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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 personnel), 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. Unlike smaller fortress areas, such as Gibraltar and Heligoland, the
problem in the case of Malta cannot be solved by drastic restriction or by
wholesale 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
be 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 1sland, 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-quoted report of the Commission of Knights despatched by
De L’Isle Adam to inspect the Island, before the Knights Hospitallers entered
into possession, is a convenient point at which to begin this brief history of
public water supply works in Malta. The apparent poverty of the Island in
the matter of natural free-flowing sources was regarded by the Commission as
ane 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,save rain preserved in tanks or cisterns, except a few wells, rather brackish,”
was considerably overdrawn. They do not seem to have noticed the numerous
perennial Upper Coralline springs, nor even those used by the inhabitants of
Mdina and Rabat, the “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 the Lower Water Table at the Marsa, which had been used for ages
to supply shipping in the Grand Harbour, and by Birgu, and other villages in
the neighbourhood, to augment their roof catchments.

7. The total population of Malta at the arrival of the Knights of St.
John in 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 large measure from his own private estate, for
carrying out the work. Construction commenced in 1610 and was completed
in 1615. An interesting account of the work is given in Ciantar’s “Malta

lustrata™ (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 at the head of the Wied tal Kleigha and around the Blue Clay inlier
of the Wied L’lemu. In consequence, although there have been considerable
subsequent modifications and additions, these springs are known as the “Wigna-
court Springs”. - 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 contributes annually more water to the public supply than all the
other Upper Coralline sources of the Island combined. The springs which
originally- supplied the aqueduct were Migrah ta Misrah Musa (Gharixiem),
Nixxia tal Borg tal Mtarfa, Ghain Teuxin (Busugrilla), Ghain Kaiet,
Ghain Cirani (Ghain Klieb), Diar Handul, Hofriet ir-Riz, and Wied il-Bushies.
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 engineers 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 increasing
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 régime 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 Jebel 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 Tal 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 1864-60, 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 from 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 use. The open stone channel of the upper
portion of the aqueduct, from the Fiddien Bridge Gaugmg Chamber down to
Sta. Maria Reservoir, continued in 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 branches were taken off to
supply additional villages in the eastern part of the 1.sland (Gudia, Ashiak,
Zeitun, and Zabbar). Later, the San Niklaw Reservoir was l)lllh:, along the
line of the aqueduct, near Krendi, 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, particularly 1852-53
and 1855-56, do not seem to have produced as strong a reaction locally as the
preceding and succeeding periods of deficiency. Even the cholera epidemic of
1854 was regarded as a relatively mild one. Evidently the impact of such
stirring external events as the Crimean War and the Indian Mutiny to a large
exient 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 paper by Dr. Nicola Zammit, read to the Scientific and Literary Institute
in 1854. In this paper Zammit set forth a scheme whereby the potable water
supply of the Island was to be increased by sinking deep wells; the expectation

" being that they would encounter artesian supplies of fresh water, transmit.ted
' through the rock formations deep below the surrounding sea floor, from neigh-

bouring continental catchment areas. His argument, on 'the. bas.is of observa-
tions he had made on the rate of evaporation and percolation in Malta, was
that the recorded yields of the springs were much greater than could h,e accounted
for by the annual rainfall upon the surface of the Island. Zammit’s attractive

~. thesis seems to have been received with enthusiasm, and, despite all the increase

of knowledge concerning the geological structure of the Island, and the practical
aspects of its water supply, which have accrued during the subsequent ninety
years, such speculation is still well received, as is oftel} the case with far-fetched
proposals which seem to offer an easy way out of difficulties. In actual fact
his arguments showed even less perception of local ge_ol-ogmal.condltlons than
the much older ideas recorded by Ciantar in 1784. His e?cperlmental physical
data may be dismissed with Chadwick’s remark that “being made under con-
ditions quite different from those existing in 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 the inner edge of the Marsa, and was
equipped with a steam engine for pumping water, by way of an aquedu(;)t, to
shipping and naval establishments on the south side of the Grand Har Eur.
This development is interesting from several points of yiew. It is the first
occasion that resort was made to the Main Lower Water Table for an organised
public supply; and the site selected on the edge of the rising ground, away from
the much shallower wells lower down the Marsa, which had been u.sed in a small
way for centuries, foreshadowed the great developments into the interior pf 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'bove 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 being

one of the driest seasons on record. In consequence considerable activity
was displayed in the extension of water 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,fare 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 Malta, 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




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 1} miles from salt water, and 1} 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 24 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 imp0§51ble 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 (i) 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
solution 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. Woolhut 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 Woolhut est'upated tha't 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 balange,
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. Two 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 were
constructed at TaKali, with a combined capacity of 5 million gallons, to store
Wignacourt water for public supply; the Fgieni Tanks, with a capacity of
11 million gallons to store Wignacourt water for the San Antonio 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 Harbour.
The 11,000,000 gallon Santa Maria Reservoir at Ta Kali, on which Chadw1c.k
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 reservoirs wuat 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
Blue Clay Formation provides an absolutely impervious bed; the clays can be
easily and economically excavated 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, Mellicha, Nashar, Gargur, Nigret, and Bubakra, The scheme
was revived by Chadwick a few years later, not so much as a project for equal-
ising 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 weather 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
supplies. But for the economical construction of large covered reservoirs,
employing modern methods of excavation and construction, the site had
advantages, 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
compensated by the excess of season 1879-80, together with the rapidly increas-
ing 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
assured for a continuous programme of further expansion and improvement,

designed not only to keep pace with ever-increasing needs, but to anticipate
them,



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 Hely-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 weeks 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 Birkirkara 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 comparable 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 ne 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 emphasised 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 publicsupply 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 agricultural 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
reached 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 stillno 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 bereached. 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 « 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 1 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 supplies 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
Water Table. He made this discovery not by deduction from any general
theory, but 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-Kbir, 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 worthy 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
devends 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 be 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 report,
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 Ist August 1886 Schinas
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 less
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
Three Cities, and during June, July, and August of that year water was pumped
# an 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 in the “Yellow
Rock” (the Globigerina Limestone) of the lower portion of the wied, which had
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yielded water which Chadwick vonsidered too saline for his firs. viass supply. As
delivered 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 be no doubt that Chadwick was very pleasantly surprised
at both the volume and the quality of the water derived from his Wied il-Kbir
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 be 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-Kbir 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 Globigerina 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 be driven between the Armier shaft and Wied il-Kbir,
so that both Armier water and that from the Globigerina Formation shut-off in
the lower end of the Wied il-Kbir 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 which would have
been required. y

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 1} 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 frem 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 Valletta. 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 Roc];” 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. FExtensions 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 ceniralise 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, tha.t 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
t0 be more saline than further inland, and that there would be grave danger of
organic 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 Seufla,
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 Formation. ~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, an.d 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
found for the deviation from Chadwick’s recommendations, Two or three days
deliberate geological mapping on the excellent 1:2,500 topographical sheets,
which were available by 1897, would have determined the contours of the
Globigerina—Lower Coralline contact with considerable accuracy in this area;
or, alternatively, a light boring 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. The success of Chadwick’s demonstration that, for the time being,
large supplies of potable water could be obtained most expeditiously and -
economically by pumping from the sea 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 capacity, at Ta Kali, in continuation of the policy advocated by Micallef
and Dingli, to store some portion of the winter surplus discharge from the
Wignacourt Springs, was the largest single item of expenditure recommended
in 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 1836; and it
still remains the largest storage work in the island. In a temporary loss of
perspective, resulting from enthusiasm at the speedy completion of the reservoir,
Chadwick wrote: “Together with the old Ta Kali Reservoirs, it virtually
augments the summer supply by 100,000 gallons a day, for 160 days. As this’

is probably more than will be required, in years of ordinary abundance, it ma

even 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 the 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 exceeded 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 regard 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 1387 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 now no danger of a recurrence of the critical circumstances
which characterised our water supply in summers following an unfaveurable
rainy season’’.

41, The changes originated by Chadwick in the distribution of the public
water supply were as extensive and fundamental as those in its mode of pro-
duction. His reports of 1883 and 1884 marked the beginning of the end of the
old system of distribution by open channels into insanitary public and house
tanks, and its replacement everywhere in the towns and villages by a piped
. supply. By 1887 the piped distribution system of Valletta, Floriana, the Three
Cities, Birkirkara, Zebbuj, Sijiewi, Rabat, and Mdina had been completed, and
a severe cholera epidemic in that year gave additional impetus to Chadwick’s
plan for providing the remaining villages of the Island with a piped supply.

42. Although in earlier reports he had pressed for adequate mains along
the whole of the Wignacourt and Fawara lines of supply, and that 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 was not so
great, their replacement by iron pipes was not so urgent as the need for pressing
on with works for the augmentation of the whole supply. In proffering this
advice he was influenced by the fact that even continuous pumping at the
Lower Table stations had barely managed to meet the deficit of the Upper Table
supplies during the dry seasons of the later 1880’s and early 1890’s. Accord-
ingly the piping of the aqueduct supplies all the way back to their sources was
deferred continually, until the typhoid epidemic of 1909 necessitated the
running to waste of immense quantities of aqueduct water and again emphasised
the need for as complete protection as possible from contamination.

43. Another aspect of distribution, repeatedly discussed by Chadwick,
is worthy of reemphasis, for it has not received in subsequent years the constant 4
strict attention it should have to maintain 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 rate, to encourage the use of suf- A
ficient water per head of the population to attain a good standard of personal 4
hygiene and to maintain the sewage system in 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 from public stand-pipes was the
only method by which alarge portion of the population could beinduced to utilise
the safe piped public supply in preference to ‘contaminated water from roof and
street catchments. He endeavoured to guard against the abuse to which this
system is always liable, even when self-closing stand pipes are used, by introduc-
ing locked fountains, for which householders could obfain keys on payment of a

small fee. Long before his connection with Malta ceased, however, he had ) :

realised the enormous waste involved, and was advocating that metered house
services should be encouraged, or even made compulsory, -and the wasteful
public taps suppressed.

44. Chadwick repeatedly emphasised also that the other major source of
waste, to which every water supply is liable, namely, leakage from mains,
should be most strictly guarded against in Malta, where, owing to the nature of
‘much of the sub-soil formation, even very large lehkages may continue indefinitely
without a trace being seen on the surface of the ground. Sounding alone is
inadequate to evaluate what proportion a water supply system loses daily from
inevitable leaks, and, warned by an early case of large scale leakage in Birkir-
kara, Chadwick recommended in 1887 that Deacon’s waste detecting meters

should be used for maintaining a constant check. Two of these instruments ; s«

were purchased and were apparently used for a while, But they were no longer
in use on the occasion of his last visit in 1897, when he was compelled to insist

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 ag;wul_ture-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
ra.mfall 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 am-i agricultural supplies, and at the same time adhere to the second
half of the policy enunciated by Chadwick. The total supplies which could be

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 be conserved and appropriated much more
extgnsilvely 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
Ch'adw%ek propesed that small masonry dams should be constructed at suitable
points in any wied with an adequate caichment, and the storm-waters should be
passed .fjllong 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’Temu 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 4% 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 gallons. 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 erest. 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 Tal 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

Tal 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
“Coralline 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. e 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 448,000 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. Baldacchine 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 msustence
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”. FEach 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 likee, should be sub-
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mitted to Government annually. Tt mlght 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 apprematmn 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 Up

oralline 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
Tufficha. 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 Nadur Tanks, for military supplies along the Victoria
Lines and to Imtarfa Barracks, was removed to a new 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 Nadur Tanks. Ttis to be regretied that the
construction of this new pumping station was not combined with the ca
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 Seuda 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 geports 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 potentlal 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 better 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.AM.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
purification 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 gaugings 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 seasons provided the Rabat gauges with total rainfall figures in excess
of the 20 inch mean. From 1911-12 onwards the records of spring discharge
(Table 3) are very incomplete until 1941-42, when Mr. J. Pace again commenced
routine records of individual springs. 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 Mellicha. A service reservoir of 715,000 gallons capacity for St. Paul’s
Bay was constructed on the Baida Ridge near Il Puales, together with a pump-
ing station to boost water from that site to a service reservoir of 553,000 gallons
capacity at Mellicha. The only new work carried out to augment resources
during that period was an extension of about 90 yards to the previously existing
galleries at Fawwara and Annunziata Springs.

57. During the war years 1914-18 there was no expenditure on new
gallery driving, but, in response to the heavy demand made by the military
hospitals in the Island, production 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 Kirda and Wied il Kbir joins the Wied is Seuda gallery.
The expense of construction was met by the War Department. The new station
was completed and commenced pumping in 1916, but it was not until 1924,
after the installation of an electrically-driven pumping set in addition to the
original diesel-driven reciprocating pump, that it was able to take over com-
Eletely the duty of the Wied is Seuda Pumping Station, which was then closed

own,

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-
lopments, 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
visits to Malta in 1889 and 1890. Eighteen months were spent on the exam-
ination of existing works and the geology of the main part of the island to the
east of the Victoria Lines Fault. Robertson’s “Report on the Possibility of
Increasing the Fresh Water Supply and of Utilising the Sewage for Crop Irriga-
tion in Malta” was submitted in Octoher 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
report consists of a brief description of the climate, topography, and geology of
the island, followed by an analysis of the probable effects of the geology on

- underground water conditions. 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 impermeable
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Middle and Upper Globigerina beds in the eastern part of the Island, where there
would be little or no danger of contamination' 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 only approximation

to a complete discussion of local water supply problems that has been made since

Chadwick’s 1884 Report. A careful study of Robertson’s work, however, soon
reveals the author’s lack of practical geological and engineering experience, and
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 throughout their
length to be lowered to mean sea level; and (b) that new galleries and pumping
stations should be constructed north-west of Birzebbugia, 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, fissured formations, not to mention
Chadwick’s objective accounts of actual pumping experiences, Robertson failed
to appreciate that localised pumping to a lower level must inevitably produce
an increased rate of diffusion between the saline 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 gallery deepening has
been carried out in the years subsequent to 1920, has provided increased annual
pumping potential, and has been accompanied by a continual rise in the mean
annual salinity of the water pumped. Robertson’s selection of sites for new
pumping stations down the pitch of presumed synclinal structures in the Lower
Coralline Limestone, in every case near the coastal edge of the main sea level

water table, and designedly in close proximity to major fault lines, also reveals

inability to relate his conception of hydrological conditions within the Lower
Water Table to the probable results of actual pumping. Galleries and pumping
stations have since heen 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 of pumping
to sea level raises the salinity of the water produced to a proportion almost

prohibitive for domestic consumption. It is most unlikely that Robertson’s
suggested gallery in the Lower Coralline in proximity to St. Julian’s and St.
George’s Bays will ever be taken in hand. e _

'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 for chlorinating high level spring
supplies, even those which had been cut out owing to their shallow origin an
liability to serious contamination could once more be included in the domestic
supply, with a considerable saving in expense as compared with the cost of
pumping an equivalent quantity of water from the Lower Table during the
winter months. He remarked upon the deleterious effects of continued and
increasing poaching by private shafts and galleries in proximity to the Govern-
ment works, reinforcing his warnings by comparative production graphs of the
Wignacourt, Buskett, and Fawara Springs prepared for him by Rizzo, and
repeated Chadwick’s recommendations that legislation should be undertaken to

place all water supply developments under official control. Surveys of the

irrigated areas were recommerided, to provide a basis for discussions with regard
compensation; as well as a survey of the underground contours of the top 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 recommendations until the -
Water Pumps Ordinance of 1938 prohibited the modification of existing private
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wells and the sinking of new ones over a large part of the Rabat-Dingli
quallme areas. By that date, however, thge iIJ;crease in the conce:g-];tli{)%pz;
p}'lvate wells had reduced the summer output of most of the Wignacourt group
of galleries to a mere fraction of their former yield. No measures have beeg
taken to reappropriate to the full their winter storm discharge. No full and
accurate survey has yet been made of the private shafts and galleries, their
water produt_:tmn, and the extent of the lands wrrigated by them. The geoiogical
:lurvey of this area carried out by Rizzo in the years subsequent to Robertson’s
eparture from Malta produced only a very imperfect geological map, no con-
;::i)urs, only a couple of brief, vague paragraphs on “Possible Water Tables” in
1953%93258 rePOﬁtv and some 1,900 fect of new gallery constructed during the years
hit nmte(;1 :g(;r?i?;ts},l-we“ of Bosche?to, to provide additional water for the

62. Robertson also made several suggestions with a view to reduci
surface run-off to the sea and increasing I?frcolation to underground :&ﬁlgf
He was averse to the construction of further dams of the size of those in Wied
tal Kleigha, for fear of providing breeding places for anot)helene mosquitoes
Instead he suggested numerous smaller dams to serve the double purpose of
retarding storm discharge and collecting silt. It is quite possible that an
ﬁxtenswe programme of this type, as envisaged by Robertson, would do more

arm than good, By actually reducing the quantity of percolation through the
valley floors. A smaller number of large dams, located on suitable outcrops
like that on the Lower Coralline in Wied Hanzir, 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
worthy of careful study to determine whether the results achieved are likely to
justify the expense involved. Robertson’s suggestion of extensive deep trench-
ing 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 and Lower 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 be made compulsory, was valueless. There can be very little percolation
to underground storage through the heavy clay soils of most Maltese fields.

63. Robertson left Malta towards the end of 1917, was awarded th

and died in 1924. The history of public water supply developments ﬁ:;\d{a(l;t;
during the years following the publication of his report has consisted largely of a
disappointing and hopeless struggle to realise in practice the ill-considered and
over-optimistic expectations he raised with regard to the potentialities of the
%\‘dam Lower Water Table. For example, towards the end of his remarks on

Structural Geology”, in an attempt to illustrate the possible annual rate of
denudation by solution, he hazarded a guess, completely unsupported by an
pertinent data, that some 10,000,000,000 gallons of fresh water found theiz'r way
each year to the underground water tables in that portion of the island to th};
east of the Victoria Lines Fault. ‘““We have seen that the average annual rain-

- fall is 21,000,000,000, gallons and we may assume that probably about half of

this (say 10,000,000,000 gallons) sinks into the rocks and goe

water”. Subsequently this incautious figure has beeng se;zt:dfz;lzngrﬁg
even less (Eonmderatl,ol.l, by those who have regarded Robertson’s Repo;t as a
rehablg guide to practice, and has been quoted repeatedly as a valid estimate of
the quantity of potable water which should be obtainable annually from the
Main Lower Water Table alone. There has been no reflection that a large part
of the area of 70 square miles, to which Robertson’s over-simplified calculation
referred, is covered by such impermeable formations as Blue Clays, Globigerina

- marls, and thick clay soils, through all of which there can be no appreciable

percolation, nor that, even if it were to be shown, by dir

. _ , by direct measurement, that
10,000,000,000 gallons per annum was a reliable approximation to til; me:n
annual fregh water replenishment of the Main Lower Water Table, this would
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not guarantee that anything like that volume of potable water could be 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. Theideas 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 Birzebbugia. 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. The
externsions 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 Tal Gharbi 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 tobe very favourable, but the low standing water level of
only 5 feet above sealevel which was recorded should have been a warning against
over-optimistic expectations from pumping results. After the 1934-35 Water
Supply Committee and the 1935-36 Agricultural Irrigation Committee 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 il Ghasel Pumping Station completed, a service tank of
5,320,000 gallons capacity constructed, and a 14 inch main laid to connect this
new source of supply with the general distribution system, The saline character
of the water produced has already been mentioned (para 59). There has been a
tendency to ascribe the poor results to the fact that some portions of the galleries
are cut in the Globigerina Formation. This explanation is inadequate, 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 from fissures in the Lower
Coralline Limestones. The gallery system was located in an area of very broken
rocks, near the margin of the Main Sea Level Table, with the consequence that
even a moderate rate of pumping down to sea level induces 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 gardens, and
(i) extension of the Ghain Tufficha Gallery to a point about 2,600 feet distant
from the original surface spring, for the purpose of increasing the supply of -
water to Mellicha 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 spring, so that, 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 arrangements during the
years under review. In 1928, following upon the obvious failure of the Wied
Dalam scheme to provide a remedy for the summer shortage in the eastern
area, a pipe line was laid to connect the Buskett main with that from the Fawara
Springs near Tal Providenza, so that the Fawara supply could be “increased by
37,000 gallons per day, when necessary”. A further connecting line 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 Reéservoir alone.

70. As an example of the extent to which the whole outlook on the local
water supply situation was vitiated by Robertson’s attractively optimistic
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 date the descriptive portion of his and Morris’s 1912 Report, he
concludes by advising concentration on further development work in the Lower
Water Table as being capable of providing the easiest and most economical
solution of Malta’s water supply difficulties. Having introduced Rizzo to
Robertson in 1916 Zammit no doubt derived considerable satisfaction from the
apparently]brilliant results of that collaboration; but 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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work on which Rizzo, by that time, had been specially engaged for several years.
Rizzo’s “Reéport 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 appointment of Engineer Water (E) and Geological Surveyor or had
been prompted primarily by the need for a thorough quantitative investigation
of water supply resources. The 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 dealt 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 the only illustration in his Report, he should proceed to detail six separate

regions within it as localities at which he considered conditions would be particul-
arly favourable for the formation of ““Water Tables”. It is perhaps indicative
of some dawning hesitation, 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-
covered. Two ferrogallic prints of tracings of the 6-inch maps of Malta and Gozo,
on which many isclated field notes have been entered, and on which the outcrops
of certain formations have been indicated by rough masses of erayon, 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 of 1890, but the gain isnot
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 which 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:below tl,l,e
top of the sea level table, served “the purpose of an impermeable stratum™;
with Robertson’s 10,000,000,000 gallons in mind the difficulty of maintaining
an adequate volume of domestic supplies during the summer was a matter which
could reddily be solved by the construction of more galleries and pumping
stations. It never seems to have occurred to him to debate the significance of
the progressive deterioration in quality he was w:;itnessing; “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. Tn 1934 Rizzo’s service in the Water Department as Engineer (E)
came to an end, and with it the well-intentioned but ill-fated attempt to ensure
progress by differentiating the development and maintenance sides of the
Department’s activities. Mr. A. S. Mortimer joined the Department as Water
Engineer in 1934, and in 1935 he was appointed Senior Water Engineer. In
this position he inherited the accumulated effects of many years of mistaken
policy, found the Department committed to the Wied il Ghasel scheme, was
confronted with the renewed and increased appeal for irrigation water, ,and with
the continued influence of Robertson-Rizzoideas as the result of Rizzo’s service .
in an advisory capacity oxi 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 from the desire of the Department
of Agriculture to provide more reliable supplies of water for certain 11:r1gated
areas where the quantity available from the Water Department 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 fhrectlon, and that,
when the demand was made, so little by way of results achieved, or by way of |
reliable quantitative information concerning the Island’s undeveloped water
supply resources, could be provided by the Water Department engmeers, 18 a
most serious reflection on the state into 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 Malta Sir F. Stockdale had em-
phasised the fact that the internal food production by dry-farming methods
had reached its limit of expansion, and that it appeared to him that most of the
areas in which farmers could obtain their own irrigation supplies from under-

ound sources had also been fully developed. He recomrpended, therefore,
that the Water Department should be called upon to ascertain whether further
supplies could be economically provided for irrigation, and specifically suggested
(i) boring in search of deeper supplies than those already known, and (i) measures
for further conservation of stormwaters, In following up these recommenda-
tions the Director of Agriculture endeavoured to obtain quotations of boring
costs from various English, French, and Ttalian firms, and, although its .dlscus-
sions were expanded ultimately to all aspects of the problem, including 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 Corps of Royal Engineers had dl:l]!ed
shallow holes in the island from time to time, as part pf the routine training
programme for various sapper tradesmen, the Chief Engineer, Malta Command,
(at that time Col. C. Turner-Jones, D.S.0., M.C.), was req.uested to act as chair-
man of the committee. The other members were Dr. G. Micallef, Superintendent
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-
mittzc? its first report on the 31st August. Robertson’s_ 10,000,000,000 ga_llons was
accepted as the basis of legitimate annual expectations from the Megn Lower
Water Table, and was described as “probably a conservative estimate , t]fm}gh
«indeterminate”. Rizzo could supply no more quantitative picture of the régime
in the Lower Water Table than that which he had provided to Robertson in 1916.
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Opinion concerning methods of incrsing the water supply were recorded under
Eve 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 success, and recommended that machinery should be purchased
and a driller engaged so that the work could be carried out departmentally, as
no private firm would quote acceptable terms for hire of plant or for carrying
out the work by contract. (i) 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 water table should be investigated with some degree of precision
by means of small diameter boreholes all over the island. Widening of existing
galleries, however, was suggested as an immediate means of increasing produc-
tion. (iii) Construction of dams for retaining storm waters in the wieds was not
recommended as it was considered that the cost of large open storage reservoirs
would be prohibitive owing to the valuable agricultural land which would have
to be purchased, and the large evaporation losses which would have to be
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 during the months when rain falls”. (iv) Construc-
tion costs of further 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-
structed at intervals, after the manner suggested by Robertson, alon
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 sez;
could be impeded; and that an experimental attempt to delay marginal loss
from the water table to the sea should be made by drilling holes from 14 feet
above to 14 feet below sealevel and grouting in cement “under very great
Eressutre,” with a view to filling fissures and forming an impermeable barrier
o water”,

_ 77. By the time the Committee (now with Col. C. W. Bushell, 0.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 be “a mere gamble”, with “all present indica- -

tions against the likelihood of success”. The committee was also influenced by
erroneous belief that “any such bore (depth not stated, but 2,000 feet suggested
in its first report) might take up two years to drive, and at least another year to
put into commission”. 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 be
far too expensive. The recommendation of the Committee’s first report, that
a systematic overall investigation of the sea level water table should be carried
out by means of numerous shallow boreholes before driving any further new
galleries, was abandoned, and the Committee expressed itself to be unanimously
of opinion that completion of the Wied il Ghasel scheme should be expedited at
a cost of £47,000 spread over the next two years.

18. 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
studying maps and reports on the geology of Sicily and Tunis, were firmly of
opinion that deep boring below the sea level table in search of potable water was
foredoomed to failure, and that such an enterprise could only be justified as an
item of pure geological research, or as a speculation for oil; and (i) 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 Ccr aittee 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, before 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 of local 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 3} million gallons
(should have been 21 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, but 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.

8l. The committee again accepted the assumption that 10,000,000,000

- gallons of water per annum could be recovered from the Main Lower Table of

Malta alone, and inferred that this could be 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 be 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
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Water Table, and to draw “about 2 million gallons of water daily” from that
source. Actually the length of the Armier-Wied il Kbir-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 2} million gallons in 1934-35.

82. The specific proposals made by the committee, as far as Malta 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
befixed 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 minorit
report Mr. O. 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 of
domestic supply.

83. In1937-38 one of the existing Tal Kleigha dams was raised 5 feet 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 was 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 difficulty 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 be 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 7523 million gallons annual
consumption on land already irrigated, but accepted, without query, a new
estimate that no less than 13,720 million 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 salinity than the highest figure supplied to
him (80 parts chlorine per 100,000) are being used in Malta. His observation
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 31 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 survey 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 further revival of

the deep boring project, which effectively postponed further action to implement .

the irrigation scheme already sanctioned, until the outbreak of war placed it
altogether out of question, Messrs. C. Darmanin and Son, acting as agents for
an Ttalian firm, offered to sink a deep borehole in search of “artesian” supplies,
on the understanding that, should a yield of a million gallons a day be obtained,
they should be paid the sum of £17,500 pro rata for yields ranging between

half-a-million and million and half gallons, and should be given a monopoly of W1
boring operations in the Island for a period of twenty years. Should the boring ' -

prove a failure the firm would require no compensation from Government. The
Crown Agents for the Colonies were applied to for further technical advice, but
could only suggest more specific terms for the agreement. No consideration in
the framing of these terms by the technical advisors to the Crown Agents, just
as in previous local discussions of deep boring, was given to the precautions
which would be absolutely essential to guard against any possibility of con-
taminating the main existing source of the island’s potable water 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 negotiations. The Committee held its first
meeting in February 1940, and transmitted proposed terms to Messrs. Darmanin
and Son. Nothing further was heard from the Italian principals, 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 such
work in Malta, might have been an attempt to evade the Petroleum Boring
Ordinance of 1921. This is possible. But in the light of subsequent events it
is also permissible to wonder if it might not have been designed, by interests
fully conversant with the water supply and agricultural situation in Malta, for
the purpose of delaying any action calculated to- place those aspects of the

~ Island’s internal economy on a more satisfactory basis for meeting the threat

of war.
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87. In 1940-41, for the first time in many years, the Water Department
found itself free of the usual summer outery for more liberal domestic supplies.
This was partly due to good late rain showers in March, April, and May, but
mainly to the exodus of population from the harbour towns to the countryside.
The increase in consumption thus brought about in the Rabat and Zebbuj areas
was met by installing booster pumps at Ta Kali, whereby Tal Hlas water could
be lifted to the Rabat and Zebbuj Service Tanks to supplement the supplies
fror the Upper Coralline which now were totally inadequate, despite an extension
of 800 ft. added to the Via Dingli galleries in 1938-39, which was rated as pro-
ducing an additional 50,000 gallons per day in winter and an additional 20,000
gallons per day in summer. While it was necessary, therefore, to continue pro-
duction from Tal Hlas at the full normal rate, it was possible to slacken off a
little at Wied il Kbir. In view of the high salinity of the water now being
admitted to the mains from the new Wied il Ghasel Pumping Station the
differentiation between “First” and “Second Class” waters, which had survived
from the time when Chadwick had endeavoured to maintain 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 il Kbir 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. Several of the larger reservoirs inevitably suffered during the air raids
owing 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 Ib. bomb, which 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
functioning well. The most serious interruption was one of only three days
duration in Valletta in the spring 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
the 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
early history of water supply developments in Malta, Mr. Mortimer gave a
detailed account of events from the time he became Water Engineer. His final
conclusions 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 receive priority in the post-war reconstruction programme, and, should the
water obtained prove to be of better quality thanthat from Wied il Ghasel, it
should be 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 be dueto 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 be made to locate deeper supplies of freshwater by boring beneath the
Sea Level Table, and (vi) that the use of purified sewage effluent was probably
the only way in which any considerable increase could be 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 Water Table still c?ntau}ed
“very extensive undersea-level untapped resources of usable water” which
could be 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 be 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 be observed in carrying
out this work. The imminence of a greatly increased strain on the Island’s water
supply, which would be 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 be 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., under
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 viewis 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 Globigerina—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 be sited in the portion of the table which lies within
the Lower Coralline Formation andso obtain fresher and more copious supplies
of water than could be expected from the Globigerina 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, but 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, but not
exhaustively, exploited”, with the qualification that “the under sea level fresh
water resources do not offer any possibility of maintaining an average y1?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,
. alarge portion of the Globigerina Formation itself, right dewn 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
2. 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
5 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

B 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
A 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
E 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
7. areas indicated by the Department of Agriculture in the low-lying eastern
3 portion of the island , in the neighbourhood of Tarxien, Zabbar, and Zeitun.

B 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 shafis to be supplemented by
B : ~ boreholes where necessary, with a view to assisting farmers to select the most
A 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
B ; considerable revision of his map lines and structural interpretations, particularly

the faults and Blue Clay outcrops of the Mellicha and Baida Ridges. .
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I i ion’s si i Island, from
> No. 3 Boring Section’s six months work in the 1 :
Marcgh?.t;) Rgglsgt 19(23, visits gf inspection, for the purpose of locating bor%];z%}e
sites, were paid by two staff geologists from General Head'quarte.rs,M M.E. s
Ca t’ E. W. Shotton, R.E., and Major G. L. Paver, S.A.E.C., in April, May, an
Juge. 1043 " Both contributed brief reports on their geloltoglcal ob:egzlx;cll;m;
. bori ions 1 . A more complete accoun :
and on the boring operations i progress mplet di -
i i i £ several resistivity soundings inade
Section’s work together with the result o i
at various borehole sites, was supplied by the Geological Se ,M:dél e
1o “Problems of Water Supply in the Middle Bast:
January 1944, under the title Pro L N G
Borekoles in Malta”. A visit from the 0.C., oring . Yo SR
3 i tion formed part, resulted in a recommen ation that a
?ig;eggrllﬁ)%esifoi)ld be boreg for 50 feet from the bottom of the sumdp ofﬂ'Il‘a:
Hlas Pumping Station, in hope of remedying the shortages experienced at tha
Pumping Station during the summer of 1943.

i i .inches to 10-inches in diameter,
. Thirty-seven boreholes, ranging from 6-inc .

and zgloun‘tingyto 5,856 feet in total length, were pul down by l(;Io. ? Bormtg
Section, R.E., for the purpose of water supply exploration and development.

Fourteen of these holes, of which five were abandoned before reaching their ;

; i he Main Lower
jecti ted to the development of supplies from the 1}
%%;;ig’;lVTe;b;gerogZV:hi lines of Dr. Bailey’s recomm}fndgtlons.c Tw&ityggsg
for supplies in the Upper Lora reas,
holes were expended on the search L A el
but only five of these, put down into sea evfe.: ad tion-Pthe e
farmers® shafts, secured any useful volume of production; Bk
i o i i han a few gallons per hour, and the
either “dry” or obtained nothing more t ol St B
they were designed to supply had to depend upor
%Bpfjtﬁiniaﬁsisns agd on pumps installed temporarily in farmers’ shafts.

97. No. 3 Section, in addition to the well-boring, also installed six bore-

 hole pumping sets for the Water Department, one for the Department of Agri-

i <. By adding together the rated capacities
le{l;}l:l':é alr:fngllllg si?cls-: frfgl Ztﬁglf: IV)\rhich Zvere to %e installed later in holes which
i)l d ]:eenp rovided, and making the assumption of t?venty-four hours contm;onﬁs
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