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ASPECTS OF WATER PROBLEMS I N  THE MALTESE ISLANDS 

E.  SPITERI STAINES 
Manager, Water Works Department, Auberge D '  I t a l i e ,  Merchants S t ree t ,  
V a l l e t t a  Ma1 t a  

ABSTRACT 

Th is  paper touches on some aspects o f  problems M a l t a  faces  i n  p roduc ing  
S t a t i s t i c s  a r e  reproduced showing 

Groundwater w i l l  always remain t h e  most economic source o f  p roduc t i on .  

po tab le  water t o  meet i t s  requirements.  
t h e  acce le ra ted  inc rease i n  water p roduc t i on  and consumption. 

However, i n  v iew o f  t h e  smal l  area o f  t h e  Mal tese  I s lands ,  supp ly  o f  ground 
water has t o  be c u r t a i l e d  so t h a t  water q u a l i t y  w i l l  n o t  d e t e r i o r a t e  f u r t h e r  
M a l t a  has had p e r f o r c e  t o  r e s o r t  t o  t h e  more c o s t l y  p roduc t i on  th rough a r t i -  
f i c i a l  means. M u l t i f l a s h  d i s t i l l a t i o n  was in t roduced  i n  1966 and r e c e n t l y  
i n  1983 t h e  f i r s t  Reverse Osmosis P l a n t  a t  Ghar Laps i  came i n t o  ope ra t i on .  
Obv ious ly  f rom an economic v iew p o i n t  these a r e  much more c o s t l y  sources 
o f  p roduc t i on  and p o s s i b l y  a re  t o  be used s p a r i n g l y .  

On t h e  o t h e r  hand Malta,  as a deve lop ing  na t i on ,  has t o  produce water  
o f  good q u a l i t y  t o  c a t e r  f o r  requirements o f  t h e  T o u r i s t i c  and I n d u s t r i a l  
Sector and t o  enhance t h e  s tandard  o f  l i v i n g  o f  i t s  popu la t i on .  

1 INTRODUCTION 

Ground water w i l l  always remain t h e  cheapest p roduc t i on  source. However, 
2 i n  view o f  t h e  r e l a t i v e  smal l  area o f  t h e  Mal tese  I s l a n d s  316 km and t h e  

average r a i n f a l l  annua l l y  o f  500 mm, p roduc t i on  o f  ground water i s  c o n d i t i o n e d  

t o  ac tua l  a v a i l a b i l i t y ,  keeping i n  v iew m a i n l y  c h l o r i d e  and n i t r a t e  con ten t .  

Ground water i s  ma in l y  produced by pumping f rom t h e  mean sea l e v e l  a q u i f e r  

f rom underground g a l l e r i e s  and boreholes.  

2 WATER BALANCE 

TABLE A Shows the  water balance f o r  t h e  main i s l a n d  - Ma l ta  

TABLE B Shows annual water  p roduc t i on  f o r  bo th  i s lands ,  Ma l ta  and 

i t s  smal le r  s i s t e r  Gozo. 
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19% WATER BALANCE (MALTA) * 

Tab le  A 

Input - x - 
124 800 000 m3/year 100.0 

7 400 000 I' 5.9 
07 400 000 I' 70.0 
30 000 000 " 24.1 

4 900 000 3.9 
34 900 000 'I 28.0 

A P r e c i p i t a t i o n  
B Sur face  Run-off  
C Evapo t ransp i ra t i on  
D Na tu ra l  Recharge 
E Recharge f rom Leaks 
F Total Recharge 

Public Extractions - Output 

G G a l l e r y  E x t r a c t i o n  

H Boreho le  E x t r a c t i o n  
I G a l l e r i e s  (perched a q u i f e r )  

J Total Public Extraction 
K P r i v a t e  E x t r a c t i o n  

L Total Groundwater Extraction 

(mean sea l e v e l  a q u i f e r )  

( s p r i n g s )  

x 
of  Recharge 

11 186 000 m3/year 32.0 
6 471 000 " 18.6 

562 900 I' 1 .6  - 
18 219 900 'I 52.2 

3 600 000 'I 10.3 - 
21 819 900 'I 62.5 

* Exc lud ing  t h e  i s l a n d  o f  Gozo 

The mean sea l e v e l  a q u i f e r  i s  t h e  major  source  o f  ground water  i n  Ma l ta .  

There a re  two systems o f  e x p l o i t a t i o n  o f  t h i s  source: 

i e s  dug a t  sea l e v e l ,  and r a d i a t i n g  f rom a c e n t r a l  s h a f t ,  b )  boreho les  

which a re  sunk t o  a depth o f  18 m below mean sea l e v e l  depending on t h e  

geo log ica l  c o n d i t i o n s .  Accord ing  t o  t h e  Ghyben Herzberg p r i n c i p l e ,  t h e  

mean sea l e v e l  a q u i f e r  c o n s i s t s  o f  a l e n s  shaped body o f  f r e s h  water  f l o a t i n g  

o n s a l i n e w a t e r .  The lens  c o n f i g u r a t i o n  a r i s e s  f r o m  t h e  d i f f e r e n t  d e n s i t i e s  

o f  f r e s h  water  and sea water,  and i m p l i e s  t h e  e x i s t e n c e  o f  a h y d r a u l i c  g r a d i e n t  

f rom t h e  l a n d  towards t h e  coas t .  

occur rence o f  va r ious  coas ta l  s p r i n g s  wh ich  appear i n  t h e  v i c i n i t i e s  o f  

t h e  Mal tese  coasts,  and which have been mapped i n  d e t a i l  d u r i n g  an i n f r a r e d  

a e r i a l  survey  c a r r i e d  o u t  i n  t h e  l a t e  6 0 ' s .  

a )  underground g a l l e r -  

T h i s  i s  p h y s i c a l l y  con f i rmed by t h e  

Overpumping o f  t h e  mean sea l e v e l  a q u i f e r  acce le ra tes  sea water  

encroachment, w i t h  a consequent ia l  r i s e  i n  s a l i n i t y .  

p a r t i c u l a r l y  n o t o r i o u s  i n  those areas where underground g a l l e r i e s  i n t e r s e c t  

f i s s u r e d  r o c k  reg ions  w i t h  a r e l a t i v e  h i g h  v e r t i c a l  p e r m e a b i l i t y .  

T h i s  problem i s  



Upper coralline 
plateau 

GEOLOGICAL MAP OF M A L T A  AND GOZO 

i 
GEOLOGICAL REFERENCE 

U p p e r  Corolline L imestone 
G r e e n s a n d  

D Blue C l a y  
0 G l o b i g e r i n a  L i m e s t o n e  = Lower C o r a l l i n r  L imestone 

erched water table 

1 

13 k m  J 
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1 506 900 494 400 - 
2 025 700 828 900 2 630 600 

2 076 500 572 300 3 093 700 

1 806 400 806 700 4 672 000 

5 083 700 729 800 3 047 000 

9 074 400 562 900 1 331 600 

3 PATTERN OF WATER PRODUCTION 

Table ' B '  shows water product ion f o r  s i g n i f i c a n t  years and inc ludes both 

Mal ta  and Gozo. 
Table 'C' shows the percentage o f  product ion f rom d i f f e r e n t  sources f o r  

t he  same years. 

From these tab les  the f o l l o w i n g  s a l i e n t  po in ts  emerge. 

- 15 403 100 

17 255 800 

18 625 500 

18 423 800 

- 21 928 500 

- 

8 970 000 31 555 500* 

(a )  Water production i n  Malta and Gozo has more than doubled i n  the  span 
3 3 o f  twenty years from 15.4 Mm i n  1966 t o  31.6 Mm i n  1986. 

( b )  I n  1966 a l l  water product ion came from ground water and springs. 

During 1986, 66.9% o f  production came from these sources and the r e s t  

33.1% was obtained by a r t i f i c i a l  means, t h a t  i s ,  d i s t i l l a t i o n  and reverse 

osmosi s . 
( c )  

14.9 Mm3 i n  1966, w h i l s t  i t  increased t o  20.5 Mm 

Production o f  ground water from Pumping S ta t i ons  and Boreholes was 
3 i n  1986. 

(d )  Pumping Stat ions '  product ion shows a decrease o f  14.6% wh i le  Bore- 

ho le product ion increased by 502% dur ing the  same period. 

Table B 

ANNUAL WATER PRODUCTION CmPARISIONS f411 

1966 

1969 

1970 
1972 

1976 

1986 

FOR SIGNIFICANT YEARS 

Springs RO 
Boreholes (Perched Distillate Plants Total  

Extracted 
from 

Underground 
(ga l le r ies )  Aquifer)  

13 401 800 

1 1  740 600 

12 883 000 

11 138 700 

13 068 000 

1 1  448 200 

* includes 168 400 Mm 3 water imported by sea tankers as a temporary 
measure dur ing summer 
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87.0 9.8 

68.2 11.8 

69.2 11.1 

60.5 9.8 

59.6 23.2 

36.3 28.8 

Table C 

r 
3.2 - - - 100 

4.8 15.2 - - 100 

3.1 16.6 - - 100 

4.4 25.3 - - 100 

3.3 13.9 - - 100 

1.8 4.2 28.4 0.53 100 

PERCENTAGE OF PRODUCTION OF SWRCES 

1966 

1969 
1970 

1972 

1976 

1986 

Springs D i s t i l l a t e  Ro Other Total Pumping 
Stations Boreholes (Perched 

Aquifer) 

4 WATER PRODUCTION COST 
3 Water Production Cost of the various sources work out as follows per 1 m 

in US $. 

Running Amortisation Total 
cost 

(a) Distilled Water 
( b )  Reverse Osmosis Water (Lapsi) 
(c) Ground Water (Boreholes & 

Galleries) 

(a) - No amortisation is calculated in respect of the distillers 
as they have already exceeded the span of their useful life. 

Cost o f  water production from Boreholes is shown at Table ' D '  which 
also shows their various components. 
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Table D - 

I 079 000 

I 192 500 

COST OF WATER PRODUCTION FROM BOREHOLES ONLY 

8.2 .018 

83.2 .I83 

10% o f  Cap i ta l  Expenditure 
f o r  per iod 1972/86 t o  cover 
amort i sat  i on 

Runninq expenses based on 
1986 production 

E l e c t r i c i t y  

Ch lo r ina t i on  expenses 
(Chlor ine & wages) 

Crane expenses 
( H i r e  o f  cranes & wages) 

Transport expenses 
(Van expenses and f u e l )  

I Total cost per 1 m3 

Volume 
Produced 

60.3 Mm3 

3 
6.5 Mm 

6.5 Mm3 

49 8oo I 
54 800 

124 200 1 8.6 1 .019 

100.0 -220 

The f o l l o w i n g  remarks are a l so  made i n  respect  o f  Ground Water. 

From the  preceding Table '0' i t  emerges t h a t  E l e c t r i c i t y  components 

represent 83% o f  t o t a l  costs. 

However, Borehole production i s  inc luded g l o b a l l y  under Ground Water 

Production which also caters  f o r  water produced by Pumping Stat ions.  

The o v e r a l l  product ion costs o f  ground water i nc lude  the two main 

components, t h a t  i s ,  

Labour Costs 44% us$ 0.11/m3 
E l e c t r i c i t y  Costs 41% US$ O.lO/m' 

It i s  remarked t h a t  a subs tan t i a l  labour force,  working 24 hours d a i l y  

on s h i f t  system attends a t  a l l  t h e  Pumping Stat ions.  Consequently, labour 

costs  are s i g n i f i c a n t .  

and are checked p e r i o d i c a l l y  t o  ensure whether c o r r e c t i v e  ac t i on  i s  necessary. 

On the other  hand boreholes operate on t h e i r  own 
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48.5 13.0 
58.5 5.7 

53.6 6.1 

60.8 5.8 
67.8 6.0 
63.3 6.9 

5. WATER TARIFFS AND CONSUMPTION BY CATEGORY 

5.5 N.K 
5.2 3.9 
4.9 5.3 

3.6 8.6 

2.5 7.4 
4.0 6.9 

Table E 

Domestic (covering 4 months) 
Up to 27 cubic metres ---- Lm 1.200 
Up to 42 cubic metres ---- 12cl per 1 m3 
Up to 57 cubic metres ---- 16c8 per 1 m3 
Excess ---- 25c per 1 m3 
Comnercial 

Lm 5 per 57 m3 
Excess 12c per 1 m3 

Farms 

(charged at Industrial rates) 

US $ Equivalent 
3.52 BLOCK CHARGE 
0.35 per m3 
0.48 per m3 
0.73 per m3 

14.65 BLOCK CHARGE 
0.35 per m3 

Tourism 

a) Hotels: 70 c per 1 m3 up to 14 m3 per bed 
Excess at Lm 1 per 1 m3 

2.05 per m3 
2.93 per m3 

b )  Holiday Flats: 70 c per 1 m3 up t o  84 m3 
Excess at Lm 1 per 1 m3 

c) Bars, Restaurants & Nightclubs 
Lrn 1.20 UP to 10 m3 

2.05 BLOCK CHARGE 
2.93 per m3 

3.52 BLOCK CHARGE 
70 c per I m3 up to 57 m3 
Lm I per I m3 all excess 

2.05 per m3 
2.93 per m3 

Industr ia l  

4c5 per 1 m3 up to 2270 m3 
Excess at 12c per 1 m3 

Table F 

0.13 per m3 
0.35 per m3 

1967 

1974 

1976 

1979 

1982 

1986 

PERCENTAGES OF REGISTERED WATER CONSUMPTIOfl BY CATEGORY 

Domestic Comnercial Farms Tourism Industr ia l  Others 

12.0 
10.5 5.8 
10.4 

Total - 
100 
100 

100 

100 
100 

100 
- 

It is obvious that the water tariffs are too low to cover the average 

weighted cost of water production which works out at $ 0.59 per m and 
distribution costs which are $ 0.26 per m3, making a total cost of $ 0.85 
per m . 

3 

3 
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This i s  p a r t i c u l a r l y  t r u e  i n  respect  o f  t h e  Domestic and I n d u s t r i a l  t a r i f f s .  

It should also be pointed out  (Table F )  t h a t  up t o  1979 the consumption i n  

respect  o f  the B r i t i s h  Services was shown under 'Others ' .  

Services l e f t  Mal ta  i n  March 1979). 

(The B r i t i s h  

6 ECONOMIC CONSIDERATIONS OF GROUND WATER AND REVERSE OSMOSIS PRODUCTION 

From the  economic view-point i t  would n a t u r a l l y  be p re fe rab le  t o  produce 

ground water v i ce  Reverse Osmosis Water. 

A mathematical model i s  t o  be drawn up t o  a r r i v e  a t  t he  optimum q u a n t i t y  

o f  ground water t h a t  should be ex t rac ted  w i thou t  harming the mean sea l e v e l  

aqu i fe r  i n  any way. This would probably r e s u l t  i n  a reduced a v a i l a b i l i t y  o f  

ground water. On the  other hand as regards Reverse Osmosis the  raw mate r ia l  - 
the sea - i s  the re  i n  un l im i ted  volume. However, the e l e c t r i c i t y  component o f  

i t s  production cos t  (36%) and the cost  o f  membranes (which are a s ine qua non) 

are subs tan t i a l .  

improvement i n  technologies which could reduce these costs. 

I t  i s  no t  impossible t o  consider o p t i m i s t i c a l l y  a vast  

I n  the present circumstances, Mal ta  as a developing nation, can ill 

affordsuch r e l a t i v e l y  h igh product ion cost  sources, bu t  i t  has n o t  o ther  

choice. 

3 Consumption o f  potable water i s  increas ing a t  an annual r a t e  o f  1 Mm . 
This means an increase o f  8 l i t r e s  per c a p i t a  d a i l y .  

i s  340 000. This represents a h igher  standard o f  l i v i n g  and improving h e a l t h  

standards. Besides, water i s  an essen t ia l  component o f  t he  I n f r a s t r u c t u r e  o f  

Maltese Economy, where Tourism and I n d u s t r y  are always expanding. 

increas ing demand f o r  water, f u r t h e r  product ion w i l l  have t o  be obtained from 

Reverse Osmosis Plants .  

Ma l ta ' s  populat ion 

To meet the 

7 CONLUSIONS 

( a) 

main ground-water production p o i n t s  are over-explo i ted.  

t he re  could be areas where higher product ion could be achieved and a con- 

cu r ren t  reduc t i on  made from other po in ts .  

a mathematical model o f  t he  aqu i fe r  so t h a t  t he  maximisation o f  t h i s  

comparatively cheap source i s  achieved w i thou t  harming t h e  aqui fer .  

i s  envisaged i n  t h i s  respect. 

Groundwater Avai 1 abi 1 i t y  

A l l  experts, both l o c a l  and fore ign,  are o f  t h e  opin ion t h a t  Ma l ta ' s  

On the other  hand 

The necess i ty  thus a r i ses  o f  having 

Ac t i on  
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(b)  Addi t ional  Requirements 

As the Maltese economy expands, main ly  i n  the  t o u r i s t i c  and i n d u s t r i a l  

sectors, and w i t h  an improving standard o f  l i v i n g  the  demand f o r  water i s  bound 

t o  increase. Even if the maximisation o f  ground water production i s  achieved, 

add i t i ona l  requirements have t o  be obtained through t h e  more c o s t l y  a r t i f i c i a l  

means, t h a t  i s ,  e i t h e r  through (a )  f l a s h  d i s t i l l a t i o n  o r  (b) reverse osmosis 

p lan ts .  A t  present (b)  appears t o  be the most s u i t a b l e  f o r  Mal ta 's  requ i re -  

ments. 

i s l and  has been planned. 

d i s t r i b u t i o n  system. 

The s i t i n g  o f  two other  Reverse Osmosis Plants  on the  shores o f  t he  

These w i l l  be erected a t  s t r a t a g i c  po in ts  o f  t he  

( c )  Reducing losses from leakages 

This problem has been a running sore f o r  many years. 

Water l o s t  through leakages has exceeded 30% cons is ten t l y .  To t h i s  a 

h e f t y  percentage o f  water unaccounted f o r  i s  t o  be added. 

Plans are i n  hand t o  improve the master meter network through zoning so 

I n  t h i s  connection t h e  Water 

t h a t  p a r t i c u l a r  areas where heavy losses are occurr ing can be p inpointed and 

consequently subjected t o  i n t e n s i f i e d  search. 

Research Engineering company o f  the United Kingdom had been ent rusted 

r e c e n t l y  w i t h  preparing a review o f  leakage con t ro l  p o l i c y  and p r a c t i c e  i n  

Malta, under the auspices o f  the Commonwealth Fund f o r  Technichal Cooperation 

o f  the Commonwealth Secretar ia t .  The f i n a l  r e p o r t  submitted i s  being 

considered. 

cost -benef i t  terms. 

y i e l d  a b e n e f i t  o f  US$ 5,000,000 i f  successfu l ly  implemented. 

Progress i n  t h i s  respect w i l l  obv ious ly  be o f  great  he lp  i n  

It was estimated t h a t  the annual cost  o f  US$ 300,000 could 

(d )  More r a t i o n a l  p r i c i n g  o f  water serv ices 

The current  p r i c i n g  system i s  now outdated. 

production has r i s e n  since 1983 as a r e s u l t  o f  the increased p ropor t i on  o f  

a r t i f i c i a l l y  produced water t o  t h a t  o f  ground water. 

The average cost  o f  water 

I n  1969 the r a t e  was 1:6 w h i l s t  i t  now i s ,  roughly, 1:2. 

Consequently, i n  order t o  c u r t a i l  unnecessary use i t  i s  f e l t  t h a t  a review 

o f  the present t a r i f f  s t ruc tu re  should be c a r r i e d  out, and a greater  p u b l i c  

awareness created. 

who has t o  pay f o r  subsidised production from h i s  own pockets. 

It should be borne home t h a t  f i n a l l y  i t  i s  t he  tax-payer 
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This is a matter o f  Socio-Political import and as such devolves on the 

pol i cy-makers. 

The following percentages showing what the water subsidy represents 

in various economic terms are reproduced. 

(a) Total Government Expenditure 2,9 % 

(b)  Gross Domestic Product 1.0 % 

(including Tourism) 3.9 % 
(c) Private Consumption Expenditure 


