paxman­
Gwynne pumping set, and has been largely responsible for the steady production 
from April 1945 onwards. 

_ 104. Since t~e departur~ of 171 Tunnelling Coy., R.E., driving at Ta 
Kali has been contmued steadily by Maltese miners under the direction of Mr 
L. Portelli, formerly an officer of No. 2 Works Coy., R.E. By the end of 1945 th; 
south-west heading had been carried to a distance of 634 feet from the shaft 
bottom; a drive to the north-west, in the direction of B.H. 72, had been taken 
off from the south-west heading at 25 feet and carried a distance of 180 feet· and 
a further heading, taken off from 164 feet in the north-west drive and dir;cted 
westward towards the old well (B.H. 69) at Villa Castelletti had intersected 
B.H. 36, and had been carried for a distance of 661 feet. The south-east drive 
was abandoned at 168 feet, in view of the results which had been obtained 
by th~n in Wied is S~uda and the de1;11-onstration by the boring campaign of the 
de~p _mla;11d penetr.atio1;1 of low stan~mg water levels and high isochlors already 
existmg m that direction. A gaugmg tank and a wall, with a 9-inch sluice 
valve, have been built across it, by means of which the flow from the fissure 
can h~ ~easured and controlled to s~t pumping requirements. Daily records 
of salinity and of the rate of production from the separate headings are being 
kept, and, when correlated with the progress of the headings and with the 
sea~onal variation of rainfall, will provide ·valuable information for deciding upon 
policy · at the further central pumping stations which are contemplated to 
equalize extraction from the Main Lower Water Table. · 

105. In March 1944 His Excellency the Governor and Commander-in­
Chief decided that further sections of 171 Tunnelling Coy., R.E., should be 
employed on water_ supply work as and when the vario-us tasks on which they 
were then engaged m the Dockyard should he completed. After full considera­
tion of possible alternatives, namely, a westward drive from shaft 42 in Wied 
Kirda towards Wied ii Hesri and Wied tal Bakkia, and a continuation of the 
Wied Hanzir gallery beneath Wied Ta Kandia, it was decided to open up old 
sh~ft 76 at _the north-~estern end · of the Wied is Seuda gallery and to 
drive ext~ns1ons from 1t, as had been recommended by Chadwick many 
years previously. The advantages offered by extensions to the existing galleries 
here were (i) a shaft already in existence sufficiently shallow (only 146.5 feet to 
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sea level) and wide (4 x 12 feet) to allow winding to keep pace with the driving 
of two 5 x 6½ foot headings, (ii) a very convenient situation in respect of aocess 
from the main road, (iii) a strip of waste ground alongside the wied for the 
tipping of spoil directly from the top o_f the shaf~, and (iv) that. a~y further 
supplies of water opened up would he directly available to the existmg pumps 
at Tai Hlas Pumping Station, a fact of prime importance in view of the great 
difficulty at that ti~e of obtaining _new pumping equip~ent. ~n addition to 
the main gallery leading down the wied to Tal Hl~s Pumpmg Stat~on there ~e~e 
already in existence three old 2 x 4½-foot gallenes, ~onstructed m Chadwick s 
time, diverging from the shaft bottom along the line of the Attard-Zeb~ug 
Road and up the Wied lncita. The programme set before the Tunne~g 
Company comprised (i) the enlargement and continuation of the gallery runmng 
south-westward along the Zebhug Road, for it was realised that in this direction 
a sea level heading would continue within the Lower Coralline Formation, with 
every expectation of leading rapidly into th~ fres~water area of the Lowe~ ~able, 
and (ii) the construction of a new gallery direction north-westwards to JOlll up 
with the projected south-eastward drive from the Ta Kali shaft. The distance 
between the Wied is Seuda shaft 76 and the Ta Kali Shaft is 4,400 feet, and, as 
the whole length of a sea level gallery between them would lie within the Lower 
Coralline Formation, it was assumed, on the basis of the available records of 
previous experience in the Wied ii Khir and Wied is Seuda gallerie~, and of the 
low salinities in Boreholes 36 and 50 recently put down at Ta Kali, that there 
would he a progressive freshening of the water obtained in this direction,. ~nd 
that the yield of the completed gallery would average at least half-a-million 
gallons per day throughout-the year. Within a comparatively short distance 
from the shaft, however, both headings became involved with an ancient 
system of underground channels, and, while this accident ~as res~onsihle for 
rapid and spectacular results ~ s_o far as the volume of :production was concerne_d, 
its effect on the bulk composition of the water ohtamed was much less satIS• 
factory. 

106. A check line of levels was run from mean sea level at Marsa Creek up 
to Wied is Seuda and Ta Kali, and a careful surface survey was made along the 
line between the two shafts. A few men became available for preparatory 
surface work in May 1944, but it was not until the 9th July that erection of the 
winch and headgear was completed and it was possible to commence working 
three-shifts down the shaft. Meanwhile two 12-inch diameter boreholes, Nos. 
65 and 70, respectively 280 and 230 feet deep, were put down by 7 Boring S_ect~on 
along the line of the projected heading he~ween the two shafts for ventilation 
purposes. In the event they were never called upon to serve this purpose, hut 
the changes of water level observed in them later provided some interesting 
evidence with regard to the size of the drainage area affected by the fissures 
encountered in the new galleries. Some fifty cubic feet of trimining had to he 
taken off one side of the old shaft before a 3-foot skip could be passed rapidly 
and safely. Two pump chambers comprising 3,232 cubic feet of excav,l~ion 
were opened out from the northern and southern sides of the shaft at 5 feet 
above sea level, the old gallery leading down to Tal Hlas Pumping Station ~as 
enlarged to 5 x 10 feet over a length of 24 feet to make room for the construction 
of four masonry dams and a rectangular weir for gauging purposes, and the 
4 x 12-foot shaft was extended down to 12 feet below sea level to form a sump. 
The enlargement of the old 2 x 4½ feet south-west heading to 5 x 6½ feet cross 
section, together with the lowering of its floor to sea level, and the driving of the 
new heading north-westwards towards Ta Kali, commenced on the 9th Au~st 
1944. During the extension of the headings as complete a record as possible 
was maintained of variations in the salinity and in the volume of the water 
produced, from both the general formation of the headings and from the major 
fissures encountered. For several weeks it was also possible to take hourly 
readings of the variation in the st~nding level of the water table. Th_e results 
thus obtained, when correlated with the rate of advance of the headings and 
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with the incidence of rainfall during the period, have provided for the first 
time a clear quantitative picture of the rate of replenishment of the Main Sea 
Level Table of Malta, of the influence of the Mediterranean tides, and of the 
influence of level and rate of extraction on the composition of the water produced 
(Plates 4, 4A, 5 and 6). 

107. The north-west heading towards Ta Kali was driven along the local 
strike of the Lower Coralline and remained within practically the same horizon 
of homogeneous chalky "white rock" throughout the entire length of 512 feet 
to which it was ultimately carried. Regular progress was made at an average 
rate of about 35 feet per week for the first three hundred feet of the heading. In 
. this portion few conspicuous joints or fissures were met with. Apart from the 
four indicated on the plan as yielding noticeable localised flows of water the 
mass of the formation above the capillary fringe appeared quite "dry" during 
the continuous pumping down to sea level, even after the commencement of the 
winter rains at the end of September began to produce a conspicuous rise in the 
total daily discharge from the heading. Beyond 300 feet the formation became 
noticeably "wetter", and on the 11th October, a fissure, about eighteen inches 
in average width, was broken into high up on the north-west side of the heading 
at 330 feet. This fissure proved capable of yielding well over a million gallons 
a day, and, for the time being, effectively solved the problem of water shortage 
as far as the central part of the Island was concerned. When initially opened 
up the water had a salinity of only 12, but, as the flow continued at 
this rate, a steady rise in salinity was observed, with no signs of a 
stable level being reached. It was necessary, therefore, to control the 
rate of flow, otherwise there was grave danger that the limit of potability 
would soon be exceeded. A cross-cut was made for a distance of 16 feet from 
the north-east side of the heading, and a masonry wall was built across it to a 
height of 10.5 feet A.M.S.L., with 9 and 14 inch sluice valves inserted. The 
dam was· completed on the 17th and the valves were closed on the 23rd November. 
During the forty-three days of open flow some 39 million gallons were drawn 
from the fissure, and a maximum salinity of 67 was recorded. Evidence as to 
the extent of the old underground channel system which was being affected by 
the discharge was sought from the various boreholes which by this time had been 
put down in the country to the north of Wied is Seuda. Only two, Nos. 65 and 
70, gave positive results. These holes are situated at distances of about 2,900 
and 750 feet respectively from the point at which the fissure was intersected in 
the heading. Five days after the fissure had been opened up the water level in 
both boreholes was found to have fallen to between 5 and 6 feet A.M.S.L., that 
is, to almost the same level as that at which water was being drawn off in the 
heading. By the 27th October, however, borehole 65 had recovered to 11 feet 
A.M.S.L., and borehole 10 to 8.5 feet A.M.S.L. No significant changes were 
noted in the composition of the water in those boreholes, but on the 26th October 
it was discovered that the water being produced at St. Anton Pumping Station, 
3,800 feet distant, had risen to a salinity of 125, whereas the routine samples 
taken f~om that station during the dry months May to August 1944 had ex­
hibited a salinity range of only 39 to 50. Thereafter samples from the St. 
Anton Pumping Station were taken at regular six hour intervals; as in the case 
of the Wied is Seuda N. W. 330 fissure. It was found that, while the fissure was 
allowed to flow at Wied is Seuda, even the shortest of pumping runs at St. 
Anton tended to bring up water of more than 100 salinity from the fissure 
there. It was evident that the two points belonged to one and the same system 
of old underground drainage channels, with branches penetrating deeply into 
the more saline levels of the water table, in which artificial disturbance of the 
natural circulation at one point was liable to produce quite unpredictable effects 
at other points far away. 

108. Before construction of the dam to shut off the N.W. 330 :fissure the 
N.W. heading was carried to 364 feet, at which point work was abandoned 
temporarily, as pilot holes in advance of the face had indicated that another 
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large fissure lay close ahead. It was op~n.ed up on th~ 24th November and 
proved to be a much more difficult propos1t1on to deal ~th than the N -~. 330 
example. It extended right across the floor of the headmg at 365 fee~, with a~ 
average width of two feet at that level; although partially blocked with debris 
it yielded at almost the same rate. a_s the N. W. 330 :fissure, and its release had 
a similar reaction on the compos1t10n of water pumped at St. Anton. The 
form of the channels connecting the 330 and 365 fissures is such, however, that 
while the free flow on the 330 fissure had little effect on the salinity of the water 
at 365, as soon as the latter was allowed to flow at sea level the sa~nity of the 
330 water, at a point several feet higher in the wa~e~ table, rose rapidly to more 
than 100. The introduction of water of such salinity to the top of the water 
table could not be allowed to continue. It was decided, therefore, to dam-off 
the 365 fissure, and, in order to continue towards Ta Kali, to break out a by-p~ss 
heading on the south-west side of the main drive, on the off-chance of crossing 
the belt of old channels in some bridge of solid r?ck. A masonry ?a~, 3 feet 
thick was completed across the north-west headmg at 350 feet, with its crest 
9 fee; A.M.S.L .. on the 9th December, and the flow from the 365 fiss~r.e was shut 
off on the 11th. During the 18 days period of open flow some 15 million gallons 
were drawn off, with a maximum salinity of 52, reached on the 10th De~embe~. 
The maximum salinity of the water behind the dam of the 330 fissure durmg th:s 
period was 109, attained on the 5th December; on the 6th December a ra1_nd 
temporary decrease to only 63 commenced, and the water was clouded with 
much ferruginous clay and :fine flakes of limestone. It would appear that the 
strong flow which had been set up. in_ the ch~nnel system had caused some 
collapse of ground, temporarily restnctmg the circulation from the deeper part 
of the water table until the 9th December, when the water cle~red and the 
salinity again rose to 94. The salinity of the 330 water fell ra:p1dly aft~r ~he 
365 fissure was shut-off on the 10th December; the rate of fre_shemng was srm~ar 
to that at St. Anton, which station had recommenced pumpmg at full capac1!y • 
The decrease in the salinity of the 365 water was much more gradual. No pomt 
of sampling showed any accentuated rate of freshening in response to the heavy 
rains of the last few days of December 1944, and the first few days of January 
1945. 

109. The north-west by .. pass heading failed to realize the hoped-~or 
result It was taken off from the south-west side of the north-west heading 
at a ~oint 295 feet.from the shaft-bottom, and, after driving for a distance of 
96 feet, diverging at 37 degrees from the line of the main heading, it enco~tered 
an even wider portion of the old underground channel system. . On the mght of 
the 8th January 1945 a large pipe-shaped _fissure was broken ~to, fortunately 
at a point high up in the roof of the headmg and only a few ~ches below the 
level of the water table at that time. N evertheles~ t~e hole. dischar_ged wa~er 
at a rate of nearly two million gallons per day, an~ 1t ~s certam that_1f the pipe 
had been widely broken into at floor level the Wied 1s Seuda headmgs would 
have been flooded beyond control of all pumping plant then avail~ble, I?erhaps 
even permanently. The flow was stopped on the 10th ! anuary. by msert1~g and 
bracing a large wooden plug in the hole. An i°;spect:on heading _was d~1ven 9 
feet A.M.S.L. to investigate the form and relat10nsh1ps of the pipe, wi~h. ~he 
results shown in plan and section on Plate 4 .. ~s t~ere s_ee~ed t? be_ no poss1h~lity 
of negotiating the obstacle by continued dnvmg m this direction 1t was de~1ded 
to return to the main heading and to cement off the 365 ~ssure before m~king a 
final attempt to drive to Ta Kali. A solid masonry stoppmg was set to ~emforce 
the plug and the wall of the ~ip~ at th_e end ~f the b~-pass, and a 9-mch _C.I. 
pipe with a sluice valve was laid m the mspect10n headm~, so that ~ate; nng~t 
be drawn off from the fissure at 6.5 feet A.M.S.L. if required. During 1~s brief 
period of uncontrolled flow 3,600,000 gallons escaped from ~h_e by-pass pipe a~d 
the salinity of the water rose from 33 _to 43 .. The c?mI?os1t10n of the water m 
the 330 fissure and at St. Anton Pumpmg Station vaned m sympathy; the water 
of the 365 fissure was a:ff ected to a much smaller degree, _although only 45 feet 
away in a direct line. 
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ll0. Returning to the north-west heading, decking was erected behind 
the 350 dam and a 5 x 5-foot cut taken from the roof to facilitate cementing 
operations. The sealing of the fissure required ten tons of cement and was 
carried out under water with the assistance of divers from the Dockyard. The 
dam was then broken down and driving to the north-west was resumed 
on the 12th February. More than a hundred feet were driven, in formation 
similar to that of the initial part of the gallery, before the next fissure 
was encountered at 502 feet, on the south-west wall of the heading. The salinity 
of the water indicated that it had already been affected by the various circula­
tions set up in dealing with the previously encountered fissures, and that it 
must be in intimate connection with them. This was confirmed during the six 
days, 14-20th February, on which production was taken from it, by the manner 
in which the salinity of the 330 fissure varied in sympathy. A masonry dam 
was built across it to a height of 7.5 feet A.M.S.L., with a 9-inch sluice valve 
inserted at 4. 7 feet A.M.S.L. Only another ten feet were driven, bringing the 
total length of the heading to 512 feet, before the Tunnelling Company received 
orders to cease work. 

lll. The south-west heading from Wied is Seuda, along the Zebbug Road, 
was driven in an up-dip direction and formation conditions in the Lower Coral­
line were more varied in consequence than along the strike direction followed by 
the north-west heading. Not far beyond the end of the old 2 x 4½ feet gallery 
at 264 feet the heading passed out of the soft chalky "white rock" into a harder 

-more compact, and minutely fractured lithology, which yielded obvious flows of 
water from all the small open joints. During the enlargement of the first 200 feet 
of gallery through the chalky rock the daily yield of water actually diminished, 
despite heavy bursts of rain on the 11th and 12th August 1944, when nearly 
two inches of rainfall were recorded throughout the Island. It was not until 
after the winter rains really commenced in the latter half of September that the 
rate of production from this heading began to increase and finally exceeded 
the rate of progress of the driving. Two further repetitions of soft chalky 
rock and hard well-jointed limestones were passed through. Open joints, 
yielding copious streams of water, were numerous in the latter type of 
formation from 420 to 600 feet; the most pi:ominent one crossed the heading 
at 530 feet and was estimated to be worth about 6,800 gallons a day, pump­
ing down to sea level, after the spell of heavy rain at the end of the year. 
The expectation that the salinity of the water from the heading would 
diminish south-westwards was.not realised. On the contrary there was a steady 
increase from a mean figure of 24 at the beginning of September to a 
mean of 43 in mid-January. Special attention was paid in February and March 
1945 to the salinity of the water produced from the most prominent open joints 
at 530 and at 612 feet, and, when it was established that they were showing an 
even more pronounced rise, it became fairly certain that the heading was ap• 
pro aching the line . of old underground channels which had given so much 
trouble, and whose salinities had been disturbed so greatly already, in the 
north-west heading. An examination of surface outcrops supported this con­
clusion. A belt of strongly-sheared brown and green clays, containing brec­
ciated masses of limestone, was encountered at 618 feet, and, as copious flows 
of water were issuing from the limestone masses, the clays commenced to slump­
in badly. It would have been very slow and difficult to have continued driving 
at sea level through this material, and complete lining of the heading would have 
been necessary. There was no time to embark upon an exploratory rise, as the 
departure of the Tunnellng Company was imminent. It was decided, therefore, 
to abandon the heading at 623 feet. A wall was built across at 618 feet, at the 
commencement of the clayey ground, and side support was provided here, 
and along several other loose stretches of the heading, before all work was 
closed down in March 1945. 

ll2. All the sluice valves on the Wied is Seuda fissure system were closed 
before the departure of the Tunnelling Company, and the masonry dams and 
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weir tank in the antrance to the gallery running ~own to Tal Hla~ PuJ:?~ing _ 
Station were removed in order to restore the spill-over level to. its origmal 
height of 1.92 feet A.M.S.L. Durin~ the sum1;11er of ~9~5, however, 1t was found 
necessary to open up the valves agam to proVIde addit10nal water for the pump• 
ing station. They have now been closed once more, and it is hoped that the 
shut-down during the current winter rains will permit the water of. the fissure 
system to recover to the salinity distribution which existed before the disturbances 
set up during the tunnelling operations of winter 1944-45. Should the numerous 
small fissures of the south west heading fail to respond adequately, a control 
dam and sluice valve will ultimately he required at aho~t 250 _feet, to exert 
more back pressure and to control_ the output. from this hea_din~ also. ~n 
electrically-driven centrifugal pumpmg set was ~nstalled at _Wied 1s Seuda_ m 
June 1945 with its delivery connected at Attard mto the mam from Ta Kali to 
Hamrun, ;s a stand-by, and for the purp?se of t~king o~er pai:: of the duty of 
Tai Hlas Pumping Station while the old diesel-driven reci_procati!1-g pump ~here, 
which has been in operation since 1916, is replaced by a diesel-driven centnfugal 
pumping set. 

ll3. Lord Gort's urgent representations on the suhje~t of wate~ supI,>lY 
were responsible also for speeding up assi3tance from M.E.F. m connect10n with 
the boring side of operations. Four wellhorers and four sappers from No. 4 
and No. 7 Boring Sections, R.E., arrived by air on. the 14th Feb~uary and were 
put to reaming out to 12 inches diameter the 10-mch holes which h_ad proved 
inadequate for the rising mains of the Dandoferry pumps. The mam body of 
7 Boring Section, R.E., under the command of Capt. A. ~-, Knee~, R.E., a;1-T1ved 
on the 21st March. Owing to delays in Egypt the urnt s eqmrment did ~ot 
reach Malta until the 5th May, 1944, hut before that date the Secti~n had earned 
out some extremely useful work, both pump-fitting an? well-horu~.g. For the 
latter work the Section was restricted to the two _33W ngs, left hehmd by No. 3 
Section which had been overhauled and re-engmed locally; to an old Edeco 
600s rig, overhauled and rebuilt in the Water Department workshof; and. to 
the use of two 12-inch star bits, obtained from M.E.F ., and four 18-mch ~its, 
improvised locally, for holes oflarger diamete! th~n 10 inches.. After the arriv~ 
of the Section's full Gl098 equipment, which mcluded a 24'Y Bucyrus-Erie 
machine and three new 71 Speed Star machines, the rate of horm~ was speeded 
up considerably. It was not anticipated at first that the Section ~ould he 
able to remain in Malta longer than would be necessary to proVIde holes 
of adequate diameter, at suitable locations in the Main Lower Water T~hle, for 
the available eighteen deep well pumps of 5,000 gallons per hour capacity, and 
to assist with borehole pump-fitting and maintenan~e through the dry weat~er 
of 1944, by which time it was expected tl1at the yield from the new gallenes 
being constructed by 171 Tunnelling ~oy., R.E_., would have removed an~ 
urgent need for further borehole production. ~ltimately, however, th~ favour 
able trend of the military situation in the Mediterra~ean theatre pernnt~ed the 
Section to remain to construct a net-work of gaugmg ~oreh~les c~ven~g the 
whole area of the Main Sea Level Water Table, whereby, m con Junction with t~e 
boreholes sunk for other purposes, an overall plan of the hydrology of this 
most important water table was obtained f?r the. fir.st t~me, and the 1?e~ns 
provided for the continuous future study of its variat10n m level and salirn~y • 
Permission was obtained for the Section to carry .o~t also two sel?~rate hon~g 
programmes to investigate the structure of the BmJemma and Miziep areas. m 
the north-western portion of the Island. These are tracts· of Upper Cor~~e 
rocks which have been but little exploited by farmers' wells, and from w~1ch it 
will be possible to obtain large additional supplies of freshwater for pubhc use. 
The Miziep area has also good prospects for ~he ~conomical stor~ge of wat~r on 
a large scale, an urgent necessity for the equalisat10n of the Isla~d s v~ry ~anabld 
seasonal supplies. In addition to their major work for the mvestigat1on an 
development of water supply resoUI'ces the Section put down nu~erous ho.re­
holes for the ventilation of underground chambers and to proVIde earthing 
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points. for the new electri~al supply system. Detailed drilling diaries and 
graphic logs of all these bonngs have been deposited in the offices of the C.E., 
Malta Command, a~d of the ~ivil ~overnment Water Department, and will be 
of permanen~ value m connect10n with all matters requiring a precise knowledge 
?f the _geol_ogical structure of the Island. The data they have contributed to the 
mves!igat10n of water supply resources are summarised in the tables appended 
to this report. 

114 .. The period of active boring work by 7 Boring Section, R.E., extended 
from April 1944 to _October 1945. During this period, although never up to 

_ full stren~h; and, m the l~st few months, considerably reduced in numbers 
by repatriations to the Umted_ Kingdom, the unit constructed some thirty 
thousand feet of boreholes, rangmg from 6-inches to 24-inches in diameter and 
from 50 to 703 feet i!1 depth. In all one hundred and twenty-two holes, tot~lling 
27,466 feet, wer~ drill~d o~ behalf of ~~e C~vil Government and the War Depart­
ment, for ~he mvest1gat10n and utihsat10n of water supplies, Twenty-four 
holes, totallmg 2,064 feet, were put down on behalf of the Air Ministry Director­
ate of :Works, and thr~e holes, totalling_ ~31 feet, on behalf of the Admiralty. 
Only eight holes, tot~lling _873 fe~t of drilling, were lost and required repetition 
on account _of format10n d~fficult1es or unsucc~s~ful fishing jobs. At every site 
sele~ted, with. one except10n (B. H. 116-BmJemma), holes were ultimately 
earned down, m good shape, to the desired objectives. 

115. A further d~ection in which assistance ·was received from M.E.F. in 
respons~ to Lort G~rt s representations was the offer in January 1944 of a 
geop~ys1cal ~xplorat10~ ~etachment _from 42 Geological Section, S.A.E.C., for 
a penod of six weeks, 1f it was considered that this type of work would be of 
value in solving any of the water supply problems of the Island. As Major 
G. L. Paver, after several weeks work in the Island in June 1943 had formed the 
opinion that ~lectrical resistiv!ty ~urveys might he able to plo; contours of the 
L?wer Cora~ne-Lower Globigerma and Upper Coralline-Blue Clays contacts 
with a considerable degree of accuracy, and perhaps also be able to estimate 
t~e salinity :a~iatio~s of the sea-level water tables, the offer was accepted. In 
view o_f the lirm!ed time for which the detachment was expected to be available 
a~ent10n was dire~ted to three problems of immediate importance in connection 
with proposed bormg operations: (i) the delimitation of the area in which the 
Lower Coralline Formation occurs above sea level in the eastern portion of the 
Island, where boreholes were obtaini1;1g results considerably out of accord with 
!h~ co~tours plotted by Dr. _E. B. Bailey, and where freshwater was desired for 
1rngat10n areas and for the improvement of the public supply; (ii) the contours 
o~ t~e Upper Coralline;--Blue Clays contact in the valley between Imjar and 
BmJem~a, the trough like form of which had been noted by C. Rizzo (1932, p. 31) 
but which h~d been repre.~~nted as a southward-dipping monocline by Major 
G. L. Pa_ver m 1943; and (rn) the contours of the Upper Coralline - Blue Clays 
cont~ct m the ,~alley between the Mellieha and Baida Ridges, which had been 
descr_ibed as a depressed orograph_ic block" by C. Rizzo (1932, p. 31)~ but which 
was mterprete~ by pr. E. B. _B~1ley and the M.E.F. geologists in 1943 as a 
faulted monocline with a large mlier of the Blue Clay Formation. 

116. A detachment of !welve men· from 42 Geological Section, S.A.E.C., 
under the command of Captam H. D. Roberts, S.A.E.C., arrived in Malta on the 
17th March 1944_, and, after being introduced to the local geological formations 
and ~ade acquai~ted with the latest results of boring operations, commenced 
c?mbmed geological and geophysical surveys to elucidate the problems men­
tioned a~ove. It _was soon realised that geological conditions were too complex 
to ~errmt _the achievement of any very extensive results within the stipulated 
peno~ of ~IX weeks only, and the detachment was ultim~tely permitted to continue 
w?rking m the ls!and until October 1944. A revision of Dr. E. B. Bailey's 
2-m~hes to. the mile structural contour map of the main portion of the Island 
was issued m January 1945, based on the detachment's work and on the evidence 
secured by boreholes up to that date. In conjunction with the hydrological 
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data obtained by the 1944-45 borin~ and tunnelling programme, and with the 
adjustments rendered necessary by later boreholes, this map has been of con­
siderable value for discussion of further development policy in the Main Lower 
Water Table. The detachment's work on the Binjemma - lmjar Upper 
Coralline area showed that no advantage, with regard to the saving of either 
time or expense, could be gained, under local formation conditions and relatively 
shallow drilling depths, as against the employment of portable boring machines 
for procuring direct and indubitable evidence for the delineation of structure. 
Two boreholes, Nos. 57 and 63, were put down in May and June 1944 for the 
purpose of checking computation~ while the detachID:e~t's geological and 
geophysical survey of the area was m progress. After drilling to only 220 and 
162 feet respectively these holes proved the Blue Clays at 102 and 130 feet 
A.M.S.L. at localities where the geophysical computations had suggested that 
the top of the Blue Clay Formation would lie bel~w sea l~vel. Later agai~ a 
provisional contour plan, based on the detachment s geological and geophysical 
surveys and on the results of the first twelve boreholes of the structure test~ng 
programme, was found to require radical revision long before the full test~g 
programme of twenty-nine holes had been completed. The Upper Coralline 
tract between the Mellieha and Baida Ridges (Miziep area) would probably 
have provided even greater difficulties for the reliab~e inte~pre_tation of r_esistiv­
ity soundings. Accordingly, in the subsequent mvest1gat~on of th.is area 
during the months of May, June, and July 1945, only geological mappmg and 
borehole evidence were used for elucidation of structure. 

117. Concurrently with the technological and liaison wo~k required by 
the tunnelling and boring operations of 1944-45 t?e prese1:1t wn!er ~ndertook 
the examination of all available records concernmg the mvest1gat10n of re­
sources and of the production of water from the Upper and Lower Y1 ater Tables 
of Malta. The sites of No. 3 Section's boreholes, several of which had been 
given map references remote from their true positions, .~ere ~sited and plott~d 
more accurately on the 6-inch map sheets. A defimt1ve list was prepared m 
April ~944, correcting various discrepancies and carrying forward the record 
with consecutive numbering of sites to include the first five holes put down by 
No. 7 Boring Section. A series of regular salinity determinations on samples 
taken from certain pumping stations, boreholes, pr~vate shafts, and ma~gmal 
springs of the Main Sea Level Table was commenced m May 1944 and contmued 
throughout the dry season of 1944 and the ensu~g ~t~r rains u°:t~ February 
1945, to amplify the data concerning seasonal v~na~10ns m compositi_on alre~dy 
provided to some extent by the routine determmat10ns made at various pomts 
of the supply system by the Government Laboratory, and to provide as amp!e 
and accurate a statement as possible of the condition of the water table m 
1944-45. 

118. In September 1943 nearly !wo thousand complet_ed fo~ms ~ad been 
received by the Water Department m response to a quest10~n~ire circ1;1lated 
to owners of private wells. An attempt was made to use this mfor~at10n to 
evaluate the cumulative effect of those private wells located in the Mam Lo~er 
Water Table, but the data supplied by the owners were in most cases. so m­
adequate, inaccurate, and often self-contradictory that it was not :possible _to 
reach any more precise conclusion than that in the dry weather. private d~ily 
extraction was probably as great, if not greater, than the total daily J?roduct1on 
of the Government pumping stations. The introduction of a previously un­
appreciated factor of such magnitude into considerations of the volume and rate 
of extraction from the sea-level table emphasised the need for more accurate 
quantitative data concerning character, extent, and influence of private works 
throughout the Island. A more comprehensive schedule of the required items 
of information was drawn up, and in August 1944 the services of Mr. J, Baldac­
chino were made available for a commencement of deliberate survey work. · As 
a first step a rapid salinity survey was made, between the 23rd August and the 
13th September 1944, of the densest concentration of private wells, which draw 
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from the Main Lowe~ Water Table in the low-lying area extending from the 
M~rsa: thr~ugh C_ur~1, to Attard a~d Lia, in close . proximity to the Armier-­
~ied ii Kbir-W1ed 1s Seuda galleries. Thus a statement of the position in the 
middle _of a dry season was obtained, with which it will be instructive to make 
comparisons at a later date. On the 18th May 1945 a similar -sampling was 
carr~ed out of. the less concentrated group of private wells around Zabbar. 
Durmg _the perio~ September 1944 to August 1945, however, Mr. Baldacchino 
was ~amly occupied by ~urveys of private wells, gallery systems, and irrigated 
areas m th_e Upper ~oralhne tracts from Binjemma to II Miziep and Cala Mistra, 
for _co-ordination with my own geological surveying and with the structure 
!estmg programme_ of the Boring Section. His first year's intensive work 
mvolved the co~ection, computing, and plotting of data concerning no less than 
270 separa!e p~vately-owned water supply works, and has provided precise 
records which will be of permanent value. But it is obvious that at this rate 
of progr_es~ the su~ey of all private works in the Island (not to mention Gozo, 
where s1m1lar deliberate survey work is required also) will take several years 
to complete, ~her~as an accurate overall plan and statement of the position is 
ur_gently ~eqmred, m ord~r that ~rb~n and a~ricultural interests may be weighed 
fairly agamst each other m considermg detailed problems of conservation, deve­
lopment, and compensation. 

119. By June 1944 analysis of the main factors controlling local water 
supply _Prospects had reac~ed a stage at whic~ it was impossible to avoid the 
conclusion th~t the lsla~d ~ pr~sent 1?ain sources of supply from the sea level 
tab_le were rapidly dep~eciatmg m quality ~s the result of overpumping, and that, 
while the general quality of the supply rmght be improved temporarily by more 
equal distribution of extraction within the freshwater area of the table the 
continued deterioration, which had been evident since at least the comm;nce­
ment of the dry spell of 1911-1927, probably indicated that the volume of 
an~ual production from the Main Lower Water Table had passed the limit at 
which a _PO~abl~ composition could ~e maintained for many more years. There 
was no md_wation t~at any slackemng could be expected in the rate of increase 
of population, and m the consequent increase of the daily demand for urban 
water suppli~s. The inevitable corollary was that a return must be made as 
soon as possible to the long-neglected Upper Coralline catchments, completely 
refil;oved from the da?ger of. contamination by sea water, and that the very 
varia~le annual supplies obtamable from: those sources must he conserved and 
equalised to offset the deterioration of the Main Sea Level Table and to reduce 
the demand being made upon it. The evidence on which these c~nclusions were 
based (Plates 1 and 2) was laid before a meeting of the Defence Committee on the 
28t~ June 1944. It was suggested that on the evidence available it would he 
advisable t? accept rough tenta!i~e estimates of 1,000 million gallons ( of salinity 
not exceedmg 50) and 1,500 million gallons (of salinity 8-12) per annum, from 
t~e. Lower _and Upper 'Y~ter Tables respectively, as the probable ultimate 
limits to_ wh~ch the Island s i~ternal supplies of potable water could be developed 
and mamtamed, and to relinquish altogether the estimate of 10,000 million 
gallons per annum from the Lower Table alone, which had been so uncritically 
a~cepted from Robert~on ~nd Riz~o. Much of the subsequent work of the past 
eighteen mon!hs, outlined m p~evi?us p~ragraphs, has been devoted to devising 
means ~y which furth~~ qu~ntitat!ve ~VIdence 1;11ay ~e secured to subject these 
conclusions to more critical mvestigation and discussion and to the manner in 
which such apparently limited resources may he develo~ed and utilised to the 
best advantage of the Island as a whole. 
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III. THE WATER CYCLE IN MALTA 

120. Since all the potable water which is obtained, and is ever likely to he 
obtained, within the geographical limits of Malta, is derived directly from the 
rain which falls upon the surface of the Island, a consideration of the rainfall 
records, which have now been kept systematically for nearly a hundred years, 
is of prime importance. The monthly and annual totals for the years 1851 to 
1945 and the sources from which these figures are derived, are given in Table I. 
The ;rithmetic mean of the annual totals approximates very closely to 20 inches, 
but, as will be readily appreciated from the graph at the foot of Plate I_, there 
are considerable deviations from this mean value, and the seasons in which the 
rainfall has been notably higher or lower than the mean are far more numer~us 
than those which have coincided closely with it. Considered as a frequency series 
it will be noted that the years with a r~infall of 18-19 inc~es ~re ~ost nume~o~s, 
but that there is a subordinate peak m the frequency distribution curve withm 
the range of 25 to 29 inches. Most important from the practi~al. water supply 
point of view is the time distribution of !he noteworthy devi~tions from the 
mean. In his first general report Chadwick (1884, p. 10) pomted out, from 
consideration of thirty years records, that it would seem "as if there were long 
periods below the average, separated.by short periods much above the s~me," 
and concluded that it would be safer, m water supply work, to take 15-16 mches 
as a dependable average, instead of ~O inches. Later, on the hypo~hesis that 16 
inches only was the safe average which could be expected to ~e realis~d ov_er any 
three consecutive years, he_ suggested (1887, p. 2) the following class1~cation for 
describing the rainfall of any given year: 20 inches. or more, "Excessive"_; 16 to 
20 inches "Abundant"· 12 to 16 inches, "Deficient"; and under 12 mches, ' ' . "Drought't From the longer series of observations now available, however, it 
would appear that the most important point to realise is that there would appear 
to be definite cycles in the climatic conditions of Malta, which produce well­
marked periods of rainfall in excess of the mean, alternating with periods of 
deficiency. This is most clearly brought out when 5-year means are plotted, 
as in Plate 1. The maxima and minima of successive cycles were spaced at 
fairly regular intervals of 8-10 ·yearf, until the long spell_ of seasons of ~efi­
cient rijinfall between 1912-13 and 1926-27 broke the regularity of the succession. 
Since that period the seasonal rainfall has remained well abo~e the mean, _on 
·the average, up to the present; now it would appear that a period of years with 
average rainfall below the mean must lie close ahead. The apparent long-term 
periodicity in the rainfall is deserving of a much wider research than tha: to 
which I have been able to subject it. It is possible that a thorough analysis of 
the climatic data from other Mediterranean stations might reveal· correlations 
which could he used to forecast the duration' and intensity of future Malta rain­
fall cycles information which would be of increasing value for deciding upon 
conservati~n and equalisation policy as the demand on the Island's limited 
annual resources becomes more and more stringent in the years to come. The 
difficulties engendered by some previous spells of drought have been ~oted in an 
earlier part of this Report. While no seasonal total lower than 8 mches h~s 
been recorded during the period of accurate gauging, it is worth while to bear m 
mind that Murray (1890, p. 4) quoted a statement, from a source I have been 
unable to identify, that during the years 1467 to 1470 no rain whatsoever fell 
in Malta. The effect of such a spell of drought on the Island's present internal 
economy would be disastrous. (1) 

(1) Since writing these remarks on the long-term periodicity of the local rainfall, I have had opportunity~ to di~H 
the problem with F/0 A. Rushton, R.A.F., who, while ~tationed in Mal!a during 19~! and 19_42, und~~ook an analysis of 
all the rainfall records available, up to that date. It 1s hoped that his paper on The Rainfall Regime of the Maltese 
Islands", of considerable interest from both water supply and agricultural points of view, will be published in~~ ne~ 
future. He finds that, even within the limited area of Malta itself, there is a considerable and well defined vanat10.n 1~ 
the distribution of rainfall, ranging from a mean annual incidence as high as 25 inches at some points on the Rabat-Dmgli 
Plateau and on the height of land around Naxxar and Gharghur, to as low as 18 inches along a c~ntral belt between 
Musta and Birzebbugia. He considers that the long-term periodicity is controlled by the solar cycle and by two oth~r 
regional influences, of urigin unknown up,to the present, but which should yield to further research, and may then explain 
the variable time distribution and intensity of individual rainy spells during the course of each season. 
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121. The total quantity of water represented by the mean annual rainfall 
of 20 inches on the 95 square miles of the Island's surface is approximately 
27,550 million gallons. Even such a poor season as that of 1866-67 gave a 
total precipitation of ll,020 million gallons of water within the confines of the 
Island. Unfortunately, only a relatively small fraction of these impressive 
quantities can ever be made available for human use. A large portion of every 
season's rainfall is returned rapidly to the air by evaporation from the surfaces 
of soil and rock on which it falls, and by transpiration from the vegetation. 
Another large portion, particularly of the heavier rainstorms, runs off rapidly to 
the sea, though some part of this is appropriated for both household and agri­
cultural use by numerous roof, road, and wied catchments. The organised 
public supplies, and most of the water used for irrigation nowadays, depend on 
that third portion of the rainfall which soaks into the ground and percolates 
into the pores and fissures of limestone formations, whence some part of it can 
be extracted again later by pumping from wells and galleries. 

122. Accurate assessment of the evaporation loss from even a single rain­
storm is beset with many difficulties under the varied surface conditions of this 
small Island, and to attempt such an assessment for a whole season's rainfall, 
when so many inadequately known factors are involved, would only produce a 
result of extremely doubtful value. Establishment of a reliable ratio for ground 
and vegetation evaporation losses in Malta must await more adequate determin­
ations of the total annual run-off and of the annual increments of fresh water 
received by the underground water tables. It must suffice here to emphasise 
the fact that, under the climatic conditions of strong breezes, long hours of sun­
shine, and a mean annual shade temperature of 64°F., evaporation from the 
surface of the ground, and transpiration. from vegetation, is intense. Compari­
sons with larger areas in temperate and sub-tropical regions, where it has been 
possible to estimate reliably the losses due to evaporation, as the difference 
between the measured amounts of rainfall, run-off, and underground intake, 
indicate quite clearly that were it not for the fact that in most seasons a consider­
able proportion of the annual rainfall of Malta descends in brief heavy down­
pours, during periods of two, three, or occasionally, more days characterised by 
cloudy skies and fairly continuous lighter showers, there would be no appreciable 
surface run-off and no underground percolation whatsoever. 

123. The rate of evaporation from a free water surface can he measured 
simply and directly, though no local determinations have been recorded, despite 
the importance of the accurate assessment of this factor for consideration of 
the losses which have be to faced from open storage tanks and reservoirs. 
When Chadwick (1887) was discussing the pros and cons of his proposed open 
reservoir for irrigation water in Wied L'lemu, he had to frame his estimates on 
the basis of evaporation losses recorded from reservoirs in India, at Nagpur and 
Bombay. Using Binnie's Nagpur rate (I/10th inch) he decided that the evapor­
ation loss during the dry season would amount to about 8 million gallons of the 
70 million gallons which he hoped to have in store at the commencement of each 
season. It is very doubtful whether the proposed reservoir would ever have 
been filled from the sources on which he proposed to depend (the surface run-off 
of the wied, the surplus from the surrounding Upper Coralline springs "after 
providing the usual supply for town and country," and the rainfall on the 
surface area of the reservoir itself), and certainly such an annual loss could not 
be accepted nowadays for water which would have to be pumped to storage. 
The need for covered reservoirs for public supplies, td reduce evaporation to a 
negligible minimum, is obvious, quite apart from the need for protection from 
wind and water-borne contamination. Except for the relatively small dams 
in Wied tal Kleigha, at Buskett, and in Wied Hanzir, no large scale open storage 
of water has ever been attempted at Government expense. 

124. In 1928-29, presumably after the conclusion of the winter rains, the 
rate of loss of water was measured at one of the "Chadwick Lakes" in Wied tal 
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Kleigha, and was found to he 1 foot in 20 days, an average rate of 3/5 of an inch 
per day. According to the Annual Report of the Water Department, this loss 
was ~onsidered "not excessive, and by growth of trees the rate of loss could he 
considerably reduced." As a matter of fact no storage tank can he considered 
efficient which loses .water at such a rate, even under the local climatic 
conditions. In the case in point the loss was probably due at least as much to 
underground percolation (the dam is bedded on one of the limestone members 
of the Upper Globigerina Formation) as to evaporation from the free surface 
of the water, and it is unlikely that the planting of a few trees along the sides 
of the reservoir has done anything to reduce the rate of loss; probably it has 
had the reverse effect. 

125. A more reliable figure for evaporation loss from, a free water surface 
under local conditions is provided by the large salt pans at Salina Bay, where 
·Major W. E. Clarke, M.B.E., R.E., as the result of many ye~rs practical 
experience, estimates the average daily loss to he ~bout .1/3 of a~ mch ~er day 
during the hot dry period from May to September mclus1ve. This rate 1s from 
large areas of water never permitted to exceed a few inches in d~pth. From 
large reservoirs at least several feet in depth the rate of evaporation would be 
lower. Utilising data which has accumulated since Chadwick's .time it would 
appear that, under the climatic conditions of Malta, the mean daily loss from a 
free water surface should average 0.173 inches or a total of 5.27 feet for the year. 
A minimum daily rate of 0.12 inches would be expected in February, and a 
maximum of 0.26 inches per day in Aug~st. During May to September t.he 
average daily loss should be about 0.225 mches per day, or more than twice 
the amount assumed by Chadwick in his consideration of the Wied L'Iemu 
scheme. 

126. A very large proportion of the water drawn. from underground 
storage for irrigation purposes must be lost by evaporation unde: the crude 
and wasteful methods current in Malta. In view of the large dram made by 
private wells on the underground water resources of the Island, which is most 
accentuated during that season of the year when these re~ou~ces are least able to 
recuperate, it is highly desirable that a thorough quant1tat1~e study shou_l~ he 
made of the whole problem of soil water e~aporation,. both ~nder c?n~1t1~ns 
of natural rainfall alone, and of natural ramfall comhmed with the u ngation 
of typical crops, with a view to devising and propagating less wasteful methods 
for local application. 

127. A smaller proportion of the water extracted privately fro~ und~r­
ground sources is lost by evaporation from the numerous open tan~s m which 
it is stored temporarily in readiness for irrigation. The cumulative annual 
loss from all the open tanks in the Island must be considerable. For example, 
in the St. Paul's Valley, Ta Zerp, and Binjemma catchment areas, recently 
surveyed by Mr. Baldacchino, the estimated quantities are:-

Estimated 
Loss by total volume 

Area No. of Total surface evaporation at produced Evaporation Loss 

tanks area of tanks 5.25 ft./year annually for 
irrigation 

Annual Prod. 

sq. feet 

I 
gallons 

I 
gallons 

St. Paul's Valley ... ... 61 25,187 826,000 247,972,000 0.33% 

Ta Zerp ... ... 10 7,784 255,000 24,315,000 1.06% ... 

Binjemma ... ... 8 3,627 119,000 5,941,000 2.00% ... 

Totals ... ... 79 36,5?8 1,200,000 278,228,000 I 0.43% 
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In view of the small saving, in terms of current pumping costs, which would 
accrue annually to individual owners of private works, as compared with the 
initial cost of roofing even the average 20 x 20 feet tank, it would probably be 
impossible to insist that every irrigation tank should be adequately roofed to 
cut out evaporation losses. Nevertheless, it should be insisted that open tanks 
be restricted to the minimum dimensions compatible with the area. of land to be 
irrigated. Some recent large tanks are out of all proportion to size of the ir­
rigated area concerned, and appear to have been given their large dimensions so 
that the owners may depend solely on s_mall windmill pumps for maintaining a 
store of water at surface throughout the summer, instead of having to incur 
the cost of adequate engine-driven pumps and fuel for pumping from under­
ground storage as and when irrigation water is required. 

128. There are no perennial surface streams in Malta, and nowadays it is 
only for a few hours, or, at the most a few days following a heavy downpour, 
that water flows along the beds of the major valleys, whose general form and 
cavernous walls bear witness to the passage of much more voluminous and 
active streams during comparatively recent geological times. At the end of the 
dry weather an exceptionally heavy rainstorm is required to produce surface 
flow, and run-off continues for a few hours only after the climax of the storm. 
As an exampl~ the exceptional storm of the night of the 12th-13th August 1944 
may be quoted, when 1. 7 6 inches of rain fell within the space of a few hours. 
At 4 a.m. on the 13th all wieds and drainage channels were in heavy spate, but 
by 8 a.m. the flow had died away to a mere trickle. In contrast, after the 
progress of the rainy season has saturated the dried-out soil cap and re-charged 
the pores and fissures of the solid rocks, relatively light showers are capable of 
producing surface run-off for a much longer period. Heavy rainstorms, of 
which the most spectacular on record registered 16.3 inches at some places on 
the 16th October 1913, are liable. to do considerable damage. After the almost 
continuous period of rain from the 24th December 1944 to the 5th January 1945, 
totalling 9.61 inches, of which 3.48 inches fell on the 28th December, an appreci­
able flow was noted in Wied tal Kleigha at San Paul Tai Kleigha Church, and at 
King's Corner, Salina Bay,. until the end of January, although only a few brief 
isolated showers, totalling 0.43 inch, occurred after the 8th January. 

129. The volume of surface run-off which is shed directly into the sea 
from bare rocky slopes, small wieds, roads, and lanes around the margin of the 
Island must form a considerable fraction of the total run-off. It is fortunate for 
Malta that the major surface drainage lines of the Island do not radiate from a 
central geographical point, but have their sources in close proximity to the 
western coast, whence, following the predominant tectonic and topographical 
slope, they cross the entire width of the Island before entering the sea on the 
east. Thus the surface flood waters which they collect are afforded the maximum 
opportunity to find their way to underground storage, particularly as much of 
the ground at the head of the catchments is predominantly clayey, whereas the 
central and lower portions of every valley are bedded in well-fissured, permeable 
limestone formations. It is possible that upland storm drainage, thus con­
centrated in the beds of the Wied tal Kleigha-Wied il Ghasel and Wied is 
Seuda-Wied il Khir systems, contributes a large quota to replenishment of the 
central freshwater area of the Main Water Table; possibly as much or even 
more than is added from the rain which falls directly on the Lower Globigerina 
and Lower Coralline outcrops within that area. This, however, is merely an 
impression as yet unsupported by any measurements of the variation in the 
amount of surface discharge at different points along the course of the main 
valleys, for, despite the repeated discussions to which conservation of surface 
run-off has been subjected since Chadwick's time, the only attempts which 
have ever been made to assemble any quantitative data were Chadwick's own 
imperfect estimates of the surface discharge from the upper portion only of one 
of the main drainage areas during seasons 1883-84, 1884-85, 1885-86, and 1886-87 
when he was considering the prospects of open reservoirs in Wied L'lemu and 
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Wied tal Kleigha. His first season's very approximate results, covering the 
months of December to March only, have often been quoted as indicating that 
surface run-off is unlikely to represent more than 1.9 per cent of the whole 
lsland's mean annual rainfall. That his second season's observations provided 
an estimate of 7 .5 per cent of the local precipitation, and that conditions in 
Wied L 'I emu can hardly be regarded as typical of the Island as a whole, are 
points which appear to have been overlooked completely. It would be ~ell to 
have Chad·wick's measurements checked and extended by up-to-date contmuous 
recording apparatus, for it was only during the last two seasons mentioned 
above that he himself was satisfied with the performance of the Wied L'lemu 
gauge, and was able to arrange for readings of every flood to he taken at half­
hourly intervals day and night. Even as they stand the few figures he recor~ed 
require corrections for the size of the catchment area ( about 2.837 square miles, 
measured from the modern 2-inches to the mile contoured map, as compared 
with 2.25 square miles estimated from the best survey available to him) and for 
the intensity of the rainfall ( using mean values for the whole Island, and for the 
whole rainfall season, not only for the months in which surface flow occurred, 
instead of the single isolated Dingli gauge, which he himself considered inade­
quate to provide a reliable mean figure for the whole of the catchment area). 

The revised figures may be tabulated:-

Estimated 
Mean Island Rainfall on surface run-off Ratio of run-off 

Seaaon Rainfall 2.837 sq. miles at Fiddien to rainfall 
Gauge 

inches gallons gallons 

Dec. 1883 - March 1884 ... 8.16 335,674,000 4,534,000 1.35% 

1884-85 ... ... ... .. . 19.40 798,048,000 44,900,000 5.60% 

1885-86 ... ... . .. ... 18.84 774,912,000 17,724,000 2.28% 

1886-87 ... ... ... . .. 19.57 705,041,000 12,_000,000 1.70% 

It is obvious that the ratios for different seasons with approximately the same 
total rainfall may vary considerably according to the frequency and intensity 
of individual rainstorms within the season, and that a much more extended 
series of observations is required to provide a reliable mean value. Unfortunately 
the gaugings of surface run-off at Fiddien Bridge were discontinued after 1886-87, 
the same year that the installation of seven raingauges on the Rabat-Dingli 
Plateau commenced to provide a more reliable record of the precipitation on 
that catchment area, despite Chadwick's insistence (1886, p. 5) that the im­
portance of such statistics could not be overrated, and that their collection 
should be continued permanently. There are no data whatsoever for the 
amount of surface run-off in years which have had a rainfall far above the mean. 
The ratio of 1.35 per cent, based on four months only of the 1883-84 season is 
open to criticism in that it takes no account of an exceptionally heavy rainfall 
in November 1883. The 1884-85 estimates were based on day-time readings 
only, at hourly intervals, with the added reservation that "several important 
floods were only gauged once, and some may have escaped measurement 
altogether." With regard to 1885-86 and 1886-87 it may be noted that 
figures recorded for the water trapped by the Wied tal Kleigha dam, downstream 
from the gauging weir, suggest that the estimates of run-off made from readings 
at the weir were definitely on the underside of the actual quantities ~hich must 
have passed the gauge. The run-off from Wied Ghemieri and additional 
hillslopes, amounting to 0.851 square miles additional to the Wied L'I~mu 
catchment, is intercepted by the dam, making a total of 3.688 square miles. 
In 1886-87 it was recorded that 20 million gallons were trapped by the dam, 
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as . compared with 12 million gallons estimated to have passed the Fiddien 
Bnd~e ga"?ge. The ratio of run-off to p~ecipitatio~ over the whole of the larger 
area 1s raised thus to 1.91 per cent, without taking into account any of the 
evaporation and percolation losses which are known to occur at the dam (para. 
124). The Water Department records of the amount of water supplied to 
down-country irrigation from the "Chadwick Lakes" do not accurately re­
present the run-off from the whole of the catchment, which now amounts to 
about 4.579 square· miles, intercepted by the three dams, as no record is kept 
of the quantities which pass the dams, and no allowance is made for the 
evaporation and percolation losses which occur before the water is delivered 
to consumers. The figures for the past four years are: 

Mean rainfall 
of Rabat-Dingli Rainfall on Irrigation water Ratio 

Season gauges 4.579 sq. miles supplied 

inches gallons gallons 

- I 

1941-42 ... ... ... . .. 26.42 1,754,169,000 7,460,000 0.43% 

1942-43 ... ... ... . .. 27.57 1,830,524,000 10,840,900 0.59% 

1943-44 ... ... .. . .. . 21.55 1,430,823,000 7,370,800 0.51% 

1944-45 ... ... ... . .. 19.39 1,287,409,000 7,619,900 0.59% 

On the basis of Chadwick's 1883-1887 figures it would appear that these dams 
are serving extremely inefficiently the purpose for which they were intended, and 
the question arises as to whether it would not be advisable to remove them and 
to allow the upland storm water, which they now intercept, to flow freely 
downstream as in former time to where it can percolate through the Lower 
Globigerina and Lower Coralline Formations to help to replenish the Main 
Lower ~ ater Table. At present the dams are responsible for much loss by 
evaporat~on, and by percolation into the two Upper Globigerina Limestones, 
from ~h1ch the_ '"'.ater can only be tapped again by a few farmers' wells in 
immediate proximity to the banks of the reservoirs. 

130. There can be little doubt, from the considerations detailed in the 
pr~cedin_g f aragraph, that, in an average year, at least two per cent of the 
ramfall 1s disposed of by surface run-off down the main drainage lines of the 
Island, and that this factor of two per cent may be regarded as a safe and 
conservative one for discussing the best means of utilising that portion of the 
surf~ce run-off. As already mentioned (paras. 46 and 4 7) c'omparatively few 
public works have been constructed to follow up Chadwick's recommendations 
with regard to the appropriation of surface run-off for irrigation supplies. 
Later, Ro~ertson found the 1904 outbreak of malaria in the Kleigha Valley, 
and the discovery that the "Chadwick Lakes" had become breeding localities 
for Anopheles maculipenis, a strong argument against the construction of any 
further surface reservoirs of the size and number envisaged by Chadwick. He 
recommended instead the construction of numerous smaller dams, not to 
exceed 4 feet in height, and not to store water, but merely to retard storm 
discharg_e along main drainage lines, so as to serve the dual purpose of increasing 
percolat10n to underground storage and retarding the rate of soil erosion (para. 
62). The 1934 Committee (paras. 76-78) at first favoured Robertson's pro­
posals, but the third Tal Kleigha dam was the only practical result of their 
recommendations concerning surface run-off. It is extremely improbable 
that such an ultimate state of reclamation of valley floors, as visualized by 
Robertson, could be brought about in practice, in face of the tremendous 
volume of flood waters which they have to carry from time to time. It is pro­
bable, also, that such an extensive silting-up would reduce total percolation 
underground, rather than increase it. Moreover, the reduction of soil erosion to 
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a nnmmum is best achieved by maintaining field walls in good condition. 
There is a limit to the extent to which the natural processes of erosion can be 
controlled, and it is not improbable that the average annual loss of soil, which ap­
pears to have been causing considerable apprehension at the time of Robertson's 
commission to advise on the matter, is more than balanced by the processes of 
formation and conservation of new soil, continually in progress.( 1) The prevention 
of wasteful and irretrievable discharge of surface freshwater to the sea should be 
pursued not for the purpose of increasing irrigation supplies ( sites where economi­
cal schemes of this kind can be engineered are not numerous), or of soil reclama­
tion, but primarily to facilitate the transmission of such water to underground 
storage at points where it would be likely to have the most beneficial effect. 
The Wied Hanzir dam has already been mentioned (para. 62) as possibly having 
had an appreciable effect on reducing the rate of increase of salinity of Wied 
il Kbir underground supplies, as compared with the supplies drawn from Tal 
Hlas, though there are other local factors which may have contributed also to 
that end. There can be little doubt that this dam is responsible for transferring 
underground a considerable portion of the storm discharge received from Wied 
Ta Kandia and from Wied Sillani. Steps should be taken, by constructing an 
automatic flood recording gauge upstream, by noting how much water crests 
the dam on the occasion of major floods, and by routine comparative analyses 
of surface flood waters and water from the subjacent gallery, to measure the 
contribution which this dam makes to the Main Lower Water Table. The 
drainage area of the Wied Hanzir system above the dam site is about 3.582 
square miles, as estimated from the contours of the 2-inch map, and, although 
the formation of the valley floors above the dam are far more pervious than the 
Blue Clays of Wied L'Iemu, it would not be surprising to discover over a 
complete cycle of rainfall seasons, that the dam intercepted considerably more 
than 2 per cent of the mean annual precipitation within its catchment area. 

131. Other places on the main drainage lines of the Island where dams 
would probably divert considerable surface run-off to help to maintain the 
freshwater of the Main Lower Table are (i) on the Lower Coralline in the bed 
of Wied ta Isperanza close above the Musta-St . Paul's road bridge, N.W. of 
Musta; (ii) on the Lower Coralline in the bed of Wied Incit~, close above the 
Attard-Zebbug road bridge; (iii) at the bottom. end of the Lower Coralline inlier 
in the bed of Wied ii Bakkia, S. of Zebbug; (iv) at the bottom end of the Lower 
Coralline inlier in the bed of Wied il Hesri, N. of Siggiewi; and (v) on the 
Lower Coralline in the bed of Wied Kirda, between shafts 41 and 42 of the Wied 
il Kbir-Wied is Seuda gallery. The approximate surface drainage areas 
which would be controlled by dams at these points, and the minimum average 
annual quantities of water which would be intercepted, on the basis of 2 per 
cent of the precipitation on the drainage areas, are as follows:-

Dam Site 

Wied ta Isperanza 

Wied lncita ... 

Wied il Bakkia, Wied il Hesri, and Wied Kirda 

Wied Hanzir ... 

Drainage Area 

(Square miles) 

6.745 

3.348 

5.098 

3.582 

Intercepted run-off 

(Gallons) 

39,121,000 

19,418,000 

29,568,000 

20,776,000 

(l) In 1915 J. Borg quoted 41,681 acres as the total area of cultivated land in the Maltese Islands. Since that date 
the total area of cultivated land has risen to about 47,000 acres, including both dry and irrigated lands. If these figures 
are reliable the addition of 5,000 acres within 30 years, despite the expansion of the towns at the expense of the country· 
side, is as creditable to the persistent energy of the hard-working Maltese and Gozitan peasantry as was the original 
development of fields on these rocky islanda by their Neolithic predecessors. It is an adequate reply to. the frequently 
expressed fears concerning the progress of soil erosion. But it cannot be allowed to continue without having serioua 
repercussions on the volume and quality of underground water resources. 
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It should he noted that the drainage area of 6. 7 45 square miles above the 
suggested Wied ta lsperanza dam includes the area of 4.579 square miles at 
present intercepted by the three existing dams in Wied tal Kleigha, the question 
of whose utility or otherwise, has already been raised in paragraph 129. 

132. No useful purpose, in comparison with the expense involved, would 
he served by attempting to divert surface run-off to underground storage at 
~he lower ends of the main valleys, where they approach the sea and the margin 
of the Main Lower Water Table, as, for example, the lower part of the Wied ii 
Ghasel and its tributary valleys Wied ta Ghain Rihana and Wied Kanotta, or 
the long gently-graded Zurriek-Marsascala Valley in the eastern portion of the 
Island. In. such cases surface run-off is already effectively appropriated by 
private enterprise, and public works could do little more. There is only one 
Upper Coralline area where the damming of a major surface drainage line would 
appear likely to have a beneficial effect on underground resources. A dam 
thrown across Wied tal Kalkara at the culmination of pitch between 11 Miziep 
and Cala Mistra would hinder a surface storm discharge from continuing on its 
way down to the sea, and would cause a large portion to return westward down 
the pitch to underground storage within the Miziep Syncline. The surface 
drainage area concerned is about 1.403 square miles, and the probable minimum 
mean annual increased contribution to percolation would be 8,137,000 gallons. 

133. The largest flood recorded during Chadwick's brief series of observa­
tions at Fiddien bridge was one which lasted from 10.00 to 16.00 hours on the 
17th December 1884, during which time 3,327,000 gallons were estimated to 
have passed the gauge, and the maximum rate of flow measured was 1,112,000 
gallons per hour. Much larger flows than this have probably occurred frequently 
at Fiddien Bridge, and certainly would have to be expected at the suggested 
dam sites discussed in preceding paragraphs. As, however, the function of the 
proposed dams is merely to arrest storm discharge while sufficient head is built 
up to cause rapid percolation underground through well-fissured limestones, 
it is not anticipated that works of any considerable magnitude would be re­
quired. Probably a maximum midstream height of 5 feet below and 10 feet 
above the bed of the wied would deal effectively with all but the most catastro­
phic floods, but only actual experience and observation could demonstrate the 
degree of effectiveness which would be obtained. Should any considerable 
quantities of water be found to spill_ over a 10-foot dam at the sites indicated, it 
would probably be more satisfactory to duplicate the works, or to open up the 
formation by boreholes, rather than to raise. the height of individual dams to 
more than 10 feet. The precise sites should be chosen to preclude as far as 
possible any return of water to surface below the dams, or of by-passing around 
the sites. The essential requirements are to get all storm water underground 
at the points indicated, and to obtain reliable measurements of the quantities 
disposed of in this way. 

. 134. Although public works to appropriate or to control the surface run­
off h~ve been few in number and their total capacity has not exceeded more 
than a few million gallons per annum, private works for this purpose are ex­
tremely numerous and their total potential storage capacity probably exceeds 
a thousand million gallons. The cultivators of the Island, from Neolithic 
times onwards, have excavated underground tanks to store rainwater led into 
them from the roofs of farm buildings, from lanes and gullies, and collected by 
small channels cut in neighbouring expanses of bare surface rock. Practically 
every farmhouse in Malta has such an underground tank to meet the needs of 
its occupants and their animals, and a glance at the 6-inch and 1:2500 survey 
maps is sufficient to show that practically every field where there is any pos­
sibility of collecting a few hundred or a few thousand gallons a year, for watering 
seedlings and crops such as tomatoes, melons, and pumpkins during the dry 
weather, has been similarly equipped in the course of centuries. More than ten 
thousand such "wells", tanks, and cisterns are indicated on the maps, and 
probably at least as many again have not been noted. Away from areas where 
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irrigation water can be easily obtained by other means, new ones are still being 
constructed, and old ones are continually being cleaned out and enlarged, 
They vary so considerably in size and shape, according to local catchment 
faciiities and the nature of the rock in which they are hewn, that it would be 
an extremely difficult and prolonged task to collect the information necessary 
for an accurat~ computation of their total capacity, and still more difficult to 
obtain from the farmers a reliable estimate of the mean annual quantity of 
surface run-off which they receive. · 

135. A not inconsiderable portion of the annual rainfall is, or should be, 
directly appropriated by the roof catchments in the towns and villages of the 
Island, though, here again, an accurate estimate of the total quantity which 
is collected annually is not easy to make. An old article of the Police Laws, 
still in force, requires that every house built in a town or village shall be provided 
with a well-sealed tank of two cubic feet capacity for every square foot of floor 
space within the house, and that the tank shall be maintained in a good hygienic 
condition. The advantages for many domestic purposes of a supply of soft 
water from a clean roof catchment are obvious, and, were all the compulsory 
roof catchments and tanks to be maintained and used efficiently, this additional 
independent water supply of every household could considerably reduce the · 
summertime demand on the public piped supply. A rough estimate of what 
this soft water supply should amount to can be made on a population basis. In 
1884, when discussing the storage, pollution, and wastage of water in Valletta 
and Floriana, Chadwick (1884, p. 1) calculated that the total area of roof catch­
ments in those two towns was about 72 acres for a population of about 32,000, 
which approximates closely to 100 square feet per head. If this ratio be applied 
to the whole of thelresent day urban and suburban areas of Malta, where we 
may suppose that rticle 79 of the Police Laws has been fairly consistently 
observed, it would appear that in 1939 the estimated population of 180,000 
residents in those areas should have been equipped with at least 405 acres of 
roof catchment. Allowing ten per cent for evaporation and other losses, 405 
acres would provide 165 million gallons of run-off from a mean annual rainfall 
of 20 inches, or about 2½ gallons per head per day the year round for the popula­
tion concerned. If the use of such a supply could have been restricted to, say, 
150 days of the hot dry weather, it would have relieved the demand on the public 
supply (then averaging about 13 gallons per head per day for the year) to the 
extent of 6 gallons per head per day. 

136. When due account is taken of its limited superficial area of only 95 
square miles it must be admitted that Malta is comparatively well-equipped 
with rock formations which provide favourable conditions for the rapid trans• 
mission of surface waters to underground storage, and in this way help to 
ameliorate considerably the less favourable factors which control the local 
water cycle and which have been discussed in previous paragraphs. Many 
large islands are much less fortunate in their geological constitution; for example 
the case of Pantalleria's 44 square miles of igneous rock, and its relative un­
importance, strategically and historically, immediately. occurs to mind. The 
whole mass of the Maltese Islands, not only above sea level, but to the greatest 
depths explored by boring up to the present, is built up from two thick series 
of water-bearing limestones, the Lower and Upper Coralline Limestone Forma­
tions, separated by a thick series of, in the main, impervious marly beds: the 
Globigerina Limestone Formation and the Blue Clay Formation. As the name 
implies, important beds of limestone form a considerable proportion of the 
lower part of the marly series, the Globigerina Limestone Formation, but, as 
they are much more marly and less permeable, on the whole, than the Lower 
and Upper Coralline Formations, they are of considerably less value for absorb­
ing and for furnishing water supplies. The areal distribution of the Lower 
and ·Upper Coralline Limestone Formations is shown on the accompanying 
maps, Plates 8 and 9; the regional variation in position and thickness of the 
main Globigerina Limestone horizons will be best appreciated by reference to 
the vertical sections of strata, Plate 15. 
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137. The capacity of the Malta limestones for containing water, and for 
permitting its movement in the body of the rock, varies considerably and 
rapidly within one and the same formation, as will he realised from the series of 
determinations of porosity and permeability which were made for Robertson 
in 1917 by Dr. A. Sultana. The essential data are reproduced in Table 4 
accompanying the present Report. From them it will he seen that the fact 
that a rock has a high porosity, and, therefore, that it will hold a large volume 
of water, does not necessarily indicate that it will yield a copious supply. Much 
depends on the shape and size of the individual mineral grains which compose 
the rock, and on the amount of argillaceous material which is present. On the 
whole the porosity and permeability of the limestones has probably been reduced 
considerably from the original condition as deposited, by the long continued 
processes of compaction, recrystallisation, and cementation. Conversely, this 
loss of capacity for taking-up and storing water within the body of the limestones 
has probably been more than compensated, from the practical water supply 
point of view, by the development of innumerable joints and fissures in such 
hardened rocks under the stress of earth movements, and the subsequent 
enlargement of many of them by the passage of subterranean streams of water. 
It cannot he too strongly emphasised that, in the Malta limestones, open fissures, 
such as bedding planes, joints, faults, and the channels which have been eroded 
along them, are of far greater importance in transmitting and storing water 
underground, and in c,;mditioning the measures adopted for its extraction, 
than the local porosity and permeability of the rock material itself. 

138. The Coralline Limestone Formations are mainly composed of massive 
white limestone beds of shallow marine origin, generally reefs of Nullipores and 
other calcareous algae, and banks of washed shelly debris derived from the 
skeletal remains of algae, foraminifera, serpulids, corals, echinoderms, molluscs, 
polyzoa, and crustacea. They show all the rapid variations of grading and 
sorting characteristic of such shallow water deposits. Any particular horizon 
may vary from hard, compact, and well-cemented, to a soft, rubbly chalk. A 
few thin marly partings, up to two or three feet in thickness, and full of worm 
tubes, appear to mark non-sequences of wide extent within the formations. 
Thicker intercalations of blue, green, and grey clays, up to 34 feet in thickness, 
have been encountered in shafts, borings, and tunnels, but do not appear to 
have any very great lateral extent. A variable thickness, sometimes as much 
as 60 feet, at the base of the Upper Coralline Formation is composed of thinly­
bedded alterations of white limestone and yellow and grey marl. The Greensand 
which intervenes between the Upper Coralline Limestones and the Blue Clays is 
a deposit which varies considerably, both in lithology and in thickness. Some­
times it is a practically pure glauconite deposit; more frequently it is a glauconitic 
limestone or a glauconitic marl. Forty feet is the maximum thickness which 
has been measured, hut this is exceptional; over much of the area the horizon is 
represented by only a foot or two of thinly-bedded glauconitic marl, transitory 
between the Blue Clays and the marly basal beds of the Upper Coralline. The 
presence or absence of the Greensand is a matter of considerable importance 
for such practical considerations as the location and design of galleries; otherwise 
the horizon plays a very minor role in the local water cycle and may simply be 
regarded as the basal member of the uppermost water-hearing formation of 
the Island. 

139. The top of the Lower Coralline Formation is above sea level over an 
area of 57 .5 square miles in the main part of the Island, south of the Victoria 
Lines Fault, and over a contiguous area of 4.3 square miles on the north side of 
the fault. The sea level water table within this combined area of 61.8 square 
miles, together with less easily defined extensions within the surrounding fringe 
of Lower Globigerina Formation, is the main source of the Island's present 
public water supply. The recent boring operations have shown that, despite 
the increasingly heavy annual extraction from its eastern side by both public and 
private works during the past sixty years, the table still contains water not 
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exceeding a salinity of 15 parts per 100,000 over an area of 22.8 square miles 
(Plate 8). The problems of development and conservation of this table will be 
discussed in more detail in Part IV of this Report, and the question of prospects 
below the Main Sea Level Water Table in Part VIII. What formations may he 
found beneath the Lower Coralline and what may be the nature of their fluid 
content are speculations of considerable interest on account of their hearing on 
deep boring prospects and procedure, hut they have no concern with the forma• 
tion's functions in the existing water supply regime, for the proven thickness 
of the Lower Coralline Limestone Formation is adequate to ensure lateral access 
at depth to water of Mediterranean salinity, even in the central parts of the 
Main Lower Water Table where the standing water levels are highest and where 
the top of the formation locally attains heights of more than 400 feet above sea 
level. Some 300 feet of the formation are open to surface inspection in the 
deepest accessible sections in Wied ii Ghasel and in Wied Mahlak. More than 
400 feet can be seen above sea level in the inaccessible cliffs [by Ghar Bittia 
on the south-west coast, and, as the cliffs continue vertically downwards below 
sea level for a further 300 feet before there are any indications of flattening-out 
in the submarine profile, it may he safely inferred that the formation is at least 
700 feet thick in this neighbourhood. The maximum thickness which has been · 
proved up to the present by boring is 626 feet (Madalena Quarry B.H.), without 
any indication of approach to the bottom of the formation. 

140. The Upper Coralline Formation occupies about 22.57 square miles of 
the surface of the Island, excluding such small outliers as those of Karraha, 
Fort Musta, II Hofra, and San Leonardo, and numerous smaller masses detached 
from the main outcrops by landslips. Over about 19.69 square miles of this 
area the base of the formation lies above sea level, and, in consequence, the 
water which it contains and which is or may be extracted from it is free from 
all danger of contamination by diffusion of more saline water from the sea,, 
no matter to what degree extraction may proceed. On the other hand rarely 
more than 100 feet vertical thickness of the formation has survived the inroads 
of denudation over much of this area of 19.69 square miles, and the danger of 
contamination from the surface is proportionately high. Furthermore, even 
the largest tracts are so deeply emhayed by the valleys etoded inwards from 
their margins that few natural structural basins remain unhreached and in 
suitable condition for permanent storage of water from surrounding catchments. 
Most of the water which percolates into the formation in the elevated area is 
able to escape again from springs around the margin of the outcrops, or drains 
down dip into the areas, totalling 2.82 square miles, where the top of the under• 
lying Blue Clay Formation passes below sea level and the sea level tables in the 
Upper Coralline are continuous with the water of the Mediterranean (Plate 9). 
The original upper stratigraphical limit of the Upper Corralline Fomation is not 
preserved within the Maltese Islands. A thickness of more than 400 feet 
remains in the middle of the Bingemma Syncline, more than 250 feet in the 
Miziep Syncline, and more than 300 feet is exposed on Comino, where the position 
of the base of the formation has not yet been ascertained. 

141. The predominantly marly series (Blue Clay and Glohigerina Forma­
tions} which lies hetweem the two Coralline Limestone Formations varies in 
thickness from a total of 180 feet on Redum Kammieh to more than 700 feet for 
the Glohigerina Formation alone in the east coast region. The most important 
function of this series, from the water supply point of view, is that it provides 
an impervious base to the Upper Coralline and Greensand Formations. Fine­
grained foraminiferal limestones, however, are developed conspicuously at three 
horizons within the group; namely, (i) the Lower Glohigerina Limestone at 
the base, which varies in thickness from only 3 feet and 8 feet, at Gneina Bay 
and on Redum Kammieh, to probably more than 300 feet in some parts of the 
eastern synclines of the Island, and, (ii) and (iii), the two limestone members of 
the Upper Glohigerina Formation, the lower of which varies from 5 to 30 feet 
in thickness, and the upper from 15 to 30 feet in the northern and western 
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outcrops; the two combined exceeding a thickness of 140 feet along the east 
~oast . . The light blue calcareous marl which generally separates the two 
limestone members of the Upper Globigerina Formation attains a maximum 
thickness of about 50 feet at Blata ii Baida; its lithology is identical with that 
of the lower portion of the ~lue Cla1~, into which the Upper GlobigerinaForma• 
t1on _passes _upwards ~y rapid tr~ns1t10n. ·The Middle Globigerina Formation 
consists _ma~nly ?f white-weathering drab greenish and bluish - grey marls, 
and vanes m thickness from 42 feet on Redum Kammieh to about 380 feet on 
the east coast. 

142. Over wide areas in the eastern part of the Island the Lower Globi­
gerin:1 L~mestone contains little argillaceous admixture, and, where the Middle 
Glob1germa marls have long been removed from above it, it has been well 
c~mented and_ stren~h.ened by the deep weathering of Pliocene and Quaternary 
times. . In this cond1t10~ _a large part of it provides valuable building stone, 
an~, though the permeability of the rock 1s low, the many open joints and fissures 
which_ have been d~veloped in it provide a useful lateral extension to the storage 
ca~a.c1ty of the Mam Lower Wat~r Table. Perhaps ev~n more important, they 
facilitate the downward percolat10n of water to the Mam Lower Water Table in 
the Lower Coralli~e o:er a wide area of the central portion of the Island, where 
the latter format10n itself h~s only relatively small outcrops. In the syncline 
betw_een lmkabba and Zurnek, probably as the result of the presence of im­
perVIous marly beds at the base of the formation, the Lower Globigerina Lime­
stone holds a small perched water table, which, however, is of considerable value 
to the ~oc~l farlll;ers. The Upper Globigerina Limestones, apart from the sea­
ward-d1ppmg strip along the east coast between Shrop il Ghain and Delimara 
Point, have only very limited surface outcrops along the slopes beneath the 
scarps o~ !he Upper Coralline outliers, and,. as they have generally a very low 
permeability, they are not worthy of consideration for any larger water supplies 
than those which are already obtained from them locally by farmers' wells. 

1~3. At pres~nt it is not possible to assess with any confidence the amount 
by wh~ch percolat10n from_ the annual rainfall replenishes the Main Sea Level 
Table m the L~wer Coralline and Lower Globigerina Formations. Under the 
local topographical and geological conditions a reliable estimate could not he 
~ade by as~uming a mean rate of percolation per unit area of outcrop, even 
1f figures h_ad been already determined experimentally (which they have not) 
of the relative amounts of evaporation, run-off and percolation on small areas. 
The presence o~ a practically impervious clayey soil cap over much of the region, 
t~e C(?ncentrat10~ of large ~olumes of surface run-off along the main drainage 
lines across restricted port10ns of the outcrops, and the irregular distribution 
of fis_sures of all sh~pes and sizes, are all unknown factors which prohibit reliance 
o~ simple calculat1_ons bas~d on the assumption of uniform permeability over 
wide_ areas. A reliable estimate must await the collection and integration of 
contmuous r~cords of c~anges of level and composition from the twenty-eight 
boreholes which have been reserved for gauging purposes, and the ·correlation 
o~ these data W\th estimates of the quantity and composition of _the water being 
withdrawn at the same time by public and private works. At present reliable 
data are on~y avail~ble for the water which is being extracted by the Govern­
m~nt Pu1?-pmg St~t10n~, and even here the records of variation in composition 
will re~wre amp!1~cat10n. The accurate survey of private wells, and the 
evaluat_10n ?f their mfluence, is far from complete, and at present only a rough 
approximat~on can be made from the imperfect figures supplied by the owners 
themsel~es m 1943. !he whole problem, and its implications, will be discussed 
further m the succeeding part of this Report. 

_144. In the case of the Upper Coralline areas, however, regional data of 
considerable value for the purpose of estimating the relation between rainfall 
and perc?lation ~re avail:1ble in the _records, commenced by Chadwick in 1883 
and contmued fairly consistently until 1910 (para. 33), of the discharge from the 
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springs of the Rahat-Dingli Plateau (Table 3). The following gauging points 
were established by Chadwick; 

i) near Fiddien Bridge, to measure the combined discharge from the 
lmtahleb (Bieb ir Rua), New Cianti (Wied il Busbies and Bonua), Old 
Cianti, Hofriet ir Riz and Ta Baidu, Misrah Su:ffara, Tat-Tarja,and Wied 
L'Iemu (Ta Dekotzu) Galleries; 

ii) the Ghemieri Gallery; 

iii) alongside the Wignacourt Aqueduct at Ta L' Arcata, to measure 
the combined discharge from the Gharixiem, Busugrilla, and Ghain Kaiet 
Galleries; 

iv) the Ghain Klieh Gallery; 

v), vi) and vii) the three Buskett Galleries of 'l'a Sala, Ta Rapa and 
Ta Sienja; 

viii), ix) and x) the three Fawwara Galleries of San Giorgio, Fawwara, 
and Annunziata. 

xi) the Wied ta L'lskof Galleries; 

xii) the Ghirgenti Gallery; and_ 

xiii) the Sakkaja Gallery. 

' Chadwick stated that from N ovemher 1883 readings were being taken every day 
during the wet season, and on alternate days during the dry weather, or, "allow­
ing for Sundays," about twelve times per month; but the actual records 
preserved in the Water Department Office only comprise readings at 2 to 3 day 
intervals from September 1886 until July 1911. Before the latter date, however, 
considerable modifications in the regime of the springs had been made in conse­
quence of the outbreak of typhoid in 1909, by the laying of cast iron pipes within 
the galleries to draw only from such fissures as were considered free from surface 
contamination, and by the discarding of the entire discharge of some galleries 
when rendered turbid by surface washings after heavy rain. Only the gauging 
from season 1885-86 to season 1908-09 can be regarded, therefore, as recording 
the total flow from approximately the same drainage areas, and under approxim­
ately the same conditions. Only one gallery, that of Gharixiem, is known to 
have been cut-out from the supplies passing the gauges during this period, and 
that must have occurred at an early stage in the series of observations. According 
to Chadwick, the Gharixiem gallery was included originally in the "Busugrilla" 
readings, hut was diverted sometime before 1893 (Chadwick, 1894, p. 7), as it 
was recognised that its water was heavily contaminated by surface washings 
from the town of Rabat, under the middle of which it passes. The total annual 
discharge from the springs during the period under consideration, plus the annual 
production from the Via Dingli Pumping Station, when compared with the 
annual mean rainfall, derived from the records of the seven rainfall gauges on 
the Plateau, over their total catchment area, provides reliable minimum values 
for the ratio of percolation to precipitation, which may he used, as in Part VI 
of this Report, for estimating the probable yields of underground water in the 
other Upper Coralline areas of the Island. The Rabat-Dingli values are un­
doubtedly conservative because (i) there were several -privately-owned galleries 
draining from the same area as tpe Government springs, and there were many 
private wells producing also, of whose output there is no record; and (ii) on the 
whole there is probably a greater area of cultivated soil cap in proportion to 
bare limestone "xaghara" than in most of the other Upper Coralline catchments 
of the Island. One factor which has been used is open to debate, and may 
require adjustment later, when a more detailed and accurate view of the 
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structure of the region is available. This is the estimate of 3.16 square miles for the 
total catchment area of the springs concerned, which is made up as follows:-

(i) Ghemieri Gallery ... 0.098 sq. miles 

(ii) Wied il Busbies, Bonua, Bieb ir Rua, and le Cianti 
Galleries ... 0.585 

" 
(iii) Hofriet ir Riz, Ta Baidu, Misrah Suffara, and Ta 

Dekotzu Galleries . . . . . . . . . . .. 0.483 
" 

(iv) Ta Tarja, Ghain Klieh, Ghain Kaiet, Busugrilla, 
and Via Dingli Galleries . . . . • . . .. 0.923 

" 
(v) Ta L'Iskof Galleries 0.160 

" 
(vi) Buskett -Galleries 0.500 

" 
(vii) Ghirgenti Gallery ... 0.138 

" 
(viii) Fawwara Galleries ... 0.250 

" 
Total 3.137 sq. miles 

It w~ be seen, on comparison of the above figures with the annual discharges 
recor~ed m Table. 3, that t~e catchm~nt _areas_ assigned to the various groups 
of ~prmgs are not m proportion to their respective annual productions, but it is 
believed t~at pr?bable local errors of excess and deficiency will be cancelled out 
when dealing with the ·areas as a whole. When the local detailed survey of 
the whole plateau has been completed it will certainly he worth while to attempt 
to treat ea.ch gallery sepa~ately, a~d, with a view to providing up-to-date re­
cords of discharge for this, gauging has been resumed at as many galleries 
public and private, as possible. ' 

145. The relatio~ship h~tween annual precipi~ati?n and the discharge 
from the Upper Coralline ~pr1;11-gs _of the Rabat-Dmgli Plateau during the 
seasons 1885-86 to 1908-09 1s given m Table 5 accompanying this Report from 
~hich it will be seen that in twenty out of the twenty-four seasons the me~sured 
discharge ranged between 20 and 30 per cent of the estimated precipitation on 
the catchment a~eas. The only season in which the ratio fell below 21 per cent 
was 1888-89, which was well up to the mean as far as the rainfall records were 
concerned, hut which was marked by an abnormal fall in the volume of water 
gauged from the Wied il Busbies, etc., Galleries at Fiddien Box. The three 
seasons 1894-?5, 1~06-07, a?-d. 190_7-08 in _which the ratio exceeded 30 per cent 
were _seasons 11:1 which the dimmution of discharge lagged behind the diminution 
o~ ra11:1fall, owmg to t~e ground water accumulated in the formation from pre­
vious years of ~ood ramfall. The mean value for the whole period is 26. 7 per 
cent or approximately one-quarter of the mean annual rainfall. If this ratio 
he ap~lied to the ~hol~ of the 19.69 square miles in which the base of the Upper 
Coralline Formation lies above sea level (para. 140) it would indicate that a 
me~n ann~al pro~uction of at least 1,427 million gallons of fresh water should be 
available mdefimtely from those areas. The maximum ever drawn by the 
Water Department was 330 million gallons in 1906-07. From 1910-11 to 
1943-~4 the. mean annual total drawn by the Department from the Upper 
Coralline sprmgs was only 119 million gallons, with a maximum of 240 million 
gallons in 1932-33. 

146. In their passage from rainfall and surface run-off to underground 
storage Malta wat~rs are modified considerably in composition by (i) the solution 
of carbona~es of lime and magnesia, and other constituents in minor degree, 
from the limestone and marl formations over which they flow and through 

59 

which they percolate, and (ii) the solution of sulphates, chlorides, and nitrates 
of calcium, magnesium, and sodium, and other minor constituents, derived from 
the sea, first of all by way of the wind-borne spray which spreads them over the 
surface of the island, and, later, when the percolating waters reach a sea-level 
table, by direct diffusion from the body of the Mediterranean. Very few 
"complete" analyses of Malta rocks and waters have ever been made, so it is 
not possible to provide a fully detailed account of these processes, but an ap­
proximate conception of their relative extent and practical significance can be 
formed from the determinations of total solids, salinity, and hardness which 
have been carried out since 1911 by the Medical and Health Department, in 
the course of routine bacteriological and chemical examinations of the public 
supplies of the Island. Occasional determinations of lime, magnesia, iron and 
silica have also been recorded in the Annual Reports of the Department. Five 
old analyses of Wignacourt, Fawara, Armier, and roof catchment water are 
given in the Appendix to Sutherland's 1865 Report, which are valuable for 
comparison with more recent determinations of some constituents; and some 
useful notes on the mineralogical and chemic_al constitution of Malta rocks are 
contained in Murray's paper of 1890 . 

147. As might be expected in a small island composed of predominantly 
calcareous rock formations it is practically impossible to secure a sample of 
water from a natural source that is not slightly "hard" and appreciably saline. 
The purest and softest water obtainable is that from roof catchments, provided 
that the first washings of the rainy season, which contain the bulk of the pre­
cipitate of sea salts, accumulated from the summer time spray, are rejected. 
But even such water will be found to contain a few parts of chlorides, sulphates, 
and carbonates per 100,000. The amount of the soluble bicarbonates of 
calcium and magnesium in the waters of the Upper Coralline springs gives 
a "temporary hardness" (removable by boiling) varying between 6 and 12 
degrees, expressed as parts of CaCO3 per 100,000. The sulphates, chlorides, 
and nitrates of calcium and · magnesium, responsible for the "permanent 
hardness" are generally present in approximately similar amount in these 
waters, though a permanent hardness of 18 degrees has been recorded. The 
salinity, expressed as chlorides in parts of chlorine per 100;000, varies between 
7 and 14. Prior to 1935 it was only on rare occasions, except in the case of 
galleries such as Gharixiem and Busugrilla which were known to be subject to 
gross surface contamination and which were excluded on that account from the 
public supply, that a salinity as high as 10 parts per 100,000 was recorded from 
the high level springs. But during the past ten years there has been a slight 
though clearly defined rise in both chloride and total solid content of all these 
waters, together with a tendency for the permanent hardness to exceed the 
temporary hardness. There can be little doubt that this results from the 
continued extension of private shafts and headings in close proximity to the 
Government galleries, and to the freer access to the public supply thus provided 
for surface washings from intensely cultivated ground. 

148. To assess the composition of the surface waters discharged along the 
main drainage lines of the Island in times of flood, and which probably make a 
major contribution to the annual replenishment of the Main Sea Level Table, 
daily samples of the rapidly flowing stream were taken at San Paul Tai Kleigha 
and at King's Corner, Salina Bay, during the long rainy spell of 21 December 
1944 - 5 January 1945. The samples at the first locality gave salinities vary­
ing from 8 to 12 parts, and, at the second locality, from 10 to 14 parts per 100,000. 
It would seem reasonable to infer, therefore, that the bulk of the surface water 
which reaches the middle area of the Main Sea Level Table, through the open 
fissures of the Lower Globigerina and Lower Coralline Limestones, should do so 
without accumulatimg any higher content of salts than is indicated by these 
figures. In other words, it should not differ greatly in composition, exce:rt, 
perhaps, in respect of carbonates dissolved from the limestone, from the waters 
of the high level springs. Any higher proportion of saline constituents found 
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in samples taken from sea level tables must indicate that the composition of the 
water at the points from which such samples are taken is being affected either 
(i) by lateral or vertical diffusion from Mediterranean water, or (ii) by gross 
contamination of organic origin. This conclusion is supported by the results 
of the borehole survey of the whole area of the Main Sea Level Table, and by 
several other lines of evidence. The samples of water taken from the boreholes 
indicate that the uppermost layers of the table, where it is furthest removed 
from the sea and where "standing water level" is highest, do not exceed a salinity 
of 15 parts per 100,000 over an area of more than 22 square miles. In fact, over 
much of this area the salinity of the "standing" water, as it reaches the table, 
is no more than 9-10 parts per 100,000. A few abnormally low salinities, of only 
4 to 5 parts, have also been recorded in the first samples taken from shafts and 
boreholes, and, strangely enough, these localities were near the seaward margin 
of the table, at Wied il Ghasel and at B.H. 40 (50232435). The explanation 
would appear to be that the points at which such samples were taken were, at 
the time, under the .influence of "freshets" from the cleanly-washed surfaces of 
Lower Coralline Limestone. 

149. The "temporary hardness" values for water samples from the Main 
Sea Level Water Table in the Lower Coralline are little higher than those for 
the Upper Coralline springs, on the whole, although the range is greater, from 
8.5 to 23 degrees having been recorded. The mean values for Wied il Kbir 
(1st class water) and Tal Hlas Pumping Station since season 1911-12 are only 
12.3 and 12.7 degrees respectively. The lowest "permanent hardness" noted 
in the Main Lower Water Table is the 6 degrees recorded initially at Tal Hlas 
Pumping Station. Nowadays, however, the mean annual values of permanent 
hardness considerably exceed those of temporary hardness at every Lower 
Table Station, except Ta Kali, owing to the increasing proportion of water 
drawn from the more saline regions of the table. 

150. Water which passes slowly through the relatively impervious Glo­
bigerina Limestones is able to dissolve much larger quantities of salts accumulated 
in the superficial layers, and a much larger proportion of carbonates from the 
rock itself, than is water which passes relatively rapidly through the much 
more permeable Lower Coralline Formation. Large masses of both Lower and 
Upper Globigerina Limestone still remain in their original blue sulphidic condi­
tion, and contact with such masses will increase also the sulphate content of 
percolating water. The total amount of "formation water" contributed to 
pumped supplies by the Globigerina Limestones, however, must be extremely 
small in comparison with that derived from open fissures, and so far as the 
latter are concerned, the quantity and quality of the water they yield depends 
as much on their individual form and regional position as it does in the case of 

• fissures in the Lower Coralline. Not one of the nine boreholes put down into 
the Main Sea Level Table within the Globigerina Formation provided any con­
spicuous yield of water until Lower Coralline Limestones were penetrated, and 
four of.these remained in Globigerina Beds to more than 160 feet below sea level. 
Of fifty-nine boreholes which passed through Globigerina Limestones entirely 
above sea level, only. three yielded noteworthy flows of water from these beds, 
and the maximum strike was estimated at only 25 gallons per hour. The 
salinities ranged from 50 to 60 parts per 100,000. By contrast, in the perched 
table in the Globigerina Limestone of the Imkabba Syncline, where the water 
must he held mainly in• the fissures of the deeply weathered rock, salinities of 
only 11 to 27 parts per 100,000 were recorded in the middle of summer 1944, 
and these from shallow open wells into which the washings from lanes and from 
farmyards are conducted deliberately. The conception that supplies of water 
derived from the Globigerina terrain must necessarily be greatly inferior in 
chemical composition to those derived from the Lower Coralline, is based largely 
on the inferior quality of Armier and St. Anton water as compared with that 
procured by Chadwick from the Lower Coralline further inland and with fissure 
production cut down to a minimum, and on the fact that in order to maintain 
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a supply from Wied il Kbir equivalent in "sweetness" to high level spring 
supplies, Chadwick deemed it necessary to exclude from the supply the waters 
from that portion of the Wied il Kbir Gallery which lies within the Globigerina 
Formation. It should be remembered, however, that the Armier Pumping 
Station originally provided water but little inferior to the best of present day 
supplies from the Main Water Table; tha~ the St. Anton production is drawn 
from a single fissure, which is now known to have ramifications extending far 
below the top of the water table; and that when the walled-off portion of the 
Wied il Kbir Gallery was opened up into the general supply, in the summer of 
1944, the water which it contributed did not exceed the limits of composition 
permissible nowadays at Wied il Kbir. 

151. In order to obtain a clearer understanding of the migrations and 
changes of composition of both Upper and Lower Table waters, as, for example, 
the seasonal reactions between private wells and Government galleries, the 
seasonal variations of salinity distribution, and more ample record of the effects 
of rate of production of individual fissures and whole gallery systems, it is 
essential that some more rapid and more convenient means be adopted for 
determination of changes in composition, to supplement the limited number of 
chemical analyses which the Government Laboratory can be called upon to 
perform, and to do away with th~ need to coll~ct and t~ transport i~n~merable 
sample bottles. This can be achieved by the mtroduct10n of the D10mc Water 
Tester for the measurement of electrical conductivity. The outfit is small, 
portable, simple to use, and it is no~ essential fo~ its operator :o ha~e more than 
a rudimentary knowledge of physics or chemistry to obtam reliable results. 
Under the relatively simple conditions which c~nt~ol the_ mineral con~ent of 
Malta waters it should be possible to correlate diomc readmgs closely with the 
routine analytical checks of total solids, chlorid~s, ~nd har?ness, and to interpret 
dionic variation studies with confidence. Periodical regional surveys, such as 
those of the Main Lower Table private wells (Plate 3) and of the St. Paul's 
Valley Sea Level Table (Plate 11 ), or investigation of the variation in co;111position 
of individual sources within a gallery system, could be completed m a mere 
fraction of the time required to make an adequate number of chemical analy~es 
for the same purposes, and the routine dionic measurements of the gaugmg 
holes, of pumping stations, and of private works, would be directly comparable. 
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IV. THE DEVELOPMENT AND CONSERVATION OF THE 

MAIN SEA LEVEL WATER TABLE 

152. The Main Sea Level or Main Lower Water Table of Malta is the 
extensive underground poo~ of potable water which occupies the pores and 
fissures of the Lower Coralline and the Globigerina Formations in the central 
and easter~ parts of ~he Island; it is in bodily continuity with water of Mediter­
ranean sahmty margmally and at ~epth; and its upper surface level (1) is graded 
to. th~ sea level round the coast. This body of relatively fresh water is not retained 
wi~hm the confine_s of the Island by any impermeable base, but owes its 
existence to the simple fact that every winter the local rainfall adds more 
f~esh water ~o the und~rgroun~ store than can be dissipated by (i) the direct 
discharge _of its super~cial port1~n ar?und ~he coast, in response to the head 
of wa~~r mland, and (n) the_det~r10rat10n of its composition beyond the limits of 
potab1h~y as the result ?f d1ffus10n from the highly saline Mediterranean water 
aro~nd_ It and beneath It. ~he mean annual excess of fresh water is adequate to 
mamtam ~he ~able at a height_ exceeding ten feet above sea level over many 
square miles m the central reg10n of the Island, and to maintain a depth of 
fresh wa~er below sea level sufficient to balance this excess against the 
surrounding sea ~ater of greater specific gravity. There is no sharply defined 
plane of. separat10n b~tween the superficial fresh water and the highly saline 
~ate~ which surrounds 1t, onlya zone of mixing, which must increase considerably 
m thickness proceeding from the centre of the table towards the coast. The 
equilibrium of the table is ~ a c?nstant state of flux; it is affected to varying 
degrees by every spell of ram which adds more fresh water to its upper surface 
by every tidal or other displacement of sea level around the Island an<l' 
nowa~ays, ~y the irr~g:nlarly distributed abstraction from its upper lay~rs of 
ever-mcreasmg quant1t1es of water for domestic and agricultural use. 

153. The a~ea occupied ?Y _that most important part of the Main Lower 
Water Table which occurs withm the Lower Coralline Formation is defined 
n~tu~ally and precisely '"'."here that formation outcrops along the coast;_ inland 
withm the eastern synclines of the Island, where the top of the formation 
descends de~ply below sea level,_ the boundary is most conveniently defined 
for all pract1~al purposes. by the line at which the plane of contact between the 
Lower Coralline Formation and the Lower Globigerina Formation intersects 
sea leve~. _As a result of the geological surveys and borings of the past three 
years t~s line can ~ow beyl_ott~d on the map with a fair degree of precision, and 
a_s me1;1-t10ned previously, 1t md1cates that the top of the Lower Coralline Forma• 
tI?n rises above sea level over an area of 5 7 .5 square miles south of the Victoria 
Lmes Faul~, a~d over a smaller contiguous area of 4.3 square miles north of the 
fault. It_ is with ~he area south of the fault that the present section of this 
Report will be mamly concerned, for it is from that area that eighty to ninety 
per cent of the Island's public water supply has been drawn in recent years, and 
the problems of the further development and conservation of the area are of 
supreme importance and urgency. It does not seem very probable that the 
small northward extension across the Victoria Lines Fault will ever be able to 
mak~ any lar~e contrib~tion to public supplies, although the area receives 
considerable dir~ct replemshment fr~m ~he ra~nfall through bare rocky outcrops 
of L?wer Coralline and Lower Globigerma Limestone, and must also receive a 
considerable quota of the surface run-off from outside catchment areas, discharged 

(1) ~he term "water t~hle", strict!~ speaking, should refer only to the upper surface of an underground reservoir, 
es dete~e~ from observations of standing water level. But in Malta the term has long been used in a more extended 
sense to s!gnify the whole mass of an underground body of potable water. Provided this usage is clearly appreciated 
no confusion need result from the continued application of the term in that sense, and the meaning of such expressions 
as "at the top of the water table", and •~depth within the water table", will be sufficiently obvious. The use of the term 
"Lower Water Table" as synonymous with "Sea Level Water Table" has also been sanctioned by long usage in Malta 
to ~;'P~ess the distin~tio~, h~tween supplies drawn from sea level sources and those drawn from the "Upper Water Tables": 
or High Level Spnngs , m elevated tracts of the Upper Coralline and Greensand Formations, I have continued the 
usage, h?t, as separate sea l_evel t?hles of importance occur also in tlie Upper Coralline Limestones among tlie northern 
fault strips, I have deemed 1t adV1Sable to add the prefix "Main" when speaking of the most extensive sea level table of 
the Island. 
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along Wied Kanotta, Wied ta Ghain Rihana, and Wied il Ghasel. It is entered 
deeply by inlets of the sea_, broken by numerous large faults, and the salinity 
results of a gallery, which was driven (mainly in Lower Globigerina Beds) at sea 
level for a distance of 680 yards beneath the bed of Wied ii Ghasel, were the 
reverse of encouraging. Parts of the area are already exploited extensively by 

• farmers' wells. However, I would not rule out altogether the claims of the area 
for further consideration hut would postpone them until a complete survey of 
the private shafts of the area has been carried out, and their annual production 
and variations of water level have been fully assessed. (1) 

154. The 37 .5 square miles of the Main Sea Level Table within the Lower 
Coralline Limestone to the south of the Victoria Lines Fault, and more particularly 
the 22.8 square miles of it in which the salinity of the top water does not ex~ 
ceed 15 parts per 100,000 is roughly crescentic in plan view. Along the southern 
and western coasts the formation is open to the sea all the way from Fomm ir Rih 
Bay to Wied is Shakka, near Benghaisa Point, except for a distance of about 
two miles between Shakka (N.W. of Ghar Lapsi) and Ras ii Baiada (W. of Wied 
is Zurriek), along which a narrow strip of Globigerina beds, Blue Clays, and Upper 
Coralline Limestone is preserved on the downthrown side of the Mahlak Fault, 
and considerably impedes the circulation of water between the Lower Coralline 
Formation and the sea. Although the protecting strip has been breached 
deeply at three places the preservation of marly beds over a great length of the 
fault line, from a considerable depth to above sea level, has been a most important 
factor in conserving the capacity and the quality of the Main Sea Level Table. 
B.Hs. 85 and 92, put down by No. 7 Boring Section, R.E., have demonstrated 
·that, owing to the presence of the Mahlak Fault seal, the highest and freshest 
region of the water table approaches far more closely to the coast hereabouts 
than in any other part of the Island. Without this seal, despite its imperfec­
tions, there can be no doubt that a great part of the freshwater area of the table 
would not exist as we see it today. Two of the three conspicuous breaches of 
the fault seal, at Ghain Manoel Cove and at Halk it Tafal, where the marly 
stopping along the fault plane has not been eroded for more than 10-20 feet 
below sea level, could be repaired artificially. It should be a matter for further 
study and consideration, when continuous records are avail1,tble from the gaug­
ing holes inland from the fault line, whether the probable gain to the water table 
would be worth the cost of the work which would be involved. (2) 

(1) Apart from the great 61.8 square miles of the Main Sea Level Table there are only two other areas in Malta 
where the Lower Coralline Formation is known to rise above sea level. These, like the small northward prolongation of 
the Main Sea Level Table, occur within the northern fault strips of the Island. One is an area which cannot be more 
than a few acres in extent, on tlie upthrown side of the J eneina Fault in the neighbourhood of II Gudia, at the southern 
end of Jeneina Bay, The prospects of securing any considerable supplies of potable water from the formation here are 
negligible, as infiltration of fresh water can only occur through a few square yards of Lower G!obigerina and Transition 
Beds exposed on the floor of Wied Halcun, and the top of the formation cannot be more than three or four feet above 
sea level at its highest point within the area. The second area lies beneath the southern end of the Marfa Ridge, where, 
at the eastern end of Redum Kammieh, the top of the Lower Coralline Formation attains a height of about 80 feet above 
sea level. But here again water supply prospects are negligible, for the area has little width, it is open to the sea along 
the greater part of its length, and replenishment by freshwater is only possible from the limited outcrop of the Lower 
Coralline and the Lower Globigerina Formations along the foot of the undercliff. There may he other restricted areas in 
which the top of the Lower Coralline Formation rises a few feet above sea level beneath the highest structural points of 
the Mellieha and W ardia Ridges, but this is very doubtful. In any case the Lower Coralline Limestone beneath those 
ridges is completely sealed by the superincumhent marly formations from any possibility of replenishment by the percola­
tion of freshwater from rainfall. 

(2) Two further points connected with the Maltlak Fault are worthy of note. First, it illustrates extremely well 
the extent to which artificial measures for impeding marginal diffusion and outflow from the Main Sea Level Table, 
such as those proposed by the Water Supply Committee of 1934-35 (para. 76), would have to be carried to produce any 
effects of practical value. Second, the springs of freshwater that escape across the bared portions of the fault plane at 
low tide are the only costal springs I have examined which might possibly be appropriated as intermittent sources of 
potable water. The most concentrated discharge occurs in the north-west corner of Ghain Manoel Cove. This is pre• 
sumably the spring to which Rizzo referred (1932, p. 32) as "yielding about 100,000 gallons a day" and being "very 
brackish". Owing to recent heavy rock falls from the top of the cliff it is impossible at present to get right up to the springs 
as they pour across the fault plane, to sample the water as it leaves the fissures in the Lower Coralline and to check Rizzo's 
estimate of the rate of flow. But the discharge is sufficient to render the sea water, two or three yards out from the actual 
line of the fault, sufficiently fresh to be drinkable. Samples taken from that position at low tfdes on 5 June 1944 and 
5 September 1944 had salinities of only 216 and 244 parts per 100,000. By contrast, other well-known localised marginal 
outflows, such as Ghain Misida and Ghain ta Sok Korsu, situated inland from the actual shore line, but unprotected 
from diffusion by any sucli seal as the Mahlak Fault, never have a salinity of less than 350 parts per 100,000, and any 
attempt to increase the natural rate of outflow at such places would result in a disproportionate rise of salinity. Along 
the Maltlak Fault low salinity water probably extends to a considerable depth, on the upthrown side of the fault, right 
out to the coast, and appropriation of the outflow induced by the falling tide should not lead to any increase of 
salinity. . 
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155. To the north of the point where the Mahlak Fault runs out to sea 
N. W. of Ghar La psi the westernmost 17 square miles of the Main Sea Level Table 
receives no direct replenishment from the rainfall, o-wing to the impervious cap of 
Blue Clays and Upper and Middle Globigerina marls which extends beneath and 
around the Rabat-Dingli Plateau. The trend of the top - water isochlors of the 
sea level table have been traced beneath this region by means of B. Hs. 58, 83, 
117, 64, 77, and 78, which have shown that salinification extends farthest 
inland from the sea in the neighbourhood of Wied tal Kleigha. To the north 
of this valley B.H. 86 has indicated that the isochlors trend seawards a(J'ain in 
response to the contribution of freshwater discharged southwards acr~ss the 
Victoria Lines Fault from the Binjemma Upper Coralline catchment. 

156. The northern horn of the crescent-shaped freshwater area of the 
_Main Sea Level Table lies within the elevated tract of the Lower Coralline which 
extends beneath the N ashar Dome and out to the east coast between Madalena 
Tower· and Sliema. At this end of the area, from Fomm ir Rih Bay to the 
Pembroke Coast, the Main Sea Level Table attains its maximum width. It 
would seem, however that local intensification of faulting and fissuring in the 
Lower Coralline Limestone, in the neighbourhood of Victoria Lines Fault 
facilitates the dissipation of freshwater to the sea, for while the isochlors swing 
outwards towards both coasts (in response to the southward spillover of fresh­
water from the Binjemma Syncline on the west, and probably in response to local 
high rainfall and ample bare surface outcrops of Lower Coralline and Lower 

- Globigerina Limestones on the east) the expansion of the area of high standing 
water levels is by no means so pronounced; in fact the contours of the water 
table ultimately swing inland towards the master fault, on both sides of the 
Island. A few shallow wells on low ground near the coast in the neighbour­
hood of St. George's and St. Julian's constitute the total extent of private 
exploitation of this northern region of the Main Sea Level Water Table. The 
shafts and galleries for the Water Department's Wied il Ghasel Pumping Station 
were constructed between 1926 and 1938 on the low ground along the foot of the 
Victoria Lines Fault scarp in response to the recommendations of Robe:r:tson and 
Rizzo and the 1934-35 Water Supply Committee (paras. 59, 67 and 77). Three 
boreholes (Nos. 35, 55, and 56) have been put down by R.E. Boring Sections for 
the specific purpose of augmenting the domestic supply, but, while the composi­
tion of the water obtained from these holes is quite satisfactory, the volume of 
production has been very disappointing (Table 7). 

157. The crescentic Lower Coralline uplift forms the rim to three sides 
of a wide synclinal area, around which the sea level contour on the top of the 
formation swings inland from the east coast to practically halfway across the 
Island. (1) In the deepest portion of this asymmetrical syncline Upper Globi­
gerina Beds are preserved at Hamrun, and, as the combined result of dip and 
eastward thickening of the Globigerina Formations, the top of the Lower 
Coralline probably reaches a maximum depth of more than four hundred feet 
below· sea level between Hamrun and Floriana. The Grand and Marsamuscetto 
Harbours and their tributary valley systems are eroded deeply in the Globigerina 
beds of the syncline, and the coincidence of low topography with the main 
centres of population has resulted in undue concentration of private and Gov­
renment works for extraction from the Main Sea Level Water Table in this 
region. Early wells in the Marsa (para. 6.) were followed by the Armier Shafts 
(para. 16), and by numerous private wells in and around Curmi and the lower 
ends of Wied is Seuda and Wied ii Kbir. Later, private shaft sinking extended 
northwards along the higher ground of Hamrun, Birchircara, Balsan, Lia and 
Attard, reaching finally to the isolated well at Villa Castelletti, near Ta Kali, the 

( l) The eastern limit of this major synclinal depression is not known. The general trend of the structures 
exposed along the north-eastern coast section of the Island suggests that Globigerina Formation outcrops expand east­
wards beneath the sea, and that the small foreshore outcrop of Lower Coralline Limestone by Fort Tigne is only the west• 
em end of a small anticlinical inlier which rises within the broad basin. · 
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deepest shaft in the Island. (1) It was in this region, too, in the middle 
limb between the Hamrun Syncline and the Lower Coralline uplift, that 
Chadwick inaugurated, in Wied il Kbir and Wied is Seuda, the 
Government galleries which are still the main sources of the Island's 
public water supply (para. 34). At the present time there are 28,485 
feet of Water Department galleries, and more than 130 private and De­
partment of Agriculture wells, within an area of 5½ square miles. The 
densest concentration of wells, on the Marsa and in and around Curmi, 
numbers about a hundred within an area of less than one and a h~lf square 
miles. The Armier Gallery of the Water Department draws from the middle 
of this concentration. The majority of these wells, and their connected 
galleries, obtain their water from fissures in the Lower and Middle Globigerina 
Formations. It is not surprising, therefore, to find that the hardness and 
salinity of the water produced from this marginal area of the Main Sea Level 
Table is increasing steadily. In 1865, according to the analysis made for Suther­
land (para. 18), Armier water in the summertime had a salinity of only 21 parts 

· per 100,000, and contained only 76 parts per 100,000 of total solids. By 1911-12, 
according to Zammit and Morris, these values had risen to 36 and 120 respect­
ively. A partial analysis made of a sample taken on 14 September 1944 from · 
the farthest inland shaft of the Armier Gallery at Wied il Kbir Pumping Station 
revealed a salinity of 100 parts and 215 parts total solids (permanent hardness· 
54, temporary hardness 22). The composition of the top-water of the table over 
the whole of this area, in terms of chloride determinations made on samples 
collected between 23 August and 13 September 1944, is expressed graphically 
on Plate 3, which should serve as a useful reference point for future surveys. 
Neglecting certain anomalies, such as the salinities recorded at private wells 
Nos. 100, 207, 50, 38 and 118, which are obviously due to local disparities in the 
rate of production at the time of sampling, generalised isochlors for 25 and 100 
parts per 100,000 can be plotted, as on Plate 8, from which it would appear 
that the 25 parts isochlor has advanced half-a-mile inland in this region as a 
result· of the increasing extraction during the past eighty years. The mean 
annual salinity of the water produced at the Wied il Kbir Pumping St ation rose 
from 15.8 parts in 1911-12 to 53 parts in 1944-45; at the Tai Hlas Pumping 
Station from ·16 parts in 1915-16 to 48 parts in 1944-45. · 

1.58. For practical water supply purposes the Imkabba Syncline may be 
taken as the boundary between the central and south-eastern portions of the 
Main Sea Level Water Table. Beyond the syncline the influence of the Mahlak 
Fault soon dies away; there are no major surface drainage lines with catch­
ments comparable with those of the central and northern regions of the water 
table; there is a lack of Lower Coralline outcrops inland through which replenish­
ment with freshwater could most effectively occur; and only a small fraction of 
the area lies more than a mile and a half away from the sea. Except in proximity 
to the southern coast the top· of the Lower Coralline Formation rarely attains a 
height of 200 feet above sea level, and a south-eastern prolongation of the 
Hamrun Syncline expands far into the middle of the area, almost dividing it 
into two completely separated portions. Several important strike faults, of 
regional W.S.W. - E.N.E. trend, in addition to a host of smaller fractures, 
break up the area, and probably help considerably in the reduction of standing 
water levels. These latter only attain heights of as much as 10 feet above sea 
level in very restricted area, probably less than half a square mile in extent, 
between Tarshin, Zabbar, and Zeitun. One would not expect to pump any very 
large supplies of freshwater from such a sea level table, and the fact that this 
portion of the Island was less favoured than others, even in respect of relatively 
small domestic and irrigation supplies, was realised long ago by Ciantar (1784) 

(1) This shaft commences in the Middle Globigerina Formation, at a surface height of 355 feet above sea level. 
It was sunk by hand, with a diameter of only 3 feet, to a depth of about 349 feet, or 4 feet below the standing water level 
recorded in July 1944. It has been taken over by the Water Department, and, as B.H. 69, has been deepened by cable 
tools to a depth of 445 feet, with a diameter of 24 inches, for the purpose of testing quantity and quality of water procurable 
by large diameter boring down to l 00 feet below standing water level in the middle region of the water table. 
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when commenting on the "springs" of Wied il Ghain (Marsa Scala). Subsequent 
experience has fully substantiated this opinion, notwithstanding a suggestion 
put forward by Chadwick (1884, p. ix), at an early stage of his work in Malta, 
that there were good prospects of procuring additional supplies of potable 
water "to the south and east of the Three Cities". He had probably noted the 
outcrops of Lower Coralline south of Cospicua and east of Kalkara, and that the 
hand-dug wells around Zabbar were producing relatively fresh water from a sea 
level table in the "White Rock". These observations would inevitably invite 
comparison with the local conditions at his very promising testing operations 
in Wied il Kbir, but he apparently realised later that other factors in the east­
ern region were not so favourable, for the suggestion was never repeated in any 
of his subsequent reports. The Robertson-Rizzo scheme for a Government 
pumping station and galleries in Wied Dalam (paras. 59 and 65), only half-a-mile 
from the sea and aligned along one of the main strike faults of the region, was 

· foredoomed to failure as far as the large scale extraction of potable water was 
concerned. The result of the boreholes which were put down further inland in 
1943 and 1944 have also been very disappointing. B.Hs. 12 and 17 have 
certainly been useful in easing the chronic summertime shortage in the 
easternmost villages of the Island, but their salinities run as high as 97 

. and 190 parts per 100,000 respectively when they are pumped for spells of 
more than a few hours duration. The longer spells of summertime pumping 
required at the boreholes put down to supply irrigation areas (B.Hs. 30, 40, 43 
and 45) has resulted in the extraction of water which constantly exceeds a 
mean salinity of 100 parts, and which has risen to as much as 400 parts per 
100,000 in the case of B.H. 30 during the summer of 1945 (see also Table 7 and 
Plate 7). It is not surprising, therefore, that nothing approaching the. Marsa­
Curmi concentration of wells has resulted from private initiative in this area of 
the Main Sea Level Table. A sampling of fifteen widely scattered shafts around 
Zabbar was made at the end of 1944-45 rainy season (on the 18th May), when the 
top water of the table might have been expected to be at its lowest salinity. 
The analysis showed that there would be remarkably little gain in quality, as 
compared with borehole production, by pumping only from sea level galleries. 
The salinities which were recorded ranged from 43 to 136 parts per 100,000, even 
when the wells were being pumped at very moderate rates for only a few hours 
each day. 

159. It will be realised from the discussion, in the preceding part of this 
Report (paras. 137-142), of the lithological characters of the various limestone 
groups, that the volumetric distribution of water within them is far from homo­
geneous. If it were possible to prepare sufficiently large scale plans and sections 
with a graduated stippling to show relative permeabilities, these would display a 
very complex and streaky pattern, and would be threaded by anastomosing 
veins of all shapes and sizes, representing water-filled fissures, sometimes fairly 
straight and very narrow, in the case of bedding planes, joints, and faults, but 
often following very winding courses of considerable height and width, where 
the subterranean passage of aerated waters during Pliocene and Quaternary 
times eroded underground channels, pot-holes, and caverns. In plan view the 
permeability stippling would be most dense and continuous within the Lower 
Coralline area, and open fissures of all descriptions would be most abundantly 
represented within this formation. Outside the Lower Coralline area the stip- · 
piing would be much less dense in the Lower Globigerina Formation and the 
streakiness would be rendered even more pronounced by large blank patches 
representing the extensive unweathered marly parts of the formation, such as 
are often seen in surface cuttings and were encountered also in the Wied Kirda 
- Wied is Seuda Gallery and in B.Hs. 62, 84, 162, and 164. There would also 
be some prominent lines and networks of fissures, but it is unlikely that they 
would be as conspicuous on the whole as in the Lower Coralline Formation. 
Outside this again the Middle Globigerina areas of the eastern synclines would be 
practically blank, apart from occasional fissures and bands of light stippling 
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representing horizons of marly limestone. There would be little representation 
of the Upper Globigerina, limestone, for that formation only descends to sea 
level within the confines of the island along the eastern side of the Delimara 
Peninsula, and in two smaller areas at the seaward ends of Ras il Fenik and 
Shrop il Ghain. 

160. Thislack of homogeneity in the limestones which contain the Main Sea 
Level Table is most important (i) in determining the rate at which the table 
receives local replenishment from the surface; (ii) in determining the rate at 
which the annual replenishment can be dissipated to the sea or can be deleter• 
iously affected by diffusion from the lower more sa~e lev~ls of the table; and 
(iii) in determining the rate and methods of extraction which must be adopted 
to make the best use of the table for public water supplies. The recent boring 
campaign has provided a general view of the geographic~! variations of stan_d~g 
water level and of composition sufficiently comprehensive to enable a. dec1S1on 
to be made at last concerning the plan which future works for extraction must 
follow, but it will not be possible to arrive at reliab_le ~a~titative answers ~o _the 
questions concerning rate of replenishment, of d_1ss1pat10_n, and of pernnss1b_le 
extraction until continuous recording of changes m standmg water level and ~n 
salinity has been in pro_gress for several years ov~r ~he ~hole area. . The avail­
able body of precise data concerning these variations 1s s~mmar1~ed and ex­
pressed graphically on Plates 6, 8, and 8A. Some allowance 1s required for the 
fact that most of the boreholes up to the pl'esent have only had their water 
levels determined in the few days which intervened between striking the water 
table and the final cleaning-out before capping, and that the seasons at which 
these measurements were made range from April 1943 to October 1945. Never• 
theless it does not seem very probable that ultimate mean annual values will be 
found to depart more than two or three feet from the height~ already r~corded. 
It is possible, of course, that local heavy floods may occasion a considerable 
temporary departure from the mea1:1; th~t re.mains to be seen. B~t, ~fter due 
allowance has been made on these Imes, 1t will be seen that there 1s still a con• 
spicuous lack of uniformity in the regional va~iation of standi°:g water levels 
in relation to distance from the sea (Plate 8A, F1g. l). Interpretat1ons of some of 
these variations have been advanced above (paras. 154-158). In other cases more 
local causes must be responsible for impeding or fac~litatirig the gravitational 
movement of water in the pores and fissures of the hmestones. For example, 
the most anomalous case of all, B.H.48, probably .owed its high standing water 
level to effective sealing by clay-filled fissures of a small_fault compartment, for 
the water in the hole was rapidly exhausted by pumpmg and subsequent re• 
covery to the original standing water level took place very _slowly. ~.Hs. 37, 
87, and 162, near the margin of the large cen~~a! ar~;i of hig~ st~nding water 
levels suggest that there must be a region of tight formation m the Lower 
Coralline beneath the Imkabba - Luca height of land, a fe~t_ure ~hie~ may 
have had considerable influence in reducing the rate of salimfica~10n m the 
neighbouring Wied il Kbir Gallery. A similar local stat_e ?f affairs 1s probably 
responsible for the high standing water level and low sahmty of B.H. 56 along• 
side the Sliema Reservoir, which is only 1,900 yards from th~ c~ast. On the 
other hand to explain remarkably low standing water level_s withm the cen~ral 
area, as at B.Hs. 76 and 79, it is necessary to postulate local mcr~~ses of fissurmg 
or of permeability. However, while these discrepancies emphasise the ~act that 
the conditions which govern the movemen_t of wate~ are far from umform, a 
general agreement is apparent between ~1gh sta°:d1°;g w_ater levels and low 
salinities, and is particularly noteworthy m the d1stribu~10n of the ~oreholes 
which have maintained a low salinity during prolonged periods of pumpmg. The 
areas in which the water table rises to a height of ten feet or more above sea 
level coincide with the areas in which the salinities of boreholes sunk to 50-60 
feet below the top of the water table, and pumped at rates up to 5,00? ga~o11;s 
per hour, have not exceeded 25 parts per 100,0~0. The re~so°:s ~or ~his co1°:c1-
dence must be fully apprec~ated in order to realise t_he defimt~ lim1tat1ons which 
are imposed on the extraction of water from the Mam Sea Level Table. 
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~61. If th~ st~~ding water levels recorded in Table 6 he plotted against 
the d1~tances of mdiv1dual boreholes from the nearest point on the coast (Plate 
8A, ~1g. 1), and ~ll?wance he mad~ for cases which are obviously influenced by 
special local cond1t_10ns, an approXImate cui:ve can be obtained for the probable 
mean annual gradient of the water table m Lower Coralline rocks under the 
present ~ydrological regime. It will be the purpose of the boreholes reserved 
fo~ gaugmg purposes (Table 8) to determine the changes in the equilibrium of 
this surface throughout the seasons and from year to year. It would appear 
from the data available that the tabl~ tends to stand at a height of 4.5 feet 
above sea level at 1,000 yards from the coast, 7.75 feet at 2,000 yards, 10.0 feet 
at 3,000 yards, 11.5 feet at 4,000 yards, 12.0 feet at 5,000 yards, and 12.5 feet 
at 6,0~0 ya~ds. These figures enable an approximate estimate to be made of the 
f~l dimensions of the body of potable water, for if the assumptions be made 
(1) that a sharp boundary exists between the fresh water and the more saline 
water ~hich it displaces; (ii) that the rock formations which contain the water 
are umformly permeable; and (iii) that conditions are static; then the total 
depth ?f freshwater at any point within the water table will be proportionate to 
t~e height above sea level of the column of fresh water at that point and the 
difference between the specific gravities of freshwater and sea water, thus:-

Total depth of freshwater = 
Height of water table above mean sea level 

Specific gravity of sea water - Specific gravity of fresh water 

The mean specific gravity of the surface water of the Mediterranean around 
the sh.ores of the Island, as determined from five samples taken in November 
1943, 1s 1.0271 at 20°C, and ~he mean specific gravity of the uppermost layers · 
of the water table, as determmed from samples taken at Wied ii Kbir and Tai 
Hlas Pumping Stations, also in November 1943, is 0.9991 at 20°C. From which 
an approximate mean section may be calculated and tabulated, thus: 

Distance from the coast 3,000 6,000 9,000 12,000 15,000 18,000 feet 
Height of W. T. above 

M.S.L. 4.5 7.75 10.0 11.5 12.0 12.5 
Total depth of fresh water " 161 276 357 411 429 447 
Depth of fresh water below " 

M.S.L. 156 268 347 400 417 434 
" 

f cross-~ecti~n of the water table in the northern region where it attains its 
m~Xllllum WI~th 1s plotted on .Plate 8A, Figure 4, the vertical scale employed 
~emg three t1~es the horizontal. The scale is too small to display the varia­
t10ns o! the height of th~ water table above sea level, but the position of the 
theoretical ylane separatmg water of specific gravity 0.9991 (salinity about 50 
parts chlorme pe~ 100,000) from water of specific gravity 1.0271 (salinity about 
2,280 parts c~lorme per 100,000), when considered in relation to the position of 
the 15 parts 1sochlors defined by the boreholes, and in relation to the plane of 
sea level, demonstrates clearly the greatly varying influence at depth of relatively 
small differences in standing water levels. It must he underst~od that the total 
thicknesses of the body of potable water, as given in the table above and de­
pict~d in the cross section, are somewhat more ample than the actual state of 
affairs, for ~hey_ tak~ no account of the zone of mixing, developed by diffusion 
and by oscillat10ns ~ th~ level ?f the ta~le. (1) Even in the middle region, 
where the table attams its maXImum height· above sea level, it is probable 

(I~ It is fortunate ~or Malta that the amplitude of the Mediterranean tide is so small. A maximum range of 
only 10.9 mches was determmed from observations made at Montebello's Jetty St. George's Bay from April 1944 to 
Fe~ru~ 1945. Within that ~eriod, from 11 December 1944 to 3 February 1945, the mean tidal ri:nge measured in the 
Wied ~s Seuda Gallery, at a dist~ce of 2½ miles from the coast, was 3.6 inches, and during the period of observation 
the height of the wa_ter table vaned between 7.5 and 9.0 feet in response to rainfall (Plate 6). Even this small tidal 
range was accomparued by measurable variations in the salinity of the standing water, Larger oscillations of sea level 
around the coast_, produced by strong winds, and by the "tratura" in May and September, rarely continue for more than 
a few days at a time. 
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that within 250 feet below sea level the salinity exceeds the limit at present 
fixed for Lower Table supplies (100 parts of chlorine per 100,000). To make the 
best of the available evidence, however, it would seem reasonable to assume a 
mean depth of 320 feet of potable water over the 61.8 square miles of the table 
as defined in paragraph 153, and to compensate the probability that this estim­
ate of mean depth is somewhat on the high side by assuming a mean formation 
porosity of 25 per cent, which is probably somewhat on the low side. Using 
these factors, the figure of 860,000 million gallons is obtained as the total amount 
of potable water held in the Main Sea Level Table under present conditions. 

162. It appears strange at first sight that there should he any great 
difficulty in abstracting a thousand million gallons of fresh water per annum 
from an accumulation of the magnitude inferred in the preceding paragraph, 
particularly when there is reason to believe that this store also receives an 
annual replenishment of at least several thousand million gallons by percolation 
from the surface. Little consideration, however, is required to realise that only 
a minute fraction of the total accumulation can be removed annually without 
raising the salinity of the water abstracted, and of the water left behind, to a 
figure well beyond the limit of potability. The reduction of the height of the 
water table at any point or over any area, whether by pumping from a borehole 
or from a line of galleries, of necessity leads to an upward coning of the denser 
and more saline water in the formation beneath. Where wide open fissures are 
presep.t as in the Malta limestones, the rise of saline water occurs not only 
gradually and evenly in the mass of the formation, as it would within the pore 
spaces of a well-sorted sand or gravel, hut also, and often predominantly, in the 
form of narrowly localised, rapidly flowing streams. In this way a single season's 
"overpumping" may introduce, to a high level in the table, more saline water 
than can be removed by several seasons rest under natural conditions of re­
plenishment. It is only during the rainy season, at such times as the table is 
being most actively replenished through the vadose zone, and provided the 
local rate of abstraction from the top of the table does not exceed the rate of 
replenishment, that it can be hoped to avoid a deleterious disturbance of the 
salinity equilibrium. Even then it could only be on very rare occasions and for 
very brief periods, if ever, that the intake from surface through a strongly 
fissured mass of rock, or down any particular group of wide-open channels, 
would balance the rate of localised upward flow and the consequent increase of 
salinity induced by pumping down to sea level. The need for avoiding pro­
duction from major fissures and belts of heavily fissured rock, whose rise of 
salinity under reduction of head shows that their production is drawn vertically 
rather than horizontally from within the table, is obvious. To take the long 
view, a small yield per foot run of a sea level gallery should he regarded as a 
more satisfactory result than a large one. It would be possible to define 
theoretically, under conditions of homogeneous permeability, the amount of 
water which should be extracted from any given area to limit definitely the 
displacement of the ·equilibrium of the table. Under the local conditions 

. which affect actual practice, however, the optimum quantity which should he 
taken from any specific work can only be determined experimentally, and, as 
far as the established pumping stations are concerned, there• is no indication 
that equilibrium has been attained between the rate of pumping and the com­
position of the water produced. Even at Wied ii Kbir Pumping Station, where 
the peak of annual output was attained more than thirty years ago a new 
equilibrium has not been reached up to the present, although the rate of deter­
ioration in composition has not been so pronounced here in recent years as it 
has in the case of Armier and Tai Hlas supplies, and the continued salinification 
may possibly he due more to the overpumping of neighbouring shafts than to 
the volume of Water Department · extraction from the drainage area of the 
galleries (Plate 2). 

163. Apart from the new station at Ta Kali all the existing Government 
pumping stations and gallery systems are located in the marginal area of the 
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Main Sea Level Table (Plate 8 and paras. 156-158), in positions where the com­
position of the water produced is much more adversely affected by pumping 
down to sea level than it would be in the central area of the table, where natural 
standing water levels are higher. To restore the general composition of the 
public supply to something like the condition in the early days of relatively 
small annual production, and to preserve the life of the table as a source of 
potable water, it is essential that further works should he oirected to the achieve­
ment of two main objectives: (i) the distribution of extraction as uniformly as 
possible over the fresh water area of the table, accompanied by the progressive 
reduction and ultimate elimination of production from the marginal stations; 
and (ii) the provision of adequate pumping equipment and reservoir capacity so 
that the maximum rate of extraction may he made to coincide with the periods 
of maximum intake of freshwater during the rains, reducing to a minimum 
when the rate of replenishment is at its lowest during the summertime. With 
regard to the first objective it must be emphasised that the time has come to 
relinquish the old outlook, so conspicuous in the reports of Chadwick, Robertson, 
and Rizzo, that water supply work in the Main Sea Level Table is something 
akin to a prospecting enterprise, whose success or failure is to be measured by the 
quality and the volume of water obtained per unit foot of gallery at any particular 
locality. The table is a single fluid unit, and it must he treated scientifically and 
technically as such if continued depreciation in the quality of the water produced 
is to be avoided. Its limits are now well defined and i_ts utilisation should 
proceed on an overall plan, carefully coordinated by constant measurement 
and interpretation of the physical factors which control its ever-changing 
equilibrium. With regard to the second objective laid down above, it must 
again be emphasised that ever since 1911-12, when total production from the 
table amounted to 605 million gallons and the mean salinity of the water pro­
duced was only 16 parts per 100,000 the quality of the water produced has 
deteriorated practically continuously, despite extensions of galleries and a 
cycle of years of excess rainfall (Plate 1 and Table 2). The new work at Ta 
Kali will only provide a temporary respite if it, too, is exploited at maximum 
pumping rate the whole year round. Under the erroneous assumptions that 
the table could provide practically unlimited supplies of potable water, and 
that any summertime increase in salinity was removed by the subsequent 
winter rains, no provision has been made in the past for flexibility of pumping 
and the reservoir capacity which such procedure would involve. I have ven­
tured the opinion (para. 119) that a mean annual production of about 1,000 
million gallons is probably the maximum output that can he expected from 
the Main Sea Level Water Table if the mean salinity of the supply is not to 
exceed 50 parts per 100,000. It is to he hoped that rational operation of the 
whole table as a unit may show this opinion to have been an ultra-conservative 
one, hut, in view of the history of production up to the present, I consider that 
it would be wise not to anticipate any more favourable results until much more 
additional precise quantitative evidence is available continuously with regard to 
changes of level and composition in the gauging holes, with regard to pump­
ing i:ates and changes of composition in the existing galleries, and from the 
new galleries in progress at Ta Kali. 

164. There can be no doubt that the time-honoured method of driving 
galleries at sea level is the most economical and satisfactory way of extracting 
potable water from a sea level table contained in such formations as the Lower 
Coralline and Globigerina Limestones of Malta. The results of borehole pump­
ing (Table 7) have proved very disappointing. The experiment was justifiable 
as a wartime expedient under the conditions of 1942, 1943 and 1944, when 
adequate labour for shaft sinking and tunnelling was not available, and the 
urgency of the situation sanctioned the diversion of specially trained and fully 
equipped military units for the work. But, as a long term policy, borehole 
pumping is most unsuitable, under local conditions, for the extraction of water 
on a large scale for public supplies, owing to the high cost per gallon of water 
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raised and the local accentuation of salinity in the upper lay~rs of the wa:ier 
table which each borehole must inevitably produce. Twenty six holes, rangmg 
from IO to 24 inches in diameter, at widely scattered localities, ~ave been ~uh­
jected to pumping tests during the past three years. ~1:1 the experienc? obtamed 
it can be safely affirmed that the chances of obtammg a product10n of as 
much as 5,000 gallons per hour from a small diamete~ hole, if taken no further 
than 50-60 feet into the water table, are very small. mdeed. . The smaller P;O· 
ductions which have been obtained have been very useful m supplementmg 
existing supplies at certain critical points, but any attemp~ to exploit the table 
as a whole by this means would prove extremely une~ononncal on account of the 
large number of holes which would have to be dr~ed_, the number of small 
separate pumping units which would have to be ~arntarned, an? the elaho~ate 
system of tanks and pipes which woul_d be reqmred to _centralise product10n. 
It is most unlikely that uniform extract10n would he obtamed, even were a c~ose 
equilateral spacing to be adopted over the whole area, as an adequate yield 
from the small diameter of a borehole depends to such a great extent ~n. ~he 
intersection of well-fissured rock. The required degree of seasonal flexibility 
of pumping certainly could not be achieved economically by th~ s_mall borehole 
pumps which would be employed. While the first cost of dnvmg the head­
ings for the gallery system of extraction may be much more than that of the 
boreholes required to produce the same volume of water, _the. system possesses 
the following great advantages; (i) the hulk of the water produced com~s from 
the uppermost and freshest layer of the water table, and, under eqmvalent 
formation conditions, the upward coning of saline wate~ is less pronou~ced 
than that produced by a borehole; (ii) excessively localise~ and deleten~us 
fissure production can he controlle~; (iii) unifo~m dist~ibut10n of extraction 
can be obtained by the proper locat10n of pump~ng stat10ns. and t~e ~onstruc­
tion of an adequate equilateral network of drarnage galleries r~diatmg from 
them; (iv) every foot run of gallery excavated at sea level pr?vides so much 
more storage for intake from the surface - about 200 gallo?Is rn the. case of a 
5 x 6.Lfoot gallery with a 11. x 2~foot grip - in the most desirable reg10n of the 
table~ (v) pumping costs ar! m_ost economical, as the plant ~s. concentrated at a 
few main stations; and (vi) efficient areal control of ~ompos~t10~ and volume of 
production can be exercised by the insertion of slmces_ on maJor fiss_u~es and 
on sections of the galleries, and by continuous observat10n of compos1t1on and 
pumping level in the sump. (1) 

165 A suggested grid of new pumping stations and galleries for the unit 
develop~ent of the central freshwater area of the Main Sea Le_vel Table _was 
drawn up at an early stage of the recent tunne~ng and ~ormg oper~t1ons 
(Plate 8). The main objectives of this plan w~re (1) the equilateral spacrng of 
new pumping centres at intervals ofJ ½ to ~ mil~s from 01:1e. another ~n~ from 
the existing pumping stations and (n) ~he mclus10n _of ex1stmg_ galleries 1?1 the 
drainage pattern. The spacing of stat10ns adopted 1s th_e maximum advisable 
in view of the yields expected and the rate of pumping which would he ne~essary 
when the gallery system drained by each statio:°' was completed: dur1;fig the 
brief periods of high flood level. The plan comprised two new_ stat10ns situated 
centrally in the freshwater area betweem the Hamrun Syncline and the west 
coast, at (I) Ta Kandia, 4237 2012, and at (II) Wied _il Bakkia, 400~ 2208; and 
four new stations for the purpose of equalising extract10n from the "?de n~rthern 
expansion of the freshwater area, spaced as equilaterally as cons1derat1ons of 
local topography permitted, at (III) Wied Giananu, 3889 ~774, (IV) Tai Mer­
kliet, 3766 2361, (V) 11 Wilgia, 3675 2619, a1;1d (V~) L'Inglin, 4~16 2~10. T~e 
connecting galleries required to complete this basic plan, not mcluding radial 
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ga~eri~s fro_m ea?h s_tation, and omit.tin~ possible connections with the existin !;r:: ii Khrr, Wied IS Seuda, and Wied 11 Ghasel Galleries, would he approxim~ 

Wied Giananu -L'Inglin 9,900 feet Wied Giananu -Ta Kali 7,800 Wied Giananu -II Wilgia " 8,100 II Wilgia -Ta Kali " ... 9,450 II Wilgia - Tai Merkliet 
... 

" 
Ta Kali - Tai Merkliet 

8,100 
" 

Ta Kali - Wied ii Bakkia 
8,550 

" 
Wied ii Bakkia - Ta Kandia ... 

9,750 
" 9,300 
" 

Total ... 70,950 
" 

The approximate depths to sea level of the new shafts would he : 

Wied Giananu 210 fi t 
II Wilgia • • • 300 ee 
L'Inglin 200 " 
Tai Merkliet • . • 450 " 
Wied ii Bakkia 310 " 
Ta ,Kandia ; . . . • • 300 " 

" 
Total 1,770 ,, 

Re~nsi~ration ?f t~~s plan since the completion of the borehole surv~y has 
con rme the smtahility of the Ta Kandia and Wied ii Bakkia locations, but 
has suggeste_d that the dramage pattern devised for the northern region would 
~!~vi too widespread_ for the quantity of freshwater which would be available, 
d. or the low standmg water levels which appear to extend for a considerable 
1stance tod the south of the Victoria Lines Fault, particularly towards the 

western a_n eastern flanks of the region. At present I am inclined to think 
:hat ~augmg h?le records will show that the Tai Merkliet, II Wilgia, and L'Inglin 
ocations are sit_iiate~ too near the margins of the freshwater area, and that the 

~
0ft'~;rd contmuat10~ of a central line of galleries from Ta Kandia and Wied . h 'h to Tai Ma_hzmer (3~82 2440) and the Tai Hanzira (3819 2716), together 

wit. t_ri utary ~adial ga~enes from each station and branch galleries from the 
1am mter-station galleries, would he found capable of extracting all that 
t l~ni~ea . could supply, and would he more suitable for avoiding marginal 
sa . cation. R~cords from the gauging holes would show later whether ex­
t:ns;nsh were desirable along the northern horn of the freshwater area beneath 
:1 ~ak~~a a:ndr~t. K The. only ch~nge in ~he plan so far as the proposed Wied ii 
b hi a andia Pumpmg Stations are concerned is that it would pro­
I a ~ be fi more advantageous for uniform drainage of the freshwater area if the 
4~;a;11i1ir _the ladtterf station were moved a few hundred yards to the south to 

. mstea o 4237 2012. The basic plan of the revised sch:me 
would mvolve the construction-of the following lengths of galleries: 

T~ K~ndia -. Wied ii Bakkia .. . 9,900 feet 
Wied ii B~kkia - Tai Mahznier ••• 7,950 
Tai ~ahzmer - Tai Hanzira . . . 8 400 " 
Rad~al galle~es from Ta Kandia, say ••• 1s:ooo " 
Ra~al galle~es from Wied ii Bakkia, say • • • 12,000 " 
Rad~al galler~es from Tai Mahznier, say 12,000 " 
Radial galleries from Tai Hanzira, say •• • 6,000 :: 

Total 71,250 ,, 

The approximate amount of shaft sinking to sea level would be: 

Ta Kandia 
Wied ii Bakkia 
Tai Mahznier 
Tai Hanzira 

... 300 feet 
310 ,, 
360 ,, 
225 ,, 

1,195 ,, 
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It will be realised that the total lengths of galleries detailed above would extract, 
if pumped at an average rate of 100 gallons per foot per day, considerably more 
water than the present mean daily and annual draught on the tables, and more 
than the optimum yield it is thought that the whole table can supply without 
progressive deterioration in composition. This does not mean to say that the 
proposed lengths are excessive, but that a mean rate of production of as much as 
100 gallons per foot per day at sea level throughout the year is far too heavy 
a rate for the maintenance oflow salinity. It is not improbable that it would he 
found advisable ultimately to exceed considerably the total lengths of 70,000-
80,000 feet proposed above. (1) 

166. It may perhaps be emphasised that no permanent increase in the 
total annual production from the Main Sea Level Table is promised as a result of 
these proposed extensive new works. Their object is (i) to replace the present 
unduly saline supplies by water no more saline than the state in which it reaches 
the table, and (ii) to provide the means whereby increased annual production 
may be taken should subsequent experience indicate that this can be done with­
out causing progressive deterioration in composition. For some years to come 
any addition to the volume of public supplies in Malta must be sought in the 
elimination of waste and in the development of Upper Coralline sources. So far 
as the Main Sea Level Table is concerned new production of low salinity water 
should be accompanied by an equivalent reduction in the volume of production 
from the older pumping stations. Except in the case of unavoidable pumping 
to waste, which may arise from time to time during the construction of galleries, 
no water should be allowed to he diverted to any use other than the public piped 
supply, otherwi.se the impression will be created that "new" and previously un­
expected resources of water are being opened up, and further calls for irrigation 
supplies will follow . 

167. It is desirable also that a firm policy should be laid down with regard 
to the salinity of the water which may be extracted by the Water Department 
from new developments within the central region of the table. It should be the 
responsibility of the engineer in charge of the tunnelling to ensure that no fissure 
and no belt of fissured rock is left in a condition to discharge into a gallery water 
of a salinity higher than that which percolates from neighbouring unfissured 
formation. Adherence to this regulation ,vill inevitably lead to much work 
additional to the straightforward tunnelling, in cementing-off fissures and belts of 
strongly fissured rock. But to scamp the methodical application of such control 
on the composition of the water to be drawn from the galleries would defeat 

(1) For purposes of comparison, in conjunction with the production and salinity data of Table 2, it may be noted 
that the total length of Government galleries constructed up to the end of 1945 for extraction from the Main Sea Level 
Water Table is: 

Armier - Wied il Khir - Wied is Seuda 
St. Anton . . . 
Wied Dalam . . . 
Wied il Ghasel 
Ta Kali 

Total ... 

28,785 feet 
300 ., 

5,600 ,. 
9,194 ,. 
1,724 ,. 

45,603 

The average width of these galleries, with the exception of those in progress at Ta Kali, the recent extensions 
in Wied is Seuda, and the length of 1,266 feet in Wied is Seuda which was widened in 1935-39, is only 2 feet. They are 
mostly sunk to sea level, except the St. Anton and Armier Galleries, whose floors lie at 2 feot and 9 feet below mean sea 
level respectively. 



74 

the primary object of conservation of the table. To state a precise figure, I re­
comme_nd that °:o _gallery should be left in a condition to yield water at any point 
excee~mg a salimty of 20 pa~ts per 100,000, at any time of the year, when 
p_umpu~g down to ~ea_ level. This figure_ allows ample margin for the summertime 
rise of 1sochlors withm the table, and, m actual practice, the mean annual com­
position of the water produced from any gallery should be much closer to the 
mean va~ue. of 13.5 parts per 100,000 given by borehole sampling of formation 
waters withm the area enclosed by the 15 parts per 100,000 isochlor of Plate 8. 
Results at Ta Kali durin~ the past twelve mo~.ths have. s~own that, if pumping 
rates and fissure production are controlled, this low salimty can be achieved. 

168. If w~ter supply works are acco1ded their due priority in the allocation 
of funds there 1s no reason why the greater part of the work required for the 
systematic utilisation of the Main Sea Level Table as a whole should not be 
_completed in about ten years. It would be inadvisable to attempt to complete 
the whole programme within a shorter period, for, as noted above much ad­
ditional information is required before a final decision can be reach;d as to the 
most suitable lay-out of galleries for controlling extraction from the northern 
part of the area. On the other hand it is equally desirable that the construction 
of the works required for unit control should proceed energetically, in order that 
the change-over from mar_ginal to central extraction may commence and be 
completed as soon as possible. I recommend, therefore that the work be 
divided into two ~tages, a!-1-d that the first stage be the con~truction of the pro­
posed new pumpmg stations and gallery systems at Ta Kandia and Wied il 
B~k½ia, with a view to th~ir completion, to the extent given in para. 165 above, 
withm five ye~rs. Pending the con~truction of a ring main and high level 
storage reservorr~ (see Par~ VII of t_h1s Report) they would discharge into the 
Luca a°:d T_a Ka~ Reservorrs respectively, and the delivery of more saline water 
from Wied il Kb1: and Tai Hlas to tho~e reservoirs would be reduced accordingly. 
The westward drives from the Ta Kali Shaft should be continued to at least the 
Tai Mahznier - Tai Hanzira Line, since they will fit into whatever gallery plan 
may be adopted ultimately for the whole of the northern area. At the end of 
five years the accumulated data from the gauging holes, and from the further 
works a!-1-d surveys acc?mplish~d, would enable a final plan to be made for 
completion of a centralised dramage pattern for the northern region within a 
second period of five years. 

169. Full particulars of the depths, diameters, and other features of the 
tw~nty-eight boreholes which have been reserved for gauging purposes, and to 
which reference has frequently been made in preceding paragraphs, are given in 
Table 8. _These holes, in conjunction with the holes which have been put down 
to the Mam Sea Level Water Table for other purposes, have provided the data 
for the first overall appreciation of the dimensions of the table. Their further 
fun~~ion is to provide a continuous detailed record of changes in level and com­
position over the ~hole area of the table, so that the interaction of replenish­
men~ _by percolation from the surface and extraction by pumping may be 
elucidated, and so that future developments and manipulation of production 
may rest on a secure observational basis. Integration of the variations recorded 
from these widely distributed points, when correlated with similar continuous 
r~cords from the pumping stations, and with the rainfall, should enable a re­
liable ap~ro:ximation to be made in due course of the amount and periodicity 
of replem~hment, an~ of the times and rates at which extraction can proceed 
most ~fficie~tly. Casmg has been cemented in the top of every hole to prevent 
an~ direct mflux of surface water, and in some cases considerable lengths of 
casmg ~ave been used to hold back ca_vings_ from t~e Blue Clay and Globigerina 
Formations and to ensure that no direct mfiltration of more saline waters is 
possible from the thin limestone members of the latter formation. Small 
concrete houses to contain the recording apparatus have already been erected 
o"."er every hol~. The most suitable system for measuring changes of level 
will be the contmuous air flow type of gauge, as the small diameter of the holes 
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in proportion to their depth would render float gauges extremely unreliable, 
and the periodic removal of diaphragm boxes would be extremely inconvenient. 
To simplify subsequent reading of the charts it is important that the bottom of 
the bulb be set accurately, once and for all, at mean sea level in every hole, a 
procedure which will involve meticulous measurements when inserting the 
apparatus, in addition to the check traverses of first class spirit levelling men­
tioned in the footnote to Table 8. To protect and support the bulb and capillary 
tubing it will be advisable to run them inside a special string of 3-inch I.D. pipe 
inserted to about 10 feet below sea level. As most of the gauging hole sites are 
remote from the electric mains the necessary supply of compressed air will have 
to be supplied from a tank, which will require pumping-up at intervals of a few 
days, according to the size of tank installed and the depth of water being re­
gistered. It is recommended that variations in composition b~ mea_sured by a 
Dionic meter installed permanently at every hole, and that m this case the 
absence of a mains supply of electricity be met by the use of batteries, as clock­
controlled readings at intervals of 6 hours will be a~equate. The el~ctro~e 
tube should be set approximately at sea level, but meticulous accuracy m posi­
tioning is not so essential as in the case of the depth-recording apparatus. A 
heavily armoured cable should provide sufficient support, even in the deepest . 
hole, without an additional string of pipe. The recording of both sets of data 
should be made on a single 12-inch diameter chart, driven by a 7-day . clock. 
With this size of chart and sea level zero all anticipated changes of level would 

. be recorded with a probable error of less than one inch. 

170. It has been suggested, in paragraphs 130 and 131 above, that a large 
part of the replenishment of the Main Sea Level Table takes place throug? the 
small inliers of Lower Coralline Limestone which outcrop in the central region of 
the Island. I have little doubt that the gauging hole records will confirm 
this supposition. It follows, therefore, that every e:ff ort should be made to 
conserve these outcrops, and all the channels which drain into them, in as clean 
and effective a condition as possible. Their importance in the Island's water 
supply regime is completely out of proportion to the relatively small _su~erfi~ial 
area which they occupy. It should be arra?-ged_that any planned r~dis~nbu~ion 
of the congested village populations of the mter1or shall tak~ place m directions 
away from these inliers, for the valleys which cross them are already too well 
favoured as receptacles for all types of household refuse and filth. All under­
ground water supplies in Malta travel but little way from the surface before 
they reach the works designed for their appropriati~n, and it is f~olis~ _to add 
gratuitously to the Medical and Health Department s work of mamtammg the 
bacteriological purity of the supply. 
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V. THE DEVELOPMENT AND CONSERVATION OF THE 

UPPER CORALLINE AREAS 

171. The history of the early development of public supplies from the high 
level springs of the Rabat-Dingli Plateau, the efforts of Micallef and Dingli to 
persuade the Government of their day to embark on an adequate programme of 
reservoir construction to equalise supplies from the springs, and the comparative 
neglect of the area subsequent to Chadwick's demonstration that the Main Sea 
Level Table could apparently provide a perennial supply of first class water, 
sufficient for the public requirements of his time, have been outlined in an 
earlier part of this Report. Now that the limits of the Main Sea Level Table's 
resources are becoming only too evident, and it is obvious that it too will have 
to be treated with due regard to seasonal and annual fluctuations of replenish­
ment, it is imperative that the long-neglected Upper Coralline areas shall 
receive adequate consideration. Some of their advantages and disadvantages 
have already received comment. Although their total area is not much more 
than a third· of that of the Main Sea Level Table in the Lower Coralline, amount­
ing to only 22.6 as compared with 61.8 square miles, yet they occupy almost 
a quarter of the total surface area of the Island. In a very real topographical 
and geological sense they are the natural "upland catchments" of the Island, 
most remote from the main urban concentration, and preserving to a greater 
degree than any other parts of the Island their original bare rocky character. 
They should have been recognised as such and duly conserved long ago. As 
pointed out in paragraph 140,more than 19.7 square miles of the Upper Coralline 
outcrops are completely free from the difficulties of salinity control which are an 
inevitable accompaniment of extraction from any part of a sea level table. 
The main impediments to their proper utilisation for public supplies have been 
a disinclination to modify old-fashioned and ill-informed legal conceptions of 
the sub-surface rights of private landowners, and, of course, the considerable 
expense of providing adequate storage reservoirs for the equalisation of their 
very variable seasonal and annual yields. But it will be realised, from what 
has been said in the preceding part of this Report, that, so far as the long term 
provision of large public supplies is concerned, they are no different from the 
Main Sea Level Water Table, · and the problem of providing vastly increased 
storage capacity for supplies from both sources must be faced. · 

172. The Upper Coralline areas, with their impermeable base of Blue 
Clays, are as important for attaining at least a partial solution of the storage 
problem as they are for the purpose of providing new supplies. The Blue Clay 
inlier of Wied L'Iemu in the Rabat-Dingli Plateau is the only place in the 
Island which offers for the construction of large surface reservoirs the combined 
advantages of (i) conditions favourable to the extensive employment of modern 
mechanical excavators and the prospect of a relatively small cost per million 
gallons; (ii) an altitude sufficient to provide gravity distribution to all the 
towns· and villages of the Island, except Mellieha, Nashar, Gargur, Rabat, 
Dingli, Nigret, and Bubakra; and (iii) a high degree of immunity-from the ganger 
of breaching as the result of earthquake shock or aerial attack. In the northern 
fault strips .of the Island there are certain natural basins of Upper Coralline 
Limestone whose present storage capacity .could be increased considerably by 
the construction of underground dams, probably for an even smaller expendi­
ture per million gallons than in the case of any surface work. These under­
ground works would entail little in the way of permanent surface appropria­
tions beyond the normal requirements of pumping stations and pipe lines, and 
their contents would be practically invulnerable to aerial bombardment. (1) 

(I) They would, however, he subject to gradual loss ot capacity in course of time, owing to the silting-up of the pores 
and fissures of the limestone formation, unless adequate arr.mgements were made for the prior sedimentation or filtration 
of the storm waters piped into them; whereas such sediment could he removed periodically without difficulty from surface 
reservoirs. 
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173. It is unlikely, however, that a completely satisfactory solution of the 
problem will ever be possible, owing to the small size of th~ Island, the incr~ase 
in the demand per head which will probably be made by its large and rapidly 
increasing population, and the great. v~riation in_ the tota~ amount of potable 
water available annually. At present 1t 1s not possible to estimate the amount of 
storage which will be required to achieve a maximum _ann~al output of low 
salinity water from the Main Sea Lev~l Table. The ~st1mation ?f the storage 
capacity required by the Upper Coralline catchments 1s a more simple matter. 
As Chadwick pointed out long ago (1884, p. 47, and 1886, pp. 2 a~d 3) the storage 
required to equalise monthly supplies, from only . a small portio~ of the tot~l 
Upper Coralline area, is very considerable. And, when the _questio~ of e~uah­
sation through long cycles of wet an~ dry _years arises, a brief consideration of 
the data which have accumulated smce his day shows that any approach to 
equalisation is hardly a matter of practical politics. The qu~ntity o~ water 
received by the Water Department from the High Lev_el Sprmgs durm~ !he 
fifty-six years 1889-90 to 1944-45 varied bet~~en a maxu~um of 330.5 millio~ 
gallons in 1906-07 and a minimum of 55.5 million gallons m 1914-15 ('1:able 3), 
the mean annual supply being 158.1 milli~n gallons. To ha:e equalised t~e 
supply at the latter figure would have required the accumulation of 1,336 mil- · 
lion gallons between 1889-90 and 1911-12, and at the end of 1944-45 there w~uld 
have been no reserve for future eventualities. The volum~ of storage required 
will increase pro rata with increase in the total are~ exploited,_ an~, above all, 
there is the fact that knowledge on which to base reliable quant1tat1ve forecasts 
of rainfall cycles is lacking. 

174. Complete the~retical equa~satio_n being rule~ out as_ imprac~icable 
the question which remams ~o. he dec1~e~ 1s the reservoir capa~1ty required to 
provide, on the basis of ant1c1pated m1mmum annual production from Low~r 
and Upper Tables combined, and the need to collec~ and to store most of t~1s 
during two or three winter months, a reasonable daily supply to a po~~ation 
which may number half-a-million by the end of the century, T~e ~mmum 
annual production received by the Water Depar~ment f~om the High Level 
Springs" was 55.5 million gallons in 1914-15. This certainly was not the to_tal 
discharge which could have been appropriated fro~ the . three square miles 
drainage area of the Rabat-Dingli _galleries (para_. 14~) m t~~t year, had ~frange: 
ments been made for sedimentation and chlormat1on of second class water, 
and it takes no account of the amount of private extraction from. that area. 
Acceptance of it, however, as the probable minimum.production available from 
3 square miles of Upper Coralline catchment at the climax of a dry cycle, ~akes 
some allowance for the probable occurrence of periods of even ~oorer ramf~ll 
than those of the three years 1912 to 1915, such as 1467 to 14_70, whe~ no ram 

· fell", 1864-67, and 1895-98. If the area of Upper Cora~e explo1~e? for 
public supplies be raised to 15 square miles, then the expe,~ta!10n of a mi~u1!! 
annual production of at least 275 million gallons from the ~1gh Level ~prmgs 
would appear to be justified, and consideration of the relation of the r~mfall to 
actual measured discharges during the years wh.en the latter were bemg fully 
recorded (Tables 3 and 5 and para. 145) suggests that probably two o_r three 
times this ratio should be obtained under efficient measu_re_s for conser_vat10n and 
collection, as witness the minimum production of 120 million gallons_m 189_7-98, 
at the climax of an even more pronounced succession of years of deficient ramfall 
than those which preceded the 55.5 million gallons of 1~14-15. The da~a. from 
the Lower Table (PlaJ;e 1 and Table 2) suggest that even m a sea~on of mimmll1;ll 
replenishment some 500 milli?n gallo~s at !e~st should be available from this 
source without a noteworthy mcrease m salinity. It would seem saf~ to con­
clude, from the existing data, that even at the end of three successive years 
of deficient rainfall the Upper and Lower Tables c_o1!1hined would he capable ~f 
yielding at least 1 000 million gallons of low salinity water. Storage of this 
order is required, 'therefore, for the larger P?rtion o_f such an annual supply, 
which would be piped to reserve during the wmter ramstorms_, and to _h?ld ~ny 
excess accumulated during preceding seasons of more bountiful prec1p1tation. 
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An annual supply of 1,000 million _gallons is equ~v~lent to approximately 5½ 
gallon~ per day per head of a population of half-a-million, and a useful additional 
quantity per head per day should also be available from efficiently maintained 
roof catchments (para. 135). In years of good rainfall there need be no doubt 
about _the capaci!Y. of the Upper and Lower Tables, if managed efficiently, to 
replemsh 1,000 million gallons storage, as well as to maintain an adequate daily 
supply throughout the year. It is recommended, therefore that 1 000 million 
g~llo;11-s reservoir capacity be adopted as a minimum objeciive, to be attained 
withm th~ next five t~ ten years. Without such storage it will not be possible 
to work either the Mam Sea Level Table or the Upper Coralline catchments to 
their best advantage. 

175. Apart from a f~w restricted areas (para. 172) whose lower parts lie 
d~eper than _the natural spillover level to the sea, the masses of Upper Coralline 
Limestones m themselves provide relatively poor facilities for lengthy storage 
of the rainfa~ which finds its way into them. They are seamed through and 
through by wide open fissures and caverns developed by the passage of copious 
underground streams when Malta formed part of a much more extensive and 
more ele~ated land area during Pliocene and Quaternary times, and the thick­
ness of limestone which has survived denudation is less than a hundred feet 
ov~r much of the area. The thinly-bedded alternations of limestone and marl 
which are characteristic of a variable thickness of the lower part of the formation 
and ~he fine-~ained basal Greensand, when present, are probably the most 
effe_ct~ve po~ions of th~ fo~mation from the storage point of view. But the 
mam 1~p~diment to rapid di~persal of the water taken into the formation during 
the rams 1s the clayey matrix of the talus slopes and landslips which have ac­
~um~lated around the b~rders of the outcrops. The spring-developed breaches 
m this seal, whose locations are determined by various accidents of structure 
an~ by the intersection of the limestone boundary by ancient underground 
dramage channels, are very numerous. It is not surprising therefore that the 
ra~e of discharge of water from the marginal springs, botb natural 'and arti­
ficial7 follows very closely the incidence of the local rainfall upon the surface of 
the limestone areas. Reference to Tables 3 and 5, and to Plate 10, will demon­
strate h?w little the rainfall of the season, ample or deficient, influences the 
produc!ion figur~s of the foll?wing season. A large proportion of each year's 
total discharge 1s freely-flowmg water which has been gathered directly from 
the. surface hr open fissures an~ has never entered the actual pores of the lime­
stone for1?-ation. The propor~ion_ of the mean annual discharge represented 
by fo~mation water, which mamtams a steady flow, after each rainstorm spate 
has died away, and through the summer months, is probably well below half 
the total amount. A comparison of the daily discharges recorded for .certain of 
t~e Ra.bat-Ding~ ga~eries during the years 1893-94 and 1897-98 is very en­
lightemn~ on this pomt (Tables 3 and 9). In 1893-94 which was a year of 
heavy r~mfall, the total productions recorded for individual galleries and groups 
of gallenes were from 1.4 'to 4.9 times, and the gross total 2.2 times, as great as 
t~e ~gures ~or 1897-98. In the latter year only the Fiddien, Busugrilla, and Ta 
S1enJa g_augmgs showed _any rise in resp?nse to _the light ra~fall: the daily 
productions of the remamder of the spnngs declined gradually in the course of 
the year from the daily maxima to the daily minima recorded in Table 9. 

-176. The various springs differ considerably in their degree of respon~e to 
the. rainfall, according to the surface character and extent of the areas they 
dr~m, an~ to the depth _below surface,. the length, and the gradient of the gal­
lenes wh1c~ tap the sp_nngs .. -:A-?nu~l and monthly figures convey only an in­
adequate picture ?f this sens1t1VIty m t~e case of the galleries with the larger 
and shallower dra~age areas. When daily figures are plotted the variations in 
response to lo~al ramstorms are often remarkable, and it is not unusual, during 
an average ramfall s~as?n, for the rate of discharge to rise or fall by several 
hun~ed per cent within twenty-four hours. This sensitivity introduces .a 
considerable probable error in estimates of the total discharges of the most 
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copious and most sensitive galleries, and it is possible that maximum flood rates 
of flow have never been properly gauged. Never more than single daily read­
ings of the weirs have been recorded from Chadwick's time onwards. It is 
important that these gaugings should be carried out more thoroughly, both for 
the existing galleries and for any new ones from the very commencement of 
operations. Properly designed gauging boxes with accurately cut weirs, large 
enough to pass the largest storm discharges, should be constructed, and con­
tinuous float recorders should be installed, so that more accurate measurements 
of the total production and of storm discharges may he made from continuous 
charts, instead of being based, as they have been up to the present, on single 
daily readings. An increase in the number of rainfall gauges is also very 
desirable. The seven gauges installed by Chadwick probably provide for the 
Rahat-Dingli area as ample and reliable a statement as it is practicable to obtain; 
hut another twenty would he required to obtain a similarly reliable record of 
the distribution of precipitation over the varied topography of the Upper 
Coralline catchments in the northern fault strips. At present there are only 
two school gauges in this part of the Island, at Mellieha and St. Paul's Bay. 
The technical value of the data thus secured would soon repay the cost of the 
apparatus involved, and will he essential for the efficient development and 
manipulation of production from the Upper Coralline Springs. 

177. Any scheme for the complete development of the Upper Coralline 
areas will of necessity .he far from simple, by reason of their diversified outlines, 
altitudes, and geological structures (Plate 9). The first requirement before 
satisfactory plans can be drawn up for achieving maximum efficiency of drainage 
with a minimum length of gallery driving is the accurate determination of the 
contours on the top of the Blue Clay Formation throughout the various areas. 
Chadwick, Robertson, and Bailey have all in turn commented on· the need for 
this, and made suggestions how it should he accomplished (Paras. 32, 60, and 
94). The following remarks are based upon the experience gained during the 
recent investigation of two catchment areas, Binjemma and Miziep, which 
promise to he of immediate value for the augmentation of the existing Upper 
Coralline supplies. Detailed geological mapping is a first essential, and thorough 
work on the 1: 2500 scale maps is necessary as a basis for s~hsequent boring and 
tunnelling work. Work on the 6-inch scale is inadequate for practical require­
ments. Geological mapping alone cannot he relied upon to delineate the con­
tours with the degree of accuracy required for tunnelling work, however, owing 
to (1) rapid intraformational variations in thickness discounting the evidence of 
low surface dips; (ii) the obscuration of dips over considerable areas by surface 
tufa and other superficial deposits; and (iii) the difficulty of obtaining precise 
locations on the top of the Blue Clays around the margins of the areas, owing to 
the heavy cloak of talus and landslips. Surface mapping, however, does ensure 
that no underground depressions and water sheds will he overlooked, and, once 
their approximate positions and form are thus revealed, their contours may then 
he determined to any desired degree of accuracy by means of a minimum 
number of boreholes. Evidence from existing shafts should he treated with 
caution. The assumption that their bottom depth gives the position of the top 
of the Blue Clays leads to considerable errors. Many shafts obtain sufficient 
water for their owners' purpose without sinking to the base of the Upper Coral­
line Limestone; others are carried many feet into the Blue Clays to provide a 
deep sump for dry weather pumping. In some cases blue clay on a spoil heap 
without any Greensand, has been found to come from clay beds intercalated 
among the limestones; on the other hand, the Greensand is not always present 
between the basal yellow marly beds of the Upper Coralline and the top of the 
Blue Clays. The line and neighbourhood of any proposed gallery should he 
well checked by boreholes, to make sure that it follows truly along the axis of a 
presumed depression, or at a proper gradient if laid out along the strike of a 
monoclinal area, before sanction is given for its construction. In many areas 
of low dip it will he advisable to make enough boreholes to provide reliable 
contours at vertical intervals of 5 feet at the most, sometimes less, particularly 
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in the neighbourhood of fault lines, for the latter in many places may be more 
important than the dip in controlling the disposition of the local drainage. The 
types of portable boring machine which were used by 7 Boring Section in the 
exploration of the Binjemma and Miziep areas are too large and too expensive 
in operation for most of the further boring that is required in the Upper 
Coralline areas. Two or more light slip-winch outfits, with 4½ inch and 3 inch 
tools, should be obtained to deal steadily and effectively with the programme of 
work envisaged, as few of the holes will be as much as 200 feet in depth, and all 
the information required can be obtained satisfactorily from a 3-inch diameter 
hole. Such outfits can be transported and set up easily in almost any situation 
likely to be required, and only two men would be required to run each outfit. 

178. All the tracts of Upper Coralline rocks which are sufficiently ex­
tensive to be of any practical interest from the point of view of water supply are 
situated in the northern and western parts of the Island, within an area whose 
maximum length between Marfa Point and Jebel Ciantar is only a little more 
than ten miles, and whose maximum width, from Wig il Kamla to Jebel Ghau­
zara is little more than four miles. They are divided by major strike faults into 
six main structural units, which, from north to south, may be defined thus: 

Marfa Peninsula, north of the Ghar Bakrat Fault 
Mellieha Bay, between the Ghar Bakrat and Ras il 

Griebej Faults ... 
Mellieha and Baida Ridges, between the Ras il Griebej 

and Dahliet il Fekruna Faults... . . . .. . . .. 
St, Paul's Valley, between the Dahliet il Fekruna and 

II Balluta Faults 
W ardia Ridge-Binjemma Area, between the Balluta 

and Vic;toria Lines Faults ... 
Rabat-Dingli Plateau 

Total 

Area of U. C. L. 
(Square miles) 

2.16 

.1.20 

4.00 

1.05 

5.35 
8.75 

22.51 

It is estimated that beneath about 3.17 square miles of the total surface area 
occupied by Upper Coralline outcrops the base of the form'ation descends below 
sea level, as follows: 

Area 
in square miles. 

Marfa Peninsula Sea Level Tables 0. 78 
Mellieha Bay Sea Level Table... 1.04 
Miziep Syncline . . . 0.30 
Wied tal Mistra and II Mijnuna Sea Level Tables... 0.07 

· St. Paul's Valley Sea Level Table . . . .. . .. . 0.93 
Binjemma and Ghain Kattus Synclines 0.05 

Total ... 3.17 

In the 0.35 square miles of the Binjemma, Ghain Kattus, and Miziep Synclines 
structural conditions are such that influx of saline water from the sea would be 
unlikely to occur to any noteworthy extent even if the water level in these 
synclines was pumped down to sea level continuously. In the other areas 
where the base of the Upper Coralline Formation lies below sea level, amounting 
to 2.82 square miles, extraction of potable water is subject to limitations similar 
to those which affect extraction from the Main Sea Level Table in the Lower 
Coralline; most notably in the case of the Marfa and Mellieha Sea Level Tables, 

\ . 
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but to less degree in the case of the Wied tal Mistra and St. Paul's Valley Sea 
Level Tables, where access of saline water, as against replenishment by fresh 
water from upland catchments, is more restricted. In the 19.69 square miles 
of Upper Coralline terrain, where the base of the formation stands above sea 
level, extraction of fresh water is possible perpetually, and, on the mean annual 
ratio of rainfall to percolation derived from the records of the Rabat-Dingli area, 
should provide a mean annual yield of some 1,427 million gallons (paras. 140 
and 145), provided that extraction from the whole area be engineered at least 
as efficiently as in the case of the old Government galleries of the Rabat-Dingli 
area. Locally, as, for example, in certain parts of the Rabat-Dingli area, in the 
Ta Zerp basin of the Wardia Ridge-Binjemma area, and generally from the 
marginal springs of the more elevated tracts, a considerable proportion of the 
theoretical potential supply is already being appropriated by both Government 
and private works. Estimates of the amount of this present extraction have 
been made already for the Wardia Ridge-Binjemma area, St. Paul's Valley, the 
Miziep Syncline, and Wied tal Mistra, but, at the present rate of survey progress, 
it will be several years before estimates will be completed for all the Upper 
Coralline areas. The volume of present extraction is relatively small, however, 
compared with the potential yield, in certain areas, such as the Marfa Ridge, 
Mellieha Ridge, Miziep Syncline, and Binjemma area, and over considerable 
tracts of the Rabat-Dingli Plateau. It should also be noted that some parts 
of the Upper Coralline areas receive water by percolation from surface run-off 
from neighbouring clay slopes, additional to the supplies they receive by under­
ground flow from neighbouring Upper Coralline catchments and from the rainfall 
upon their own surface. Thorough extraction from what may be termed the 
upland catchment areas will inevitably react unfavourably on the quality of the 
water at present being drawn from the sea level tables, though the extent to 
which this balance could be swayed in actual practice is problematical. 

179. The Rabat-Dingli Plateau is the most extensive and the most 
elevated of the Upper Coralline areas. The total surface area of connected 
limestone outcrops amounts to about 5,600 acres or 8.75 square miles, and 
within it, so far as is known, the base of the Upper Coralline nowhere descends 
lower than 300 feet above sea level. Over most of the area it stands much 
higher, attaining maximum elevations of nearly 700 feet above sea level in the 
neighbourhood of Maddalena Chapel and on Jebel Ciantar. While the term 
"plateau" expresses admirably the appearance of the skyline which the area 
presents when seen at a distance from the lower parts of the Island, closer in­
spection reveals that, both topographically and geologically, the form of the 
area is far from being that of a simple plateau. Its surface is strongly corrugated 
and there can be no doubt that its geological contours will show a similar 
complexity when they are fully worked out. At the northern end of the area 
two broad anticlinal crest maxima can be distinguished about Fort Binjemma 
and Id-Dueira, which, with the intervening broad syncline of Xaghra ta Bin­
jemma and Xaghra tal Kallelia pitch southwards from the Victoria Lines Fault. 
To the west of the Fort Binjemma - Tax-Xini crest a broad northward-pitch­
ing syncline through the Bahria region carries Upper Coralline outrcops as low 
as 325 feet above sea level in the neighbourhood of Fomm ir Rih, followed by a 
renewed rise towards the coast in the narrow strip of outcrops along the western 
side of Wied ii Marja. Further south, in the middle of the plateau, the Blue 
Clay inlier of Wied Ghemieri and Wied L 'I emu has been opened up by erosion 
along a continuation of the Fort Binjemma - Tax-Xini uplift, bordered by a 
synclinal basin on the west, around Wied il Busbies and Hofriet ir Riz, en 
echelon with that of Bahria. The syncline of Xaghra ta Binjemma and Xaghra 
tal Kallelia becomes more sharply defined as it pitches southwards by Tas Salib 
and Ta Coronia, where the Upper Coralline Limestones preserved in it form a 
conspicuous rock bar, which ·up to the present, has hindered the headward 
erosion of the Kleigha Valley into the Wied L'Iemu inlier. There is a rapid 
reversal of pitch where the synclinal axis crosses the valley, and, on the southern 
side of the cross-fault which passes by Ghain Kaiet Pumping Station, the 
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synclinal line is taken up further to the east and trends S.S.E. through the valley 
of Ghar Barca towards the eastern edge of the plateau at the head of Wied ta 
L'Iskof. The limestone ridges along the eastern side of Wied L'Iemu, from 
Ghain Klieb to Santa Katarina, lie in the steeper western limb of this broad 
syncline; the Imtarfa, Rabat, and Tal Virtu spurs lie in the more gently inclined 
eastern limb. Southward from the head of Wied L'Iemu the main structural 
feature of the plateau is a broad deep syncline around the head of Wied is 
Shagri, en echelon with the Wied L'Iemu and Ghar Barca folds, into which the 
limestones dip continuously from 'the north, west, and south, but whose eastern 
limb has been removed almost completely by erosion. The N.N.W.-S.S.E. 
fold pattern is cut by at least ten cross-faults of major importance, which trend 
approximately S.W.-N.E., and which, like the fold axes themselves, have 
probably been determined by torsional stress between the Victoria Lines and 
Mahlak Faults. The throw of these faults varies considerably, both in direction 
and in amount, and, as noted above (para. 177), their effect on local structure 
and on underground drainage will require careful and thorough investigation in 
connection with the alignment of any water supply galleries which may be 
driven across them or in their vicinity. 

180. The convenient altitude of the plateau was responsible for the early 
utilisation of its springs to supply water to the harbour towns by way of the 
Wignacourt and Fawara Aqueducts, and this convenience for the provision of 
gravity supplies is still the most attractive feature of the area as compared with 
the Upper Coralline of the northern fault strips of the Island, from which pump­
ing will be necessary. The driving of galleries to increase the supplies from 
natural springs to the aqueducts, and to the pipe lines which later replaced the 
open channels, has never been carried out on other than purely arbitrary lines. 
If the original natural_ spring opened on a steep slope a gallery was driven 
straight into the hillside until sufficient fissures had been opened up to provide 
an adequate yield. Later, as in the case of Micallef's 1864-66 extensions around 
Wied L'Iemu for the Wignacourt supply, Chadwick's 1885 Via Dingli galleries 
for the Rabat supply, and Rizzo's 1931-35 gallery beneath Dahar It-tuil to 
augment the Buskett Gardens supply, the galleries were aligned along public 
roads to avoid the trouble and expense of obtaining access to privately owned 
lands for sinking the numerous shafts which were considered necessary for 
ventilation and winding purposes. All the galleries constructed in the area up 
to the present have been of the small 5 x 2½ feet cross section. Detailed records 
concerning their gradients and the formations and fissures encountered in them 
have not been preserved; the plans available show only the lines of the galleries · 
in relation to surface topography, the position of the shafts, and the 3 to 6 inch 
diameter cast iron pipes which were laid along some of them to restrict 
extraction to fissures which appeared to be free from danger of gross surface 
contamination. The total lengths of the Government galleries from which 
domestic supplies have been drawn, and their maximum depths below surface, 
are approximately as follows:-

Gallery Deepest Shaft Length 
(feet) (feet) 

Burnuhhala About 50 230 
Ghemieri ... 77 840 
Bieb ir Rua 70 400 
Wied il Busbies 77 7,600 
Bonua 60 1,500 
le Cianti (1) 35 300 
Hofriet ir Riz 50 1,400 
Ta Baidu ... 65 2,700 
Ta Dekotzu (1) 50 1,200 

Carried forward: 16,170 

,. 
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Gallery Deepest Shaft Length 
(feet) (feet) 

Brought forward: 16,170 

Misrah Suff ara 70 3,800 
Ta Randa (1) 15 100 
Ta Berkuka (1) 20 130 
Ghain Klieb . 50 960 
Ghain Kaiet 40 290 
Ghain Kaiet - Old Gallery (1) Shallow 400 
Busugrilla (1) Shallow 1,850 
Gharixiem (1) and Sakkaja (1) Shallow 2,900 
Tat Tarja ... 80 1,400 
Via Dingli 5,900 
Ta L'Iskof (2) Shallow 300 

Ta Sienja (1) l 15 500 
Ta Sala Buskett Galleries 60 150 
Ta Rapa 30 270 
Dahar It-tuil (3) 1,800 
Ghirghenti (3) Shallow 200 
San Giorgio 108 2,115 
Fawara 90 100 
Annunziata 50 100 

Total 39,435 

Galleries marked (1) are entirely cut out from the public supply throughout the 
year, owing to gross surface contamination; there are private rights _to a portion 
of the water derived from (2); and those marked (3) do not contribute to the 
general public supply. 

181. Private shafts and galleries in the Upper Coralline of the Rabat­
Dingli Plateau are concentrated mainly in two areas (i) to the west of Wied 
L'Iemu, in the synclinal and monoclinal strip from the head of Wied ii Busbies 
to Dingli and Tai Vechia; and (ii) to the east of Wied L'Iemu, in and around the 
Ghar Barca Syncline, from the Rabat-Fiddien Road southwards to Id-Dahar 
and the head of Wied ta L'Iskof. The survey work at present in progress will 
probably reveal that the lengths of farmers' galleries in these areas are at least 
equal to those of the Water Department, and that their extraction of water in 
the summertime is probably several times as great as that for the public supply. 
The summertime reduction in public supplies from this area has been the most 
objectionable result of uncontrolled private enterprise, and one which it will be 
most difficult at this stage to counteract in the two regions mentioned above, for 
the mere prohibition of further shaft-sinking and gallery-driving will not remedy 
the state of affairs which has been reached as the result of so many years of 
Governmental inaction. The large annual evaporation losses which result from 
the overlavish irrigation methods employed by the farmers, and from their 
numerous large open storage tanks, can only be reduced by education in less 
wasteful methods of irrigation, and by the compulsory adoption of a unified 
irrigation supply under Government control for which individual consumers 
would be charged by meter. No useful purpose would be served by attempting 
to devise such schemes, however, until the fundamental survey work necessary 
has been completed. 

182. It has been stated also that the amount of sediment carried in sus­
pension by flood-time discharges from the Water Department galleries in the 
two regions mentioned above has increased considerably as the result of 
private works. In the absence of specific measurements of the extent to which 
this has occurred it is permissible to doubt whether the increase has been a 
serious one. With such shallow supplies from an intensely :fissured lime-
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stone formation, overlain by a residual red clay soil, it is impossible that a 
considerable quantity of ferruginous clayey material should not be carried in 
suspension during the winter" spells of heavy rainfall. The Upper Coralline 
supplies are only inferior to those of the Main Sea Level Table in this respect in 
proportion to the relative depths from which they are drawn. Surface contamina­
ation of this nature in the over-developed Upper Coralline areas might_ be re­
duced considerably by insisting that the tops of all private shafts be walled-up 
effectively to prevent the access of surface washings, and this is as far as it is 
practicable to go where such shallow supplies are concerned. It is impossible 
to exclude suspended material completely during spells of heavy rainfall, but 
the presence of this material in the flood discharges from the springs should not 
have been an excuse for the diversion of so much water for so many years from 
the public supply. The matter, in fact, was referred to Chadwick many years 
ago. In reply he pointed out that increased storage beyond the capacity of the 
Santa Maria Tank, which he had never regarded as final and sufficient, would 
allow the preliminary deposition of a large proportion of the sediment of such 
storm waters to take place, and he recommended that this should be followed by 
slow sand filtration to ensure the bacteriological purity of the supply (1894 a). 
However, the continued increase in production from the Lower Table galleries, 
and, later, the introduction of sterilisation by chlorination, effectively diverted 
attention from his proposals for the filtration of Upper Table storm water, 
notwithstanding Robertson's subsequent advices on the same subject (1917 
pp. 25-26). The turbid storm waters that are cut out at present from the 
public -supply could all be utilised and fed into the existing reservoirs, to the 
economy of pumped production from the Main Sea Level Table, after passing 
through rapid sand filters of the pressure type, which would be more suitable 
than the large filter beds recommended long ago by Chadwick for dealing with 
intermittent supplies of greatly varying volume. Although reservoir capacity 
must inevitably be increased considerably in the near future it is probable 
that, from time to time, there would be an appreciable surplus of turbid 
storm water after the reservoirs were filled, which could be passed directly to 
chlorination and consumption if rapid mechanical filtration were included in 
the supply system. (1) 

183. The opening up of the formation by private works in proximity to 
the Water Department galleries in the two regions of the Rabat-Dingli plateau 
mentioned above has not had such a deleterious effect on the volume of discharge 
as was supposed by Robertson (1917, pp. 26-27) and by Dr. E. B. Bailey(l943, 
p. 6). In interpreting the decline shown in the production graph between the 
years 1912 and 1917 Robertson attempted no estimate of and took no considera­
tion of the vastly increased quantities of water which farmers' shafts must 
have been appropriating from the same drainage areas during those dry years. 
Neither does he seem to have realised sufficiently, in making comparisons with 
previous dry seasons, that some of the most prolific springs, such as Busugrilla, 
were no longer being included in the gauging. If complete gaugings were 
avl:lilable for all the Government galleries from 1909 onwards they would un­
doubtedly show that there was a complete recovery from the decline of the dry 
cycle of years during which Robertson was conducting his enquiry. The graphs 
for the "Busugrilla" and "Fiddien Box" groups in 1941-45, shown on Plate 10, 
do not include complete returns for the springs formerly included in those 
groups, but it will be noticed that Ghemieri and Ghain Klieb annual totals show 
a similar response to the annual rainfall as in previous years. Similarly the 
"Total Buskett" production for the years 1941-45 does not include any gaugings 
of the Ta Sienja Gallery. Consideration of graphs prepared from the daily 
records that have been kept by Mr. J. Pace since 1941 suggests in fact that, if 
private pumping were to be completely suppressed, the summertime as well as 

(1) At the time of Chadwick's 1893 proposals the benefits of slow sand filtration had long been realised, whereas 
rapid mechanical filtration was in its infancy, and it was not until after the introduction of complete effective sterilisation 
by chlorination, twenty years later, that doubts about the relative efficacy of rapid mechanical filtration, in removing 
bacteria as well as inorganic matter, lost their previous importance. 
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the wintertime production of the Water Department galleries would be found to 
be much larger than it was in seasons of similar rainfall forty to sixty years ago. 
On the daily graphs the days when pumping is in full swing at private shafts are 
clearly marked by the almost complete absence of discharge from some of the 
Water Department galleries. On several occasions during the winter of 1944-45 
the 12-inch "Busugrilla" V-notch installed by Chadwick was to.o small to pass 
all the flow from the Busugrilla and pld Ghain Kaiet (Gnien is Sultan) Galleries, 
which it gauged formerly together with the discharge from the Gharixiem 
Gallery; but for long periods during the following summer no water whatso­
ever reached the gauging box from those galleries, although they are in a better 
position than any others to intercept any downpitch drainage of the Ghar 
Barca Syncline not appropriated by private works. 

184. Away from the intensely cultivated and irrigated areas discussed in 
the preceding paragraphs there are wide expanses of bare rocky xaghra, with 
little in the way of soil cap and fields, which are capable of yielding considerable 
additions to the public supply. In these areas private works for extraction are 
widely spaced and comparatively few in number. A main central gallery up the 
pitch of the syncline ftom Tas Salib to Xaghra tal Kallelia, with branch galleries 
at grade across the contours of the syncline itself and around the flanks of the 
adjacent anticlinal rolls, would be able to extract the underground drainage of 
much of the northern rim of the plateau, from Tax-Xini on the west to Id Dueira 
on the east. The displacements of the faults which cross this region would 
require to be thoroughly proved in advance, in order that the galleries may be 
laid out with suitable' gradients and to avoid driving considerable distances 
within the Blue Clays. It may be possible to tap much of the drainage to the 
west of the Tax Xini Crest by this route, or alternatively, by way of the Wied 
il Busbies Syncline. But the lower parts of the western Bahria slope would 
require collection to a separate pumping station, or gravitation along the north­
ern flank of the plateau to the proposed Binjemma Pumping Station. There is 
much ground in the western monocline behind-the cliffs of L'lmtahleb and Dingli 
still untapped by government or by private works, which could be exploited 
by strike galleries, and which, together with reorganised extraction from the 
Wied il Busbies and Misrah Suffara ar~as, could be fed by gravity into Wied 
L'Iemu. At the southern end of the plateau it should be possible to extract 
much more than the present production of the Buskett, Girgenti, and Fawara 
Galleries by a gallery system graded efficiently in conformity with the contours 
of the Girgenti Syncline and the J ebel Ciantar Crest. 

185. Only five boreholes have been put down through the Upper Coralline 
limestones of the Rabat-Dingli Plateau up to the present; B.Hs. 11, 13, and 15 
by No. 3 Boring Section, R.E., in May 1943, in search of water supplies for 
EighthArmy camps, and B.Hs. 80 and 83 by No. 7 Boring Section, R.E., in 
October and November 1944, intended to serve as gauging holes in the western 
region of the Main Sea Level Water Table. B.H. 13 was a dry hole; B.Hs. 11, 
15, and 80 obtained small flows of water from the Greensand, but the quantity 
in every case was much less than was being obtained by neighbouring farmers' 
shafts and galleries, and would have been inadequate to maintain a 1,000 g.p.h. 
pump. B.H. 83, sited about 500 feet down dip from B.H. 15 towards the 
middle of the Girgenti Syncline, obtaihed a better yield and abstracted the 
water from neighbouring farmers' shafts, but, as it was not intended for pro• 
duction, the Upper Coralline, Greensand, and Blue Clays were cemented-off 
behind 12-inch casing, and the hole was carried on down to the Main Sea Level 
Table. None of the five holes was located in a structural position likely to 
provide a depth of standing water adequate for borehole pumping, and it is 
improbable that more favourable conditions exist in the Rabat-Dingli area, 
except possibly at the culmination of pitch in the Tas Salib Syncline and in 
the middle of the Ghar Barca Syncline. 
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186. If it were possible to institute effective drainage of the whole 5,600 
a_cres of the_ Rabat-Dingli Upper Coralline catchments the mean annual poten­
tial prod_uction of fresh water would amount to some 633 million gallons, on the 
assumption that one-quarter of the mean annual rainfall percolated to the 
underground supply(para. 145). It may prove impracticable or uneconomical to 
extract from certain narrow outlying strips such as those of western Bahria, the 
eastern end of ld-Dueira, and the lmtarfa spur; also percolation at the average 
rate cannot take place within the built-up Rabat urban area. It is advisable, 
therefore, to make a reduction of 600 acres in the estimate to take account 
of such regions_, leaving a t~t~l of 5,000 acres of catchment, with a potential 
mea~ annu~l yi~ld of_ 565 rmllion ~allons. ~or reasons which have been given 
preVIo_usly m disc~ssmg the relation .of ramfall to percolation in the Upper 
Coralline areas, this would appear to be a truly conservative estimate. During 
the past four seasons, 1941-42 to 1944-45, the recorded yield of the Water 
Department galleries in the area, including production from the Via Dingli 
Pumping Station, has averaged only 150 million gallons per annum. 

187. The 13.76 square miles of Upper Coralline outcrops to the north of 
the Victoria Lines Fault have been given prio;rity over the Rabat-Dingli area 
during the past two years' field investigations of water supply resources because, 
on reconnaissance, the two largest surviving masses, those of Binjemma-W ardia 
and ~aida-Mellieha, were found to contain synclinal structures which not only 
prormsed larger and more speedy returns for outlay on shafts and galleries 
than any part~ of the more elevated tract to the south, but also appeared to 
have been so little breached by erosion that their potentialities for large scale 
undergro~nd storage merited full consideration before embarking upon the 
construction of large and expensive surface reservoirs. A further immediate 
attraction of the Upper Coralline areas of this part of the Island is the relatively 
small extent to which private exploitation has proceeded, away from the sea 
level tables and the natural marginal springs. Indeed, private developments 
have been practically negligible up to the present in the main synclinal areas 
mentioned above. It seemed desirable, therefore, that an overall statement of 
the prospects of the region should be prepared to some degree of detail as quickly 
as pos~ible, to serve as a reliable basis for discussion of the part it must play in 
the umfied. development of the water supply resources of the whole island, and 
to emphasise the need to protect these northern areas from further private 
.developments ?etrimental to the public interest. Their main disadvantage, 
as compared with the greater part of the Rabat-Dingli Plateau, lies in the fact . 
tha! gravity supplies to the major population centres of the Island could only be 
engmeered from small portions of the Marfa, Mellieha, W ardia, and J ebel 
Gh~uzara Ridg~s, where t~e base of the Upper Coralline rises highest, even by 
taking a large diameter mam along the eastern coast instead of over the 250-foot 
col between Musta and Lia, to say nothing of the difficulty of devising adequate 
storage arrangements for such a plan. The possibilities of gravity supplies 
from the region to the main part of the Island are not, in fact, worthy of further 
consideration, for it will be far more rational and economical from every point 
of new to collect the quota of the more elevated parts of the region by pumping 
from the lower altitudes to which they drain naturally, without introducing 
unnecessary additional complications into a system which, in order to obtain 
satisfactory centralisation of all the water supply resources of the region, will 
be fairly complicated in its final form, owing to the number and varied topo­
graphical disposition of the separate drainage areas concerned. 

188. T~e Binjemma-Wardia area (Plates 11 and 12) is the largest of the 
Upper Coralline areas of the northern part of the Island. The structure of its 
5.35 square miles of continuous limestone outcrops between the Victoria Lines · 
Fault and the Balluta Fault is far removed from the simple monoclinal condi­
tion shown on Major G. L. Paver's 1943 map, and comprises several distinct 
anticlinal crests, synclinal basins, and strike faults, which effect a considerable 
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diversity in the disposition of its underground drainage. For practical water 
supply considerations the area may be sub-divided as follows:-

Area U. C. L. 
Potential Production 

at 5" percolation 
(Square miles) (Million gals./annum). 

Ghain Tuffieha Gallery Drainage Area 0.22 15.9 
Other U .C.L. catchments draining north-

wards to St. Paul's Valley 0.70 50.6 
Ta Zerp Syncline 0.54 39.1 
Binjemma Syncline 1.77 128.0 
Falka Syncline ... 0.23 16.6 
Fomm ir Rih Syncline ... 0.10 7.2 
Catchments draining towards Jeneina 

Bay 0.62 44.8 
Catchments draining towards Wied il 

Ghasel ... 1.17 84.6 

Totals 5.35 386.8 

189. A series of deep, narrow synclines, with their southern limbs turned 
up steeply to the Victoria Lines Fault, form a conspicuous feature along the 
southern border of the area. A small portion only of the westernmost one has 
survived erosion and is well exposed, pitching westwards, in the cliff section on 
the eastern side of Fomm ir Rih Bay, which was figured by Spratt more than a 
hundred years ago in his paper "On the Geology of Malta and Gozo" (1843). The 
actual line of contact between the limestones and the underlying Blue Clays is 
not exposed in the cross-section of the syncline, but, by projecting the horizon 
southwards from Kala tal lmgiar, in accordance with the dip of the basal 
yellow marly beds and higher subdivisions of the Upper Coralline Formation, 
it is estimated that it descends to about 50 feet above sea level at its lowest 
point, and rises again to about 200 feet above sea level at its contact with the 
Victoria Lines Fault. One small perennial surface spring, however, issues 
from the area at the middle of the syncline and is used to irrigate the small 
fields along the foot of the cliff. The syncline does not continue inland for more 
than about 400 yards from the top of the cliff. From the observed pitch of the 
axis and from the cliff section of the limbs of the fold it would appear that the 
200-foot contour on the top of the Blue Clays may be taken as a suitable line 
for defining its drainage area as approximately 64 acres. At the assumed mean 
annual rate of percolation for Upper Coralline outcrops this would mean that 
at least 7 .2 million gallons of water are passed down the syncline to the coastal 
cliffs in an average year, only a small fraction of which is appropriated for 
irrigating the fields of the redum. Probably much more than 7 million gallons 
percolates down to the sea through the talus and slipped masses of limestone, 
for the syncline must receive a considerable amount of water from storm dis­
charges down Wied il Hmir at its western end, in addition to percolation from 
the rainfall upon its restricted surface area. If the water from the Fomm ir 
Rih Syncline were ever to be appropriated for the public supply the most 
suitable route for its centralisation would be by pumping over into the western 
end of the proposed longitudinal gallery of the Binjemma Syncline. Initial 
access for opening up the drainage of the syncline should be by adit and incline 
from the foot of the more stable cliffs in the northern limb, where, in places, the 
top of the Blue Clay is only a few feet below the surface. To enter through the 
unstable talus opposite the trough of the syncline would be a very expensive 
and precarious undertaking; while to obtain access to the axial region from the 
top of the cliffs would require the sinking of a 250-foot shaft. 

190. The axis of the Binjemma Syncline can be traced for a distance of a 
little more than two miles from Farmhouses Ta L' Abatia on the west to Ghain 
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~attus on the ~ast. It follows a course roughly parallel with the Victoria 
Lmes Fault and 1s rarely more than two hundred yards distant from the surface 
trace of the latter. From Ta L'Ahatia, where the top of the Blue Clay is nearly 
250 feet above sea level, there appears to be a continuous pitch eastwards, at 
first at or~.ly 2 to 3 ~e~rees, hut.finally at about 14 degrees into the deepest part of 
the syncline near Bm3emma Village, where B.H. 116 failed to reach the bottom 
of the Upper Coralline Formation, although the bottom of the hole was carried 
t? a depth of 17 5. feet below sea level. ~here is probably a similar steep eastward 
rise along the aXIs _to the east_ of the v_illage, followed by a long gently pitching 
sad~le through which the dramage spills westwards from a subsidiary basin at 
~~am Kattus, where th~ B~ue Cla~s again descend below sea level, before 
rismg steeply to the culmmation of pitch between the Ghain Kattus and Falka 
Sy°:cl~nes. Throu~h a _wide saddle to the north of the village, between broad 
ant1c~al spurs which pitch down gently from Ta L'Iskorviet and from Hodba 
ta Se1kla, the ~injemma Syncline receives drainage from a wide synclinal area 
of Upper Coralline b~neath the fields of Jeneina, Ramlia, and Wita ta Zehbieh, 
and fr_om the monoch1:1al slope beneath the bare rocky xaghra around the village 
of Im3a~ and _Iz Zebbieh. The total area of Upper Coralline rocks from which 
the dramage 1s thus concentrated to ~he neighbourhood of Binjemma village is 
aho11;t 1,132 acres or l_.77 square miles .. Thus the mean annual production 
ohtamable fr?m the middle _of the syncline at Binjemma should amount to 
some 128 mil~on gall~ns. This may he accepted as a very conservative estimate, 
for the syncli°:e re~e1v~s water not only from the Upper Coralline area to the 
north of the Victoria Lmes Fault, hut also by percolation from the surface run­
off from about 256 acres of clay slopes to the south of the fault line, and under­
ground seepage fro~ the northern scarp of the Rahat-Dingli Upper Coralline 
tract, through !he hill drag, houlde~ gravels, tufa, and slipped masses of lime­
stone. Accordmg to Mr .. Baldacchmo'~ s~rvey of private shafts and irrigated 
lands _there a~e only 13 private shafts withm the dramage area of the Binjemma 
~y~cli1;1e, which extract a total of about 6 million gallons per annum for the 
1rr1gat10n of about 6 acres. 

.. 191. The only appreciable perennial surface discharge of water from the 
Bm3~mma Catchment Area takes place from the spring at the head of Wied ta 
!enema, ~here the top of the Blue Clays, in the trough of the Jeneina Syncline 
1s ~t a height of about 136 feet above sea level. As this is the lowest point at 
which that horizon outcrops around the boundary of the catchment area and 
as the standing water levels in private wells a short way behind the lime;tone 
scarp were fou~d to he several feet higher (Section DD', Plate 12), it was hoped 
that an extensive water table at about this height above sea level would be 
fo_und ~hro_ughout the connected synclines between the Jeneina-Tal Hjesen and 
Victoria Lmes Fault: The elev~tio~s of. about 200 and 190 feet attained by 
the Blue Clays agamst the Victoria Lmes Fault in Fomm ir Rih Bay and 
east of Falka, at the western and eastern limits of the area respectively, 
also en~ouraged the_ hope that . they would exert a sealing effect to at least 
som~thing approachmg these heights all the way along the southern side of the 
area. The great depth of the central part of the Binjemma Syncline and the 
low standing_ water level within it revealed by B.Hs. 100, t05, 109, 'and 116, 
dest_royed this hop~, and sho~ed that opposite the deepest and widest cross­
sect10n of the syncline the sealing effect of the Clays cannot extend higher than 
9 to 10 f ~e~ above sea level. Such a low standing water level immediately raised 
the ~uspic10n that t~e body of water within the syncline might actually he 
contmuous to a considerable depth below sea level with the Main Sea Level 
Table, on t?-e so_uthern s~de o~ t~e fault; a suspicion which received some support 
from the slight mcrease m salimty, from 10 to 12.5 parts per 100,000, which was 
shown by the samples of water taken during the deepening of B.H. 116 to 175 
feet below sea level. To check this point and establish in detail the contours 
on the top of the ~lue C!ays in proximity to the fault plane, opposite the deepest 
part of the syncline, will reqmre a number of boreholes at somewhat difficult 
topographical sites, to be carried out by the light boring outfits mentioned in 
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paragraph 177. Several other considerations tend to discount the evidence of 
the slight increase of salinity noted in B.H. 116, and, for the time being, the 
lowest level at which Upper Coralline water can discharge southwards through 
the fault plane is regarded as being determined by the turn-up of the Blue 
Clays in the southern limb of the syncline to a minimum height of about 10 feet 
above sea level, as shown in Section CC', Plate 12. In B.H. 86, a Main Sea 
Level Table ·gauging hole which is situated on the southern side of the fault 
only 700 feet distant from B.H. 116, the standing water level was found to he 
only 4½ feet above mean sea level. A gradient of 5 feet in 700 feet is much 
steeper than would he expected in well-fissured coralline limestones (para. 161) 
and strongly suggests the presence of some impediment to free gravitational 
flow to the Main Sea Level Table. The salinity of the water hailed from the 
top of the Main Sea Level Table in B.H. 86 was 13.8 parts per 100,000 as com­
pared with the maximum salinity of 12.5 parts per 100,000 at 175 fe~t below 
sea level in B.H. 116. Further, float measurements of water level which were 
made at hourly intervals in B.H. 116 showed no signs of tidal influence. It 
would appear, therefore, that there can he little o~ no danger of dra~ng more 
saline water from the Main Sea Level Table even 1f the Upper Coralline water 
within the Binjemma Syncline were to he pumped down to far below sea level. 

192. As knowledge of the contours of the Binjemma Syncline stands at 
present it does not seem that attempts to increase the storage capacity of the 
structure by means of underground damming would produce results in k~eping 
with the expense which would he involved. The present body of water m the 
trough of the syncline lies mainly .in the thin alternations of limestone hands and 
yellow marls at the has.e of the Upper Coralline Formation, and has a capacity 
of about 99,700,000 cubic feet, or, say, 124,625,000 gallons of water a~ 20 per 
cent saturation. Deep underground work along a length of about 2,000 feet 
of the fault plane might well he necessary to raise t_h~ level of the water table ~o 
50 feet above sea level, and would result in the addit10n of only 74,960,000 cubic 
feet, or, say, 93,680,00"0 gallons to the existing st.orage capa~ity. An ~crease to 
a height of 150 feet above sea level would possibly necessitate damrnmg along 
a length of 7,000 feet of the fault plane, and even then the extension of the 
storage area to the north, beyond th~ narrow limits of. the syncli1;1e proper, 
would he comparatively shallow, restricted to the marly basal port10n of the 
Upper Coralline Formation, and would require, in addition, a stop-gap dam 
across the lip of the J eneina Syncline behind the spring. Clearly the most 
suitable function of the Binjemma Syncline is to serve as a locus for the extrac• 
tion of freshwater and not for storage. 

193. It is recommended that a central pumping station be constructed 
at map reference (3439 2738) at the southern end of Binjemma Village. T~e 
surface altitude of the field here is about 370 feet above sea level. Galleries 
should he driven at sea level eastwards and westwards along the axis of the 
syncline, as indicated on Plates 9 and 11, until they reach the Greensand or the 
top of the Blue Clays, and should then follow this horizon up the gentle rise of 
structure as far as Ta L' Abatia and Ghain Kattus. The total length of these 
strike galleries would amount to about 10,500 feet. They are essential to 
ensure as far as possible that all fissure drainage, from both the northern and 
the southern sides of the syncline, will he concentrated at Binjemma, and that 
there will be no by-passing of storm discharge along old underground chan°:els 
during periods of heavy rainfall. Before embarking upon their construct10n 
the depth to the Greensand, or, if this is absent, to the top of the Blue Clays, 
should he checked by boreholes at 100-yard intervals all the way along the pr?• 
posed alignments, in order that the gradients of the galleries may he laid out m 
advance, to avoid any irregularities which might be caused by local rises and 
depressions along the axis unrevealed by the widely-spaced boreholes of the 
general structure test programme (Table 11 and Plate 11). The N.-S. cross• 
strike line of gallery along the Binjemma Road and the branch galleries into the 
J eneina and Wita ta Zebhieh Synclines are not so essential; they would only be 
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requi_red if it were considered desirable later to increase the daily rate of ex­
tract10n from the whole of the catchment area. The local disposal of the spoil 
from the proper shaft and galleries would occasion some difficulty. Only a small 
proportion is likely to be suitable for road metal or for lime burning. Unless 
arrangements could be made for the utilisation of the greater part in some major 
reclamation scheme it would be best to shoot it over the cliffs of Fomm ir Rih 
Bay at map reference (3100-2775). Production from the Binjemma Pumping 
Station could be fed most conveniently into the existing distribution system by 
way of the N adur Tank. This would involve lifting the water to a height of 780 
feet above sea level and the l_aying of 3,600 feet of pipe line. It would rapidly 
do a:way with the need to boost water from Ta Kali and Ghain Kaiet Pumping 
Stat10ns for the supplies of lmtarfa, Rabat, and Dingli, and, as production 
surplus to the requirements of those places became available from Binjemma it 
could be gravitated down the Wied tal Kleigha main to Ta Kali, pending the 
completion of a unified production, storage, and distribution system for the 
whole Island. 

194. The easternmost of the deep narrow Upper Coralline synclines in 
close proximity to the down thrown side of the Victoria Lines Fault can be traced 
at surface over a length of about three-quarters of a mile, from 11 Blajet to Ta 
Kasrana, and attains its maximum depth and width near the group of farmhouses 
in front of the old Falka lntrenchment ("Falka Gap" of the 2-inch Survey Map). 
The catchment area of the syncline in the Upper Coralline to the north of the 
Victoria Lines Fault is estimated to be 151 acres or 0.23 square mile, which, on 
the basis of a mean annual percolation of 5 inches should ensure a mean annual 
yield of at least 16.6 million gallons. The syn~line receives an additional supply, 
less easy to estimate, from the surface run-off from the bare Upper Coralline 
outcrops, and from the clay-covered slopes which run up to Dueira, on the south 
side of the fault. The lowest point on the Blue Clays around the northern rim 
of the syncline is probably about 190 feet above sea level on the southern side 
of Wied ta Seikla, but it does not look as though there is ever any appreciable 
spring discharge across it. Neither are there any private shafts for the extrac­
tion of water within the catchment area of the syncline. In January 1945 
B.H. 90 proved the existence of a water table within the syncline, standing at 
132 feet above sea level, and on test yielded more than 100,000 gallons in 24 
hours at a steady rate of 4,200 g.p.h., the maximum capacity of the pumping set 
employed. In April 1945 the level of the water table was found to have fallen 
to 127 feet above sea level, but, pumping by itself, B.H. 90 produced at practical­
ly the same rate as in January. Pumping simultaneously with B.H. 118, which 
had been put down 750 feet away to the east and fitted with an identical pump• 
ing_ set, B.H. 90_ produced steadily at 3,900 g.p.h., during as even hours test, 
while B.H. 118 yielded only a steady 2,900 g.p.h. The discrepancy beween the 
yields of the two boreholes illustrates well the influence of the degree of fissuring 
on borehole production from these limestones, for B.H. 118 is larger in diameter 
than B.H. 90 and the suction point of the pump in it was set 10 feet lower than 
that in B.H. 90. Owing to the lack of labour and the need for the pumping 
sets to be used elsewhere it was not possible to carry out further tests as the dry 
weather advanced. The maximum depth attained by the top --of the Blue Clays 
in the trough of the syncline is probably about 25 feet above sea level (Section 
AA', Plate 12). If the minimum height of the Blue Clay seal in the southern 
limb of the syncline be taken as 125 feet above sea level then the present storage 
capacity of the syncline may be estimated as 49,820,000 cubic feet, representing 
62,275,000 gallons of water at 20 per cent saturation. Owing to the long, narrow 
shape of the structure the amount of underground work which would be 
required t~ increase its natural storage capacity would be completely out 
of proport10n to the results which would be obtained, just as in the case of 
the Binjemma Syncline. Works along at least 1,500 feet of the fault plane 
might be required to raise the discharge level to 150 feet above sea level, and the 
consequent gain in storage capacity would amount to only 34,250,000 
gallons. 
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195. While it offers no solution to the major problem of large scale storage 
the Falka Syncline has good prospects for (i) providing a freshwater supply of 
at least the same order as the present annual production of the Via Dingli 
Pumping Station, from a fr~ction of the ~-ength ?f. galleries alre~dy connected 
with the latter pumping stat10n; and f~r (u) pro':1dmg a summer~ime reser:ve of 
50-60 million gallons for use as reqmred. Owmg to the restricted dramage 
area of the syncline it should be possible in the dry weather to put _down a 
shaft to the base of the Upper Coralline in the deepest part of the synclin~, ~nd 
to drive galleries at that level, without the employment of unduly large smking 
pumps. About 1,000 feet of gallery driven along the axis, as close upon ~he 
Blue Clays as possible, would guarantee that the greater part of the_ water ~h~ch 
finds its way into the syncline could be drawn out when and as reqmred. Drr~mg 
at or close beneath the summertime standing water level would n~t ac~ieve 
this, but would only be able to tap the seasonal influx of water as ~t arrived. 
The location of the pumping station shaft should not be final~y decided upon 
until the depth to the Blue Clays has been accurat~ly determ~ne~ by closely­
spaced boreholes all the way along that part of the axis shown withm the 50-foot 
contour on Plate 12. The shaft site shown at map reference 3678 2794 on that 
map is near the deepest part of the sy~cline according to the observed surface 
dips and is at the lowest surface elevat10n (about 280 feet above sea level). Too 
much reliance should not be placed upon surface pitch indications in such a 
strongly compressed fold of massive limestone beds, ~nd, from the g~neral 
outline of the structure in plan view it would seem possibl~ that the maxim.um 
depth of the syncline at the horizon of the Greensand may he a good deal further 
to the west. A shaft site in the fields to the west of 3678 2794 would be. m~ch 
more accessible from the main road, and the additional 20 to 30 feet of smkmg 
would be amply compensated by the more convenient surface arrangements 
which would be possible. Disposal of spoil would not present such a probl~m 
as at Binjemma. There are several long lanes in the neighbourhood_ on which 
the harder limestones from the shaft could be used as road metal, while the old 
ditch of the Victoria Lines behind the Falka lntrenchment would more than 
hold all the useless soft~r spoil from the galleries in the more marly basal beds 
of the Upper Coralline. Ultimately it would pro~abl1 be best to pass along 
production from Falka to join the propose~ N.-S: pipe h~e system for th~ Upper 
Coralline areas at Binjemma, but, more immediately_, 1t could. be fed mto the 
present distribution system by way of the Ta Kah Reser.voir~. Th~ _latter 
procedure would involve the laying of about 6,900 feet of pipe hne ~o JOlll the 
present Wied tal Kleigha ma~n at Bukan~, or about 13:200 feet of line for the 
complete distance to the Mercieca Reservoir.. The pumpmg plant would have to 
lift to 390 feet above sea level to clear the height ofland at the Falka Gap. 

196. The long strike fault which crosses the middle of the Binjemma­
Wardia area, from Ras il Pellegrin and Jeneina Bay o~ the west to 11 Ko~la on 
the east, throws down to the north, and from the neighbourhood of lmpr. to 
Wied Kannotta it forms the southern boundary of a broad shallow sync~me 
which appears to have at least a few feet of vertical closure on ev.ery side. 
Intermittent surface spring discharge takes place from the eastern hp of the 
syncline at the head of Wied Kannotta, where the_top of the Blue Clay stand_s at 
about 232 feet above sea level at its lowest point of outcrop. Westward pitch 
is clearly demonstrated hereabouts by the V-outcrop of the li~es~one cra~s, and . 
a few private shafts to the north-west aµd south-east _of )'.las 11 Wied provide ad• 
ditional evidence that the northern limb of the syncline 1s more. steep than the 
southern one and is probably broken by a small normal strike fau~t. The 
heavily irrigated fields of Ta Zerp occupy the ce~tral part of th~ ~yncline, and 
the compact group of private shafts h~r~ is ~stimated to be raismg about_ 17 
million gallons of water annually for the irrigation of about 11 acres. Pumpmg 
is practically continuous, and, at the time of survey in the summer of 1945 the 
water levels in the shafts varied between 225 and 231 feet above sea level. The 
average altitude of the top of the Blue Clay appears to be about 216 fe~t above 
sea level at this locality, that is, about 16 feet lower than on the eastern lip of the 
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syncline. Another group of private shafts which has grown up on the north­
western side of the syncline at Ta Ragha has depths which indicate that thi~ 
side . of the structure is sealed effectively by a diagonal fault with a strong 
downthrow to the south-east, probably a continuation of the fault which crosses 
the Jeneina Valley from Wig il Kamla to Misrah Miel. That is the sum total of 
precise evidence available with regard to structure at the depth of the Blue 
Clays. There are indications of eastern pitch in the surface outcrops to the 
north-east of Im jar, but only boreholes can determine satisfactorily for practical 
purposes the amount and nature of the closure at the western end of the syncline 
in the angle between the Wig il Kamla-Ta Ragha and Ras il Pellegrin-II Kolla 
Faults. If the trend of the 250-feet contour shown on Plate 11 is approximately 
correct, then the Ta Zerp Syncline will prove of considerable value for under­
ground storage, as only a comparatively low dam will be required at Ras il Wied 
to restore the former reservoir capacity of this long wide natural basin. The 
surface level of 288 feet in the middle of the valley at Ras il Wied sets a limit to 
which the water level may be raised by damming, no less than the spillover 
levels to the north and south of the basin. On the evidence at present available 
it would seem that a top water level of 260-270 feet above sea level is the highest 
feasible. This would be 20-30 feet below the lowest surface level at Ras il Wied 
and wol}.ld become progressively deeper below the surface proceeding west­
wards. The maximum height of the dam required across the axis of the syncline 
at Ras il Wied would be only 30-40 feet, and, being so near to the surface its 
construction would be a much cheaper and much less difficult proposition than 
in the case of any other of the major synclines of the northern fault strips, 
excepting Ghain Tuffieha. The high altitude (230 feet above sea level) at which 
gravity supplies could be drawn off is also similar to that of Ghain Tuffieha. 

197. The main arguments against the utilization of the Ta Zerp Syncline 
on the lines suggested above, and also against the construction of a longitudinal 
gallery to serve as an immediate additional source of seasonal free-flowing high 
level supplies, are (i) the relatively small catchment area of the syncline, and 
(ii) the extent to which its resources have already been appropriated by .private 
enterprise. The surface catchment area of the syncline is estimated to he about 
0.54 square mile, with a potential mean annual yield of some 39 million gallons, 
and the fifteen private works within the catchment area are estimated to be 
raising already more than 24 million gallons a year for irrigation purposes. On 
the assumption that a dam at Ras il Wied would produce no more ample effect 
than storage through an average depth of 10 feet of formation within the area 
enclosed between it and the 250-foot contour on Plate 11, this alone would mean 
a reservoir capacity of 92 million gallons at 20 per cent saturation. The reser­
voir would rarely he filled, therefore, from its own catchment area, and water 
pumped into it for storage would only he increasingly abstracted by the local 
farmers, unless they were restricted by legislation to their present area of 
cultivation and amount of water used for irrigation. On the other hand a 
Government gallery driven along the axis of the syncline for the purpose, let us 
say, of augmenting the St, Paul's Bay and Mellieha supply, would deprive the 
farmers of much of the resources which they themselves have developed and to 
which they have now become accustomed. 

198. The Ghain Tuffieha Gallery is the most recent of all Water Depart­
ment works to he devised and completed within the Upper Coralline Formation, 
and, owing to the approximate coincidence of the Ghain Tuffieha-Iz Zebbieh 
Road, alongside which the gallery was driven, with the axis of the Ghain Tuf­
fieha Syncline, its alignment is the most rational of any adopted to date in the 
whole Island (para. 68). The surface spring from which the gallery was driven 
owed its existence to the breaching of the western end of the syncline by a 
tributary valley eroded southwards from the western end of the Wied tal Puales 
rift valley. The spring was utilised from very ancient times, notably by a large 
Roman villa, the ruins of which were discovered by Rizzo during the construc­
tion of the Water Department's present gallery. The driving of the gallery 
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eastwards from near the site of the original surface spring was commenced in 
1927-28, for the purpose of augmenting the water supply _of St. Paul's. Bay, 
Mellieha, and the military camps at Ghain Tuffie~a and Melheha Bays, as 1t had " 
long been apparent that supplies from the previous short length of gallery at 
Ghain Tuffieha, from Ghain Astas ("II Kala Spring"), and from ~ur~uhhala 
were totally inadequate to meet the growi°;g local demand. . Shaft smkmg and 
gallery driving continued intermittently until 1937-38, and, as 1t exists at.present, 
the work comprises about 2,560 feet of gallery of 5 x 2½. feet cross-section, con­
necting eleven shafts which range from 24 to 145 feet _m d~pth. The gr~ater 
part of the length of the gallery appears to have been driven m the basal thmly­
bedded limestone and marl member of the Upper Coralline For~ation an~ in the 
top of the Greensand. The top of the Blue Clays was determmed_ only m shaft 
10 three feet below the present bottom of that shaft, and at an altitude of 241.5 
fe;t above sea level. The average gradient of the ga~ery _between sh~fts 1 and 
11 is about 1 in 250, and this is probably a fair approximation to the ~itch of the 
synclinal axis between those limits. Records of the total a~nual yield. of the 
gallery are available from 1932-33 onwards, b~t records of ~ail1 production are 
only available from 1941-42, and there is no ramfall gauge withm t?e catchment 
area Had complete records been available, a very useful analysis could h~ve 
bee~ made of the results to be expected from new galleries in the Upper Cora~ne 
areas, for the catchment of this gallery is well defined and there can _he !1ttle 
doubt that the existing gallery is drawing practically all the natu~al gravitational 
discharge from the catchment area, wh~e there are only two private shafts also 
extracting significant quantities of water. 

199. The history of production at Ghain Tuffie~a ~in~e the com~encement 
of the new work provides a warning against too opt1m1stic expectatl~ns of the 
indefinite continuation of the initial "flush" productions that are obtame~ from 
new galleries or from extensions of old ones into new ground. According to 
Robertson (1917, Appendix VI) the short length of gallery~ e~istence at that 
date was yielding a minimum of _30,000 gallons. a day. This figure, however, 
was probably given to him by Rizzo as the daily_ mean for the year, _not the 
daily minimum for the minimum daily production often falls considerably 
below this level.' After the first season's construction of 950 feet. of new gal~ery 
in 1927-28 the Water Department Annual Report re~orded a_n mcreased yield 
of 30,000 gallons per day; and after the second season .s work m 1928-29 an ad­
ditional 32,000 gallons per day. The peak of product!?n appears to have be~n 
reached in 1932-33, when a large fissure, described as the sourc~ of the Gham 
Tuffieha spring", was intersected, and work had to he ~e~porarily suspend~d. 
The total production for that year was some 41 _million gall?n~. D_esp1te 
further extensions to the length of gallery and considerable variatio~s m th_e 
annual rainfall there was a continuous decline from this peak production until 
1938-39, by which time the long accumulated surplus in the lar~~ fi~sure system 
was exhausted, and production has settled down to a new eqmlib~1~m, related 
directly to variations of annual rainfall, at a mean ra!e of 16.26 m1lli?n gallons 
per annum from 1939-40 to 1944-45. As the ID;ean. ramfall for these six seasons 
has been 23.2 inches, according to the Rabat-Dmgli gauges, the long term mean 
production of the Ghain Tuffieha Gallery w~ proha~ly prove to be somewhat 
lower than 16 million gallons per annum. Smee daily records have been kept 
the seasonal extremes of discharge have been 18,000 gallons and 85,000 gallons 
per day. The catchment area of the gallery is estimat~~ to be 141 acres ~r 
0.22 square mile. A me.an annual production of 16.26 nnlhon gallons from this 
area suggests a mean annual rate of percolation of 5.1 inches p~r a~num, or 22 
per cent of the mean annual rainfall, according to the Rabat-Dmgli gauges, f?r 
the six years under consideration; an interesting and useful check of the ~at1~ 
of percolation to rainfall already derived from the records of the Rabat-Dmgh 
Upper Coralline galleries (para. 145). 

200. The mean daily rate of discharge during the past six years ha~ been 
approximately 44,000 gallons, a useful increase on the 30,000 gallons a day 
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recorded by Robertson. The increase in v I h 
by a slight but definite inc . h o ume owever, has been accompanied 
Prior to 1927 28 d' rease m i1 ~ proportion of salts dissolved in the water 

total solids n~ve~ aec;i:e~:~ 1~ 8;a:iss;e~\~~e0~~di?al ant Health Department: 
half-a-mile of gallery the annual h ' . , smce t _e construction of the 
salinity, which previous! never:::::~: as risen to as h1g~ as 40 parts. The 
risen to as high as 11.5 p,{rts and b th t d 8 parts of chlorme per 100,000 has 
doubled. It is by no mea~s cert o. timpor~ry_ and per°:1ane~t hardness have 
primarily the result of the increase~~at a\ t~1s ~nc~ease m dissolved salts is 

I
su~ply; on a prior consideration the re~e;sec:r;:c:t:fg{:or thebsurface to the 
t 1s more probable that a m . d' ave een expected. 

fields within the catchment ore Imme iate cabuse is increased manuring of the 
area, as seems to e also the c • h h w· 

court galleries. The matter is of co . d bl . ase wit . t e igna-
should be subjected to closer ex erim:~afrs~u e importan~. ~nd is one which 
and summertime irrigation of ah fields with' dyh by prohib1tmg the manuring 
three years and noting the effi t h m t ~ catchment area for two or 
carried out more conveniently a:~h:: \~ffia~alyt~cal results. This could be 
other Upper Coralline galler d th fi d' e at an on the catchment of any 
to all areas. Notwithstancii~;nth' ed n ~ngs ~ou~d have general application 
Tuffieha supply to St Paul's Ba I~ Me~;1'10ra.t1on m composition the Ghain 
and most satisfactor; local supp1/t the I irha;s undoubtedly the best balanced 
water is not inferior to the best t e s an at pre~ent. In composition the 
area (Fawara Buskett and Gh o _Pr1sent :ay supplies from the Rabat-Dingli 
1,268,000 gall~ns provided by t~:ls:-'pan l' tte total reser~oir capacity of 
adequate to equalise all the seas l · ~u. s ~y a_nd Mellieha Reservoir is 
that have been recorded durin t;na variations m dis~ha~ge from the gallery 
demand from the Arm d Ng e past four years. Per10d1cal variations in the 
h 

Y an avy camps at Ghain Tuffi h d M lli h h 
~ e capacity of the service tanks is ver Ii . . e a ~n e e a, w ere 
m the summer months it has b )'.'b m1ted, are a d1sturbmg factor, but even 
present by utilising B.H. 25 in e:;:/;:sp le ~o Vvl~d asy acute shortage up to the 
contribute an additional 4 OOO g p h ; t~ t-h ~ et Ja Level Table, which can 
with a salinity which has ~ot e~ e~~e ~ d \ am u eha-St. Paul's Bay main, 
spells of pumping. As will b y h 1 e e . 6 parts per I0_0,000 e".'en during long 
galleries within the camp b:;n~::.ret!~rb:t;o~d ~e 'f~e :ossible by driving 

t::f ~fes !!dh~:t:;::J::t~ :d!;;'~' for ~II prob:We s;:,c: d=a~:
11!~~t0!~ 

when Service demands are at a minim:~: us to the C1VIl Government supply 

201 The 'b'li · f · 
Upper Corallin/;~;~a:::: :nt~}e~t:gG the nat;ral_ r.orage capa?ity of the . 
Syncline itself are worth f • d . reensan wit m the Gham Tuffieha 
It would appear from t6e oa:~ktl erat1~n and 1 further practical investigation. 
about 1,000 feet in len th wi h e s_ur ace e~ ence that an underground dam 
Shaft 3 (Surface heiglt:' 27J f:e~l~mlm he~ght ofd20 f~et, contructed through 
Blue Clays. 232 5 fieet A S L ) ·1 • .,hest~ate altitude of the top of the 

· · · · · norma to t e axis of th lin Id 
water for more than twice this d' t 1 h e sync. e, wou hold up 
~t.ho:ut causbinl g a~y spill over th:s r~:ic:t tl:gb:sfn e:;t;r~:~:a o!rt~: fn~line, 

is imposs1 e without a more accurate and d ·1 d a erp. 
borehole cross-sections to make a f 11 Ii bl eta~ e contour plan, based on 
capacity would be thus'obtained b t 1 r1 a e estr:;_iate of what total storage 
over the area enclosed betwe~n uti/ on ya me;nr epth of 5 feet were realised 
the 250-foot contour sho e sug~este me of the dam and the 
16 272 000 11 2 wn on Plate 11, this would amount to no less than 
of' the' dam ga o~~ a~ 0 pet c;nt s~turation of the formation. The actual bulk 
walls of the w~:rciec: ~;sh ess, ~ tll prtabilit~, than. that of the retaining 
million gallons each. ' ar, an uca eservorr, which hold only 5 to 6 

202. The well-defined synclinal catch f h W . . . 
discussed in the d' ments O t e ardia-BmJemma area 
estimated mean a:~:lep::nii:I~~:ar:csti~~t:} io~6m~fuoanregarmll'les anhi~ hhave abn 
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extracted by simple central gallery systems along the synclinal axes. The various 
tracts outside these synclinal catchments display in the main, undulating 
monoclinal dips towards the boundary scarps of the area, from which their 
drainage is discharged by way of a few conspicuous surface springs at favoured 
localities, and by way of innumerable inappreciable trickles beneath talus and 
scree. These marginal tracts have a total area of about 2.49 square miles, and 
are assigned~ therefore, a mean annu;:tl potential yield of 180 million gallons. 
The complete appropriation of this potential yield will require the construction 
of a much greater length of gallery per unit area than in the case of the synclinal 
hollows, and a thoroughly detailed examination of the contours of the Blue 
Clay surface beneath them, by map and by boring, will be necessary before the 
most suitable gallery lay-out can be decided upon, as they contain numerous 
minor undulations and faults which will exert strong influences on the under­
ground drainage pattern in such regions of very gentle dips. They have been 
classified in paragraph 188 according to the three surrounding valleys into which 
their production could be concentrated most conveniently. The drainage of 
some extensive portions of these marginal areas could probably be led into the 
neighbouring synclinal basins by contour galleries driven at suitable altitudes. 
The most suitable route to storage and supply for the remainder of their 
potential contribution would be by pipe lines into the Miziep Syncline, through 
a tunnel driven through the Xaghra tal Ghansar Saddle from the foot of the Tal 
lmbordin Pass. 

203. Apart from the structure testing of the Binjemma, Thlka, J eneina 
and Wita iz Zebbieh Synclines, carried out by No. 7 Boring Section, R.E., in 
1944 and 1945, the results of which are detailed in Table 10 and have been 
discussed above, the only other boreholes put down in the Binjemma-Wardia 
area up to the present are B.Hs. 9, 10, and 14, which were made by No. 3 Boring 
Section, R.E., in 1943, in search of water for Eighth Army camps. These three 
holes are situated around the height of land between the Ghain Tuffieha, Il 
Palma, and Ta Zerp valleys. They failed to obtain sufficient water for borehole 
pumping, but the spot heights which they provide on the top of the Blue Clays 
have been useful, in conjunction with the evidence from neighbouring shafts, 
for forming a preliminary conception of the structural contours in that region. 

204. The St. Paul's Valley Sea Level Table supports the most extensive 
continuous tract of irrigated land within the whole of the Maltese Islands. It 
is estimated that from within its superficial area of about 597 acres there are 
seventy private shafts extracting a total of about 248 million gallons a year for 
the irrigation of an average area of 169 acres. This rate of irrigation is equivalent 
to 1,470,000 gallons, or 65 inches, per acre per annum. The low altitude of the 
floor of the valley, which rises gradually from sea level at Ramla tal Puales to 
only 70 feet above sea le,el on the cliff overlooking Ghain Tuffieha North Bay, 
has made the sinking and -pumping of wells an extremely simple and cheap 
proceeding. More than half the seventy private shafts are less than 50 feet 
deep, and only one exceeds a depth of 100 feet. The local farmers have been 
fortunate, too, in the combination of geological circumstances which restrict 
the connection of the water table with the sea to the narrow eastern. end of the 
valley, and which concentrate within it the freshwater drainage from upland 
catchments to the north and south which are more than twice as extensive as the 
superficial area of the sea level table itself. Nevertheless, as will be realised 
from consideration of the results of the August 1945 salinity survey (Plate 11), 
the heavy rate of private extraction has raised the summertime salinity of the 
table beyond the limits desirable either for irrigation or for domestic supplies 
over about half of the total area. There would appear to be little scope, under 
the present regime, for additional extraction of water suitable for domestic use, 
except at the western end and along the southern margin of the valley. 
It must be remembered, also, that any such additional extraction, and the 
appropriation of freshwater from the catchments to the north and south of the 
valley, would lead to a rapid increase in the already high salinity of much of 
the area of the sea level table. 
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. ~05. In geological structure the valley is essentially a long narrow syncline, 
pitchmg gently from west to east, thrown down between two lines of strike­
fault~g in t~e mi?dle limbs between the syncline and the Ras ii Jebel-San 
Martm-Wardia uplift on the south and the Baida Anticline on the north. The 
fl?or of the valley is_ covered wi~h a thick red soil cap from end to end, and the 
hill slopes ?n each side are heavily ~loaked by hill drag, tufa, and boulder fans. 
The full width of the Upper Coralline F9rmation within the rift is open to the 
sea at the eas_tern end of the valley, but the depth to which the sea has access 
ca°:not be estimat~d accurately as no solid exposures are available in the axial 
region of the syncline, except at Ghain Tuffieha Bay. The maximum depth to 
the Blue Clays at Ramla tal Puales is unlikely to be less than two or three 
hundred feet, ~owever, as the minimum inward surface dips are 15 degrees on 
the northern side and 20 degrees on the southern side of the beach and these 
outcr~ps are separated by an interval of 1,200 feet in which there are n~ exposures 
of solid r~ck. It would seem, ~herefore_, th~t the magnitude and cost of any 
worb ~esigned to prevent ~h~ _mland diff~sio~ of sea water into the syncline 
from this end w?uld be prohibitive. But, m VIew of the size and importance of 
the water t~ble ~t would ~e well worth while to check this conclusion by means of 
a cross-section line of bormgs to the Blue Clays along the inland side of the road 
~t Ramla tal Pu~les. _The Blue Clay seal appears to be complete and continuous 
m the faulted middle hmbs all the way along both sides of the rift. At the west­
ern end of the v~lley the top of the Blue Clay stands well above sea level all the 
way around,Gham Tu:ffieha Bay, except in the cliff below Torri ta Ghain Tu:ffieha 
where a minor synclinal fold br~gs the horiz?n down to approximately mea~ 
sea level for several yards. This local syncline appears to pitch inland for a 
short way before the pitch is reversed to seaward between the Tower and the 
Hotel. The quantity of sea water, if any, which obtains access to the interior 
of the valley by this route must be very limited but in the interest of preserva­
tion of the low salinity o~ the ~ate~ table at th~ western end of the valley, the 
matte~ deserves further mv~st1gation by means of boreholes behind the top of 
the c~ff, and the co1;structi?n of a small stopping across the bottom of the 
syncline, should contmuous mland pitch be demonstrated at the depth of the 
Blue Clays. The westermost wells in the sea level table (B.H. 28 and P.W.367) 
are too far away from the Tower for their evidence to be decisive but their 
relatively low salinity and high standing water level do not support ~he idea of 
any connection with the sea by this route. 

206. The total area underlain by Upper Coralline Limestone between the 
Dahliet il Fekruna and the Balluta Faults, between Ramla tal Puales and Ghain 
Tu:ffieha Bay, is about 672 acres, of which about 595 acres is occupied by the sea 
l~vel ~able. At the western end of the valley where the base of the Upper Coral­
~e rises a~ove sea Ievel the underground drainage of about 37 acres probably 
disch~rges mto Ghai~ Tu:ffieha Bay, not eastwards down the pitch of the main 
syncline. The total mternal catchment of the syncline is, therefore, approxim­
ately 635 acr_es. At the as~umed mean annual rate of percolation for average 
Upper Coralline country this. area would be· capable of transmitting 71,755,000 
gallons to unde~ground supplies every year, but the thick clay soil cap probably 
reduces th~ ratio of percolation considerably in St. Paul's· Valley. From the 
southern side ~f the Balluta Fault the sea level table receives that part of the 
underground discharge of 589 acres of Upper Coralline catchments not already 
ap~ropriated by th~ Ghain Tu:ffieha Gallery and other smaller works and surface 
springs, together with the seasonal surface run-off from much of this limestone 
area and fro~ about 272 acres underlain by Blue Clay and Globigerina Beds. The 
total annual discharge from the numerous su~face_ spri~gs of greatly varied magni­
tude along the northern border of the W ardia Ridge 1s small compared with that 
from the _Ghain Tu:ffieh~ Gallery, and it is probable that the greater part of the 
water which percolates mto the limestone formation within the catchment area 
menti~ned. above is passed into the St. Paul's Valley Syncline through the 
~xtensive limestone contacts along the line of the Balluta Fault. This view 
1s supported by the lower salinities and higher standing water levels, on the 
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whole, of the private wells along the southern side of the valley, as compared 
with those along the northern side, despite the fact that annual extraction from 
the southern line of wells is estimated to amount to about 142 million gallons 
against only about 106 million gallons from the northern group. Deducting the 
catchment area of the Ghain Tu:ffieha Gallery (141 acres), but making no 
allowance for other surface spring and gallery appropriations, such as those of 
II Ballut, II Palma, II Kala, and San Martino, from which a large part of the 
production is returned underground, as they are mainly utilised for the irrigation 
of steep hillsides running down to St. Paul's Valley, a figure of 448 acres of 
limestone catchment is obtained, with a mean annual potential contribution of 
50,624,000 gallons to the sea level table. Replenishment of the sea level table 
from the northern side of the Dahliet ii Fekruna Fault takes place in the form 
of surface run-off and underground percolation from about 294 acres of Upper 
Coralline limestone to the south of the crest line of the Baida Anticline, and 
the run-off from about 30 acres of Blue Clay outcrop in the middle limb. 
The strip of Blue Clays which rises to the surface all the way along the middle 
limb from Manikata to Dahliet ii Fekruna, except for a distance of about 1,000 
feet at II Puales, restricts this southward underground flow into the syncline to 
two regions, (i) the neighbourhood of II Puales, and (ii) the region west of Mani­
kata. The effect of this localisation of replenishment is very evident in the 
isochlors of Plate 11. The only noteworthy surface spring along this side of the 
valley occurs at II Puales. Its discharge was estimated by Dr. E.B. Bailey 
in March 1943, shortly after a. heavy spell of rain, to be about 40,000 gallons 
daily. More settled rates of discharge have since been measured in dry weather, 
in May 1945 and March 1946, at 29,000 and 28,000 gallons per day respectively. 
The total annual surface discharge is probably well in excess of 10 million 
gallons, but daily gaugings of this spring should be instituted and continued for 
at least several years in order that any claims for compensation water may be 
assessed fairly should it be decided at some future date to make public appropria­
tion from the catchment area of the spring. Much water undoubtedly passes 
underground into the sea level table through the limestones beneath the level 
of the present surface spring and its short length of gallery. In the region of 
localised replenishment at the western end of the Blue Clay strip the group of 
private wells at the northern side of Lands II Habel il Kbir are more heavily 
pumped than any other group in the valley, yet even in August 1945, at the 
height of the dry season, the maximum salinity recorded in the group was 45 
parts per 100,000. The total mean annual replenishment received from the 
catchment area of 294 acres to the north of the Dahliet ii Fekruna Fault should 
amount to not less than 33,222,000 gallons, on the standard assumed rate of 5 
inches percolation per annum, bringing the total annual replenishment of the 
sea level table to 155 million gallons. This volume is greatly exceeded by the 
estimated annual extraction of 248 million gallons. It is important, therefore, 
that further salinity surveys should be carried out regularly when Dionic Water 
Testers are available, say at monthly intervals, to determine whether the deep 
penetration of highly saline water, shown by the August 1945 survey, is merely 
a seasonal phenonemon, or whether it marks a stage in a continuous steadily 
increasing salinification of the whole table. Should the former state of affairs 
be indicated it would mean that the assumed rate of replenishment is an under­
estimate, or that the deficit between the estimated rates of annual replenish­
ment and annual extraction is made up by the unassessed contribution of 
surface run-off from areas outside the valley, and by the return to the sea level 
table of a large part of the water used to irrigate the fields. Should the fears of 
continuously increasing salinity be satisfactorily discounted there would be 
scope for some degree of public appropriation of the freshwater which flows into 
the valley from the north and from the south. Should progressive deterioration 
be found to be taking place under the present regime, however, measures of 
restriction and Government control of the irrigation supply of the whole area 
would have to be imposed, in order to preserve not only the composition of the 
water table but also the quality of the soil of the fields . 

• 
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207. Although, in the present state of knowledge of the local conditions, 
there would appear to be no prospects of making any large appropriation for 
public use from the Wied tal Puales Sea Level Table without inducing a high 
salinity in both the water extracted and that left for private irrigation works, 
there is much to be said for the inception of a small pumping station and gallery 
system in the comparatively unexploited freshwater area at the western end of 
the valley, which could be enlarged later should subsequent experience show 
expansion to be feasible without too great an increase in salinity. A work of 
the magnitude of the present Via Dingli system, with an output of, say, ten to 
twenty million gallons a year is suggested, (i) for the purpose of meeting the 
demand of the Army and Navy camps at Ghain Tuffieha, and any emergency 
demand that might arise from the temporary cantonment of much larger forces 
in the neighbourhood, as in 1943, without drawing upon the limited supply from 
the Ghain Tuffieha Gallery; (ii) for the purpose of augmenting the present Water 
Department supply, when necessary, with better quality water than the summer­
time production from B.H. 25, and for pumping to storage in the Miziep or other 
basins; and (iii) for the purpose of appropriating freshwater from the catch­
ment of In-nah-Halia and the southern part of Xaghra tal Mayesa, which at 
present do not find their way into St. Paul's Valley, and which, except for the 
spring at map reference 3067 3109 ("Spring Well under Cliff") occasionally 
drawn upon by the Na val Camp, will never be utilised without the construction 
of galleries designed to intercept the discharge from them into the sea along the 
northern shores of Ghain Tuffieha Bay. A gallery system suitably laid-out on 
the northern side of the valley would be able to realise from the In-nah-Halia 
catchment and from the Manikata influx of freshwater the artnual production 
suggested, without the salinity exceeding 20 parts per 100,000. Should it be 
considered desirable later, greatly increased production, at the expense of a 
slightly higher salinity, could be obtained by driving across the western end 
of the sea level table, and then close alongside the Balluta Fault, to the south of 
the existing private shafts on the south side of the valley. 

208. Recommendations for the lay-out of the proposed system, to be 
checked by borings, are as follows. The most suitable site for the central pump­
ing station shaft would be near spot height 67 (map reference 3183 3078) which 
is the lowest surface altitude within the camp area. There can be little doubt, 
from the levels on the top of the Blue Clays around Ghain Tuffie:ha Bay and in 
B.Hs. 28 and 29, that this site would be slightly within the western margin of 
the sea level table. A gallery should be driven due west at sea level until it 
passes into the Greensand, after which it should follow the rise of the bed, 
outside the area of the sea level table, to the neighbourhood of spot height 75 
at the N.E. corner of Ghain Tuffieha Bay; then swing westwards again, along 
the southern side of the Rifle Range, keeping ten to twenty · yards inland 
from the cliff face, to the neighbourhood of spot height 100 at the N.W. corner 
of the Bay. The total length of this gallery would be about 2,750 feet and it 
would intercept all the underground drainage of In-nah-Halia and a good deal 
from 11 Moxa ta Ghain Tuffieha on the upthrown side of the Dahliet il Fekruna 
F~mlt. To add the drainage of the southern side of Xaghra tal Mayesa a branch 
gallery would require to be taken off to pass to the upthrqwn side of the fault 
behind the cliffs of 11 Minzel tal Mayesa, and to carry along the southern side of 
Xaghra tal Mayesa a few yards behind the coastal cliff. The length of these 
galleries would be great as compared with the yield of water expected from 
them, but their cost of excavation and the removal of spoil would be cheapened 
by the driving of short adits at intervals from the foot of the sea cliffs. Apart 
ftom the short initial length, which would pump from the margin of the sea 
level table, they would collect nothing but freshwater from about 52 acres of 
upland catchment, which should guarantee a minimum mean annual yield of 
7 million gallons. A third gallery from the shaft site should be driven at sea 
level for about 1,000 feet to the road junction at the foot of Manikata hill 
(map reference 3209 3098). This drive would probably be within the sea level 
table in the Upper Coralline Limestone throughout its length, and, provided the 
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rate of extraction was kept within reasonable limits, the salinity of the water 
should not at any time exceed 20 parts per 100,000. Private shafts Nos. 361 
and 362, near the road junction mentioned above, are. esti~a_t~d t_o extract 
together more than 18 million gallons a year, and then sahmties m August 
1945 were only 22 and 21 parts per 100,000 respectively. A fou~th gallery 
should be driven at sea level across the sea level table, along the lme of the 
wall which d1vides Lands 11 Kasam ta Ghain Tuffieha, for a distance of 1950 
feet to the junction of the Manikata, Iz Zebbieh, an~ St .. P~ul's Bay roads below 
11 Fawara. This gallery also woul~ probably remam w1t~m the sea level ta~le 
and within the Upper Coralline Limestone throu~h~u! its length, and agam, 
provided the rate of extraction was controlled, the sahmty should n~ver exc_eed 
20 parts per 100,000. B. H. 28, which was put down by No. 3 Bormg Section, 
R. E., in June 1943, proved the top of the Blue Clays at a depth of 34 feet 
below the standing water level of the table, and produced 1000 g. p. h. for 
several months with a salinity of only 24 parts per 100,000. 

209. The Mellieha-Baida Upper Coralline area, bet~een t~e Ras. il 
Griebej and Dahliet il Fekruna Faults, contains two maJor uplifts, which 
determine the main "Ridges" of the surface topography, and are separated 
by a broad synclinal depression along which the longitudinal valley 8f !1 
Miziep, Wied tal Kalkara, and W~ed ta~ Mist~a has ~e~n eroded. The axis 
of the southern line of uplift, · tlie Baida Ridge Anticline, follows a som~­
what sinuous course from Ras il W ahsh on the western coast to Redum 11 
Bies on the east. A pitch of several degrees ca~ often be measured on the 
limestone benches along the surface crest line, _hut six ~o~eholes, ~hich were 
put down along the axis for the purpose of defining the nnmmum height of the 
Blue Clays seal beneath it, showed that the pitch o~ the top of the Blue. Cl~ys 
rarely exceeded one degree, and su9gested tha~ cons1derab~e eastward thmnmg 
must occur within the Upper Coralline Formation across this part of the Island. 
Gentle eastward pitch is continuous from Ras il W ahsh as fa~ as a well-define_d 
saddle across the ridge at Xaghra tal Ghansar. A steep~r nse_ along the a~s 
then takes place to a crest maximum beneath She_msh1ya Hill, after w~ch 
eastward pitch is resumed beneath Xaghra tal Kortm and across Cala M1stra 
and Hariek to Redum il Bies on the eastern coast. Out l'!-t sea, the curvature 
of St. Paul's Island (Selmunett) follows around the strike in the northe~n limb 
of the deeply denuded end of the anticline .. The_sy°:cline between the Baida and 
Mellieha uplifts differs from the more ob_vious nft-like_ valleys to ~he north and 
to the south in being faulted only along its northern side. The cliffs o~ Redum 
Mayesa provide a clear cross-section of the w~ste~n end. of the syncline, and 
curved limestone scars around the eastward p1tchmg axis cover ~uch ?f the 
Xaghra of Ghain Znube_r, Tal_ K?rtin, ~nd 11 Hamra. An ~x~ens1ve region ~f 
maximum pitch depression comc1des with the floor of the M1z1ep Valley and 1s 
covered completely by thick Quaternary depo~its of red clay, tufa, and boulder 
gravel. Westward pitch is evident in the solid outcrops at the narrow eastern 
end of the valley, where the Kalkara Ravine is deeply incised in the. Uprer 
Coralline Limestones and in a small inlier of the Blue C~ays ~t the culnnna~10n 
of pitch between the Miziep Basin and the eastward_ contmuat~on of th~ sync~nal 
axis down Wied tal Mistra. There are several stnke faults m the nnddle limb 
between the Miziep Syncline and ~he Mellieh~ Uplift. !he southernmost one 
which determines the spring of Gham Znuber, 1s the most n:~portant of these a~d 
is continuous from coast to coast. The line of the fault 1s clearly defined m 
the western cliffs, in Wied Labiat, and at Ghain Znuber itself, but along t~e 
northern side of the Miziep fields its outcrop is almost totally concealed by hill 
drag and tufa. At the eastern end of the ;7alley its posi~ion can again be fi~ed 
precisely at 11 Migh Dum~, on the_ St. Paul s Bay.- Mellie~a Road, and behmd 
the old limestone quarries of L1malak. In Wied tal Mistra the fa~t c~ts 
completely across the eastward-pitching sync~nal axi_s, and beyond this P?mt 
it becomes the dividing line between the Melli~ha uplift and the ~ort_hern limb 
of the Baida-Shemshiya Anticline. No detailed overall e_xammation of the 
horstlike Mellieha uplift has yet been attempted. Surface dips are very gentle 
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over most of the area, and, as known changes of stratigraphical thickness are 
sufficiently rapid to affect frequently the amount of local dip measurements, 
accurate structural contouring, by means of levels around the margin of the 
Upper Coralline outcrop and by means of boreholes, will be required to evaluate 
all the minor undulations and faults which the area contains, and which, in 
conjunction with the deepliembayed character of the Upper Coralline outcrop, 
will affect the underground drainage of the area to a much greater extent than 
they influence its surface topography. 

210. In accordance with the structural and topographical control, out­
lined in the previous paragraph, the four square miles of the Upper Coralline 
outcrop may be divided into the following natural catchment areas. (plate 9): 

Catchment Area . Surface Area Potential Mean 
Annual Percolation 

(Acres) (Gallons) 

Mellieha - Selmun Plateau ... 1,064 120,232,000 
Wied Gharbiel Fault Masses 6 678,000 
11 Mijnuna (Hariek) Peninsula 34 3,842,000 
Wied tal Mistra 88 9,944,000 
Shemshiya Southern Slope ... 32 3,616,000 
Miziep Syncline 970 109,610,000 
Xaghra tal Mayesa Northern Slope 24 2,712,000 
Baida Anticline Southern Slope ... 342 38,646,000 

Total ... · 2,560 289,280,000 

211. The contribution made to the St. Paul's Valley Sea Level Table by 
the catchment area to the south of the Baida Anticline watershed has been 
discussed in paragraph 206, and suggestions made for the appropriation of the 
western end of this catchment which at present discharges to the sea. The 
southward watershed from Shemshiya and Xaghra Tal Kortin to St. Paul's Bay 
could be similarly appropriated by a marginal gallery, and might be led down 
either to Wied tal Mistra or to Puales should compensation water be required 
on account of future public extraction from the present supplies of those irrigated 
areas. Rainfall upon the isolated Mijnuna catchment goes directly to the small 
sea level table beneath that peninsula, the superficial extent of which is so small 
that it is not worthy of consideration as a possible source of public supplies. 
The Wied tal Mistra Upper Coralline catchment of 88 acres, together with the 
surface run-off from a considerable area of clay slopes, maintains a small sea 
level table in the Upper Coralline Limestone in the bottom of the Wied tal 
Mistra Syncline, and in the Middle Globigerina Formation around the head of 
Cala Mistra, on the opposite side of the Ghain Znuber Fault. This sea level 
table has long been utilised by means of shaft and sienja for irrigation of the 
fi~lds along the floor of the valley. At present there are seven shafts, ranging in 
depth from 10 to 36 feet, in the Middle Globigerina Beds on the upthrown side 
of the fault, which are estimated to extract 3,040,000 gallons a year for the 
irrigation of 3 acres, a rate of 1,013,000 gallons or approximately 45 inches per 
acre. There are fourteen shafts in the sea level table in the Upper Coralline, 
and two up-dip a little way outside it, which range in depth from 12 to 50 feet, 
and are estimated to be raising about 14,373,000 gallons a year for the irrigation 
of about 17 acres. This irrigated area also consumes the surplus of probably 
more than a million gallons a year from the public spring which discharges on the 
southern side of the Blue Clay inlier from the northern dip slope of Shemshiya 
Hill, so that the total irrigation rate is at least 15,373,000 gallons for 17 acres, 
or about 900,000 gallons or 40 inches per acre per annum. There is no scope 
for extraction of water for public use from the small sea level table of Wied Tal 
Mistra, but it would be possible to tap the fresh water beneath much of the 
limestone slopes, which contribute to it, along the northern and southern sides 
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of the valley, by means of galleries inclined upwards at a gentle gradient from 
the eastern end of the Miziep Syncline. 

212. The Miziep Syncline (Plates 13 and 14) is the largest completely 
closed basin structure known within the Island. Private development of ex­
traction from its catchment area has been practically negligible, and no ex­
traction whatever takes place from the extensive freshwater table which has 
been proved in the trough of the syncline. It is doubly fortunate, therefore, 
from the point of view of public water supplies, that its existence remained 
undetected until recently. (1) There are three shafts along the southern 
side of the Kalkara Ravine at the eastern end of the valley, which 
were sunk by local farmers many years ago as a natural continuation 
of their development of the Wied Tai Mistra Sea Level Table. The 
easternmost of these shafts (P.W. No. 382), at map reference 3495 3270, 
stands at the culmination of pitch between Wied Tai Mistra and Miziep. It 
is only 20 feet deep and collects a little water from both flanks of the syncline 
for the occasional irrigation of about 1 ½ tumoli of narrow field terraces along the 
side of the ravine. With a view to increasing the flow of water to this shaft by 
means of a gallery system two other shafts (Nos. 333 and 334) were put down a 
few years ago at 3505 3270 and at 3511 3265 up the rise to the Shemshiya Crest. 
They failed to obtain any significant yield of water, however, and the scheme 
was never completed. The two other Wied tal Kalkara wells (P. Ws. Nos. 335 
and 336) at 3465 3254 and at 3448 3244, are 76 and 84 feet deep respectively and 
derive small supplies from the northern limb of the Baida-Shemshiya Anticline. 
It is doubtful whether the total quantity of water bailed from these three wells 
amounts to as much as 50,000 gallons a year. Their small yields a:ad the in­
creasing depth to water proceeding westwards appears to have deterred ef­
fectively the completion of any further sinkings in search of underground water 
supplies along the southern side of the valley, and the thick superficial deposit 
of clay and gravel, which would require steining for depths of 20 to 30 feet, appear 
to have prevented any attempts which, by comparison with the developments 
in Wied tal Puales, might have been expected along the valley floor. Only four 
other trial shafts are known in the whole valley. Three of these, at map re­
ferences 3402 3228, 3399 3211, and 3170 3186, are in the southern limb of the 
syncline; they stopped far above the Blue Clays and yield no water. The fourth 
(P. W. No. 325) at 3176 3211 west of Ghain Znuber, was constructed several 
years ago, and is the deepest (156 feet) and most recent of private attempts in the 
valley. It reached the Blue Clays in the northern limb of the syncline, but, 
being outside the standing water table, the small supply of water which is 
obtained was inadequate for the farmers' requirements. The only two peren­
nial surface discharges within the catchment area of the syncline are thrown out 
along the northern side of the Ghain Znuber Fault. One of these is the Ghain 
Znuber itself, which issues from a gallery about 485 feet in length, driven north­
wards up-dip in the Greensand and basal Upper Coralline beds from the original 
natural spring. Its mean annual yield is probably somewhat in excess of a 
million gallons, but in summertime the discharge falls as low as only 100 g.p.h. 
The second spring, which rarely yields more than a few gallons per hour, rises 
from the base of the Upper Coralline around the small inlier of Blue Clays in the 
gully within the hairpin bend on the road from Puales to Mellieha. 

213. In view of the size and shape of the Miziep Syncline, and the small 
amount of water being extracted in comparison with the potential annual yield 
of its catchment, a programme of thirty-two structure test boreholes, amounting 

(1) Rizzo (1932 p. 31) may have suspected a westward continuation of the Wied ta! Mistra Sea Level Table into the 
Miziep Valley, for after his remarks on the sea level table of Mellieha Bay, he added, "What has been stated of this locality 
holds good also for the Mistra and Puales Valleys", and his mapping of the structure was fairly correct. Dr. E. B. Bailey 
in 1943 depicted a large monoclinal inlier of Blue Clays occupying much of the floor of the Miziep Valley, and omitted 
the Ghain Znuber Fault. The M.E.F. geologists later in the same year also failed to notice the presence of the syncline, 
and on the maps and sections illustrating the G.H.Q., 111.E.F. report on "Boreholes for Water in Malta" the Ghain Znuber 
Fault is again omitted and a wide monoclinal inlier of Blue Clays, strike-faulted along its southern side, is shown as extend­
ing all the way along the valley from west of Ghain Znuber out to the east coast, with the "water table cut-out by Blue 
Clays". 
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in all to 5311 feet of drilling, was carried out by No. 7 Boring Section, R.E., in 
May-July 1945, to determine the form and capacity of the structure with 
greater precision than surface mapping alone could provide, and to define the 
route by which its surplus water is discharged underground to the sea. The 
essential data from these boreholes are summarised in Table 12. It was found 
that the syncline contained a fresh water table more than a mile and a half in 
length and more than a quarter of a mile in width, with standing water levels 
from 11.5 feet above sea level upwards, and with as much as 69 feet of water 
standing above the top of the Blue Clays. Closure by the Blue Clays to a height 
of 50 feet above sea level was proved at the culmination of pitch between the 
Miziep and Wied tal Mistra Synclines, and to a height of 49 feet above sea level 
at the saddle on the Baida-Shemshiya axis behind the Puales Spring. At the 
point where the axis of the syncline intersects the western sea cliffs the top of the 
Blue Clays is about 110 feet above sea level. The only route, therefore, along 
which discharge at grade to the sea can take place from the lowest level of the 
water table in the Greensand and Upper Coralline Formations of the syncline 
is northwards across the Ghain Znuber Fault. It was not possible to carry out 
any very extensive investigation of formation contacts along the fault plane, 
as topographical conditions were too difficult for the types of boring machine 
in possession of the Section, but the throw of the Ghain Znuber Fault was proved 
to increase rapidly from the 25 feet measureable in the western cliffs to nearly 
200 feet between the spring and B.H. 160. This increased displacement, in 
conjunction with the eastward thinning of the Blue Clays, from 180 feet on 
the western coast below Ghain Znuber Tower to 130 feet on the hillside below 
Selmun Palace, probably places some part of the pervious beds of the syncline 
in ~ontact_with one or both of the Upper Globigerina Limestones, and so provides 
a line of discharge to the sea on the western coast, where, at the foot of Redum id 
Delli, both Upper Globigerina Limestones can be seen to pass below sea level 
for a considerable distance in the southern flank of the Mellieha uplift. Unless 
the internal structure of the Mellieha uplift at the level of the Upper Globigerina 
Formation should prove to be much more deeply furrowed than there is at 
present any reason to suspect, discharge to the sea northwards beneath the 
Mellieha Ridge, or out to the eastern coast, is most unlikely. Two areas of 
localised overdeepening were proved in the floor of the syncline, and it is pro­
bable that it is opposite the western hollow at Ghain Znuber that discharge 
across the fault plane takes place. Here, as will be seen from Section CC', 
Plate 14, the stratigraphical displacement effected by the fault is considerably 
greater than opposite the eastern hollow, where B.Hs. 145 and 147 showed that 
the throw of the fault could not amount to much more than 100 feet, in which 
case the local thickness of the Blue Clays should be adequate to produce a 
completely effective seal (Section BB', Plate 14). A series of core-holes, as shown 
on Plate 13, is required to determine accurately the position of the Upper Glo­
bigerina Limestones in close proximity to the northern side of the fault plane, 
and the position of the top of the Blue Clays in close proximity to its southern 
side. Percussion drilling is not suitable for the formation conditions on the 
northern side of the fault, as it is difficult to locate with accuracy the line between 
the Blue Clays and the Upper Globigerina, and the subdivisions of the latter 
formation above the the basal nodule bed, in bailed samples of pulverised rock. 
The line between the Greensand and the Blue Clay~ on the south side of the fault 
can be determined fairly accurately in cable-tool holes, but the considerable 
additional valu~ of dip evidence from cores warrants the use of a core­
drilling machine for the whole programme. With core-holes suitably staggered 
at 100 feet intervals along 4,500 feet of the fault line less than 10,000 
feet of hole should be adequate to provide a complete answer to the questions 
of how much and what type of underground work would be required to raise the 
standing water level within the syncline to the spillover levels at the Wied 
tal Kalkara culmination of pitch and at the saddle through the Baida Ridge. 
The amount of work required would certainly be much smaller than under the 
conditions presented by the Upper Coralline-Lower Coralline contacts along the 

103 

faulted southern limbs of the Binjemma and Falka Synclines. At Miziep all 
that would be required would be cementation over relatively small heights of the 
fault plane from the top of the Blue Clays on the downthrown side of the fault 
to the base of the Blue Clays on the upthrown side, with particular attention to 
any fiseures and old underground stream channels in the Upper Globigerina 
Limestones. The evidence of the amount of turn-up to the southern side of 
the fault, secured by B.Hs. 147, 157, and 160, suggests that work below the 
present standing water level would be required for only comparatively short 
distances. 

214. As it stands at present the Miziep Syncline proposition affords 
excellent prospects of increasing the Island's permanent supply of freshwater 
by at least some 109 million gallons a year, in return for the cost of a single 
central pumping station with a 200-foot shaft and three to four miles of galleries. 
A gallery plan for the whole structure, including the adjacent catchment areas 
down Wied tal Mistra and the northern slope of Xaghra tal Mayesa, which at 
present do not contribute to the Miziep catchment, should be completed before 
and independently of any sealing operations along the Ghain Znuber Fault. The 
total length of galleries required to institute completely centralised drainage 
would not exceed 4 miles, and, in the practical absence of private appropriations 
from the catchment area, there would be nothing like the wide discrepancy 
between winter and summertime productions that there is in the case of the 
major existing Rabat-Dingli galleries. In the summer months, during which 
the structure test borings were carried out, standing water levels as high as 20 
feet above the top of the Blue Clays were observed far up-dip from the standing 
water table in the bottom of the syncline, and even on the crest line of the 
Baida Anticline there was sufficient water in the formation in July to give 
depths 8, 11, and 6 feet of water above the top of the Blue Clays in B.Hs. 149, 
150, 152 respectively. The salinity of the samples bailed from the twenty-four 
holes in which water was encountered ranged from 5.1 to 24.3 parts of chlorides 
as chlorine in parts per 100,000; two holes yielded water with salinities less than 
8 parts per 100,000; twenty holes yielded salinities evenly distributed between 
the value of 8 and 16 parts per 100,000; the salinities in excess of 20 parts per 
100,000, which were yielded by two holes, may be reliably ascribed to local 
surface contamination from fields and from Ghain Znuber Farm. The arithmetic 
mean of all the salinity determinations was 11.4 parts per 100,000 and it is 
unlikely that this mean figure would ever be exceeded appreciably during bulk 
extraction from the syncline, provided that the surface catchment area were 
efficiently conserved and provided that only the annual inflow were appropriated 
as it arrived at the water table. Pumping down to below sea level under present 
conditions would no doubt lead to the influx of more saline water from the 
Globigerina Formation to the north of the fault, and possibly, if continued for 
a lengthy period, to contamination by sea water. 

215. Of even greater importance than the annual contribution which the 
Miziep Syncline can make to the Island's freshwater supply is the solution 
which it offers to the 'problem of large scale storage for the equalisation of supplies• 
It should be possible to provide storage to the extent of at least 1,000 million 
gallons much more cheaply and safely by the utilisation of the syncline than by 
the construction of surface reservoirs to hold the same volume of water, even 
under the most favourable conditions for surface construction presented by the 
Blue Clays of Wied L'Iemu. The present and potential capacity of the syncline 
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has been computed, from cross sections on a scale of 100 feet to the inch, at 
longitudinal intervals of 100 feet, to be as follows: 

Vertical Interval Volume of U. C. L. Storage Capacity 
and Greensand at 20 per cent saturation 

(Feet) (Cubic Feet) (Gallons) 

50 to 40 178,970,000 223,712,500 
40 to 30 148,720,000 185,900,000 
30 to 20 127,920,000 159,900,000 
20 to 12 87,400,000 109,250,000 

50 to 12 543,010,000 678,762,500 

12 to 10 21,810,000 27,262,000 
10 to 0 92,346,000 115,425,000 
0 to-10 75,930,000 94,912,500 

-10 to-20 59,090,000 73,862,500 

12 to -20 249,176,000 311,462,000 

-20 to-30 33,270,000 41,587,500 
-30 to-40 7,930,000 9,912,500 
-40 to-50 2,540,000 3,175,000 
-50 to-60 960,000 1,200,000 
-60 to-70 90,000 112,500 

-20 to-70 44,790,000 55,987,500 

In the summer of 1945, therefore, the syncline is estimated to have contained 
367,450,000 gallons of freshwater, up to the height of 12 feet above sea level, 
adopted as the probable mean standing water level of the water table on the 
floor of the syncline, and taking no account of the large quantities of water 
which were found to be present in the vadose zone above this levef. It would 
not be possible, however, to unwat~r from a single pumping station both major 
hollows in the floor of the syncline. The maximum depth proposed for extrac­
tion and for driving galleries is 20 feet below mean sea level. Peducting as 
unavailable the 55,987,500 gallons below this level, the estimated storage 
capacity of the syncline in its present condition is 311,462,500 gallons. By 
damming up to 50 feet above sea level it is estimated that storage for an ad­
ditional 678,762,500 gallons would be provided, bringing the total potential 
storage capacity to 990,225,000 gallons. The mean ratio of saturation adopted 
in the above computations is undoubtedly a conservative one for the formations 
concerned, and it would not be surprising if a ratio nearer 50 per cent were 
to be realised in actual practice. The distribution of rock types recorded 
between the top of the Blue Clays and 50 feet above sea level in the 23 boreholes 
within the area of the 50-foot contour is : 

Limestones ... 65 per cent 
Limestones and Clays 26 

" " Clays ... 6 
" " Greensand ... . .. ... 3 
" " 

The limestones are very porous, pervious, and full of fissures, so much so that it 
was often difficult, until standing water level was reached, to keep enough water 
in the hole for drilling purposes. The impressive lines of ancient caverns in the 
Upper Coralline Limestones of the immediate neighbourhood in the cliffs above 
Redum Mayesa, along the northern side of the syncline, and along the southern 
scarp of the BaJda Ridge, encourage the expectation that similar great open 
voids will be present in the limestones within the syncline, and that they ~ 

105 

increase its storage capacity out of all proportion to the actual porosity of the 
rock material itself. Unless the mean annual potential of only 109 million 
gallons which is credited to the Miziep catchment should prove to be greatly 
underestimated it is obvious that up to 50 feet above sea level there would 
always be a large margin for the storage of surplus winter production from other 
Upper Coralline areas, and, if future developments should show it to ?e available 
at low salinity, from the Main Sea Level Table also. The most smtable ro"?te 
into the syncline for such deliveries from the south would be by tunnelling 
through the limestone of the saddle N.W. of II Puales. When the struct~al 
contours of the Mellieha Ridge Upper Coralline are known completely and with 
accuracy it will also be found possible to pipe water from the north into Miziep 
through a tunnel with a summit height less than 200 feet above sea level, 
entirely within the limestone formation and able to function also as a drainage 
gallery, instead of lifting it over the top of the Ridge. 

216. The geological structure and the private. wells and galleries of the 
Mellieha Ridge have not yet been surveyed systematically. When this survey 
work has been carried out it is possible that the present assumed boundary 
for the Miziep Catchment Area (Plate 9) may require expansion northwards, 
for the crest of the main line of uplift seems to lie within the northern part of the 
area and to trend approximately parallel with the Ras il Griebej Fault from the 
northern end of Redum id Delli on the west coast to the bay of L'Imjiebah 
on the east. There are, however, significant minor undulations within the 
1,064 acres of Upper Coralline outcrop, and it will not be possible . to 
appreciate fully their influence on the underground drainage until a detailed 
survey of the whole area has been completed. Present extraction from the 
ravines of Hanzira, Halcun, Gnien Ingrau, Tal Madonna, Ghain Zeituna, 
Imxuxu, L'Imjiebah, and Ghain Hadid, which cut deeply into the nort~ern 
half of the uplift, is considerable, and probably accounts for an appreciable 
fraction of the 120 million gallons mean annual potential which has been 
credited to this area (para. 210). · The only production figures available are 
for the Government gallery driven southwards from the original Tai Mado~na 
Spring, along the main street of Mellie~a ~lage. The tot~l ann~al pro~uct10n 
estimates for 1941-42 to 1944-45 are given m Table 3, dunng which penod the 
maximum and minimum rates of flow recorded were 13,000 and 1,000 gallons 
a day. The minimum daily yield of this spring was stated by Robertson 
(1917, App. VI) to be 4,000 gallons a day, but this no doubt was a mistake f~r 
the average daily yield, as in the case of the Ghain Tuffieha Spring. There 1s 
probably a large subsurface flow from the area into the sea level table of Mellieha 
Bay, through contacts along the Ras il Griebej Faul~ and _thr~ugh s~pp~d 
masses of limestone, hill drag and tufa, but my general 1mpress10n 1s that 1t will 
still prove possible to appropriate for public use the major portion of the 120 
million gallons mean annual potential mentioned above. 

217. Six boreholes were put down on the Mellieha Ridge by No. 3 Boring 
Section R.E., in 1943, in search of water for Eighth Army camps. B.Hs. 16, 18, 
and 19, north of Selmun Palace were to test for a fault pool on the northern and 
supposedly downthrown side of the Tai Blata Fault (Shotton, 1943, para. 3). 
Actually all three holes were located on the southern and upthrown side of the 
fault, whose position and direction of displacement can be seen clearly in the 
adjacent lmjiebah Ravine. It is hardly surprising, in view of the continuous 
seaward dip on both sides of the fault, and the farmers' galleries in close proximity 
to the borehole sites, that the holes failed to secure any appreciable yield of 
water. Two other holes in this neighbourhood, B.H. 20 near the head of the 
Imjiebah Ravine and B.H. 21 on Kortin ta. Ghain Zeituna, were also failures. 
The last borehole on the Mellieha Ridge, B.H. 22, was sited to test for a fault 
pool on the downthrown side of the fault which passes inland from the western 
coast between II Mansap and Ghain Znuber Tower (Shotton, 1943, para. 4). It 
failed to obtain water from the Upper Coralline Formation, was carried deeper 
with a view to testing the sea level table in rlie Glohigerina Formation, and was 
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abandoned, owing to drilling difficulties, after penetrating 90 feet of the Blue 
Clays (Paver, 1943). An examination of the adjacent cliff section of Redum id 
Delli, and consideration of the surface height of the borehole, would have shown 
that the thickness of the Blue Clays, the position of the top of the Globigerina 
Formation, and the depth to the sea level table, as estimated from a resistivity 
survey at this site (G.H.Q., M.E.F., 1944, Fig. M 6), were very inaccUl"ate. 

218. The Upper Coralline outcrops of Mellieha Bay, between the Ras il 
Griebej and Ghar Bakrat Faults, cover a superficial area of approximately 1.20 
square miles, and display three major structural subdivisions, viz. two strike­
faulted synclines, each somewhat narrower than that of Wied tal Puales, separa­
ted by an eastward-pitching anticline. A sea level table extends throughout the 
Upper Coralline where the top of the Blue Clays is below sea level, but, owing 
to the close proximity of the sea, the amount of freshwater which can be ex­
tracted at any point without a prohibitive increase in salinity is very restricted. 
However, the table has proved adequate for the irrigation of two small but 
intensely cultivated areas of alluvial soil along the valley of II Meieli and 11 
Ghadira to the north, and along the valley of 11 Hofra and the lower slopes of 
Kasam Barrani to the south of the median anticlinal ridge. The bare rocky 
slopes of 11 Gudia and II Biskra which rise in the middle of the isthmus have 
provided the site for the Mellieha Camp and Military Hospital. The top of the 
Blue Clays is above sea level beneath about half the area of this ridge, and the 
construction of a gallery around the strike of the pitching anticlinal nose is 
worthy of consideration, as it would provide a small but useful s:ipply of fresh­
water within the camp area, relatively free from the danger of surface contamina­
tion which accompanies any extraction from the adjacent sea level table. 

219. The southern synclinal strip lies between the Ras il Griebej Fault 
and another strong strike fault, which crosses the isthmus from the southern 
side of 11 Praiet (Anchor Bay) to the southern corner of Mellieha Bay and 
throws down to the south. The depths to which the base of the Upper Coralline 
descends within this faulted syncline are not known. There can be no doubt 
that over most of its area the top of the Blue Clays lies well below sea level, but 
it is possible that the Clays may rise above sea level over restricted areas in 
proximity to the Ras il Griebej Fault, in which case there would be scope for the 
collection by galleries of a useful quota of the fresh water from the northward 
watershed of the Mellieha area (para. 218), before it reaches the sea level table. 
Since the original cadastral survey of the Island was carried out in the 1890's 
there has been a considerable increase in the area of cultivated fields along the 
lower slopes of Kasam Barrani, and in the number of shafts sunk to the sea 
level table. Two boreholes, Nos. 5 and 8, were put down here by No. 3 Boring 
Section, R.E., in April and May 1943, to provide supplies for the Mellieha Camp 
and Hospital, on the supposition that the water was held up in a fault pool 
(Shotton, 1943, para. A). Actually the boreholes proved the sea level table at 
a height of 3 to 4 feet above sea level. They were carried to depths of 26 and 
20 feet respectively below sea level without reaching the base of the Upper 
Cor~lline, and the initial salinities recorded were only 32 and 10 parts of 
chlorine per 100,000. The supplies soon had to be discontinued, however, as 
considerable increase of salinity occurred when pumping at a· rate of only 1,000 
g.p.h., and there was evidence of gross surface contamination. 

220. Five smaller faults with varied amounts of southerly downthrow 
occur in the southern limb of the Gudia Anticline to the north of the main 11 
Praiet Fault; their throw is partly opposed to the local dips, but the combined 
effect of dip and faulting, on the eastern side of 11 Praiet, is to raise the top of the 
Blue Clays from below sea level at the II Praiet Fault to about 70 feet above sea 
level on the northern side of the Bay, within a cross-strike distance of 500 feet. 
This is the highest altitude attained by the Clays within the anticlinal area ( cf. 
Bailey, 1943, para. 36). The valley of II Hofra has been eroded across the 
isthmus along the faulted zone, and three boreholes which were put down by No. 
3 Boring Section, R.E., in Lands 11 Hofra and II Biskra on the northern side of 
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the fault zone are of value, in conjunction with the west coast section from 11 
Praiet to It Chumnia and with the excellent exposures on the bare rocky hill 
top, for obtaining an approximate idea of the trend of the contours around the 
pitching anticlinal nose. B.H. 6, near the northern edge of the fault zone, proved 
the top of the Blue Clays· at 2 feet above sea level; B.H. 7, 400 feet to the N .E., 
at 18 feet below sea level; and B.H. 4, on top of the ridge to the west of the camp, 
at 6 feet below sea level. B.H. 6 obtained no water; B.H. 7 was able to bail 
only 60 g.p.h. from the sea level table; and B.H. 4 obtained a yield of 60 g.p.h. 
from above the basal marly beds of the Upper Coralline at 16 feet above sea 
level, but no additional supply from the base of the formation. (1) 

It will be seen from the above evidence that the area in which the Blue 
Clays rise above sea level does not extend completely across the isthmus, as 
shown in the G.H.Q., M.E.F., map (1944, Fig. M 2), but only as far east as the 
neighbourhood of B.H. 6. Contour galleries driven a little above sea level, 
from a 40-feet shaft hereabouts towards the western coast in 11 Praiet and to 
the north of Ras in Nieshfa, would intercept the freshwater drainage from a 
surface catchment area of about 102 acres, which should provide a mean annual 
supply of about 11 ½ million gallons. 

221. Although the sea level table of the synclinal area between the Gudia 
Anticline and the Ghar Bakrat Fault receives considerable replenishment from 
II Gudia and from the southern scarp of the Marfa Peninsula, in addition to its 
own surface catchment, there is little scope for further extraction in excess of 
that already utilised for irrigation. It is unlikely that the Blue Clays rise above 
sea level anywhere within the area, and no point within it is situated more than 
700 yards from the coast. 

222. The Upper Coralline area of the Marfa Peninsula is bounded on the 
south by the Ghar Bakrat Fault, which attains its maximum throw at the east­
ern end of Redum Kammieh. Here, north of Gebel Imbark, some eighty feet 
of the Lower Coralline are seen above sea level in the fault gully, thrown against 
beds high in the Upper Coralline succession. The base of the Upper Coralline 
on the upthrown side of the fault rises to about 300 feet above sea level at th_is 
point, its maximum elevation within the Marfa area. On the east~rn ?oast, m 
the cove of Ghar Bakrat, the fault throws the base of the Upper Glob1germa Beds 
at sea level, against Upper Coralline Limestones on the downthr~wn side. _ In !he 
cove of Tai Imgharka, a little further to the north-east, where Middle Glob1germa 
Beds are at sea level on the upthrown side of the fault, the line of the Ghar Bakrat 
Fault is displaced southwards, beneath the waters of Mellieha Bay, by an impor­
tant cross fault which throws down to the east. The Tai Imgharka Cross Fault 
strikes due north towards Armier Bay and divides the Peninsula into two 
structurally dissimilar portions. On the western side of the cross fault the 
structure from the Ghar Bakrat Fault is essentially an undulating monocline, 
in which the base of the Upper Coralline Formation passes below sea level 
northwards along a line running from the north-east corner of It Chirkaua 
(Paradise Bay) through Wied Musa and Lands Tamsit, and passes approximately 
midway between B.Hs. 23 and 27, which were put down by No. 3 Boring Section, 

(1) B.H. 4 is also of interest in being the only borehole to the north of the Victoria Lines Fault which has ~rilled 
through all groups of the stratigraphical succession and penetrated the Lower Coralline Limes tone. The formation re­
cord made by No. 3 Boring Section, R.E., may be correlated thus: 

0-118 feet Soft white limestones ... 
118-138 feet Yellow clays with thin limestones 

138-140 feet Green silts and clays 
140-290 feet Blue clays .. . 
290-335 feet Sandy blue clays .. . 
335-385 feet Green clays .. . . .. 
385-390 feet White clays with thin limestone bands 
390-400 feet Limestone and clays 
400--418 feet White limestones 

Upper Coralline Limestone. 
Basal marly member of the Upper Coralline 

Formation. 
Green sand. 
Blue Clay Formation. 
Upper Globigerina Beds. 
Middle Globigerina Beds. 
Lower Globigerina Beds. 
Transition Beds. 
Lower Coralline Limestone. 

In addition to the 60 g.p.h. strike of freshwater above the basal marly beds of the Upper Coralline at 118 feet, a second 
show of water, estimated at 72 g.p.h. (salinity not recorded), was obtained in the Upper Globigerina Beds at 315 feet. 
A large supply, with a salinity exceeding 1,000 parts per 100,000 was struck in the Lower Coralline ~imesto?e at 404 

· feet (270 feet below sea level). 6-inch casing, driven to 400 feet, was recovered in 1945 by No. 7 Bormg Scct10n, R.E., 
and the hole was plugged to surface. 
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R.E., along the road to Ramla tal Kortin (Sunshine Bay), and proved the top of 
the Blue Clays at 14 feet above and 10 feet below sea level respectively. To the 
east · of the Tai Imgharka Fault a broad anticlinal crest, parallel to the Ghar 
Bak.rat Fault and the northern coast of Mellieha Bay, trends through Ir Razzet 
Ta Pore and Ir Razzet ta Xuxien to the neighbourhood of Ponta tal Madonna. 
The southern limb of the anticline is much steeper than the northern, its axis 
appears to pitch gently westwards, but the position of the sea level contour on the 
top of the Blue Clays within it cannot be plotted with precision from the limited 
surface evidence alone. Much water is extracted for irrigation purposes from 
the sea level table beneath the northern slope of the Peninsula towards the 
Comino Channel, and there has been a great increase in the area of cultivation 
during the past fifty years. However, much of the surface still remains in the 
condition of bare rocky xaghra, particularly in the western portion rising towards 
Torri L'~hmar and the ridge of Id Dahar, and it would be a relatively simple 
and straightforward matter to obtain a very useful contribution to the public 
supply of freshwater from strike galleries above sea level within this area. 
EJ..'traction from the smaller area above sea level in the anticline to the east of 
the Tai Imgharka Fault would be more difficult to engineer, and, as cultivated 
fields occupy a much greater proportion of the surface area of this catchment, 
the quality of the water obtained would almost certainly be much inferior to 
that from the western portion of the Peninsula. 

223. A tentative estimate of the potentialities of the Marfa Peninsula, 
pending detailed survey of its structural geology and present private water 
supply works, may be tabulated, thus:-

Catchment Area Surface Area Potential Mean 
Annual Percolation 

(Acres) (Gallons) 

Western Marfa Sea Level Table 256 28,928,000 
Eastern Marfa Sea Level Table 230 25,990,000 
Western Marfa Northern Watershed ... 500 56,500,000 
Western Marfa Southern and Western 

Watershed 179 20,227,000 
Eastern Marfa Northern Watershed ... 115 12,995,000 
Eastern Marfa Southern Watershed 90 10,170,000 
Eastern Marfa - Mellieha Bay Sea Level 

Table... ... ... ... ... 13 1,469,000 

Total, Marfa Upper Coralline Area 1,383 156,279,000 

If the possibility of public appropriation from the sea level tables be ruled out of 
question, on account of the high salinity of the water which would be obtained 
(B.H. 27, at the inner edge of the sea level table, had a salinity of 54 parts per 
100,000 when pumped at a rate of only 1,000 g.p.h.), and on account of the 
extensive private extraction already in existence, there remains a total mean 
annual. potential of 99,892,000 gallons draining from the upland catchments, 
of which the 56½ million gallons from the Western Marfa Northern Watershed 
would be most immediately available. The ultimate objectives of extraction 
from the Marfa Peninsula should be the addition of the 20 million gallons which 
are at present discharged from the western cliffs and the southern scarp, and the 
23 million gallons at present draining from the Eastern Marfa Anticline towards 
the Comino Channel and into Mellieha Bay, so bringing the total mean annual 
potential supply of freshwater to about 100 million gallons. 

224. At least three important strike faults occur within the Wes tern 
Marfa area, and it will be important to determine by boreholes the effect of 
these faults on the geological contours before attempting to plan the details of a 
gallery system. The southernmost two faults throw down to the north, where 
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seen in clear section in the western cliffs, and, if this direction of throw continues 
completely across the area, they should not afford any serious impediment to 
northerly down-dip drainage. About half the catchment area could be drained 
by a strike gallery at 100 feet above sea1evel driven for the mile and a half to the 
western cliffs from the southern scarp of the Peninsula above Tai Imgharka 
Cove. The remaining half, from the 100-foot contour on the Blue Clays down 
to the inner edge of the sea level table, will require a gallery about a mile and a 
quarter in length, driven a few feet above sea level from a central pumping 
station, with a 50-foot shaft, in Wied Musa or in Wied tal Bir. Accurate 
determination of the course and throw of the northernmost strike fault will be 
of importance in connection with the alignment of the sea level gallery. Where 
clearly exposed in the cliffs on the southern side of It Chirkaua this fault throws 
down to the south. If it continues eastwards within the above sea level 
drainage area with this direction of throw it might prove well worth while to 
locate the lower drainage gallery of the area on the up-dip side of the natural 
underground dam thus provided. The most suitable gallery plan for the Eastern 
Marfa Anticline will depend on the form of the Blue Clay contours at the 
western end of the area. Should the sea level contour close around the crest 
line to the east of the Tai Imgharka Fault it might prove possible to extract the 
greater part of the drainage from both sides of the anticline by continuations 
of the Western Marfa sea level gallery; otherwise a separate gallery system 
and pumping station will be required for at least the southern watershed. 

225. It is hoped that the preceding paragraphs will have demonstrated 
adequately that the main function of the Upper Coralline areas in the Island's 
natural internal economy should be that of catchment areas for the public 
water supply; and that their strict conservation for this purpose should have 
prior claim to all other aspects of their present and future utilisation. The 
clash of interests between the local agricultural communities and the much more 
numerous urban section of the Island's population is inevitable and must be 
faced, the sooner the better. At the same time as providing the only direction 
in which the Island's supplies of perpetually freshwater can be increased, the 
Upper Coralline areas are practically the only parts of the Island in which 
extensions of cultivatable land are still possible. Referen~e has already been 
made (para. 130 and footnote) to the process of soil reclamation and utilisation 
which is constantly in progress, and to the inevitable deterioration in the volume 
and quality of previously existing public water supplies in certain areas where 
the industry of local farmers has led to the extensive appropriation of under-

. ground water resources for irrigation purpose. After many years of "laisser 
faire" the latter process has been halted by legislation forbidding further private 
water supply developments, although it is obvious, in travelling around the 
Upper Coralline areas, that the provisions of the successive Ordinances are not 
yet being fully implemented. There is, however, another factor which basically 
affects the volume of Upper Coralline water supply resources, and which has 
not yet received legislative recognition. Every expansion of the permanent soil 
cap upon the limestone outcrops is accompanied by a proportionate reduction 
in the amount of percolation, and any further expansion over the upland 
catchment areas should be prohibited. At first sight the small annual additions 
which attract attention may seem negligible, and the suggested restriction 
inadvisable. It is necessary to take out the 1 :2,500 Survey Sheets, which were 
made in the 1890's, to realise adequately the cumulative effect of these additions, 
over fifty years of steady colonisation of waste lands, in reducing the extent of 
the bare limestone surfaces, through which percolation underground mainly 
occurs. Percolation from the rainfall through even a few inches of residual red 
clay soil is very small, and must be negligible in amount when an accumulated 
thickness of two or three feet is attained. Robertson's suggestion (1917, p. 23), 
that extensive trenching and tree planting should be carried out to reduce 
evaporation losses, seems very attractive at first sight, particularly when 
envisaged as part of a general programme to improve the scenery and amenities 
as well as to conserve the underground water resources of the Upper Coralline 
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uplands. On further consideration, however, it seems very doubtful whether 
there would be any appreciable gain to underground water supplies, and almost 
certainly no gain proportionate to the cost of creating permanent woodlands 
sufficiently dense and extensive to produce a significant reduction in the total 
annual evaporation from the soil and rock surfaces. The consumption of 
water by fir and oak plantations is estimated to range between 0.02 and 0.04 
inches per day during the annual period of active growth, and the consumption 
by carob trees, which Robertson specifically recommended owing to their value 
as a supply of fodder, is not likely to be less than this amount. In areas where 
the thickness of limestone is small the tree roots would soon extend down to the 
base of the formation, and it is possible that the loss of water by transpiration 
would exceed the local mean annual intake to underground storage. The issue 
could only be decided by a long term experiment, which should be carried out 
on the xaghra of one of the smaller Upper Coralline catchment areas, such as 
Ghain Tuffieha, where the total rainfall and total extraction could be assessed 
with a minimum probable error. 

226. In conclusion a most important aspect of conservation which must 
receive early attention is the growth of centres of population on the Upper Coral­
line catchments, which unless checked by legislation, will probably be speeded up 
by the improvement of roads and transport services. In view of the small total 
extent of the Upper Coralline areas it is as essential that any further extension 
of towns, villages, and military installations should be avoided as it is that 
increase in the area of the soil cap should be prevented. There are several long 
established centres of population which require imm~diate attention. The water 
of the old Gharixiem and Sakkaj a galleries long ago became too contaminated for 
domestic use owing to the growth of Rabat. In the interest of existing supplies 
from the Via Dingli galleries further southward expansion of the town, 
beyond the Dominican Monastery and the present limits of Hal Baiada, should 
be prohibited. Expansion westwards should be limited to the eastern side of 
the ridge which runs from Hal Baiada through Ta L' Abatia towards Tabia, with 
a view to the possible restoration of the former volume of Wignacourt supplies 
from the Ghar Barca Syncline. If it is essential that further expansion or 
redistribution of the population of Rabat should be provided for beyond the 
capacity of these limits, diversion to the clay lands at the head of the Gharixiem 
valley is suggested. The village of Dingli should be restricted to its present 
eastern, southern, and western limits, within which there is still much space 
for development. Should further expansion be inevitable it should be planned 
northwards over the II Kbiela spur towards the head of Wied L 'Iemu. The . 
villages of Imjar and Iz-Zebbieh should not be allowed to expand over the 
northern slopes of the Binjemma catchment area beyond their present limits, and 
expansion of the small group of farms at Ta L'Abatia, Tai Iskorviet, Binjemma 
and Falka should also be prohibited. A considerable straggling and insanitary 
expansion of the hamlet of Manikata has taken place in recent years, directly 
above the western spill from the southern watershed of the Baida Anticline. It 
is suggested that further expansion of Manikata should be discouraged, and 
future appropriations for building sites in this neighbourhood should be diverted 
to the slopes on the Blue Clays outcrop north of Lands II Hab_el il Kbir, II Habel 
L'Isuet, and Ghex il Hita in Wied tal Puales. Mellieha has extended far south­
wards from the original village centre on the spur between the Gnien Ingrau and 
Tai Madonna ravines, and is spreading widely over the summit of the Mellieha 
Ridge and into the catchment area of the Miziep Syncline. In view of the 
probable future importance of the Miziep area in the water supply system 
of the Island as a whole, and the fortunate combination of circumstances which 
has almost completely preserved the valley from settlements up to the present 
(there are only eight small, widely separated farmsteads in the whole valley), 
steps to prevent all further southward expansion of Mellieha, and any increase 
in the resident population, human and animal, of the Miziep Catchment Area, 
should be taken immediately. The workaday interests of many of the 
inhabitants of Mellieha are centred on the fields around Mellieha Bay and 
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on the Marfa Peninsula, and it is suggested that one or two newly planne~ 
villages on the lower slopes of Kasam Barrani, or at the foot of the Torri 
L' Ahm;r scarp, where surface appropriations w~uld aff~ct only the small sea 
level table of Mellieha Bay, would meet their requirements, and m?~ern 
conceptions of housin~ amenities, m~ch better than the congested conditions 
in the present village high up on the ridge. 
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PART Vt THE REORGANISATION OF PRODUCTION, 

STORAGE, AND DISTRIBUTION 

227. The complete utilisation of available water resources discussed in the 
preceding parts of this report will require (i) a relatively simple arrangement of 
three or four main pumping stations, each with a radial system of galleries, along 
the major axis of the fresh water area of the Main Sea Level Water Table, and 
(ii) a much more diversified arrangement of galleries and pumping stations for 
draining the Upper Coralline catchment areas. The regime of the Main Sea 
Level Table is now sufficiently well defined and understood for the con~truction 
of at least two of the proposed new central pumping stations (Ta' Kandia and 
Wied il Bakkia) to be embarked upon without hesitation, and it will be possible 
for some time to dispose of their production through relatively minor additions 
to the existing storage and distribution system. It will not be possible to lay 
down a final plan for the most rational and economical combination of the 
supplies from both the Main Sea Level and the Upper Coralline Tables until 
the detailed structures of the latter areas, and the possibilities of large scale 
storage, have been folly and accurately investigated. But, as all the Upper 
Coralline Areas fall within a compact N .-S. belt along the western side of the 
Island, with the potential large scale storage facilities of Miziep at a low altitude 
in the north, and the high level facilities for reservoir construction in Wied 
L'Iemu and on Jebel Ciantar in the south, the centralised arrangement of pump­
ing stations and main pipe lines, shown on Plate 9, would appear to be the ulti­
mate rational plan for which to strive. 

228. The structure of two of the Upper Coralline areas, Binjemma-Falka 
and Miziep, is sufficiently well known for plans and estimates for the construc­
tion of pumping stations and gallery systems. to be prepared immediately, and 
development of these two catchments would provide a valuable addition to 
the relatively small annual freshwater supply which is drawn nowadays by the 
Water Department from the high level springs. Any pipe lines installed to 

. deliver their production to the existing storage and distribution system serving 
the main population centres of the island should be aligned aJong the main 
N.-S. axis of the Upper Coralline areas, as shown on Plate 9, and arranged_ to 
deliver initially down the old Wignacourt line from Fiddien. Thus such pipe 
lines would not be merely temporary expedients, but would fit into the ultimate 
rational scheme for the whole of the Upper and Lower Tables. In any case 
a deep shaft, a central pumping station, and a gallery system will he required 
at Miziep, not only for the extraction of the local supply but also for the 
seasonal introduction of additional water from the Main Sea Level Table ·and from 
the other Upper Coralline areas, should the large scale storage potentialities of 
the basin be confirmed by the proposed core-drilling programme. Consequently 
work at Miziep should receive priority. 

229. Even in the anticipated event of the Miziep storage scheme proving 
feasible and successful some reasonably large reservoir facilities will be required 
nevertheless, further to the south, to collect seasonal surplu~es from the Upper 
Coralline of the Rabat-Dingli area, and from the Main Sea Level Table for 
transmission to Miziep for storage, by way of the N .-S. pipe line system. In 
the event of the scheme for dramming up the Miziep basin to 50 feet above sea 
level not proving to be economically feasible, the large reservoir capacity re­
quired to combine and equalise supplies from the Lower and Upper Tables 
could probably be developed more economically in the Blue Clay outcrop of 
Wied L'Iemu, and in the Upper Coralline Limestones of Jebel Ciantar, more 
economically than anywhere else in the island. 

230. The roads from Rabat to Ghemieri and to Tas Salib cross the Wied 
L'Iemu by bridges based on a rock bar of Upper Coralline Limestone, which 
is deeply synclinal in form, and has a minimum width of about 1,000 feet at 
surface, measured from the base of the limestone in the bed of the wied above 
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the Ghemieri Bridge to the base of the limestone in the bed of the wied below the 
Tas Salib Bridge. The surface dips in the vicinity of each bridge average about 
30 degrees inwards towards the axis of the syncline. Limestone bedrock at the 
Ghemieri Bridge is at an altitude of about 402 feet above sea level. A narrow 
concrete core (a thickness of 3 feet would he ample) 600 feet in length and with a 
summit level of 450 feet A.S.L., embedded in the limestone of the southern limb 
of the syncline, and · carried down into the Blue Clays beneath, would impound 
upstream an area of about 26 acres, according to the contours of the 2-inch map. 
The area impounded by increasing the length of the dam to 1,200 feet and in­
creasing its summit height to 4 75 feet above sea level would be about 97 acres. 
Open reservoirs would be out of the question, on account of the high evaporation 
loss and the danger of surface contamination, and the designing of a large 
covered reservoir, or a group of covered reservoirs on a basement of the Blue 
Clay Formation, would involve considerable problems of stress distribution. 
The Blue Clay slopes alongside the wied, however, are much more gentle, 
thanks to the obstacle to deep erosion imposed by the limestone rock bar, than 
is usually the case on outcrops of this formation, and it is considered that the 
prospects of achieving really low construction costs per unit volume by utilising 
mechanical excavation, by lighter pitching of floors and, sides, and, possibly, by 
the use of floating roofs, are well worthy of detailed consideration. 

231. The first essentials for further study of the scheme is an accurate plan 
on a scale of 1/1000, contoured at intervals of 5 feet, up to and including the 

, adjacent limestone scarps; and a few boreholes along the line of th_e wied, to 
determine the thickness of the alluvium and of the Blue Clays below ground 
level. B.Hs. Nos. 64 (Sta. Katerina} and 78 (Ghemieri), situated near the south­
ern and the northern ends of the Blue Clays inlier, proved depths of 69 and 47 
feet respectively before the top of the Upper Globigerina limestone was reached. 
If an average reservoir depth of only 20 feet over an area of 50 acres could be 
achieved in Wied L'Iemu it would mean a storage capacity of more than 
250,000,000 gallons, and would provide a very useful contribution to the prob-
lem of equalisation of supplies. - · 

232. An additional 1,000 feet length of dam, embedded in the limestone 
rock bar, would be required to impound the Wied Ghemieri up to the 475-foot 
contour, and the area covered would he only about 12 acres, owing to the nar­
rowness and steep gradient of the lower part of this tributary valley. The pro­
posed topographical survey, however, should he extended into this wied also. 
The boundaries and observable structure of the rock bar, and the suggested 
lines for the concrete cores, have been plotted on 25-inch scale plans deposited 
with the Civil Government Water Department. 

233. As mentioned previously a reservoir in the Wied L'Iemu, discharg­
ing at an altitude of 400 feet above sea level, would not provide gravity distribu­
tion to all the villages in the main part of the Island. The proposed pipe line 
system along the Upper Coralline areas should be continued, therefore, to its 
logical conclusion on Jehel Ciantar, at the southern end of the Rabat-Dingli 
Plateau, where, with a ground level of about 750 feet above sea level, reservoirs 
can be constructed with head adequate to serve all the villages of the island, 
including even Mellieha, Dingli, Rabat, Nasharan_d Gargur, thereby eliminating 
all the present boosting stations. Some such scheme seems to have been contem­
plated in the past, for, near the eastern end of the Jehel, there is an old exca­
vation 80 yards square and with an average depth of 12 feet. The rock is much 
fissured Upper Coralline Limestone, hut the :fissures could be grouted easily, 
and the whole excavation rendered water-tight cheaply by cementation, to con­
tain approximately 4,320,000 gallons as it stands. Owing to the flat-topped 
character of the Jebel, cut-and-cover tanks could be constructed, at approxi­
mately the same ground level, over contiguous areas of 400 by 750 feet and 600 
by 1,800 feet, as shown on Plates 8 and 9, and, on the evidence of hand-dug 
shafts on Lands Ta Fuq II Fulija, could be carried down to a depth of 50 feet 
below ground level without reaching the Greensand and Blue Clays. The area 
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thus defined would contain 86,250,000 gallons for every 10 feet of depth pro­
vided, and a total of 431,250,000 gallons if excavated to a uniform depth of 50 
feet. The spoil could be disposed of easily along a tramway leading at gentle grade 
to the cliff-edge at Fakkania, and tipped into the sea down Redum Hurrieka. 
There are no cultivated field strips on this steep redum, so that there would be 
no question of claims for compensation on this score. The boundaries of the 
area under discussion have been indicated on 25 inch plans deposited with the 
Water Department. They are everywhere sufficiently far removed from the bor­
der of the Upper Coralline outcrop to be free from danger of damage by landslips. 

234. The scheme of large scale underground reservoir construction on 
Jebel Ciantar is attractive from many points of view. Excavation costs would 
be much higher per unit volume than in the Blue Clays of Wied L'Iemu, but 
might be offset to some extent by the provision of useful building stone. The 
surface land to be appropriated would be much less valuable. The problem of 
spoil disposal would be avoided, and so also would the problem of earth stresses 
involved in any programme of covered reservoir construction in the Blue Clays. 
At first sight the pumping and pipe line costs, for raising water to a height of 
750 feet above sea level, might seem to be a serious disadvantage. But similar 
heads would have to be faced in pumping from the Main Sea Level Table by the 
most direct routes to reservoirs in the Wied L'Iemu, and in moving water back­
wards and forwards, to storage in Miziep and returning it again when required for 
distribution. The point to be emphasised is, once it is lifted to the summit of 
Jebel Ciantar, water can be delivered by gravity to practically any point within 
the limits of the island, whether for storage in Wied L'Iemu or Miziep, or for 
distribution to consumers. 

235. To do away, once and for all, with the difficulties of distribution 
which are experienced every summer as a result of the present inadequate 
patchwork of mains and local service tanks, it is proposed that the basic plan for 
future development should be distribution in two stages from Jebel Ciantar. The 
first stage would be by descending mains laid alongside Vicolo Tai Pinciott to a 
pressure control station on the 350-foot contour, south-west of Sijjiewi, near the 
junction of Valley Ta Manduca and Road tal Providenza. The second stage 
would consist of a 24-inch diameter ring main, approximately 23. 75 miles in 
length, suitably located to feed both the "Outer" and "Inner" circles of villages, 
and crossed by a 36-inch diameter line, 3.63 miles in length, directly from the 
pressure control station to the Marsa, to help in accommodating the particularly 
heavy peak demands from the Harbour towns. The volume of water required 
to fill these mains would be about 3,800,000 gallons, and would provide, there- · 
fore, a further useful increase in storage capacity. The proposed alignment of 
the ring mains, as shown on Plate 8, would cater effectively not only for the pre­
sent day villages, but also for the redistribution of population from the congested 
area around the harbours, which may be expected to take place within the next 
ten years, if the recommendations of Messrs. Harrison and Hubbard's town 
planning report are carried out. 

. 236. The total weight of pipes involved, including the descending mains 
from the reservoir to the pressure control station, would amount to approxi­
mately 18,800 tons, so that, under conditions of post-war shortages, there would 
seem little possibility of such an order being filled within several years, even 
were funds available to place it. Diffic,ulties in obtaining supplies of machinery 
and materials, and the time which must inevitably elapse before all the pro­
posed new extraction works in the Lower and Upper Tables can be operating, 
may encourage a reversion to the unfortunate patchwork methods of develop­
ment which have characterised the Water Department's past history, and which 
have been largely responsible for the present impossibility of meeting the 
legitimate demands of what, after all, is a very concentrated urban population. 
Any such tendency should be strongly resisted. No new works of any magnitude 
should be devised as temporary expedients, but all should be designed to fit 
together ultimately as rationally connected parts of the plan, presented above, 
for treating the whole Island as an efficiently reorganised unit. 
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p ART VII. THE PRESENT POSITION OF IRRIGATION SUPPLIES 

AND THE PROSPECTS OF SEWAGE UTILISATION 

237. It is not an easy matter to estimate with precision the quantity of 
water at pre_sent being drawn from underground s?urces ~n~ ~sed for crop 
irrigation in Malta. Her~ as elsewhere,. the practice of mdiVIdual fa:mers 
varies considerably according to the location of the farm, the type of soil and 
crop, and, above all, the ease or difficulty with which the water is obta~ned. 
Where water is most easily procurable, as, for example from the relatively 
shallow shafts around the margin of the Main Sea Level Table, in the sea level 
tables of the northern fault strips, and in structurally favourable positions of 
the Upper Coralline catchments, such as the Ghar Barca and Ta Zerp Synclines, 
it is used much more liberally than in areas where the farmers have to husband 
supplies derived from road and roof catchments, or where they have t? purchase 
their requirements from the Governme~t Water Depart;1Ilent. ~1t~ such a 
minute subdivision of land, and the variety of crops which obtams m Malta, 
the only way to obtain really" accurate measurements of the water used would 
be by metering it. 

238. On the whole my impression is that irrigation water is not being 
quite so wastefully used as it apparently was in Chadwick's days, when he had 
to comment forcibly on the "very crude and wasteful" methods in vogue (para. 
48). The average rates for different crops, given in Table 15, have been calcula­
ted after full consideration of Mr. Baldacchino's detailed notes of field surveys. 
They compare quite well with the rates which have_ bee~ publis~ed for similar 
climatic regions elsewhere, such as Cyprus and Califorma; and m the case of 
potatoes the Maltese rate is remarkably low. In the only ir~igated areas for 
which detailed surveys have been completed by Mr. Baldacchmo we have not 
found, up to the present, anything quite as wasteful. as the average rate_ of 72 
inches for general garden produce, quoted to Chadwick by Francesco Micallef. 
On the other hand we have found no evidence to substantiate anything as low 
as the annual rate of 21 inches, assumed for the whole of the irrigated tracts of 
Malta and Gozo by the 1936 Committee (para. 80). The overall rates for the only 
three areas in which the complete annual extraction rates have been worked 
out to date are: 

Gallons Gallons 
per tumolo per acre Inches 
per annum per annum 

St. Paul's Valley ... ... 400,000 1,440,000 64 
Ta Zerp ... . . . . .. . .. 374,000 1,346,000 54 
Binjemma ... ... ... 270,000 972,000 42 

The reduction from the St. Paul's Valley sea level table, by way of the 
Upper Coralline syncli1:1a~ tract of Ta Zerp, ~o. the less fav:ou~ab!e structural 
conditions beneath the irrigated lands of the BmJemma area, i~ s1gmficant of the 
relative difficulties of obtaining water in those areas. It is obvious that there 
is still much room for improvement in the economy of irrigation methods. If 
42 inches is adequate for a year's garden cropping in the Binjemma area, it 
should be also at Ta Zerp and in St. Paul's Valley. The discrepancy between 
the range of irrigation rates determined from the minimum number and volume 
of various · crop waterings on individual plots (Table 15) and tho~e quo~ed above 
from determinations of the volume of water actually pumped m a given area, 
also affords a good measure of the waste which occurs whe~ farmers are in a 
position to extract their own water cheaply, as and when required. 
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239. In the. case of citrus plan~ations surface watering still appears to be 
the general rule m Malta. Surely, m an island where fresh water is so scarce 
aD;d valuable, subsoil watering should be employed. The water thus econo­
rmsed would soon pay for the pipes required, and could be used for an increased 
area of citrus, or for the irrigation of other crops. 

240. It should be pointe_d out to the farmers concerned that they are doing 
themselves no good by pourmg unnecessary quantities of saline water from 
the sea level _tables, on to their field~. Its use only D;ecessitates incre~singly 
hea_vy ~anurmg, not mere!y to proVIde a supply of mtrates, but in order to 
mamtam any reasonable soil structure at all. It is probable that the vicious circle 
~hus set up, by_pumping increasingly saline water from sea level, then return­
mg by percolat10n to the water table additional chlorides leached from the field 
manure, has had an ~pp~eciable effect on the rate of salinity increase of the public 
~ate~ supply galleries m the areas around Wied-is-Seuda, Armier, and Wied­
il-Kb1r (p~ra. 157 and P~at~ 3). Certainly the increase of salinity of water 
fro~ the high level g~lleries m r~cent years (para. 147 and Plate 1) can only be 
ascnbed to the leachrng of chlorides from the manure spread on fields in proxi­
mity to the Government galleries. 

241. There can be little doubt that the area of irrigated land in Malta 
has more than doubled during the past ten years. In 1936 there were only about 
1,120 acres under irrigation in the whole of Malta and Gozo whereas the 
area under irr~gati_on ~ Malta alone is at present about 2,000 acr~s. The are; 
under dry cult1vat1on 1s about 45,000 acres. This means that of the total area 
of the Island (60,717 acres) _no ~ess than 3_.3 per cent is under irrigation, and 
!4,1 per cent un~er dry cult1vat1on. There 1s probably no other island or country 
m t~e world which can equal these proportions in the agricultural utilisation 
of its total surface area. 

. 24~. Assuming an overall irrigation rate of only 23 inches per annum, 
which 1s _th~ average o~ the rates_ for various crops listed in Table 15, the 2,000 
acres of 1rr_igated land 1s consurmng 1,044 million gallons of water yearly. The 
rate of 42 rnches per annum (para. 238), which is the minimum overall rate yet 
reveale~ ~y areal s1;1r~eys, suggests a total annual consumption of at least 
l_,906 milli~n by th~ 1~ngated areas, and seems a much more likely appro:xima­
t10n to reality. This 1s far more than is annually extracted by the Government 
Water Department for urban use, so that, in view of the strictly limited nature 
of the Island's present and potential supplies, it can hardly be said that agri­
cultu:e has not been allowed to help itself to a fair share. The impossibility of · 
~~et1D;g the request of the Department of Agriculture in 1943 for provision of 
rrri_gat10n water f~r a further. 2,728 acres has already been discussed (para. 93). 
It_ 1s much more likely that, m the near future, the trend of the past ten years 
will ha~e to b~ ~eve~sed. Instead of permissions being given for further 
extract10n of rrr1gat10n water, private shafts in many areas will have to be 
suppressed complete!Y: in ~he ~terest of t~e public supply as a whole, and the 
are~ of crors under rrrigat10n will he drastically reduced until such time as a 
compl~tely rntegrated scheme, for the extraction, storage, and distribution of the 
Island _s water resources as a. whole has been achieved by the Water Department. 
The_n 1t may become possible to all~cate again to irrigation, more especially 
durrng and a_fter seasons of good rarnfall, some portion of the limited total 
resources available, and for this quota to be distributed more equitably to farmers 
through?ut the Isl~nd,_ on the lin~s recommended somewhat prematurely by 
the A~1cultm:al Irrigat10n Comrmttee of 1935-36, instead of being available 
only m certarn restricted areas. · 

243. In view of the crisis which has been reached between the claims for 
domestic and for agricultural water supplies, and the effect which the anticipated 
~ed~ction of ~igation supplies will have on the Island's own food production, 
1t 1s surely trme t~a~ fir~ plans were made for the utilisation of sanitary 
sewage eflluent for irrigation purposes. This was first recommended by Chad-
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wick in 1884, and his recommendation was revived by Robertson in 1917. Apart 
from the local use of crude sewage to a small extent under the exigencies 
of siege conditions during the war, nothing practical has been accomplished. 
Crop irrigation by crude sewage however cannot be recommended under local 
conditions. There is the obvious danger to public health if vegetables eaten 
raw are grown on land_irrigated with crude sewage, and the danger of contamina­
tion of the shallow underground water supplies. Further, large areas of open­
sandy soil, which are not available in Malta, are required to ensure a successful 
project for the disposal of crude sewage by means of irrigation. 

244. At present a large portion of the 3½ million gallons of water supplied 
daily for domestic consumption finds its way into septic tanks, or is discharged 
through the existing sewer system into the sea, and thereupon ends its useful­
ness. Given a complete and efficient system of sanitary sewers for the main 
part of the Island, and treatment by a modern activated sludge plant, the liquid 
portion of the sewage could he rendered perfectly safe for crop irrigation, and 
the sludge itself, after processing, would provide a fertiliser valuable to Malta 
soils by reason of its nitrogen content. With the expected increase of the 
domestic demand to 5 or more million gallons a day the wastefulness of the 
present situation will be even more reprehensible, for the volume of utilisable 
sewage effi.uent would then he similar to the quantity of water being used 
daily at present by the Island's 2,000 acres of irrigated land. 

245. It is admitted that there are considerable difficulties to he overcome: (i) 
the slowness with which the centralised sanitary sewage system for the main part 
of the Island is being completed, (ii) the unsuitability of considerable lengths 
of the older sewers for the purpose in view; and (iii) the deteriorating compo­
sition of the water being supplied for domestic consumption. Here again the 
problem of high salinities arises. The average salinity of the domestic supply 
for the main part of the Island already exceeds 60 parts of chlorides per 100,000. 
By the time it reaches the sewers at least another 5-20 parts per 100,000 will he 
added, from the salt in food being excreted with body wastes. So that the 
ultimate sewage eflluent would suffer from the same objection, of unduly high 
salinity, which is advanced against much of the water at present being pump~d 
directly for irrigation purposes from the sea level tables. Further, the mam 
sewer from Sliema, where more water per head is cons;umed for toilet purposes 
than in any other section of the Island, is cut in the Lower Globigerina franca, 
is unlined, and receives a considerable amount of sea water by direct infiltra-
tion from the Marsamuscetto. 

246. When these impediments have been removed it is recommended that 
the sanitary sewage from the harbour towns and their suburbs should he pumped 
to the site for a Sewage Purification Works, on the shore of St. Thomas' Bay, 
indicated o;n Plate 8. Several weighty reasons combine to prompt the selection 
of this site: 

(i) Even with the most skilful supervision, there is the danger that 
odours and other nuisances may arise occasionally from any sewage treat­
ment plant. This site, however, is remote from all the main centres of 
population. At present there are only a few small isolated farmhouses in 
the vicinity. 

(ii) Pumping costs from the main centres of population would he 
little higher than they are to the present outfall east of Kalanka tal Patriet. 

(iii) Any temporary excess of incoming sewage or of effi.uent could he 
discharged directly into the sea without becoming a nuisance to any seaside 
town or village. 

(iv) The flat land alongside the coast at this point is sufficiently 
extensive for a layout of tanks and other plant adequate to deal with all 
conceivable requirements. 
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(v) Within the quadrangle Marsa Scala-San Gregorio (Zijtun) -
Marsa Shlok--:--?t· Thom~s' Bay there is sufficient area of gently sloping 
country to ut~se most, if not_ a~, of the sewage effiuent ever likely to be 
produced. This area could be irrigated by gravity from a single service tank 
at about 200 ~eet above. sea level on the r~dge between St. Pauls' Battery 
and Fort T~ Sil~h. Owm~ to the great th~ckness of the marly Middle and 
Lower Globigerma_ Fo~mat10ns beneat~ this area there is absolutely no 
danger of contammat10n of any public water supplies drawn from the 
Main _Sea L_ev~l ~able. For the same reason there are hardly any local 
supplies of rrrigat10n water at present, and the region is entirely given 
over to dry cultivation. 

PART VIII. THE PROSPECTS OF DEEP BORINGS 

BELOW THE SEA LEVEL TABLES 
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24 7. In the first part of this Report note has been made of the various 
suggestions, from 1854 onwards, that Malta's deficiency of fresh water might 
be overcome by sinking deep wells or boreholes to tap artesian supplies fed by 
catchments in neighbouring continental areas, presumably in Sicily and Northern 
Africa. It has been noted also that, should such borings be attempted, strict 
precautions would have to be taken to guard against the contamination of the 
Island's present major source of potable water, the Main Sea Level Table. The 
reasons for this warning may now be discussed in greater detail. 

248. The geological conditions which provide artesian supplies of fresh 
water have been well understood for many years. So also, now, is the strati­
graphical and structural geology of the Mediterranean lands around Malta. As· 
a result it can be stated most emphatically that there is not the slightest pos­
sibility of an artesian supply of fresh water being transmitted from those lands 
to any geological formation underlying Malta. On the contrary, it is much 
more probable that any porous formation encountered below the Lower Coralline 
Limestone of Malta will prove to contain water more saline than that of the 
Mediterranean, and that, the deeper the formation, the greater will be its salinity. 
It is also probable that should deep borings be made at suitable locations they 
will tap supplies of mineral oil, possibly of heavy asphaltum base type with a high 
sulphur content, and not merely saline waters. Hence the imperative need to 
ensure that each borehole which may be carried down below the Lower 
Coralline will be unable to introduce either of these undesirable fluids into the 
sea level freshwater table contained within that formation and within the 
surrounding Globigerina Limestones. The protection required is quite simple. 
In every borehole a string of extra strong casing must be cemented firmly in 
the first continuous impervious horizon encountered beneath the Lower Coral­
line, and the cementation must be tested thoroughly before the hole is permitted 
to drill deeper. 

249. Government expenditure on deep boring in Malta, such as that 
proposed in 1935, in 1936, and again in 1940, in hope of discovering artesian 
supplies of freshwater, would be a criminal waste of public funds. On the other 
hand, the encouragement by Government of cl,eep boring for oil by private enter­
prise would settle finally, by actual demonstration of their absence, the question 
of the possibility of deep freshwater supplies, and, at the same time, might 
provide a very useful additional source of income to the local exchequer in the 
form of royalties on the oil and natural gas discovered. Local geological con­
ditions are sufficiently favourable to justify the speculation, by any major oil 
company already acquainted with the technique required by such prospecting 
ventures, of the half-a-million to a million pounds which would be required for 
the geophysical surveys and for the deep drilling programme necessary to com­
plete the investigation. But more specific terms than those of Ordinance VI 
of 1921, which at present regulates the grant of concessions for oil prospecting 
in _Malta, will he required to make the proposition attractive to private enter­
prise. 

250. Three major factors control the formation of oil accumulations, and, 
unless all operate favourably, no accumulation of economic dimensions can he 
expected. First, a region must contain formations capable of generating oil; 
second, formations sufficiently porous to act as reservoir rocks must be present 
also, in contact with the potential generating formations; and third, it is 
necessary that the geological history of the region, subsequent to the deposi­
tion of the potential oil-forming and oil-storing formations; shall have facilitated 
the migration of the oil into the reservoir rocks, and shall have developed in them 
structures capable of concentrating and retaining the oil in positions suitable 
for extraction by boreholes, There is good evidence, both direct and indirect, 
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that all these factors may have operated favourably within the area now occupied 
by the Maltese Islands. 

251. Correlation of the restricted stratigraphical succession exposed at 
surface in Malta and Gozo with the much longer stratigraphical successions of 
Sicily, Tunisia, Tripolitania, and Cyrenaica, suggests that beneath the Lower 
Coralline Limestone of Malta there is a thick succession of Tertiary and Mesozoic 
formations, suitable at various horizons for meeting the first and second condi­
tions specified. The exposed upper portion of the Lower Coralline Limestone is 
of Lower Miocene (Aquitanian) age. In Sicily petroliferous indications are 
abundant and conspicuous in formations ranging in age from Lower Pliocene to 
Middle Cretaceous; in Tunisia the range extends downwards to the Triassic. 
None are known from Tripolitania and Cyrenaica, hut the stratigraphy of those 
regions confirms that geosynclinal sedimentation was probably continuous 
throughout Mesozoic and Tertiary times over the intervening area, now occupied 
again by the Mediterranean Sea of the present day. With regard to structural 
history a comparison of the structure of Malta with that of the surrounding 
region leads to the conclusion that the area now occupied by the Maltese Islands 
has remained relatively high throughout the final phase of the Alpine folding 
and faulting movements during Pliocene and post-Pliocene time. More particular­
ly the detailed geological surveys which have been carried out in Malta during 
recent years have revealed the presence of surface structures which would have 
been eminently suitable for the accumulation of oil within the Lower Coralline 
Limestone, had not this formation been elevated into the zone of sub-aerial 
denudation at the end of the Pliocene and stripped of its cover of impervious 
marly formations. Extensive geophysical surveys will he required, before any 
deep drilling can he undertaken, to determine how far the exposed surface 
structure may he a reliable guide to structure at the depths at which unhreached 
accumulations of oil may be expected to occur. 

252. Direct evidence of at least the former presence of petroliferous ac­
cumulations within the Maltese area has been on record for more than fifty 
years, hut its significance does not appear to have been appreciated. In 1892, 
in a paper "On the Occurrence of Black Limestones in the Strata of the Maltese 
Islands", J. H. Cooke recorded the presence of carbonaceous -veins and impre­
gnations in the Lower Coralline Limestone near II Mara and Ghar Hassan in 
Malta, and in the Gozo "marble" quarries below Qala. In many cases the narrow 
fissure fillings are lightly slickensided, so that movement along them must 
have taken place subsequent to the intrusion of the original bitumen, probably . 
during the late-Pliocene and post-Pliocene disturbances mentioned above. 
The material now is practically pure carbon, having lost all other constituents 
during the long period of elevation and denudation of the Lower Coralline 
Limestone. To what extent these vien and impregnations may indicate 
the continued survival of liquid hydrocarbons in formations below the Lower 
Coralline Limestone, or whether they may he the only evidence now remaining 
of former accumulations, only deep drilling will be able to prove conclusively. 
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PART IX. CONCLUSIONS 

253. The island of Malta, despite its small surface area of only 95 square 
miles and its mean annual rainfall of only 20 inches, is well endowed with 
natural water supply resources. It is estimated that from the Upper Coralline 
catchment areas a mean annual supply of about 1,500 million gallons, never 
exceeding an · average salinity of 12 parts of_ chlorides per 100,~00, ?ould he 
obtained· and from the Main Sea Level Table m the Lower Coralline Limestone 
a mean ;nnual supply of about 1,000 million gallons, with an average s~linity 
not exceeding 50 parts of chlorides. per 100,000. At a rate of consumption of 
20 gallons per head per day _t~ese resources combined. would provide a public 
supply, with an average salinitY: of 28 pa_rts of ~hlondes per 100,000, for a 
population of 342,000. Further, 1f the efficient mamtenance of roof catchments 
were enforced according to law, an additional two or three gallons per head 
per day of very soft water would he available also. Owing to the sharply 
defined seasonal character, and to the considerable variation in the amount of the 
annual rainfall considerable deviations from the above mean annual figures 
are inevitable, 'and storage capacity of the order of at least 1,000 million 
gallons is required to achieve even partial equalisation of the supply from season 
to season, and from year to year. 

254. As the result of grossly exaggerated misconceptions of its potentiali­
ties the Main Sea Level Table has been mistakenly allowed to become the Island's 
main source of public water supplies, · and the problem_ of P:oviding adequate 
storage facilities has been evaded. This water table 1s bemg strongly over­
pumped by the Government water supplY: stations, and ~y num~rous wor~s for 
private extraction. The salinity of supplies drawn fro~ 1t h~s r~sen pra_ct1cally 
continuously since 1910, and if the present rate of detenoration 1s p~rm1tted t_o 
continue, the limit of potability will he reached in a few years' time. It 1s 
imperative, therefore, that an early return should be made t? the l~ng _neglected 
Upper Coralline catchments, and that the problem of stormg their Winter sur­
pluses should be tackled energetically. Here, too, p~ivate extract.ion has been 
allowed unlimited scope in past years, to the considerable detriment of old 
established sources of public supply. 

255. The recommendations for the reorganisation of production, storage, 
and distribution of the public supply which have been made in this Report 
practically amount to the creation of an entirely new water wo_rks for the Island. 
On this basis alone is it possible at present to make an est1mat~ of the ~~tal 
expenditure required. The first cost of a water system for contmental Cit~es, 
with populations similar to that of Malta, ranges from £6 to £8 per head, wh~ch 
applied to Malta, would mean about £1,800,000 to £2,400,000, for a population 
of 300,000, including Imperial Services personnel. In Malta. there may b~ a 
relative saving on the cost of the distribution syste~, as the pomts _of ext:rac?on 
are all within a few miles of the points of consumption, and the mmor distribu­
tion lines already in existence will require hut little modification. The cost of 
the proposed new works for extraction, and of ~to rage res_ervoirs. ( unless t~e 
Miziep Scheme proves practicable at low cost), ,?1J he relat~vely ~gher. It 1s 
considered, therefore, that for the total expenditure mentioned 1t should he 
possible to furnish the Island with a water supply system adequate to meet all 
reasonable demands of modern civilised life, provided that the population can 
he stabilised at its present level. 
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PART X. LIST OF PAPERS CONSULTED 

1784 CIANTAR, G.A. 
1854 SPRATT, T. A. B. 
1854 ZAMMIT, N. . .. 

1867 BATEMAN, J. F. 
1875 DINGLI, A. . .. 

1877 MICALLEF, F. 

1883 CHADWICK, 0. 
1884 

" 
" 1885 

" 

" 
" 
" 
" 

" 
" 

" 
" 
" 
" 

" 

" 
" 
" 
" 

" 
" 

1886 ScHINAs, G. C. 

1887 CHADWICK, 0. 

" " 

1888 CHADWICK, 0., and 
ScHINAs, G. C. 

" PISANI, s. L. 

1890 MURRAY, J .... 

1894 CHADWICK, 0. 

" 1894 
1896 
1897 

" 

" 
" 
" 
" 

" 
1912 ZAMMIT, T., and 

MORRIS, A.H. 
1915 BORG, J. 
1915 AGIUS, T. 
1917 ROBERTSON, J.C. 

... 

"Malta Illustrata". 
The Geology of Malta and Gozo. 
"Ricerche Idrauliche relative al programma 

per una migliore provista di acque per 
Malta". 

Report on Malta Water Supply. 
"Memoria sulla Provista dell'Acqua in Malta 

e nel Gozo". 
Report on the Hofriet ir Riz and L'Imtahleb 

Springs. 
Report on Birkirkara Water Supply. 
Report on the Water Supply of Sliema. 
Report on the Water Supply of Malta. 
Report on the Tai Armier Aqueduct. 
Report on the Yield of Headings at Wied il 

Kbir. 
Report on a Shaft sunk near St. Antonio 

Gardens. 
Report on Irrigation Project. 
Report on various Works in Progress. 
Report on the Via Dingli Shafts and Headings. 
Memorandum on the Irrigation of Orange 

Gardens. 
Report on Pumping Results at Wied il Kbir. 
Report on rainfall at Dingli, discharge of the 

Wignacourt Springs, and surface flow at 
Fiddien Bridge, 1884-85. 

Report on the Nature and Progress of Various 
Works. 

Report on the Rainfall of Malta and the Yield 
of Springs, 1885-86. 

Report on a Revised Project for the Improve­
ment of the Water Supply for Agricultural 
:Purposes. . 

Report on the Rainfall and Yield of Springs, 
1886-87. 

Report by the President of the Cholera Com­
mittee on the Water Supply to villages. 

The Maltese Islands with special reference to 
their Geological Structure. 

Report on Filtering Water Supplies derived 
from Springs in Malta. 

Report on the Water Supply of Malta. 
Preliminary Report on the Sewerage of Sliema . 
Report on the Water Supply of Malta. 
Report on the Water Supply of Malta and 

Gozo. 
Report on the Sewerage of Malta, with Estim-

ates. 
Report on the Water Supplies of Malta. 

Agriculture and Horticulture in Malta. 
The Climate of Malta. 
Report on the Possibility of Increasing the 

Fresh Water Supply and of Utilising the 
Sewage for Crop Irrigation in Malta. 

1918 GALIZIA, J. A. 

" GATT, L: 

1922 PACE, J. H. 
1924 ZAMMIT, T. 
1929 PACE, J. H .... 

1932 Rizzo, C. 
1934 STOCKDALE, F .A. 

1934 TURNER JONES C. 
MICALLEF, G. 
GATT, J. L. 
Rizzo, C., and 
BOOTHMAN, W. 

1934 BUSHELL, G. w. 
MICALLEF, G. 
GATT, J. L. 
Rizzo, G., and 
BOOTHMAN' w. 

1935 BUSHELL, C. w. 
MICALLEF, G. 
GATT, J. L. 
Rizzo, C., and 
Bo OTHMAN' w. 

1936 MICALLEF, G. 
BOOTHMAN, W. 
MORTIMER, A. s. 
Rizzo, C., and 
SAMMUT, 0. 

1937 STOCKDALE, F. A. 

1942 MORTIMER, A. s. 
1943 BAIL'EY, E. B. 

1943 SHOTTON, F. W. 

1943 PAVER, G: L. 
1944 G. H. Q., MEF. 
1944 MORRIS, T. 0. 

1944 MORRIS, T. 0. 

1944 MORRIS, T. 0. 
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Minutes by the Manager of the Water Works 
on Col. Robertson's Report. 

Observations by the Superintendent of Public 
Works on Col. Robertson's Report. 

Observations on Col. Robertson's Report 
The Water Supply of the Maltese Islands. 
Proposals for the Centralisation of Surface 

Waters and their Adoption for Potable 
Supply. 

Report on the Geology of the Maltese Islands. 
Report on the present Condition of Agriculture 

in the Maltese Islands. 
(First) Report of the Committee on the Water­

Supplies of Malta. 

(Second) Report of the Committee on the­
Water Supplies of Malta. 

(Third )Report of the Committee on the Water­
Supplies of Malta. 

Report of the Committee on Agricultural 
Irrigation. 

Report on Water Supply for Irrigation in_ 
Malta. · 

Memorandum on the Water Supply of Malta 
and Gozo. 

Report on Underground Water in Malta and 
Gozo. 

Notes on the Selection of Borehole 'Sites for 
Military Camps, Malta. 

Borehole Sites for Military Camps, Malta. 
Boreholes for Water in Malta. 
Notes on the Civil Government Water Supply 

Position, 31 January 1944. 
Amendments to Water Supply Records, 

M.E.F. - Boreholes for Water in Malta. 
Memorandum on the Position of Water Supply 

Works in Malta. 

Census Reports; 1851, 1861, 1871, 1881, 1891, 1901, 1911, 1921, and 1931. 
Water Department Annual Reports, 1904-1943. 
Government Analyst's Annual Reports, 1909-1943. 
Government of Malta Domestic Water Supply and Agricultural Water Supply 

Files. 
The Underground Water Ordinance, 1943. 

Malta Water Supply Records of No. 3 and No. 7 Boring Sections, R.E., No. 171 
Tunnelling Coy., R.E., and No. 42 Geological Section, S.A.E.C. 
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NOTE ON THE PROSPECTS OF IMPROVING 

THE WATER SUPPLY OF GOZO 

1. The major natural sources of public water supply in Gozo are the same 
as in Malta: (i) a sea level table in the Lower Coralline and Globigerina Lime­
stone Formations; and (ii) discontinuous perched tables in the lower part of the 
Upper Cor.alline Limestone and the underlying Greensand. Developments 
for the appropriation of these sources of supply have followed a course similar 
to the development of the equivalent sources in Malta. In the early days 
supplies were drawn almost entirely from the Upper Coralline springs. Later, 
following upon Chadwick's demonstration of the potentialities of the Main Sea 
Level Table in Malta, the Government Water Department concentrated its 
efforts upon extraction from the sea level table in Gozo, and the high level 
springs were neglected as sources of public supply. During the past ten years 
the consumption of water from the Government Water Works has practically 
doubled, and most of this demand (which reached a total of 83,700,000 gallons, 
for a population of about 28,000, in 1947-48) has been met by increased ex­
traction from the sea level table. The Upper Coralline springs have contri­
buted only an average of 2,900,000 gallons per annum. Now, as in Malta, 
it is obvious that the sea level galleries are being over-pumped, and that a return 
will have to be made to the perenially fresh water of the Upper Coralline catch­
ments in order to maintain a supply of potable water and to meet the growing 
demand. 

2. There are two main works for extraction from the sea level table. An 
older line of galleries, of total length 4,610 feet, along Wied Imgarr-ix-Xini on 
the southern side of the Island, and a newer line, of total length 6,020 feet, 
much of which was constructed during the war years, along Wied ta' Marsalforn 
on the northern side of the Island. The salinity of the water pumped from each of 
these galleries now averages about 80 parts of chlorides per 100,000. In 1934 the 
average salinity of the water from Mgarr-ix-Xini was only 20 parts per 100,000. 
It is very doubtful whether any useful purpose would be served by extending 
extraction works in the sea level table, as, for example, by joining the inland 
ends of the existing gallery systems, which are now 8,200 feet apart, through the 
central region of the water table. No point in the Island is much more than two 
miles from the coast, and unlike Malta, there are no outcrops of Lower Coralline 
Limestone ( apart from a very small one near Kercem, with only a small catch­
ment area) to facilitate the introduction of an annual replenishment or fresh 
water to the central part of the sea level table. It might be worthwhile, how­
ever, to attempt to assist central replenishment by means of boreholes or shafts 
su~k to ma level in the bed of the Wied ta Marsalforn at the confluence near the 
present inland limit of the gallery, with a dam thrown across the wied at this 
point to intercept the run-off from 2½ square miles of the surface catchment 
upstream. The results could be observed readily by sampling at the inland 
shafts of the gallery. 

3. The main hope for the future of the potable water supply of the Island, 
as in Malta, lies in the Upper Coralline areas. The total extent of Upper Coral­
line outcrops completely above sea level (neglecting such remnants as II Kolla 
Safra, II Mirzuk, and Tad Bieji, which are too small to be of any practical 
interest) is approximately 6.19 square miles, or about 24 per cent of the total 
.area of the Island - much the same proportion as in the case of the Upper 
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Coralline Limestone of Malta. Unfortunately for Gozo even its largest Upper 
Coralline areas have been deeply dissected by erosion, and there is no prospect 
of discovering any large synclinal basins like those of the northern fault strips of 
Malta, except possibly in the Ghajn Sielem-Qala area, close alongside the Ras 
il Qala Fault. 

Area 

Ghajn Sielem-Qala 

Nadur 

Xaghra 

Rabat 

Kercem 
Zebbug 
Ghar Ilma 
Ghajn Abdul 
Fort Chambray 
Tal Kuliat 
Jurdan ... 
Gebel Ghasri 
Tad Dabrani 
II Harrax 
Rabat Citadel 
II Ghelmus 

Totals ... 

Sq. !\files 

1.427 

2.203 

1.450 

0.502 

0.172 
0.172 
0.043 
0.043 
0.043 
0.033 
0.026 
0.020 
0.016 
0.016 
0.016 
0.010 

6.192 

Potential yield 
at 5 inches mean 
annual percolation 

Gallons 

103,000,000 

160,000,000 

105,000,000 

36,000,000 

12,000,000 
12,000,000 
3,000,000 
3,000,000 

2,000,000 
2,000,000 
2,000,000 
1,000,000 
1,000,000 

1,000,000 

443,000,000 

Remarks 

l\1any private shafts and the Ghajn Sielem Galleries in 
the central part of the strip. 

Apparently unusually great thickness of Greensand at 
the northern end. Ghajn Sellum gallery (700 feet 
long) at the S.W. corner. 

Ghajn Barrani formerly supplied l\1arsalforn from the 
N. end. 

Northern portion extensively built over. Ghajn il-Kbira 
issues from middle of western side. 

Ghajn Tuta issues from middle of eastern side. 
Very narrow and extensively-built over. 
Spring issues from southern tip. 
Spring issues from southern side. 
Almost completely built over. 

Very narrow. 
Completely built over. 

4. The three largest areas comprise more than five-sixths of the total, and 
naturally, therefore, should receive first attention by boring operations for the 
accurate elucidation of their structural contours. The Xaghra and N adur 
areas are disconnected portions of an undulating monocline, dipping gently 
towards the northern coast. They appear to contain several gently-pitching 
shallow folds and small faults, with axes trending W.S.W. - E.N.E., like the 
major faults mapped by C. Rizzo in the lower country to the west and south. 
Groups of private wells to the north of Xaghra possibly mark two of these 
synclinal hollows. The Greensand, especially beneath Kortin ta N adur, 
appears to be much thicker than in Malta. In view of the genera~ northw~rd 
dip it will probably be possible to devise a suitable system of galleries and pipe 
lines to gravitate most of the potential yield of the Xaghra and N adur areas to a 
central collecting point at the lower end of Wied ir-Ramla, and to pump it 
thence to storage reservoirs excavated cheaply in the Blue Clay and Upper 
Globigerina formations on the watershed between the Marsalforn and Hanak 
valleys. Given adequate storage arrangements it should be possible to develop 
from the Upper Coralline areas a mean annual supply of some 400,000,000 
gallons of perpetually fresh water, which would mean 20 gallons per head per 
day for a population of 55,000. The total capacity of the present day 
service tanks of the public supply is only 3,978,000 gallons. 

5. The villages on the Upper Coralline outcrops should be restricted to 
their present limit8 and private works for the extraction of water from this 
formation should be prohibited in the interest of future supplies for the general 
public. 

(June 1950) 

• 



CLIMATIC C TABLE I 
MONTHLY AND ANNUAL RAIN/ 

RAINFALL YEAR 51-52 52-53 53-54 54-55 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 

SEPTEMBER 2·5 - 0·8 0·6 0·38 3·26 0·31 0·77 1 ·89 1 ·26 0 ·59 4·38 - 0·26 0·04 0·43 1 ·31 

OCTOBER 3·3 0·7 I · 3 1 ·8 2·22 0·42 8·53 3·28 0·34 5·48 2·0-4 2· 15 3·48 2·07 0·70 2·95 2·24 8·93 

NOVEMBER I ·8 O· I 5·0 2·4 I 3 ·39 5·49 I ·29 1-47 0·93 2·31 1 ·63 7· 18 4·07 5· 10 1 ·94 6·45 1 ·86 4· 17 

DECEMBER I· I 2·0 4· I 4·8 I 2·87 3·87 0·94 1 ·77 8 ·88 4·23 4·26 2·42 6·71 6· 19 2·56 4·01 2·82 9·03 

JANUARY H 0·6 2· I I ·9 ] 4·89 2·99 2·64 7·66 1 ·46 3· 15 2·85 7·00 4·65 I · 44 3·21 0·51 2· 12 2· 15 

FEBRUARY I ·7 5·3 3·5 - I 3·30 1 ·62 2·49 1 ·77 4·34 4· 10 1 · 15 I ·00 5·02 0·89 2·04 0·96 2·05 1 ·95 

MARCH 2·6 I ·6 0·4 3·2 I 0·67 0·30 0·91 2·58 1 · 16 - 0·45 1 ·44 1 ·57 0·55 1-56 0·42 0·64 0·73 

APRIL 2·8 - 0·4 4·2 I 0·65 0·95 0· 13 0·32 0·66 0·42 1 ·71 0 ·84 2·35 0·06 3·21 I ·89 I ·48 -
MAY 0·4 - 0·6 - I 0·47 0· 11 1-55 0·53 0·39 0· 18 2·67 - - 0·59 0·82 I ·54 - -
JUNE 

I - 0·03 - 0·23 0·29 0 ·08 - - - - I - - - - - - - -
JULY - - - - - - - - - - 0·41 - - - - - - -
AUGUST 0·4 - 0·5 - - 0·53 - - - - - - - - 0·02 - - -

TOTAL 18·0 10·3 21 ·7 18 ·9 18 ·84 19 ·57 18·79 20· 15 20·28 21-42 17·76 26 ·'12 27·84 17 · 16 16 · 14 18·77 13 ·65 28 ·27 

RAINFALL YEAR 99-00 00-01 01-02 02-03 ll-31 34-35 35-36 36-37 37-38 38-39 39-40 40-41 41-42 42-43 43-44 44-45 45-46 46-47 

SEPTEMBER I ·35 - - 2·61 0·09 I ·81 - 0·07 I ·30 - 8·71 0· 19 0·23 0·08 - 2·29 

OCTOBER 0·74 1 ·76 4·61 3·74 0· 14 4· 16 0·82 1-43 1 ·81 2· 12 4·73 1 ·20 I ·23 2·55 4· 12 I ·22 

NOVEMBER 2·66 3·57 4·91 8· II 3· 17 6·68 4·74 6·79 2·55 5.79 1 ·72 2·49 6· 16 5·05 3·93 2·01 

DECEMBER 5.77 0·93 0·90 4·43 4·06 6·78 4·53 5·82 4·99 4·31 I ·52 7·36 5· 13 7·89 2·29 9.09 

JANUARY 4·91 4·31 J ·26 3·26 5·91 5·98 0·90 2·00 5·72 I ·70 3·49 1 ·41 5.47 I ·94 3·06 2·47 

FEBRUARY I· 14 3·37 I ·82 1 ·61 I· 15 0·81 0·82 2·02 7·74 I ·99 0·92 J • 19 6·92 2·39 2· 17 I ·Of 

MARCH I ·Of 0·52 0·85 0·92 I · 31 6·02 0·28 0·92 2· 10 1 ·66 2·35 HO 0·62 6· 11 2·55 0·99 

APRIL I ·84 0·53 I ·22 0·45 0·58 - 0·94 0·25 0·52 3·82 1 ·64 1 ·59 - 0· 17 I ·67 0·65 

MAY 0·65 I ·29 0·36 - 1 · 11 - 1 ·20 0·23 0·37 - 0·88 1 ·48 - 0·82 - 0· 18 

JUNE 0·43 0·25 - - - - - - - - - - ' - 0·57 - -
JULY - - - - - - - - - - - - - - - -
AUGUST - - - 0·98 - 0·24 - - - 0 ·66 - 1 ·76 -

TOTAL 20·49 16·53 15·93 25· 13 17·62 32·23 15 ·20 19·52 28· 13 21 ·38 25·96 18 ·41 26 ·42 27·57 21 ·55 19 ·39 

I 851-52 to I 868-69 from Diagram I, " Water S~ 
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CLIMATIC DATA 
MONTHLY AND ANNUAL RAINFALL, 1851 - 1945 

RAINFALL YEAR 51-52 52-53 53-54 54-55 55-56 56-57 57-58 58-59 59-60 60-61 61-62 62-63 63-64 64-65 65-66 66-67 67-68 68-69 69-70 70-71 71-72 72-73 73-74 74,:75 75-76 76-77 77-78 78-79 79-80 80-81 81-82 82-83 

SEPTEMBER 2·5 - 0·8 0·6 - - I· I 0·5 0·S - 1 ·S - I ·4 0·S 3·6 - 1 ·3 0·6 - 2·93 - - 0·7'4 - 3.57 - I · '46 - 6·85 1·99 0·44 0· 12 
OCTOBER 3·3 0·7 I ·3 1 ·8 0·3 9·2 2·2 2· I - 2·7 7·0 1 ·7 2·6 '4 ·0 2·0 3 · 1 I ·0 S· 1 5·26 I ·8'4 2·50 2·43 2·28 '4·87 5· 14 3·85 5·26 1 ·30 1 ·93 2·53 0·94 1 ·46 
NOVEMBER I ·8 0· I S·0 2·4 2·4 6·5 3·2 4·9 12·8 3· I 2·5 5·2 S· I 2·8 2·5 2·2 3·0 4·4 2·61 0 ·48 l·SI 2·07 '4 ·59 6·62 2·63 2·63 3·60 3· 15 4·31 1 ·76 I ·SO 1 ·08 
DECEMBER I · I 2·0 4· I 4·8 I· I - 4·4 12·6 8·2 2·8 1 ·6 I ·8 5·9 3·8 4·6 0·'4 3·2 I ·6 3 · II 2·'45 7.55 I ·91 8·97 2· 17 9 ·54 0·75 4·93 2·34 2·40 2·29 7.34 5.77 
JANUARY 1-4 0·6 2· I I ·9 I ·8 5·3 7· 1 10· 1 1 ·7 6·4 0·9 I· I 6·2 I ·S 0·6 0·6 3· 1 5.7 2·05 5·27 3·27 I ·70 6 ·50 1 ·39 2·78 5.09 2·70 2·'42 3·22 0·45 2·85 2·08 
FEBRUARY I ·7 5·3 3·5 - 0·3 1 ·Q 2·6 4•0 2·9 - I· I 2·0 2· I 1 ·8 2· 1 0· I 0·6 0·5 2·00 1 ·06 I ·95 2·83 HI 3 .44 I ·63 1 ·60 I ·95 0·73 3 · 11 I ·73 I ·98 3·22 
MARCH 2·6 1 ·6 0·4 3·2 3·4 1 ·2 0·S 2·2 2·3 0·5 I ·2 3·7 0 ·2 0·2 0·5 0·8 5·8 2·3 3· 13 0·75 0·53 2·23 6 ·56 HS 0 ·83 1 ·03 0·75 2· 16 2·55 0· 12 3·24 1 ·77 
APRIL 2·8 - 0·4 4·2 0· I I · I 0·2 0·7 0·5 0·3 4·2 1 ·9 0·7 0· I - 0·4 2· I 0·6 2·02 0· 16 0·94 1 ·59 0·22 0 ·75 1 ·43 0·35 0 ·45 0·29 0·23 0·70 I ·49 0·49 
MAY. 0 · '4 - 0·6 - - 1 ·6 - 0·5 0·3 0·4 0·9 0· I 0·4 - 0·4 - - - 0·04 0--15 - 0 ·84 0·39 - 0 ·09 - 3·63 I ·OS 0·51 2· 17 0· 14 0·07 
JUNE - - - - - 0· I 0· 1 - 0· I - - - - - 0· I - 0·2 - - - - - - - 0 ·83 - - - - - 0· 13 -
JULY - - - - - - - I· I 0· 1 - - - - - - - - 0·2 - - - - 0·91 - - - - - - - - 0·06 
AUGUST 0·4 - 0·S - - - 0·3 0·5 - - - - - - - 1 ·0 - 0·6 - 0·74 0·09 - - 0·25 - - - - - - - 0· 11 

TOTAL 18·0 10·3 21 ·7 18·9 9·4 26·8 21 ·7 39·2 29 ·4 16·2 20 ·9 17·5 24·6 14·7 16·4 8 ·6 20·3 21 ·6 20·22 15·83 20·37 15·60 32 ·57 20·8'4 28·'47 15·30 24·73 13 ·44 25· II 13 ·74 20-·0S 16·23 
RAINFALL YEAR 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-10 10-11 21-2, 22°23 23-2• 24-25 25-:U 26-2, 17-18 28-1! 29-30 30-31 

SEPTEMBER I ·35 - - 2·61 1 ·20 1 ·89 0·82 I •42 2·39 2·02 0·57 2· 12 I ·69 3 · II - 2· 17 0·66 2·08 0·75 0·66 1 · 15 0·59 0·92 - - - 0·44 1·04 0·27 2·20 2·63 I ·87 
OCTOBER 0·74 I ·76 4·61 3·74 0·23 5·09 3.45 7·27 2·96 0·66 3·46 0·78 - 0·63 3·91 2·63 I ·73 0·61 2·85 2·66 0·96 '4 · 32 0·74 0·85 - 4·00 6·65 0·23 0·47 I ·91 0·65 3·38 
NOVEMBER 2·66 3.57 4·91 8· 11 2·34 3·05 0·76 1 ·99 3.47 1 ·99 1-47 1 ·88 9·69 5·25 1 ·29 4·82 4· 18 4.93 4·67 '4·75 4 ·04 11 ·93 3·61 1 ·58 2·47 1 ·83 3·81 5.37 3.53 6·51 4.47 1-49 
DECEMBER 5.77 0·93 0·90 4·43 3·57 3·04 10·83 2·87 1 ·21 8·78 3·29 6·06 2·80 1-41 2·09 . 0 ·90 0·73 0 ·96 3·70 3·85 2·79 l ·63 3·20 5·66 '4 ·36 8·50 0 ·39 2·01 6·91 4·77 2·41 5·82 

JANUARY 4·91 4·3i I ·26 3·26 3·97 2·59 5.43 4·24 1 ·00 5·38 5·24 6·69 ◄ · IS 3·40 4· 15 1 ·39 4·00 3· 10 0·50 4·02 0·62 3· 11 0 ·76 4·22 3·22 1 ·73 1 ·83 2·09 7.59 I ·74 4:64 9·42 
FEBRUARY I· 14 3·37 I ·82 1 ·61 0·56 I ·70 5·84 3· 14 2·30 2·30 3·76 0·64 0·68 2·'45 1 ·67 2 ·89 4.39 1 ·92 1 ·87 2 ·09 3·02 1 ·29 0·32 4· 11 2·26 1-42 I ·62 2·02 3· 13 3·96 6· 10 4·40 
MARCH I ·01 0·52 0·85 0·92 I ·01 0·79 - 2·98 2·84 I · 10 0·99 1 · 17 0·68 0·96 1-54 1-47 0·29 1 ·92 '4·56 I· 14 I ·68 I ·63 - 0·88 1 ·94 6·97 2·00 I ·35 4·84 3·08 0·35 0·25 
APRIL I ·84 0·53 1 ·22 0·45 - 0·24 0·71 1 ·04 0·42 1 ·87 0·49 I ·60 I ·33 0·98 - 2·'46 1 ·80 0·43 0·43 I ·43 0·60 3·26 0·35 1 ·39 1-32 0·52 1 ·69 0·59 1 ·79 I ·OS I ·07 0· 12 
MAY 0·65 1 ·29 0·36 - - 0· 33 0·25 - - 1 ·01 - I ·48 I ·37 0·80 - - - - 0·23 0·72 - - - - - 1 ·64 0·43 0· 12 - 0·30 - 1 · 14 
JUNE 0·43 0·25 - - 0· 17 - - - - - - - - - - 0·76 - 0·'46 0· 18 - - - - - - - - - - - - -
JULY - - - - - 0·95 - - - - - - - - - - - - - - -- - - - - - - - - - 0·05 -
AUGUST - - - - 0·27 - 0·88 0·45 - - - - - - - 0·24 0·23 - - - - - - - - - - - - - - -

TOTAL 20·49 16·53 15 ·93 25 · 13 13 ·32 19·67 28·98 25 ·40 16·58 25· 1 I 19·27 22 ·42 22 ·39 18 ·99 14 ·65 19· 12 18·01 16·41 19 ·74 ~I ·32 14·87 27 ·75 13·64 18·68 15 ·57 26·72 18·86 15·31 28·53 25 ·52 22·37 27·88 

/851-52 to /868-69 from Diagram I," Water Supply of Malta" Chadwick (1884); /869-70 to /889-90 from records of Elementary School Rain Gauges; 1890-91 to 1943-44 from the Water Dept. Gauges on the Rabat Plateau 

· MONTHLY MEAN CLIMATIC DATA, UNIVERSITY OBSERVATORY, VALETTA (1901 - /913) 

MONTH JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. ,NOV. DEC. 
DAILY MAXIMUM 63 ·5 65·3 67·7 73-4 80·0 85· 1 92·8 92·2 88 ·2 69 ·8 76·6 67·7 

SHADE TEMPERATURE (°F.) 
DAILY MEAN 53·5 52·9 55 ·4 59· I 64 ·8 71 ·2 76·8 77·9 74·7 64 ·5 62·2 56·2 

SHADE TEMPERATURE (°F.) 
DAILY MINIMUM 

SHADE TEMPERATURE (°F.) 
44·6 42·6 46 ·5 49·0 53·4 61 ·8 67· I 69 ·3 63 ·7 59 ·2 52 ·6 46·8 

BLACK BULB IN VACUO (°F.) 126·9 130·2 132·8 136·6 139 ·8 143 · I 150· 1 150·3 149·6 144 ·0 137 · I 130 ·4 

VAPOUR PRESSURE, 8 A.M. 11 ·2 11 ·8 12·5 15 ·5 16·5 21-5 24·3 27·0 24 ·4 21 · I 16 ·5 12·5 
(M/M) 

DAILY HOURS 5·2 6· I 7·2 8·2 10 ·0 11 ·3 12 ·0 11 ·6 8·9 7· I 5·9 4·8 
BRIGHT SUNSHINE 
CLOUDINESS (P.C.) 6·2 5·5 5·2 5·2 ◄ ·2 2·8 I ·8 I ·9 3·3 4·3 S·l 5·4 

RAINY DAYS 14 II 8 6 3 I 0·4 0·7 ◄ ·3 8·5 12 ·6 13 ·2 

After T. Aiius, "The Climate of Malta", 1915. 

83-84 84-85 85-86 

0·34 0·31 0·38 

3·3'4 I ·83 2·22 

5·88 5.99 3·39 

3 · 17 5·62 2·117 

2·67 4.55 4·89 

0·68 0·39 3-30 

I ·64 0·23 0·67 
0·29 0·48 0·65 

0·57 - 0·47 
0·34 - -
- - -

0·06 - -
18·98 19·40 18·84 
31-32 ll-33 33-3◄ 

0·57 I · II 0·09 
6·74 5·71 0· 14 

3·96 6· 15 3· 17 
'4 ·23 2· 16 4·06 

3· 12 7· 16 5·91 
6·38 4· 15 1 · 15 
2·04 0·21 I ·31 
0· 17 0·09 0·58 

- 0·45 1· 11 

- 0·75 -
- 1 ·3'4 -
- 0·73 -

27 ·21 ·30,00 17 ·62 

86-87 87-88 88-89 89-90 90-91 91-92 

3·26 0·31 0·77 1 ·89 I ·26 0·59 
0·42 8·53 3·28 0·H 5·48 2·04 
5.49 1 ·29 1-47 0·93 2·31 I ·63 
3·87 0·94 1·77 8·88 4·23 4·26 
2·99 2·64 7·66 I ·46 3· 15 2·85 
I ·62 2·49 1 ·77 4.34 4· 10 1 · 15 
0·30 0·91 2·58 I · 16 - 0·45 
0·95 0· 13 0·32 0·66 0·42 I ·71 
0·11 1-55 0·53 0·39 0· 18 2·67 
0·03 - - 0·23 0·29 -
- - - - - 0·41 

0·53 - - - - -
19 ·57 18 ·79 20· 15 20·28 21 ·42 17·76 
34-35 35-36 36-37 37-38 38-39 39-40 

I ·81 - 0·07 1 ·30 - 8·71 
4· 16 0·82 1-43 I ·81 2· 12 4·73 
6 ·68 4·H 6·79 2·55 5.79 I ·72 
6 ·78 4 ·53 5·82 4 ·99 4·31 I ·52 
5·98 0·90 2 ·00 5·72 1 ·70 3 ·49 

0·81 0·82 2·02 7·74 I ·99 0·92 
6·02 0·28 0·92 2· 10 1 ·66 2·35 

- 0·9'4 0·25 0·52 3·82 I ·64 

- 1 ·20 0·23 0·37 - 0 ·88 

- - - - - -
- - - - - -
- 0·98 - 0·24 - -

32 ·23 15·20 19 ·52 28 · 13 21 ·38 25·96 

92-93 

4·38 
2· 15 
7· 18 
2·42 
7·00 
I ·00 

I ·44 

0·84 

-
-
-
-

26 · 142 

40-41 

0· 19 
I ·20 
2·49 
7·36 
1-41 
I· 19 
1 ·50 
1 ·59 
I ·48 

-
-
-

18·41 

TABLE 

93-94 

-
3·48 
4·07 
6·71 
'4·65 

5·02 
1 ·57 
2·35 

-
-
-
-

27 ·84 
41-42 

0·23 
I ·23 
6· 16 
5· 13 
5.47 

6·92 
0·62 

-
-
-
-

0 ·66 

26 · '4-2 

94-95 95-96 

0·26 -
2·07 0·70 
5· 10 1 ·9'4 
6· 19 2·56 
I ·44 3·21 
0·89 2·04 
0·55 1 ·56 
0·06 3·21 
0·59 0 ·82 

- 0·08 

- -
- 0·02 

17 · 16 16· 14 
42-43 43-44 

0·08 -
2·55 4· 12 
5·05 3·93 
7·89 2·29 
I ·94 3·06 
2·39 2· 17 
6· 11 2·55 
0· 17 1 ·67 
0·82 -
0·57 -
- -
- 1 ·76 

27·57 21 ·55 

'\~,, . 
. ..... 

\ .;._ .. :<· /I 
\ '··· ' ., 
~/ 

96-97 97-98 

0·04 0·43 
2·95 2·24 
6·45 1 ·86 
4·01 2·82 
0·51 2· 12 
0·96 2·05 
0·42 0·64 
I ·89 I ·48 

1-54 -
- -
- -
- -

18·77 13 ·65 
44-45 45-46 

2·29 
1 ·22 
2·01 
9 .09 

2·47 
I ·01 
0·99 
0·65 
0· 18 

-
-
-

19 ·39 
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98-99 

I ·31 
8·93 
4· 17 
9·03 
2· 15 
1 ·95 
0·73 

-
-
-
-
-

28·27 
46-47 

, 



LOWER TABLE PUMPING STATIONS 
ANNUAL PRODUCTION AND MEAN SALINITY. 1887-1944. 

PUMPING STATION 
1887-88 1888-89 1889-90 1890-91 1891-92 

GAI.lONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A-5- GALLONS M.A.S. 

WIED IL KBIR 25,657,000 13-6 33,908,000 13·9 36,3-48,000 14·0 39,266,500 14·- 1 53,32~.ooo 14·2 

ARMIER 39,629,200 27·8 51 ,088,700 28·2 52,839,500 28·5 54,579,100 28·9 72,243,500 29 · I 

ST. ANTON 2,721 ,650 36·0 8,433,250 36·0 9,642,300 36·0 10,228,550 36·0 10,347,450 36·0 

WIEDA IS SUEDA 12,4n,900 13·0 29,570,950 13·0 24,8+.,~50 13 ·0 31,684,200 13·0 28,954,100 13 ·0 

TOTAi.. 80,500,750 19·6 123,000,900 20·6 123,674,350 2) · 8 135,758,350 2H 164,873,050 21 ·9 

PUMPING STATION 
1895-96 1896-97 1897-98 1898-99 /899..()(I I900-0I 1901-02 

GAL.LONS M.A.S. GALLO~S M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. 

WIED IL KBIR 74,319,300 14·5 74,372,000 14·5 88,630,100 14·6 . 56.265, 900 14·7 76,280,600 14·8 107,599,800 IH 159,037,100 14·9 

ARMIER 61,438,800 30-5 53,606,800 30·9 61,725,800 31 ·2 29,971 ,300 31 ·5 '48,632,700 31 ·9 85,933,950 32·3 95,280,600 32·5 

ST. ANTON 14,083,850 36·0 11,935,950 36·0 10,536,900 36·0 4,954,600 36·0 10,064,950 36·0 12,018,050 :ffO 9,301,200 36·0 

WIED IS SUEDA 41,621,710 13 ·0 54,893,400 13 ·0 74,098,270 13·0 52,305,420 13·0 43,528,100 13 ·0 67,766,510 13·0 I 00,771,700 13 ·0 

TOTAL 191 ,4&3,660 20·9 194,808,150 19·4 234,991 ,070 19·5 143,497,220 18·4 178,506,350 20·2 273,318,310 20·9 ,364,390,600 16·8 

PUMPIN<; STATION 
1905-06 1906-07 l</07-08 l9~ 1909-10 1910-11 1911-12 

GAilONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GAtt.ONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. 

WIED IL KBIR 182,407,100 15·3 127,763-,900 15·3 229,993,400 15·4 275,873,000 15·6 301 ,081,400 15 ·6 363,755,000 15·7 424,970,000 15·8 

ARMIER 61 ,710,600 33-9 64,773,400 34·3 IJ,926,500 34·6 22,377,700 35·0 30,703,450 35·3 35,141,000 35·7 35,402,000 36·0 

ST. ANTON 8,648,900 36·0 2,803,600 36·0 7,049,020 36·0 6,769,850 36·0 9,610,100 36·0 6,591,000 36·0 7,983,000 36·0 

WIED IS SUEDA 103,390,100 13·0 70,571,200 13·0 146,269,900 13·0 . 133,860,800 13·0 9,611,JOO 13 ·0 199,496,900 13 ·0 200,700,600 13·0 

TOTAi.. 356, 156,700 18·3 265,912,100 19·5 397,238,820 15 ·6 438,881 ,350 16· 1 351,006,050 17·8 604,983,900 15·8 669,055,600 16·2 

PUMPING STATION 
1915-16 19/6-17 1917-18 19/8-19 1919-20 1920-21 1921-22 

GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS · M.A.S. GALLONS M.A.S. GALLONS M.A.S. 

WIED IL KBIR 401,790,403 19·2 362, 191,536 20·0 . 346,993,632 21--4 328,928,357 22·7 322,134,481 24·2 315,370,261 24·0 315,776,938 25-0 

ARMIER 68,421,000 43·6 37,584,000 45·7 43,539,000 47 ·8 '48,340,000 49 ·6 5,954,000 51; 8 3,868,000 53·8 20,684,000 55·6 

ST. ANTON 15,496,000 36·0 15,614,000 36·0 11,3-48,000 36; 0 9,104,000 36·0 10,701 ,000 36·0 8,031,000 36·0 12,765,000 3&·0 

WIED IS SUEDA 199,606,200 14·4 172,166;500 14·4 184,858,600 16·2 179,682,900 17·7 187,097,162 19-3 133,038,000 21 ·0 32,187,000 21 ·0 

TAL HLAS 11,~16,499 16·0 190,920,965 16·0 103,441,715 16·0 94,366,218 16·0 117,869,551 16·0 99,627,600 20·0 243,858,339 21 ·0 

WIED DALAM 

TOTAi.. 696,730, I 02 20·7 778,477,001 19-3 692,180,947 21 ·0 660,421 ,475 22·5 643,756, 19-4 23 · 1 559,934,861 23·0 625,271,277 24·5 

PUMPING STATION 
1925-26 1926-27 1927-28 1928-29 1929-30 I930-3I 1931-32 

GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.5. GALLONS M.A.5. 

WIED IL KBIR 347,282,000 26· I 360,966,639 26 ·4 392,-409,817 27·5 406,210,000 27·0 307,572,000 27·0 315,123,000 26·0 305,564,000 27·0 

ARMIER 84,566,000 63 ·8 95,850,000 65·7 81,478,000 67 ·6 88,945,000 69·7 77,704,000 71 ·5 IOI, 133,000 7-4 ·0 122,755,000 75.9 

ST. ANTON 19,179,000 36·0 28,260,000 36·0 30,792,000 36·0 29,871,000 36·0 22,405,000 36·0 16,360,000 36·0 10,472,000 36·0 

TAL HLAS 323,011,000 26·9 342,062,000 27·0 343,195,000 29 ·5 3-40,089,000 29·5 363,570,000 29 ·0 319,433,000 28·0 362,908,000 29·0 

WIED DALAM 7,681,000 100·0 4,602,000 100·0 6,982,000 100·0 . 5,633,000 100·0 5,070,000 100·0 2,867,000 100·0 4,391,000 100·0 

TOTAL 781 ,719,000 31--4 831,740,639 31 ·9 854,856,817 32·6 870,7-48,000 32 ·9 776,321,000 33 · 1 754,816,000 33·6 806,090,000 35·8 

PUMPING STATION 
/915-16 1936-37 1937-38 1938-39 1939-40 1940-41 1941-42 

GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. GALLONS M.A.S. 

WIED IL KBIR 335,350,000 28·4 331 ,884,000 28·8 ! 472,686,000 28.·8 ! -4-48,571,000 26 ·0 ! 464,576,000 26 ·4 } ~ 313,024,000 50·0 316,819,000 50·0 
ARMIER 144,136,000 84·0 148,489,()()j) 86 ·0 ! 235,445,000 88·0 ! 179,970,000 90·0 ! 211 ,865,000 92·0 

ST. ANTON 33,689,000 36..0 32,953,000 36·0 32,193,000 36·0 61,299,000 36·0 83,115,000 3&·0 60,679,000 36·0 70,083,000 3&·0 

TAL HLAS 381,567,000 33-6 406,815,000 30·2 ! 656,020,000 30·2 1 643,111 ,000 38·0 ! 598,496,000 42·8 382,870,000 43·0 363,041,000 41 ·2 

WIED DALAM -4,738,000 100·0 3,755,000 100·0 4,167,000 100·0 5,630,000 100·0 7,889,000 100·0 4,815,000 100·0 . 6,027,000 100·0 

WIED IL GHASEL 4,619,000 40·0 49,279,000 57·6 155,104,000 57·6 178,5-40,000 70·5 204,070,000 129·0 160,758,000 124·0 

TOTAL 899,480,000 38 ·6 928,515,000 42· I ! 1,449,790,000 39·2 ! 1,493,685,000 41 ·6 ! 1,544,-481 ,000 47·6 965,◄58,000 63·5 916,728,000 59·8 

M.A.S. = Mean Annual Salinity in parts chlorides t,er I 00,000. BOREHOLES 
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TOTAL FROM L.W.T. 

1892-93 1893-94 
GALLONS M.A.S. GALLONS 

43,389,000 14·2 32,586,000 

55,957;400 29·5 38,669,600 

11,120,200 36·0 7,907,400 

25,112,000 13 ·0 13,236,350 

135,578,600 22 · I 92,399,350 

1902-03 1903-04 
GALLONS M.A.S. GALLONS 

157,235,100 15·0 189,554,100 

76,783,900 33·0 92,805,500 

8,482,750 36·0 13,240,750 

89,59-4,150 13·0 154,277,350 

332,095,900 19· 1 449,877,700 

1912-13 I913-H 

GAL.LONS M.A.S. GALLOt'.S 

377,625,628 17·2 354,263,157 

2,749,000 38·0 24,241,000 

6,729,000 36 ·0 12,442,000 

190,518,800 13 ·6 190,773,700 

577,622,428 16·4 581,719,857 

1922-23 (923-24 

GALLONS M.A.S. GALLONS 

309,640,841 26 ·6 335,253,000 

47,775,000 57·5 85,495,000 

12,627,000 36·0 18,796,000 

16,884,000 26·0 6,648,000 

321,648,000 24·0 259,132,000 

708,574,841 27·6 705,324,000 

1932-33 1933-34 

GALLONS 7,CA.S. GALLONS 

322,120,000 27·0 272,830,000 

112,204,000 77·9 I 06,631,000 

9,106,000 36·0 18,276,000 

410,494,000 29 ·0 461,868,000 

-4,470,000 100·0 6,168,000 

858,394,000 35 · 1 865,773,000 

1942-43 1943-# 

GALLONS X.A.5. GALLONS 

r 366,763,000 50·0 } 376,436,600 

77,635,000 36·0 86,639,500 

339,090,000 42·0 382,722,200 

8,381,000 I00·ll 21,595,500 

168,998,000 119·0 208,908,600 

960,867,000 58·7 1,076,302,400 

10,765,200 67,801,900 

971,632,200 I, 144, I 04,300 

TABLE 2. 

1894-95 
M.A.S. GALLONS M.A.S. 

14·3 40,656,600 14·4 

29·9 52,877,850 30·2 

36·0 10,590,200 36 ·0 

13 ·0 23,777,950 13 ·0 

22 ·8 127, 902,600 22·6 

1904-05 
M.A.S. GALLONS M.A.S. 

15 · I 234,817,100 15·2 

33-3 71,924,300 33·6 

36·0 9,688,450 36·0 

13 ·0 132,964,900 13·0 

18·8 449,39-4,750 17·9 

1914-15 
M.A.S. GALLONS M.A.S. 

18·0 375,844,026 20·0 

39·8 30,-427,000 41 ·6 

36·0 10,944,000 36·0 

13·6 190,250,600 14·-4 

17·8 607,465,626 19·6 

1924-25 
M.A.S. GALLONS M.A.S. 

27 ·0 327,016,000 26·5 

59·7 58,663,000 61 ·6 

36·0 20,532,000 36 ·0 

26·0 61,000 26·0 

24·0 313,744,000 25·0 

3,520,000 100·0 

30· 1 723,536,000 29·3 

1934-35 
M.A.~. GALLONS M.A.S. 

28·0 309,771,000 25·0 

80·0 113,347,000 81 ·8 

36·0 17,450,000 36·0 

30 ·2 370,822,000 30·0 

100·0 5,086,000 100·0 

36 ·2 816,476,000 35 .9 

1944-45 
M.A.S. GALLONS M.A.S. 

56 ·5 398,776,200 53·0 

36·0 45,439,500 51 ·0 

40·1 462,747 ,800 
9,502,500 } 48·0 

100·0 26,215,000 91 ·0 

130·5 206.461,100 112·0 
76,903,000 34·0 

64·5 1,226,045, I 00 60·2 

68,312,000 58·0 

1,294,357, I 00 

TAL HLAS 
WIED IS SUEDA 

WIED IL GHASEL 
TA KALI 



ANNUAL GAUGING$ OF UPPER CORALLINE SPRINGS, 1885-19+4. 

GAUGE 1885-86 1886-87 1887-88 1888-89 1889-90 1890-91 1891-92 1892-93 1893-94 

GHEMIERI 9,91 ◄,018 9,501,m 1,869,◄0J 8,286,822 9,583,952 11 ,607,6]6 10,981 ,20◄ 12,221,753 16,]28,975 

FIDDIEN BOX 100,388,◄95 I l ◄,059,822 I0◄,190,138 56,606,520 97,587,897 79,030,◄70 66,85◄, l ◄I 111 ,710,327 130,761 ,213 

GHAlt/ KLIEB 2,598,814 2,521,957 2,◄00,662 2,073,195 2,197,127 2,961 ,06◄ 2,689,3◄◄ 3,251 ,183 5,338,263 

BUSUGRILLA 55,TT◄,87◄ 55,531,939 55,618,101 ◄◄,852,552 51 ,258,365 56,09◄,696 ◄8,180,◄79 ◄5,5◄9,◄2◄ 86,363,029 

TOTAL WIGNACOURT 168,676,000 181 ,◄◄ l ,◄97' 171 ,078,30◄ 111,819,089 160,627 ,3◄ I 1 ◄9,693,866 128,705,168 ln,732,617 238,791,◄80 

SAKKAJA 2,5◄3,0◄7 2,5◄9,526 2,8◄7,6◄ 1 2,◄08,◄90 2,810,3◄◄ 2,981,822 2,219,926 ◄,536,898 5,199,615 

VIA DINGLI PUMP STA. 1,755,230 3,◄◄3,950 3,◄11,100 2,715,350 3,◄89,500 3,500,500 3,811,9S0 

TA L'ISKOF ◄,835,551 5,503,965 5,199,921 3,505,913 l ◄,768,051 17,3◄8,780 7,361 ,◄30 9,051,352 10,000,7◄3 

TA SIENJA 7,301,92◄ 8,323,715 6,867,029 ◄,7◄9,982 8, 125,863 8,598,807 6,398,21 ◄ 9,022,283 l ◄,989,237 

TA SALA 13,780,603 13,379,◄ 17 15,353,606 l ◄,351 , 105 l ◄,0n.909 l ◄,501,75◄ 15,056, t05 15,271 ,715 18,351,062 

TA RAPA ◄,130,853 3,909,851 ◄,397,930 ◄,1 ◄6 ,917 3,862,TT3 31933,85◄ ◄,085 ,l88 3,713,2◄6 ◄,3◄3,582 

TOTAL BUSKETT 25,213,000 25,612,983 26,618,565 23,2◄8,00◄ 26,061 ,5◄5 27,03◄,◄ 15 lS,539,707 28,007,2◄◄ 37,683,881 

GHIRGENTI 13,690,SOI 13,768,589 l ◄,579,651 12,703,129 l ◄, 150,028 12,2◄8,056 l ◄,789,889 1 ◄,616,◄60 18,680,35◄ 

SAN GIORGIO 9,955,◄55 9,732,◄88 10,129,016 9,◄95,863 9,68◄,◄l◄ 10,646,810 12,151,658 12,119,◄53 12,019,1n 

FAWARA ◄,69◄,7◄◄ ◄,565,011 ◄.~.◄93 ◄,267,981 S,◄7◄,27◄ 5,761,219 5,02◄,398 5,565,5◄3 7,791,528 

ANNUNZIATA 5,792,990 5,l88,78J 5,36l866 5,067,◄2◄ 6,020,739 7,26◄,881 6,612,7]5 5,969,757 5,081,◄◄J 

TOTAL FAWARA 20,443,179 19,616,282 20,159,375 18,831,268 21,179,◄◄7 23,in,910 23,788,791 2J,65◄,75J 2◄,958,7◄3 

TOTAL RECORDED 235,◄01,285 2◄8,562,8◄2 2◄2,231,687 175,959,8◄3 2◄J,082,856 235,6'5, 199 205,89◄,◄ I I 256,099,89◄ 339,126,766 

TOTAL SUPPLY RECEIVED 21 ◄,000,000 232,500,000 173,900,000 258,600,000 295,000,000 BY WATER DEPARTMENT 

I\AINFALL (ins.) 11·8◄ 19·57 11·79 20· 15 20·21 2H2 17·76 26 · ◄2 27·8◄ 

GAUGE 1915-16 1916-17 1917-18 1918-19 1919-20 1920-21 1921-22 1922-23 1923-24 

GHEMIERI 

flODIEN .OX 

GHAJN KLIU 

BUSUGRILLA 

TOTAL WIGNACOURT 36,180,000 22,◄00,000 

SAKKAJA 

VIA DINGLI PUMP STA. 3,8'1,860 3,581,910 l ;lll,290 ],3n.2◄0 3,590,800 ],83◄,225 ◄,188,506 ],952,5◄5 ◄, 106,996 

TA L'ISKOF 

TA SIENJA 

TA SALA 

TA RAPA 

TOTAL IUSKETT 7,◄50,000 6,670,000 

GHIRGENTI 

SAN GIORGIO 

FAWARA 

ANNUNZIATA 

TOTAL FAWARA 11 ,510,000 9,560,000 

TOTAL RECORDED 

TOTAL SUPPLY RECEIVED 
BY WATER DEPARTMENT 

63,100,000 60,900,000 55,900,000 87,◄00,000 63,900,000 9◄,600,000 l◄,900,000 96,◄00,000 '2,500,000 

RAINFALL (ins.) · 11'!11 16· ◄1 19 · 7◄ 21 ·32 1 ◄·87 27·75 13 · 6◄ 11·68 15·57 

1894-95 1895-96 1896-97 1897-98 1898-99 1899-1900 1900-01 1901-02 1902-03 1903-04 

l ◄,980,910 12,579,0J0 9,m,135 7,635,026 9,325,871 10,012,3'2 9,l21 ,lll 8,700,518 10,262,227 9,362,71◄ 

97,815,2◄7 50,888,◄90 67,961 ,035 ◄2,891,567 1 ◄6,016, 159 99,7◄2,031 n,◄22,218 60,366,678 13◄,275,852 57,553,275 

3,TT0,935 2,092,93◄ l ,◄67,817 1,082,6◄5 2,◄97,◄05 2,371,035 2,037,939 1,581 ,IMI 2,73◄,900 1,660,8◄2 

91 ,929,892 6◄,897,55~ ◄9,695,232 35,1 ◄0,502 63,227,889 62,86◄,328 51 ,293,180 ◄0,680,6◄2 61,80◄,51 I l◄,339,535 

208,496,98◄ IJ0,◄58,013 128,901 ,819 86,7◄9,7◄0 221,067,3ll IH,989,716 l ◄0,07◄,529 111 ,329,616 209,077,◄90 102,9l6,l66 

◄,11 ◄,2◄7 1,896,623 1,589,978 685,7◄9 ◄,016,901 2,368,895 1.938,30◄ 1.6◄1,680 2,768,99◄ 1,342,589 

◄,666,000 5,330,950 5,021,950 5,J5◄,350 5,005,250 5,◄90,,00 5,81 ◄.~0 5,◄23,690 5,170,230 6,112,0◄0 

21 ,169,169 20, 199,◄18 16,318,057 l ◄,525,◄ I ◄ 20,551 ,◄23 17,◄26,500 17,70◄,257 16,475,785 21,360,◄06 16,215,627 

9, 159,73◄ 2 ,0◄8,756 ◄,3◄2.◄63 3,660,◄◄◄ 22,597,382 8,718,922 7,436,965 5,◄ 15,890 15,101 ,629 ◄,976,338 

23,635,095 18,969,◄8◄ 15,0◄6,735 12,0◄◄,7◄◄ 13,199,0◄9 15,613,386 l◄,327,7◄7 12,909,506 IJ ,536,◄56 12,975,132 

5,670,968 ◄,61 ◄,7◄8 3,559,608 3,070,566 3,310,935 ◄,363 ,866 ◄,2◄2,0TT 3,789,273 ◄,012,855 3,767,098 

28,◄65,797 25,632,988 22,9◄8,806 18,TT5,7S◄ 39,107,366 28,696,IH 26,006,789 22, 11 ◄,669 32,650,9◄0 21,718,568 

21,00◄, 18◄ 17,702,096 l ◄,858 502 1 l,868,6n l ◄, 180,82◄ 1 ◄,082,789 ll,681,6◄6 12,716,557 13,113,711 1 2,120,◄ll 

l ◄,601 ,◄09 12,505,02◄ 9,◄TT,965 8,0◄8,711 8,568,971 9,2◄7, 197 9,205,3◄8 8,632,071 9,160,150 9,710,225 

8,058,290 5,922,681 ◄,757,9n 3,◄55,653 5,019,001 ◄,632,756 ◄, 128,835 ◄,128,835 ◄,8n,89◄ 3,688,391 

8, 130,780 6,]89,185 ◄,768,m 3,715,938 5,39◄,l 13 6,oos,n1 5,]18,937 5,318,937 6,220,750 5,◄71,768 

30,790,◄79 2◄,816,890 19,00◄,71◄ 15,320,302 18,982,085 19,885,680 18,653,120 11,079,1◄3 20,353,79◄ 18,870,38◄ 

318;706,860 226,036,978 208,643,826 153,279,981 322,911,180 262,9◄0,n◄ 223,873,535 187,781,910 30◄,◄95,565 179,296,006 

28◄,300,000 I 82,300,000 ln,500,000 120,000,000 278,200,000 224,800,000 188,000,000 151,600,000 271,900,000 139,700,000 

17· 16 16· I ◄ 18-TT 13·65 28·27 20 · ◄9 16·53 15·93 lS · 13 13 ·32 

1924-25 1925-26 1926-27 1927-28 1928-29 1929-30 1930-31 1931-32 1932-33 1933-34 

-

◄,63◄,656 3,935,◄21 5,316,995 5,◄05,890 7,031,125 7,105,919 7,925,860 8,l◄l ,252 8,527,n3 8,555,731 

16,736,680 17,683,700 20,88◄,700 26,941,810 30,106,080 22,828,7◄0 

15,262,700 16,739,600 19,369,800 21,2◄0,060 2◄,186,520 25,079,500 17,70◄,500 23,925,◄00 

11,763,000 19,602,◄00 22,886,020 2◄,235,◄00 25,◄52,0◄0 26,8◄8,230 30,170,660 28,290,010 

I 00,500,000 99,700,000 n,200,000 I 35,◄00,000 161,900,000 I 58,300,000 20◄,200,000 236,900,000 2◄0,500,000 175,300,000 

2,-n 18·86 15·31 28·53 25·52 22·37 27 ·88 27·21 30·00 17·62 

SUMMARY OF ANALYSES OF UPPER CORALLINE WATERS, 1911-19◄3, BY GOVT. LABORATORY 
IN PARTS PER 100,000 

SPRING TOT AL SOLIDS CHLORIDES A5 CL TEMP. HARDNESS PERM. HARDNESS 
A5 Ca Co3 A5 Co Coa 

WIGNACOURT 33 - 45 8 - I ◄ 6 - 12 6 - 13 

BUSKETT 30 - 44 8 - II 6- II 6 - 13 

FAWARA 35 - 46 8 - 9 6 - II 6 - 10 

GHAIN TUFFIEHA 31 - 40 7 - 12 6 - 12 • 6 - 16 

TABLE 3. 
1904-05 1905-06 1906-07 1907-08 1908-09 1909-10 1910-11 1911-12 1912-13 1913-14 1914-15 

l ,538,013 12,◄n,919 15,3TT,71 ◄ 16,o68,201 l ◄, 135,◄1 0 11,607,◄26 11,228,630 

79,393,509 15◄ ,◄◄3,◄◄7 1 ◄2,333,757 n ,m ,108 91 ,396,656 78,993,752 76,◄56,◄TT 

I ,◄90,+40 3,738,080 ◄, 128,1 33 2,8◄6 ,696 2,520,700 2,156,788 1,792,702 

29,255,592 78,338,702 73,211 ,298 62,925,263 53,116,660 ]8,891 ,08◄ 27,464,205 

118,667,55◄ 2◄8,993,1◄8 235,050,902 I 5◄,037,268 161 ,269,◄26 131,6◄9,0◄0 1 1 6,9◄2,0I◄ 71,200,000 ◄7,600,000 30,500,000 

1,196,135 ◄,695,079 ◄,9◄ 1,21 ◄ 2,206,622 3,055,533 2 ,653,3◄9 2,837, 1 ◄9 

~.267,590 5,822,520 6,358,521 7,7◄2,768 6,◄80,321 6,389,860 6,328,090 7,215,320 6,515,580 5,351,150 ◄,◄65,15◄ 

15,nl,916 22,◄ 10,053 30,162,753 23,23◄, ITT 23,616,717 21,339,532 21,059,607 

8,962,6◄7 23,449,787 17,338,361 6,3◄3 ,6◄6 I0,9TT,196 9,271,210 1 2, l◄◄,6◄6 

12,309,8◄8 15,88◄,307 20,056,952 19,9◄8,0◄6 17,098,2◄2 15 ,5◄2,935 l ◄,137,◄20 

3,283,9◄8 3 ,7◄8,6◄ 1 5,◄5◄,380 6,186,976. 5,280,289 ◄,331 ,080 3,895,956 

2◄,556,◄◄3 ◄3,082,735 ◄2,&49,693 ll,◄78,668 ll,355,n7 29, 1 ◄5,225 30,178,022 19,210,000 16,090,000 13,080,000 

11,305,521 l ◄,290,259 19,252,273 19,631,212 l ◄,1 17,183 13,769,◄06 13,022,917 GHAIN TUFFIEHA 

-.152,73◄ 10,359,8◄◄ l ◄,n6,803 l ◄,9◄6 ,738 13 ,26◄,529 12,783,899 12,21 ◄,963 1932-33 ◄ 1,056,700 

3,3◄ 1,5◄2 6,020,◄37 7, 157,5◄9 6,196,135 5,579,625 5,663 ,6◄5 5,50◄,6◄ 1 1933-34 30,672,800 

◄,797,205 7,◄ 10,916 9,342,573 7,3TT,718 6,379,353 6,556,978 6,0◄J,◄78 1934-35 30,6n,soo 

16,891,◄BI 23,791,197 31,226,925 28,520,591 25,223,507 25,00◄,522 23,763,082 18,060,000 15 ,0◄0,000 11 ,970,000 1935-36 29,087,200 

193,606,6◄6 363,08◄,99 I 369,8◄2,28 I 267,851,306 267,188,◄ I ◄ 229,950,93◄ 21◄,130,881 1936-37 2◄,02◄,800 

160,000,000 315,000,000 330,500,000 21 ◄,000,000 220,000,000 18◄,700,000 182,000,000 179,000,000 109,700,000 78,900,000 55,500,000 
1937-38 20,134,100 

19·67 28 ·98 lS · ◄O 16·58 25 · 1 I 19·27 22 · ◄2 22·39 18·99 1 ◄ · 65 19· 12 
1938-39 17,97◄,1 00 

1934-35 1935-36 1936-37 1937,38 1938-39 1 1939-'40 1940-41 1941-42 1942-43 1943-44 19#-45 
1939-40 1 7,998,◄00 

10,162,300 11,283,100 12,6◄◄,500 I0,◄79,000 
1940-41 1 5 ,32◄, 100 MELLIEHA 

6◄,596,600 82,061,500 66,ll◄,200 ◄0,766,700 

1941-42 l ◄,253,◄00 l,28◄,000 

l ,◄52,000 ◄,702,700 ◄.373,900 2,290,900 

11 ,536,100 20,605,300 l ◄,786, 100 IO,ITT,500 
1942-43 17,599,500 1,793,1 00 

76,210,900+ 98,0,7,300+ 73,352,600+ 63,71 ◄,IOO 
1943-44 1 7,◄ 10,000 2,930,300 

1944-45 l ◄,985 ,900 1,864,000 

8,562,803 7,811,635 5,56◄,lOO 6,◄S◄,2◄0 13,370,083 17,1 ◄8,826 15,983,600 l ◄,795,◄00 15,6◄ 1,600 18,162,000 16,9◄2, 100 

2◄,537,260 18,898,550 15,830,560 13,903,000 12,363,630 17, 108,◄00 17,820,300 15,m,100 12,216,800 

23,160,500 20,630,730 17,395,090 15,86◄,300 15,287,130 17,312,500 19,56◄,,00 20,233,500 17,009,300 

28,582,◄80 27,220,◄00 21,289,690 19,3◄2,◄Bl 19,956,◄ll 19,216,300 2◄,786,000 22,337,700 21,323,100 

I ◄◄,6◄ 1,500 175,860,100 147,070,900 131 ,205,◄00 

20 I, 700,000 123,700,000 107,500,000 H,600,000 n,100,000 92,900,000 88,600,000 155,244,000 178,767,900 152,938,100 

32·23 15 ·20 19·52 ll· 13 21 ·38 25-96 18· ◄ 1 26 · ◄2 27 -57 21 ·55 19.39 
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Table 4. POROSITY AND PERMEABILITY 
OF TYPICAL FORMATION SAMPLES 

(ABSTRACTED FROM ROBERTSON, 1917, APPENDICES II AND lli) 

LITHOLOGY 

UPPER CORALLINE FORMATION 

1. Very fine-grained, ·compact limestone 
2. Loose granular limestone 
3. Fine-grained limestone, secondary cement 
4. Coarse-grained limestone .. . 
5. Friable yellow limestone .. . 
6. Friable white limestone 

7. Friable white limestone 

GREENSAND FORMATION 

8. Yellow, coarse-grained, somewhat marly 
9. Dark green, fine-grained, somewhat marly 

10. Yellow, fine-grained, marly 
11. Typical blue clay ... 

GLOBIGERINA FORMATION 

12. Very fine-grained, marly limestone 
13. Good compact freestone ... 
14. Compact fine-grained freestone ... 
15. Good, compact, fine-grained freestone ... 
16. Grey, marly limestone, with phosphatic nodules 
17. Yellow marly limestone, with more nodule~ 
18. Yellow marly limestone, with abundant nodules 
19. Blue, very fine-grained ... 
20. Yellow, compact, granular limestone 
21. White, very fine-grained ... 

LoWER CORALLINE Fomu.TION 

22. Hard, granular, compact 
23. Hard, granular, compact 
24. Hard, granular, compact 
25. Hard, granular, compact 
26. Loose granular "White Rock" 
27. Loose granular "White Rock", somewhat marly 

POROSITY 
per cent. Gals./Cub. Ft. 

43.4 
44.1 
37.0 
44.7 
33.6 
30.9 
34.7 
37.7 

26.6 
32.7 
26.2 
Nil 

40.04 
38.4 
37.6 
38.7 
20.7 
27.6 
22t5 
l~.4 
31.3 
25.9 

30.2 
21.8 
25.7 
32.4 
26.6 
27.5 

2.71 
2.75 
2.31 
2.80 
2.10 
1.94 
2.17 
2.36 

1.66 
2.05 
1.64 
Nil 

2.51 
2.40 
2.35 
2.42 
1.29 
1.73 
1.47 
1.15 
1.96 
1.62 

1.89 
1.36 
1.61 
2.02 
1.67 
1.72 

PERMEABILITY 

17 
318 

1.5 
272 

Not determined 
Not determined 

Not determined 

4.2 
1.0 

Not determined 
Impervious 

Not determined 
3.0 
2.0 
1.0 

Practically Impervious 
Practically Impervious 
Practically Impervious 
Practically Impervious 
Not determined 
Not determined 

Not determined 
Not determined 
Not determined 

10.7 
74 
2.5 

NOTE:- The relative permeabilities are expressed as the number of cubic centimetres of water passed in one hour 
through blocks of uniform dimensions (l½ x 1½ x 2 inches) under a constant head of 12 inches of water. 



Table 5. 

Season 

1885-86 ... 
1886-87 ... 
1887-88 ... 
1888-89 ... 
1889-'90 ... 
1890-91 ... 
1891-92 ... 
1892-93 ... 
1893-94 ... 
1894-95 ... 
1895-96 ... 
1896-97 ... 
1897-98 ... 
1898-99 ... 
1899-00 ... 
1900-01 ... 
1901-02 ... 
1902-03 ... 
1903-04 ... 
1904-05 ... 
1905-06 ... 
1906-07 ... 
1907-08 ... 
1908-09 ... 
Mean ... 

RAINFALL AND DISCHARGE OF SPRINGS 
RABAT-DINGIJ PLATEAU 1885-86 TO 1908-09 

Precipitation on Measured discharge 
Rainfall (inches) 3.16 sq. miles from springs 

(million gallons) (million gallons) 

... 18.84 865 235 

... 19.57 898 249 

... 18.79 862 242 

... 20.15 931 176 

... 20.28 942 243 
••.• 21.42 984 236 
. .. 17.76 815 206 
... 26.42 1,213 256 
... 27.84 1,278 339 
... 17.16 7&7 319 
... 16.14 741 226 
... 18.17 860 209 
... 13.65 626 153 
... 28.27 1,298 323 
... 20.49 940 263 
... 16.53 758 224 
. .. 15.93 730 188 
... 25.13 1,152 304 
. .. 13.32 821 179 
... 19.67 902 194 
... 28.98 1,330 363 
... 25.40 1,165 370 
... 16.58 761 268 
. .. 25.11 1,151 267 

... 20.51 940 251 

Ratio of Discharge 
to Precipitation 

(per cent) 

27.2 
27.8 
28.1 
18.8 
25.8 
24.0 
25.3 
21.l 
26.5 
40.5 
21.8 
24.3 
24.4 
24.9 
27.9 
29.5 
25.7 
26.4 
21.8 
21.5 
27.3 
34.2 
35.2 
23.2 

26.7 



Table 6. MAIN LOWER WATER TABLE BOREHOLES : GEOLOGICAL AND. HYDROLOGICAL DATA 

I Initial Salinity I 
Surface Height Height of Height of at top of Distance 

Serial No. Map Reference A.M.S.L. base of Glob. Water Table Water Table from the coast REMARKS 
of B.H. (Feet) A.M.S.L. A.M.S.L. (parts Cl. per (Yards) 

(Feet) (Feet) 100,000) . 
1 4148 1902 342.0 312 11.0 10.8 2,000 Production well, C.G. ,vater Dept. Krendi. 

12 4831 1994 243.0 147 6.0 62.0 2,400 Production well, C.G. Water Dept. Ashiak Reservoir. 
17 5108 2345 97.5 68 9.5 36.0 1,500 Production well, C.G . . Water Dept. Zahhar. 
24 4300 2549 182.4 -181 9.4 20.0 2,700 Gauging well, C.G. Water Dept. l'lmriehel. 
30 5022 2217 120.1 - 26 ? 39.0 2,400 Irrigation well C.G. Water Dept. Ta Bulebel. 
31 4159 2565 177.8 32 9.8 12.0 4,,100 Production well, C.G. ,Vatcr Dept. St. Anton. Cf. with B.11. 62, only 10 feet away. 
33 4807 2186 139.0 Below -161 ? 26.4 2,100 Plugged to surface - did not reach base of Glob. Formation. C.G. Water Dept. 

Tarshin. 
35 3782 2632 295.0 240 15.0 10.8 5,800 Abandoned production well - to be used for gauging. C.G. Water Dept. Bukana. 
36 3970 2540 310.9 282 12.9 12.0 6,100 Production well, C.G. Water Dept. Santa Maria Reservoir. 
37 4513 2124 275.0 155 25.0 10.8 2,900 Production well, C.G. Water Dept. Luca Reservoir. 
39 5041 2263 129.4 - 36 6.4 22.8 2,200 Trial Irrigation well - to be used for gauging. C.G. Water Dept. Zahhar. 
40 5025 2435 156.6 Above 156 1.6 5.0 1,000 Irrigation well, C.G. Water Dept. Kalkara. The low initial salinity was lost on deep-

ening and pumping. 
41 4952 2192 149.6 -162 15.6 19.0 2,300 Trial Irrigation well, C.G. Water Dept. Ta Bulebel. 
42 4943 2126 123.9 - 81 8.9 16.0 2,800 Trial Irrigation well, C.G. Water Dept. Zeitun. To he used for gauging. 
43 5058 2060 189.4 28 4.4 60.0 1,500 Irrigation well, C.G. Water Dept. Zeitun. 
45 4998 2294 173.4 133 3.4 20.0 1,700 Irrigation well, C.G. Water Dept. Zabhar. 
48 4894 2235 182.1 22 46.1 21.0 1,800 Trial Irrigation well, C.G. Water Dept. Tarshin. 
49 5110 2262 135.1 62 6.1 22.0 1,900 

I 
Trial Irrigation well, C.G. Water Dept. Zabbar. 

50 3984 2538 304.2 276 11.2 12.0 5,900 Ventilating shaft, C.G. Water Dept. Ta' Kali Pumping Station. 
51 3925 2267 406.0 376 18.0 10.0 4,200 Production well, C.G. Water Dept. Zehhug Reservoir. 
54 4727 2497 15.0 Below -169 0.0 1000.0 80 Trial production well, W.D. Cold Stores, Magazine Bastion. 
55 4082 2871 367.4 Above 367 9.4 10.0 3,000 Production well, C.G. Water Dept. Nashar Reservoir. 
56 443-7 2738 268.0 73 14.0 14-.0 1,900 Production well, C.G. Water ·Dept. Sliema Reservoir. 
58 3903 2047 492.1 381 12.1 14.0 2,200 Gauging well, C.G. Water Dept. Ta Ziri. 
60 4352 2779 315.3 218 7.3 14.4 2,400 Gauging well, C.G. Water Dept. Tai Bala!. 
61 4515 2966 115.4 Above 115 0.4 94.8 500 Well for testing pumping sets, W.D. Pembroke Battery. 
62 4159 2565 177.0 42 7.0 28.8 4,100 Production well, C.G. Govt. Dept. St. Anton Cf. with B .H. 73,only 35 yards away. 
64 3519 2268 563.4 ' 295 10.4 50.4 2,100 Gauging well, C.G. Water Dept. Sta. Katerina. 
65 4017 2519 278.7 275 10.7 13.8 5,600 Ventilating hole for proposed Wied is Seuda-Ta Kali heading C.G. Water Dept. 

Attard. 
61 4504 2841 54.1 36 3.1 24.6 800 Gauging well, C.G. Water Dept. Wied Ghomor. 
68 4407 2949 243.6 223 5.6 57.6 1,300 Trial production well, W.D. St. Patrick's Cf. with B.H. 73, only 35 yards away. 
69 

I 
3894 2536 355.1 ? 10.1 12.3 6,400 Production well, C.G. Water Dept. Villa Castelletti, Ta Kali. 

' 

70 4079 2482 218.7 I 209 8.7 14.4 5,lUU 

71 4160 2578 172.4 I 27 8.4 34.2 4,100 

72 3970 2553 311.6 285 12.6 14.4 6,100 

73 4408 2946 243.0 211 6.0 38.4 1,300 

74 4214 2727 240.4 202 9.4 17.4 3,800 

75 4066 2692 234.1 188 11.1 11.4 4,600 

76 3903 2659 303.8 258 8.8 10.5 5,400 

77 3630 2602 336.7 230 10.7 12.0 5,100 

78 3411 2539 516.8 299 9.8 48.3 3,100 

79 4072 2036 308.6 242 8.6 13.5 3,000 

81 4237 2016 268.9 184 13.9 10.8 3,300 

82 3948 2373 340.4 291 13.4 13.8 5,200 

83 3714 2026 653.4 310 10.4 27.9 1,000 

84 4650 2190 193.7 52 4.7 14.4 1,900 

85 3956 1871 419.6 359 9.6 17.1 1,100 

86 3446 2716 406.5 331 4.5 13.8 3,400 

87 4431 2046 304.6 172 17.6 9.6 3,900 

89 4150 2385 267.0 167 12.0 24.0 4,700 

92 4201 1784 406.3 317 11.3 14.1 1,000 

93 4295 2962 249.3 197 6.3 25.5 1,200 

95 4487 1757 382.0 289 4.0 11.4 1,500 

96 3842 2832 274.3 252 13.3 16.5 3,700 

97 4690 1837 244.4 194 5.4 9.0 2,500 

117 3743 2266 489.2 369 14.2 14.7 3,300 

126 4176 1881 389.8 301 9.8 18.9 1,900 

127 3821 2467 458.5 265 16.5 20.7 5,400 

162 4482 2231 140.2 - 23 20.2 26.4 2,300 

163 4641 1664 228.8 181 0.8 33.3 1,100 

164 4395 2202 88.6 42 17.6 9.3 3,100 

165 4979 1624 44.4 - 40 1.4 - 400 

168 4305 2007 297.3 217 11.3 9.9 3,200 

172 4632 1722 317.4 257 1.4 9.0 1,300 .... "'" ........... ----

5,100 
Ventilating hole for proposed Wied is-Seuda- Ta Kali heading C.G. Water Dept. 

NOTE:-For details concerning the construction of individual boreholes, the strata drilled through, and changes of salinity observed while deepening b elow the top of the water table, 
to the drilling diaries and graphic logs deposited in the Offices of the Chief Engineer, ~alta Command, and of the Manager, Civil Government Water Department. 

r eference should be made 



'Table 7. COMPARATIVE LIST OF BOREHOLES IN THE MAIN LOWER 

WATER TABLE AT WHICH PUMPING TESTS HAVE BEEN MADE 

Serial No. Diameter 
of B.H. (Inches) 

1 

12 

17 

24 

30 

31 

33 

35 
36 
37 
39 

40 
43 

45 

48 
49 

51 

55 
56 
61 

62 

68 

69 

71 

73 

126 

' 

10 

10 

10 

10 

10 

10 

12 
12 
10 
10 

10 
10 

10 

10 
10 
10 
12 

12 
12 
12 
10 

18 

12 

24 
24 
12 

10 

15 

Depth 
of hole in 

Water Table 
(Feet) 

59 

48 

87 

252 

140 

30 

145 

70 
68 
65 

lIO 

45 
57 

50 

85 
51 
61 
60 

110 
58 
60 
43 

47 

90 

22 

60 
lIO 
91 

43 

70 

Maximum 
rate of 

Production 
(G.P.H.) 

1,000 

4,350 

3,000 

3,000 

3,600 

3,900 

1,000 

1,443 
4,800 
2,740 
1,700 

3,600 
3,000 

4,000 

1,000 
380 
550 i 

·1,420 I 

2,160 
2,050 
2,860 
1,000 

1,500 I 
3,600 

550 

3,700 

3,600 

460 

1,300 

Yield 
G.P.H./ 
Depth 

in W.T. 

17 

91 

35 

12 

26 

43 

47 

20 
71 
42 
15 

80 
53 

80 

12 
7 
9 

24 

20 
35 
48 
23 

32 

40 

25 

62 

40 

11 

19 

REMARKS 

Test of brief duration made with 1,000 g.p.h. pumping 
set in 1943. Hole has since been reamed to 12 inches 
diameter. Salinity: 10 parts chlorides/100,000. 

Salinity initially 37 parts/100,000 at top of the water 
table; 51/100,000 bailed at the bottom of the hole 
Pumps steadily at 73-79/100,000 throughout the 
year. 

Salinity rises to 190/100,000 during long spells of 
pumping. 

190 ft. of water table in Globigerina Formation, 104 ft 
in Lower Coralline Limestone. Yield inadequate to 
maintain 3,000 g.p.h, Salinity: 100/100,000. 

36 ft. of water table in Globigerina Formation, 104 ft 
in Lower Coralline Limestone. Salinity recorded 
originally 39/100,000. While pumping 947,700 gals 
for irrigation during May-November the salinity 
rose from 199 to 295 parts/100,000. 

Salinity: 35 parts Cl/100,000 Cf. with B.H. No. 62 
which was drilled close alongside owing to crooked 
ness of B.H. No. 31. 

Salinity: 26/100,000, Water Table entirely in Globi 
gerina Formation. 

Salinity: 18/100,000. 
Salinity: 12/100,000. 
Salinity: 10/100,000. 
42 ft. of water table is in Globigerina Formation 

68 ft. in Lower Coralline Limestone. Salinity 
35/100,UOO, Two 50 lb shots of gelignite failed to 
increase yield appreciably. 

Salinity rises to 135/100,000 after 4 days pumping. 
During 60 hours pumping test at 3,000 g.p.h. salinity 

rose from 60 to 164/100,000. 
During 72 hours pumping test at 4,000 g.p.h. salinity 

rose from 20 to 100 parts Cl/100,000. 
Salinity 21 parts Cl/100,000. 
Salinity: 22 parts Cl/100,000. After deepening 10 ft. 

I 
Salinity: 28 parts Cl/100,000. 

. 
Salinity: 10-12 parts Cl/100,000. Deepened 50 feet to 

provide more water for Zebbug Reservoir. 
Salinity increased to 22 ·parts Cl/100,0flO (21.4.45). 
Salinity: 8-12 parts Cl/100,000, 
Salinity: 14-17 parts Cl/100,000. 
Salinity: 437 parts Cl/100,000. Situated 550 yards 

from the coast. Only used for testing reconditioned 
pumping sets. Cf. B.Hs. Nos. 68 and 73, 1,250 
yards fro in the coast. 

Salinity: 28 parts Cl/100,000. Pumping at this depth 
did not reduce the yield of No. 31, only 8 ft. away. 
Depeened 30 ft. to same depth as No. 31 resulted 
in salinity of 36 parts Cl/100,000. 

Salinity: 51 parts Cl/100,000. Situated 1,250 yards 
from the coast, and 100 ft. from No. 73. 

Salinity: 12 parts Cl/100,000. Deepened 50 ft. to 
provide more water for Ta Qali Reservoir. 

Salinity: 41 parts Cl/100,000. Situated 400 ft. from 
No. 62. . 

Salinity: 49 parts Cl/100,000. Situated 1,250 yards 
from the coast and 100 ft. from No. 68. 

Salinity: 20 parts Cl/ 100,000, when handed over 
to C. G. Water Dept. for production. Pumpmg 
discontinued after unsatisfactory yield tests 
24-28.7,45. No analyses made ofwateq>umped. 

Table 8. 

Map 
Reference 

34462716 

34823832 

42952962 

34112539 

36302602 

37822632 

39032659 

40662692 

42142727 

43522779 

45042841 

35192268 

37432266 

39482373 

41502385 

43002549 

37142026 

39032047 

40722036 

42372016 

44312046 

46502190 

39561871 

42012784 

44871757 

46901837 

I 49432126 

I 
51102262 

LIST OF BOREHOLES RESERVED FOR GAUGING CHANGES 

OF LEVEL AND COMPOSITION OF THE MAIN LOWER TABLE, 
MALTA 

Surface 
Serial height Diameter Casing 

of Borehole I.D, Length No. above 
of B.H. M.S.L. 

86 406.47 0-106-18" 12"-86' 
106-462-12" 

96 274,29 0- 45-15" 12"-37'6" 
45- 70-10" 
70-322- 8" 

93 249.28 0- 53-10" 6"-54'6" 
53-303- 6" 

78 516.82 0- 18-12" 8"-225' 
18-222-10" 

222-567- 8" 
77 336.66 0- 15-12" 8"-lIO" 

15-270-10" 
270-386- 8" 

35 295.04 0-350-12" 12"-10' 

76 303.80 0-360-12" 8"-33'4" 

75 234.12 0- 283- 12" 12"-14'6" 

74 240.39 0- 5-12" 8"-32' 
5-281- 8" 

60 315.26 0- 29-12" 8"-30' 
29- 368- 8" 

67 54.09 0- 32-10" 8"-32'6" 
32- 90- 8" 

64 565.38 0- 93-15" 8"-273'6" 
93-299-10" 

299-615- 8" I 
117 489.23 0- 177-15" 12"-177'3" 

177-450-12" (Plus 3' ex-
450-545-10" tension above 

82 340.37 0- 62-15" 
G.L.) 

12"-56' 
62-393-10" 

89 267.03 0-103-10" 6"-104' 
103-315- 6" 6"-10-i' 

24 182.35 0-425-10" 10"-10' 

83 653.35 0-128-15" 8"-350' 
128- 348- 12" 
348-703- 8" 

58 492.05 0- 203- 18" 12"-104'6" 
103-540-12" 

79 308.6 0-360-10" 8"-68' 

81 268.94 0-247-10" 8"-94' 
247-305- 8" 

87 304.59 0- 136-10" 6"-136'10" 
136-347- 6" 

84 193.74 0-145- 10" 8"-146'4" 
145-249- 8" 

85 419.64 0- 71-15" 12"- 69' 

92 406,31 0- 92- 8" 6"-94'6" 

95 381.98 0-103-10" 6"-94'6" 
103-438- 6" 

97 244.37 0- 66-12" 10"-67' 
66-300-10" 

42 123.88 0-170-10" 10"-10' 
170- 285- 8" 

49 135.14 0-190-10" 

Height of 
Depth to S.W.L. 

S.W.L. above 
below G.L. , M.S.L. 

402' 4.47' 
(12.12.44) . 

261' 
(12.2.45) 13.29' 

243' 
(17.1.45) 6.28' 

507' 
(27.10.44) 9.82' 

326' 10.66' 
(3.10:44) 

280' 15.04' 
(25.3.44) 

294' 7,8' 
(17.4.45) 

223' 
(22.9.44) 11.12' 

231' 
(11.8.44) 9.39' 

308' 7.26' 
· (19.6.44) 

51' 3.09' 
(4:7.44) 

555' 10.38' 
(10.10.44) 

475' 14.23' 
(28,3.45) 

327' 13.37' 
(18.4.45) 

255' 12.03' 
(11.12.44) I 

173' 9.35' 
(27.11.43) 

643' 
(17.11.44) 10.35' 

480' 12.05' 
(1.6.44) 

300' 8.6' 
(23.10.44) 

255' 13.94' 
(14.11.44) 

287' 17.59' 
(19.12.44) 

189' 4.74' 
(27.11.44) 

410' 0.64' 
(18.12.44) 

395' 11.31' 
(12.1.45) 

378' 3.98' 
(26.1.45) 

239' 5.37' 
(2.2.45) 

115' 8.88' 
(10,1.44) 

129' 6.14' 
(8.3.44) 

I Salinity 
at top of 

I Water Table 

13.8 
(12.12.44) 

16.5 
(10,2.45) 

25.5 
(17.1.45) 

48.3 
(28.10.44) 

12 
(3.10.44) 

10.8 

10.5 
(24.10.44) 

11.4 
(22.9.44) 

17.4 
(8.8.44) 

14.4 
(27.6.44) 

24.6 
(4.7.44) 

50.4 
(9.10.44) 

H.7 
(27.3.45) 

13.8 
(30.11.44) 

24,0 
(12.12.44) 

20.0 
(27.11.43) 

27.9 
(17.11.44) 

14.0 
(1.6.44) 

13.5 

10.3 
(14.11.44) 

9.6 
(20.12'44) 

14,4 
(28.11.41) 

17.1 
(15.12.44) 

14.1 
(12.1.45) 

11.4 
(26,1.45) 

9.0 
(1.2.45 ) 

0 
) 
2 
) 

16. 
(10,1.44 

2 
(8.3,44 

Discrepancies, sometimes amounting to several feet, have occurred in d~terminati~ns of ";ldividual s~face 
heights from different P.W. Dept., and old Survey bench marks. _Pnor to the 1;11stallat.Ion of contmuous 
recording apparatus accurate redeterminations to the top of the casmg cemented m each ho_le, by me~s of 
closed traverses from the Survey Datum Posts at Kalanka ta] Patriet and Marsaxlokk, WIii be required. 
The values for Standing Water Level and for Salinity (in parts of chlorides per 100,000) refer only to the 
dates quoted. They are subject to tidal and seasonal variations in every case (cf. Plates 5 and 6). 



'Table 9. DAILY PRODUCTION OF VPPER CORALLINE SPRINGS 

Group Gallery 

Wignacourt 
( 

I 
"F;ddirn" l 

Wied II Busbies 

Hofriet ir Riz 

11.fisrah Suffara 

Tat Tarija 

Gharixiem 

Busugrilla 
r· 

"Busugrilla" ~ 

Ta L'lsqof 

Buskett 

Fawara 

I 
l Ghain Kaiet 

Ghain Klieb 

Ghemieri 

( Ta Sienja 
I 
~ Ta Sala 
I 
L Ta Rapa 

Ghirgenti 

r San Giorgio 
I 
l 
l 

Annunziata 

Fawara 

Ghain Tuffieha 

Tai Madonna 

Mean rainfall recorded 
by Rabat-Dingli Gauges 

.NOTES:-

1893-94 

Max. Mean Min. 

(1,000 gallons) 

560 

323 

31 

155 

63 

358 138 

236 112 

15 8 

45 30 

27 9 

170 41 4 

64 50 40 

16 12 8 

195 

59 

40 

60 

51 

33 

16 

21 

39 

30 

14 

13 

27.84 inches 

1897-98 

Max. Mean Min. Max. 

(1,000 gallons) 

173 

,131 

4 

23 

43 

23 

39 

10 

29 

24 

13 

11 

118 

104 

3 

21 

40 

10 

33 

9 

32 

22 

9 

3181 

88 
431 

),-797 

76 

2 

18 

31 

4211 
20) 

5 1 
I 

30 ),-

1 

8 J 
24 

20 1 
I 

242 

20 

94 

195 

97 

8 ),- 134 
I 

8 j 

85 

10 

I 13.65 inches I 

1942-43 

Mean 

(1,000 

73'') 

12 I 
~161 

681 

8) 

56 

13 

31 

49 

53 

68 

48 

5 

Mean 
May-

Aug. incl. 

gallons) 

32 

12 

28 

37 

58 

64 

57 

6 

27.57 inches 

Min. 

3+ 

5+ 

15 

10 

36 

43 

18 

2 

(1) Wignacourt. The 1942-43 figures for the "Fiddien" group include fewer galleries than in 1893-94 and 1897-98_. 
Ghariexem was cut out from the "Busugrilla" gaugings before 1894, and the Busugrilla gallery itself waa 
cut out after 1909. The form of the daily graphs for 1942-43 indicate clearly that.the minimum readings 
marked+ were made on days when private wells in proximity to the Government galleries were pumping 
strongly and that the daily means for the months May to August inclusive are a more suitable mea­
surement of what the minimum natural summertime yield of the galleries would be without outside 
pumping interference. 

(2) Buskett. Ta Sienja was cut out from the public supply after 1909 and production figures are not available for 
1942-43. Late local rain was responsible for raising the May-August mean above the mean f4>r the year. 

(3) Ghirgenti. Ghirgenti production figures not available for 1942-43. 

(4) Fawara. The three galleries of the Fawara Group were not gauged separately in 1942-43. 

(5) Ghain Tuffieha. Daily gauging records not available before 1932-33. 

{6) Ta! Madonna. Daily gauging records not available before 1941-42. 

'Table 10. 

Serial No. Surface 
of Bore Height , 

(A.M.S.L.) I 

27 90' 

I 
5 64' 

8 70' 

I 

25 50' 

28 65' 

90 328' 

118 292' 

UPPER CORALLINE BOREHOLES: 

RESULTS OF PUMPING TESTS 

Height Depth 
of W.T. of Hole Maximum 

in Rate of Diameter 

I 

above 
M.S.L. Water Table Production 

10" 10' 20' 1,000 g.p.h. I 

10" 4' 30' 1,000 g.p.h. I 

10" 2' 22' 1,000 g.p.h. 

10" 4' 19' 4,000 g.p.h. 

10" 4' 41' 1,000 g.p.h. 

8" 130' 100' 4,200 g.p.h. 
3,900 g.p.b. 

10" 127' 84' 2,900 g.p.h. 

REMARKS 

In Marfa Sea-Level Table. Salinity: 
54/100,000. Supply discontinued on 
removal of 8th Army camps. 

In Mellieha Bay Sea-Level Table 
Initial salinity 32/100,000, rose t 0 

g 
d 

97 /100,000 when pumpin~. Pm?pin 
to Mellieha Camp discontmue 
owing to high salinity. 

In Mellieha Bay Sea-Level Tab! e. 
Pumping salinity only 10.2/100,00 0, 

S• but _supply to_ l\lellieha Camp di 
contmued owmg to surface con­
amination. 

In St. Paul's Valley Sea-Level Table. 
Salinity: 26/100,000. Used to aug-
ment Mellieha and St. Paul's Bay 
supply. 

In St. Paul's Valley Sea-Level Table. 
Salinity: 24/100,000. Used to aug-
ment supplies to Ghain Tuffieha 
Camps in 1943. 

In Falka Syncline Water Table. 
Salinity: 9.3/100,000. Tested at 
4,200 g.p.h. in Feb. and at 3,900 
g.p.h. in April 1945 when B.H. 118 
pumping also. 

In Falka Syncline Water Table. 
Salinity: 9.5/100,000. Steady yield 
at this rate in April 1945. 



Table 11. SUMMARY OF BINJEMMA AREA BOREHOLES 
I V. 

Table 12. SUMMARY OF MIZIEP AREA BOREHOLES 

Thickness Height Height Salinity 

Map Serial Surface Top of Thickness of Basal Height of Surface of top of in parts 

Reference No. Height Blue Clays of U.C.L. S.W.L. REMARKS Map Serial Height of S.W.L. chlorides REMARKS 

A.M.S.L. A.M.S.L. Greensand Beds A.M.S.L. 
I Reference No. A.M.S.L. Blue Clays A.M.S.L. 100,000 ,, 
;, (Feet) (Feet) (Feet) 

.r ! 
I 

3505 3279 130 43.84 c. + 50 N.W. - Proved presence of Blue Clay outcrop at 

(Feet) (Feet) (Feet) (Feet) (Feet) 1:i 
surface, beneath landslips and hill drag, on 
synclinal axis at culmination of pitch 

34582778 57 
'., I between Miziep and Cala Mistra. 

322 102 N.R. N.R. N.W. Filled up to 217 ft. B.G.L. (Feb. 1944) 3303 3213 131 143.97 - 28 11.5 12.9 12 inch I.D. pipe, with cap, grouted in at 

34702803 63 292 130 6" N.R. N.W. Filled up to 93 ft. B.G.L. (Feb. 1944) 
surface to allow further observations of 

36512784 90 330 32 N.R. 29 132 S.W.L. constant from Jan. to April I 
S.W.L. 

1945. 12 inch. I.D. pipe with cap 3373 3229 132 132.11 - 26 11.5 13.8 12 inch I.D. pipe, with cap, grouted in at 

grouted in at surface so that check 

I 
surface to allow further observations of 

observations of S. W.L. may he made, 
S.W.L. 

or B.H. pumping set installed. 3219 3210 133 154.95 - 41 13 14.7 12 inch I.D. pipe, with cap, grouted in at 

35942803 98 287 193 N.R. 24 N.W. Plugged to surface. 
surface to allow further observations of 

36312787 99 302 146 N.R. N.R. N.W. Plugged to surface. 
I , 

I 
S.W.L. 

34402748 100 346 -90 N.R. 11 10 11½ inch I.D. pipe with cap grouted in 3134 3187 134 177.17 + 52 72 24.3 Up dip from standing water table. Easily 

(21.2.45) at surface so that hole may be cleaned 
bailed down. 

out and used for B.H. pump if re• 3307 3180 135 154.66 + 46 59 15 Up dip from standing water table. Easily 

quired. Ii bailed down. 

35502776 101 338 20 3 44 54 8 inch I.D. pipe with cap grouted in at 3307 3223 136 159.56 - 30 13.5 13.2 

• (17.2.45) surface so that check observations of 3303 3199 137 133.00 - 28 12.5 9.9 

S.WL. may be made. 3222 3204 138 146.86 - 30 19 6.3 

35512831 102 240 185 2½ N.R. N.W. Plugged to surface. 3226 3175 139 168.58 - 0.5 33 8.1 Near edge of standing water table. 

35352788 103 292 91 2 N.R. N.W. Plugged to surface. 3306 3232 140 176.92 - 57 12 11.4 

33902740 105 370 35 1 7 N.W. Plugged to surface. 3385 3217 141 114.55 - 8.5 13 5.1 

33712771 106 317 155 2½ 6 N.W. Plugged to surface. 3227 3189 142 154.42 - 17.6 12.5 10.2 

34212835 107 285 

I 
173 2 6 N.W. Plugged to surface. 3374 3249 143 171.61 + 24.6 N.W. -

34212822 108 288 158 2 7 N.W. Plugged to surface. 3222 3218 144 178.84 - 35.2 14.8 20.7 

34362756 109 339 4 3 22 N.W. Plugged to surface. . 3302 3241 145 194.03 + 104 N.W. - On upthrown side of Ghain Znuber Fault. 

34222808 110 294 
[ 

143 2½ 18 154 12 inch I.D. pipe with cap grouted in at 3176 3198 146 150.53 + 8.5 49.5 14.6 Near margin of standing water table. Easily 

surface so that check observations of 
bailed down. 

S.W.L. may be made. 3302 3238 147 191.42 - 46.6 13.5 12.5 

I' 33562837 Ill 254 135 3 8 162 9 inch I.D. pipe with cap grouted in at 
. 3375 3242 148 150.19 + 5.2 N.W. - Near margin of standing water table. 

(22.3.45) surface so that check observations of 3229 3142 149 238.59 + 71.6 79.5 13.3 On crest of Baida Anticline. Water easily 

S.W.L. may be made, 
bailed down. 

32632745 112 356 180 N.R. 31 N.W. Plugged to surface. 3310 3151 150 245.08 + 56 67 10.7 On crest of Baida Anticline. Water easily 

37052808 113 239 149 6 6 N.W. Plugged to surface. 
bailed down. 

34252791 114 302 121 2½ 7½ N.W. 8 inch I.D. pipe with cap grouted 3389 3207 151 140.77 + 26.8 N.W. - Outside the stani;ling waler table. 

in at surface to keep hole open. 3393 3189 152 198.13 + 53 59 9.9 On crest of Baida Anticline. Water easily 

33682800 ll5 276 131 4 11 155 12 inch I.D. pipe, with cap, grouted in 
bailed down. 

' 3267 3227 153 171.91 - 21.1 37 14.4 
at surface so that check observations 
of S.W.L. may he made. 3419 3204 154 220.72 + 49 N.W. - On crest of Baida Anticline. · 

34452739 116 355 Below not reached .- 9.5 12 inch I.D. pipe, with cap, grouted in 3439 3209 155 200.47 + 66 N.W. - On crest of Baida Anticline. 

-175 (11.5.45) at surface and 4 inch I.D. slotted pipe 3268 3220 156 157.05 - 24 13 9.6 

run to bottom of hole so that check 3265 3233 157 201.41 - 3.6 19.5 12 

observations of S. W.L. may be made, 3457 3210 158 206.76 + 69.8 N.W. - On crest of Baida Anticline. 

36712792 118 292 43 2 60 127 12 inch I.D. pipe with cap, grouted in 3267 3210 159 146.88 - 20 13.4 10.8 

(29.3.45) at surface so that check observations 3223 3224 160 203.67 + 3.7 12.7 11.2 

of S.W.L. may be made, or B.H. 3270 3196 161 139.52 - 25.5 14.5 9.5 

32642738 119 370 
pumping set installed. ◄~ 

165 N.R. 15 195 8 inch I.D. pipe, with cap, grouted in at 
(7.4.45) surface so that check observations of Abbreviation: N.W.-No appreciable quantity of water recorded. 

S.W.L. may be made. 
33302809 120 265 137 2½ 32½ 165 Plugged to surface. 

34232872 121 346 275 
(13.4.45) 

2½ 3½ N.W. Plugged to surface. 
33562820 122 260 

< 

139 3 18 N.W. Plugged to surface. 
34292779 123 318 96 3 48 N.W. Plugged to surface. 
34772845 124 280 165 2 30 N.W. Plugged to surface. -
34802822 125 273 152 2 41 N.W. Plugged to surface. 

Abbreviations: N.R. - Not recognised in formation samples taken. 

N.W. - No appreciable quantity of water recorded. 

I, 

I 



Table 13. LIST OF SERVICE RESERVOIRS 

Reservoir 

Tai Madonna 
Mellieha 
St. Paul's Bay 
lmjar 
Bingemma ... 
Nadur (W.D.) 
Tas Salib ... 
Rabat (Old) 
Rabat (New) 
Dingli 
Gargur (Old) 
Gargur (New). 
Nashar 
Sliema 
Mosta 
Mercieca 

Santa Maria 

Ta Kali No. 1 
Ta Kali No. 2 
Ta Kali No. 3 

Ta Kali No. 4 
Birchircara ... 
Zebbuj 

Curmi 

Pinto 
St. James Cavalier 

Bouverie 
St. Clements B. 
St. Clements C. 

Schinas 

Luca (Naval) 
Luca (C. Govt.) 

Sijjuwi 
San Nik.Ian 
Nigret ( Old) 
Nigret (New) 
Halfar (R.A.F.) 
Asbiak 
Xerriek (R.A.F.) 
Marsa Shlok 

Total Civil Government 
,, Navy _ .. . 
,, W.D ... . 
,, R.A.F .. .. 

Date 
Completed 

1911 
1914 

1886 
1922 
1933 

1938 
1908 

1923 

1886 

1884 
1886 

1886 

1878 

1895 

1932 

1888 
1934 

1925 

1929 

Grand Total ... 

Capacity 
in gallons 

10,000 
553,000 
715,000 

5,000 
5,000 

2,132,000 
1,207,600 

42,500 
490,000 
300,000 
76,900 
50,700 

5,320,000 
1,220,000 

(53,100) 
5,766,000 

10,841,000 

1,350,300 
1,464,050 
1,400,000 

1,250,000 
30,600 
19,700 

15,700 

1,301,000 
263,000 

2,400,000 
200,000 
468,000 

1,163,000 

10,000,000 
5,597,000 

5,000 
181,500 
128,600 

1,110,000 
100,000 

1,000,000 
100,000 
120,000 

Present source of supply, etc. 

Tai Madonna Gallery 
Ghain Tuffieha Gallery and B.H. 25 
Ghain Tuffieha Gallery and B.H. 25 
Burnohhala Gallery and Nadur Tank 
Burnohhala Gallery and :Xadur Tank 
Ghain Kaiet Pumping Station 
Wignacourt Springs 
Ghain Kaiet and Via Dingli Pumping Stations 
Ghain Kaiet and Via Dingli Pumping Stations 
Via Dingli Pumping Station 
San Antonio Pumping Station and B.Hs. Nos. 62 and 71 
San Antonio Pumping Station and B.Hs. Nos. 62 and 71 
Wied il Ghasel Pumping Station and B.H. No. 55 
Ta Kali and Nashar Reservoirs, and B.H. No. 56 
Wignacourt Springs. Completely demolished by bombs, 1942 
Tai Rias and Ta Kali Pumping Stations, Wignacourt Springs 

andB.H. 69 
Tai Rias and Ta Kali Pumping Stations, Wignacourt Springs, 

Buskett Springs, and B.H. No. 36 Breached and completely 
emptied by delayed action bomb, !\larch 1942 

t Tai Rias and Ta Kali Pumping Stations and Buskett Springs 
Tai Rias and Ta Kali Pumping Stations and Buskett Springs 
Tai Rias and Ta Kali Pumping Stations and Buskett Springs 

Slight Bomb Damage. January 1942 
Tai Rias and Ta Kali Pumping Stations and Buskett Springs 
Ta Kali Reservoirs 
Buskett and Ta L'lskof Springs, B.H. No. 51, and Ta Kali 

Booster Pump 
Buskett and Ta L'Iskof Springs, B.H. No. 51, and Ta Kali 

Booster Pump 
Ta Kali and Nashar Reservoirs 
Wied il Kbir Pumping Station. Considerable bomb damage, 

April 1941 
Schinas or Luca Reservoirs 
Schinas or Luca Reservoirs 
Schinas or Luca Reservoirs 

Tank A was constructed in 1886 
and destroyed by bombs in 
March 1941. Tanks B and C 
were transferred from the 
War Department to the 
C. G. Water Dept. in 1929 

Wied il Kbir Pumping Station. Slight bomb damage, November 
1940 

Wied il Kbir Pumping Station 
Wied il Kbir Pumping Station and B.H. No. 37. Considerable 

bomb damage, September 1940 and January 1942 
Buskett Springs 
Fawwara and Buskett Springs 
Fawwara Springs 
Fawwara Springs 
Schinas Booster Pump 
San Nik.Ian Tank, Wied Dalam Pumping Station and B.H. No. 12 
Asbiak Tank 

· Asbiak Tank 

46,070,150 gallons 
10,000,000 
2,132,000 

200,000 

58,402,150 

Table 14. AVERAGE IRRIGATION RATES FOR THE PRINCIPAL 

IRRIGATED CROPS IN MALTA 

Quantity used Total 
No. of for each consumption 

Cfop Season Waterings watering per tumolo 
(Gals./Tumolo) (gallons) 

Potatoes ... ... Jan. - April ... ... 15 6,000 90,000 

" 
... ... Aug. -Nov. ... 4 6,000 24,000 

Pumpkins ... ... April, in pots ... 10 470 4,700 

" 
... ... May-Aug. ... . .. 27 7,000 189,000 

Long marrows ... Apr., and May in pots 10 470 4,700 

" 
... ... May-Sept .... .. . 30 7,000 210,000 

Green pepper ... Jan. - Apr. in pots ... 30 500 15,000 

" 
... ... May-Sept .... ... 35 7,600 273,000 

Tomatoes ... ... Mar. - May in pots 26 120 3,120 

" 
... ... May-Aug .... ... 21 5,500 115,500 

Artichokes ... Mar. -Oct. ... . .. 36 5,500 198,000 

Cauliflowers ... Seedlings ... ... 22 120 2,640 

" 
... ... Planted out ... .. . 27 5,500 148,500 

I 
Cabbages ... ... Seedlings .. . . .. 22 120 2,640 

" 
... ... Planted out . .. . .. 27 5,500 148,500 

Kohlrabi ... ... Seedlings ... ... 20 120 2,400 

" 
... ... Planted out ... ... 20 5,500 100,COO 

Strawberries ... - - 116,000 

Carrots ... ... - - 102,000 

Inches 

15 

4 

1 

30 

1 

33 

2.5 

45 

0.5 

18 

31 

0.5 

23 

0.5 

23 

0.5 

16 

18 

16 

The above estimates are based on Mr. J. Baldacchino's observations while engaged on surveys for the Department of 
-Agriculture and for the Water Department during 1942-45. 

1 tumolo = 0.28 acres. 



• 
Table 15. MAIN SEA LEVEL WA __ R TABLE, ANNUAL EXTRACTION 

BY WATER DEPARTMENT AND MEAN SALINITY OF WATER 

EXTRACTED 

1945-46 

I 
1946-47 1947-48 1948-49 

---'--· - -Source· I 
Gallons 

I 
M.A.S. Gallons M.A.S. Gallons M.A.S. Gallons M.A.S. 

' 
Wied-il-Khir 

and Armier 416,637,000 62.3 456,439,000 60.4 411,632,000 65.9 391,865,000 60.5 

San Anton 14,653,000 86.1 21,136,000 109.6 38,777,000 112.2 12,933,000 110.5 

Tal-IDas 400,248,000 71.7 364,311,000 87.1 410,378,000 129.0 447,014,000 118.9 

Wied-is-Sewda 128,402,000 91.4 "119,658,000 125.2 37,883,000 172.3 4,472,000 123.2 

Wied-Dalam 32,267,000 79.8 39,883,000 82.0 32,275,000 84.9 30,266,000 83.7 

Wied-il-Ghasel 196,692,000 142.4 198,265,000 149.2 181,629,000 176.2 174,116,000 183.9 

Ta' Qali . 218,780,000 30.7 273,443,000 33.6 304,776,000 44.6 225,500,000 38.0 

Boreholes 51,960,000 72.0 112,747,000 43.0 155,168,000 52.0 203,289,000 48.0 

Total 1,459,639,000 74.4 1,585,882,000 I 77.4 I 1,572,518,000 93.7 
I 

1,489,455,000 87.8 

(M.A.S.-Mean Annual Salinity, in parts chlorides per 100,000. These figures may safely be doubled to obtain 
approximately the "total solids" content). 

NoTES:-This tabulation, which should be appended to Table 2, demonstrates conclusively that the Main Sea Level 
Table is being grossly qverpumped. In a few years' time no water fit for human consumption will remain, unless the 
present rate of extraction is reduced drastically. Extraction by private works must be suppressed completely, and the 
production of the :Water Departnient's pumping stations and boreholes must be reduced to the 1,000,000,000 gallons 
recommended as probably the maximum rate of mean annual extraction which the M,ain Sea Level Table will be able 
to stand without rapidly increasing deterioration in composition. 

(June 1950) 
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LOWER WATER TABLE 
SALINITY VARIATIONS, 1944-1945 
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