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CONDITIONS AND FIELD MONITORING OF THE GALE SO 

NE SPRING IN ;HE MAR PICCOlO OF TARANTO (SOUTHERN ITALY) 
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The Galeso spr~ng represents a typicaL example of the 
springs which d?:scharge the waters of a large aquifer 

ted by the Cretaceous carbonate rocks of the Murge region 
Mar Piccolo of Taranto. 

The spring discharges about 0. 8 m3 /s of fresh water 
e sea. 

We researched the geologicaL and structural setting of 
ifer as weU as the origin and fl.ow regime of the 

off-shore geophisycal. survey UNIBOOM integrated the 
investigation, which used atso subsurface data from two 

the first drU led near the coast and the other on.e some 
in. land. 

The study outlines the fi.ow pattern of groundwaters in 
· ifer and the interaction between sea water and fresh cJater 

nee the spring discharge. 
A special structure was insta~~ed in order to isoLate 

water .;rrom sea water and to ~faciLit ate aLZ the studies 
for the completion of the f i nal proJect aimed at the 
of the spring waters on land. 

Fonowing a description of r:a.turd features of a 
;jet, the hydraulic behaviour of the particuLar intake 

e is outlined, providing information for a corr'ect study 
quality and quantity. 

The hydraui'i,c .scheme is co"i?os ed '-'/ a p1:pe system 
three reservoirs ::h.rough a .junct·~,;n node. Details of a 

· icaZ description c~"t .... -t.=he syste.rn ~~-:-3 ;·i:.:e·< ..,r-:,r~ L-:..~th "-'2!'1f1~%.g 
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a parficu~ar instrumentation 
and physicaL p!U'ameters (with s 

caption structure) has been designed. 
More data are achieved through the observing weLL 

..;;onitoring sea water> intrusion. The study win provide 
some background for the comprehension of this phenomenon 
the deve-;..opment of this type of water resources. 

Futher measurements wiLL enable detaiLed ana 
the spring regime, in order to assess avan.-ability and condi 
for the exploitation of the springs and the diverging of · 
waters on Land. 

l . INTRODUCTION 
In the western recess of Mar Piccolo, Taranto, Ga .··· 

spring is one of the most important submarine sources from whi · 

deep groundwater body flows out of the mesozoic carbonate b 

in which it is housed. 

Water outlets of this kind are a rather wides 

occurrence, especially along the coastal 

carbonate aquifer where surface streams 

flowing water travels at considerable depths along crack 

and karst conduits (Kohout, 1966). 

From a hydrogeological viewpoint, ~uch springs-1 

known as "citri"- can be defined and classified as 

springs because, as indicated by the paleogeograph i cal 

that have been reconstructed for the Taranto-Ionian coastal 

they were probab 1 y s ubaer i a 1 o rig i na 11 y. At present, they 

as submerged springs due to the overall eustatic rise of the 

level and to changes in the karstic base level. 

The ultimate goal of our investigations 

design permanent intake structures that v1 ill convey the 

inlandwards at a discharge of about 0.80m3/s; after 

mixing, the water will be available for profitable use on 
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land where it will complement the amount of water from 

In order to define the hydraulic and chemic c-physical 

of spring waters, these have been isolated and conveyed 

sea surface by means of a characteristically bell-shaped 

s-reinforced plastic structure, cons isting of three 

modules with an attached truncated-cone segment. A 

up to the sea surface connects this structure to an 

also made of fiberglass - reinforced plasti c . 

AND MORFO-STRUCTURAL SETUP 

The study area is 1 ocated between the s outhernmost 

the Murge hill range and the Ionian sea. Es senti ally, 

a thick mesozoic carbonate basement over lain by 

calcarenite clastic and Plio-pleistocenic 

deposits that belong to the Bradano Foredeep 

patches of trangressi ve overlap to be 

the Tyrrhenian and to the Holocene (Ricchetti, 1970). 

Starting with the oldest ones, outcropping format ion 

1 ow s (Fig. l) : 

-Cretacic limestones and dolomitic limestones; 

-Upper Pliocenic/Calabrian biocalcarenites and 

biocalcirudites; 

-Calabrian silt-marly clays; 

-Tirrhenian calcarenites; 

-Holocene alluvial and lacustrine deposits. 

The calcareous and dolomitic calcareous formation can 

bed to the Upper Cretacic (Turonian-Senonian) and i s 

by compact, ceroid, grey-hazelnut, or occasionally 
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Fig .l -Geo logica l map : l)Al l uvial silts and gravel (Holocene) ; 2)Lagoon and pa lustrine si l ts {Pl ei stocene-Hol ocene); 
3)Cal carenites (Tyr rhenian) ·; 4)Marly-si l ty clays (Lower Pleistocene/Calabrian); 5)8iocalcareni tes and biocalcirud i tes 
(Upper Pliocene-Lower Pleistocene); 6)Limestones and dolomitic l imest ones (Upper Cretacaceous-SenonianTuronian); 7) 
Attitudes; 8)Pre -pl i ocenic presumed faults; 9)Morphological terraces; l O)Observation boreholes. 
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limestones, vacuolated crystalline limestones and 

The l.imestones may be clas~ified as micrites, with 

and fossil remnant s , consisting of Rvdists 

i s always layered, with many fractures 

Crack surfaces are 

by a reddish (due to the presence of iron oxides) 

limonite-like coat. 

Karstic dissolution phenomena can be readily 

In terms of hydrogeology, the formation shoul d be 

permeable, due to cracking and karst phenomena ,though 

deriving from such properties must be taken i nto 

Over more or less broad areas, or in residual patches, 

cemented, porous and whitish organogenic ca lcarenites 

trasgressing on top of the limestones. Macrofoss ils 

ed by Echinoidea and fJ,ol iusks. These rocks can be 

as scarcely permeable. 

Trasgres si ve contact i s revealed either by a "terra 

or by a conglomerate level, or else by an erosion 

Superiorly and !ateral!y, the calcarenite formation 

to the si1t-r;:ar1y ,- ~ ... ' ..... 
\... 1 ay:, with Vih i C h it is part ly 

8atimetrica .l1y~ this ·;s the deepest element in the 

it consists of thickly layered clays and 

about the too of the formation a th i n level 

and limestone is often observed. The presence of hi gh ly 

ious c lays is of paramount importance for hydrogeologic al 

• es as they form a barrier against groundwater flow. 



The Tyrrhenian Ca lcarenite formation,t ransgress 

the foredeep deposite just described , crops out extensively 

area . These are compact ca lcarenite that are vacuolated, 

with low permeability, coarse-grained with rounded 

embedded in a calcareous matrix containing organic 

essentially consisting of Mollusks. 

Lastly, the alluvial and palustri ne d 

occasionally consisting of peat, are the product of 

sed imentati nn in a continental env ironment. 

For all practical purposes, these 

regarded as impermeable . The strati graphic re lationships 

different formations in the study area are i 11 ustrated 

block di agram in figure 2 (Pagliarul o , Bruno, 1989). 

Morphologically, the area is a seaward sloping 

with very low elevations at t he l i me stone patches. 

Morpho 1 ogi ea 11 y the dominant feature is given 

number of terraces running concurrently to all 

formations , beginning with el evati on 450 m down to 

a . s. l.(Cotecchia,Magri, 1967) . 

These marine terraces are often marked by 

steps , either part ially or entire ly cut into t he same deposi 

from whi ch the terraces have been formed and reach ing down to 

older, underlying formations. 

The steps defir.ing each separate terrace appear to 

ancient shorelines resuit~ng from glacio-eustatic changes occuri 

throughout the Quaterna ry , which . were subsequently raised 

marked by ancien t consolidated longshore dune bars . 

Tectonically, the area must be seen within '· 

frame of the Hurge district: generally speaking, the meso zoi 

carbonate substrate is to be ascribed to a large monocl i ne dippin~ 0 
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Fig.2- Block-diagram: l)Ailuvial and palustrine depositis (Holocene); 2)Calcarenites (~rrhenianl; 3)Marly-si1ty clays 
(Calabrian); 4)Biocalcarenites and biocalcirudites (Plio-Pleistocene}; 5)Limestones and dolomitic limestones (Upper Cre
taceous); 6)faults; 7)Boreholes; B)Submarine springs (from Pagliarulo and Bruno, 1969) . 



southWestward and characterized by the presence of mildly 

structures having a prevailingly E -W and WNW- ESE direc t ion, 

which di sp 1 acemen~ structures have been formed along a NW-SE 

WNW-ESE direction. In the area around Taranto, alignments 

prevailingly E -W and are intersected by faults running 

versally from NE to SW (E.N.E.L., 1989). 

On-land investigations were 

Side Scan Sonar echographic sections surveyed a long diffe 

courses in the first and second recesses of Mar Piccolo, Tar 

over an overall distance of 280 km. 

Figure 3 shows images from the sea botton 

Galeso submarine springs obtained by the UNIBOOM survey. 

The picture shows amp 1 e gasesous diffusion 

methane), possibly originating from the decomposition of 

matter widely present in sludges recently filling the 

result of such process, a classical "basin effect" can be 

at several points where existing structures have been compl 

covered up. 

Sections obtained from the UN I BOOM survey conf i 

our data on the stratigraphic sequence and structura l setup of 

who l e area. 

Throughout the area overlooking Mar Piccol o no 

of dislocaticr1s can be traced on ground. Therefore, the 

cutting through the area crosswise and bordering the San Gi 

Ionico ca1car"ous horst possibly date back to pre- pl iocenic 

very 1ikeiy, only calcareous basement and only part of 

plio-pleistocenic deposits are involved (Martinis, 1960). 

judging by the interpretation of UN I BOOM sections 

Side Scan Sonar mapping, and stratigraphy obtained from we l 

drilled for irrigation, throughout the area the genesis of 
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Fig.3 - Sea-bottom around the Gaieso submarine 
spring obtained by UNIBOOM survey. 

Fig . 4 - The morphology of the piezometric 
surface. 
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G;}:~~~c)~§W¥!f1~ ; {(andi 6ti: an the other springs in the area, 

C'i t.*~\t;i$"~//W~§Cippf~ ~nd San Cataldo) is very likely 

pr~s~~t{ of tWb .· faults, roughly running E-W, upon whicn 

· P{ctolo seems to have been formed and wh i ch were dislocated 

other fau lts, these having a NE-SW and NW-SE orientation. 

3. HYDROGEOLOGICAL FEATURES 

Inside the Cr etaceous carbonate formation descri 

above the deep groundwater body f 1 ows mainly as phreat i c 

or else under confi ned conditions, in those coastal area 

Mar Pi ccolo where it i s cover ed by post -cretaci c and imperv ious 

soil {Cotecchia, 1977) . 

The morphology of the aquifer's pi ezomet ri c su 

(F ig . 4) v1 as drawn on the basis of surveys carried out on 

ground which provided measurements of water level s obtained 

the many we lls present in the area . It is clearly seen 

groundwater from the aquifer is discharged into the sea : drain 

from submarine springs i s a majo r cont r ibuti ng factor (Tadoli 

Zanframundo, 1974) . 

Piezometric gradient is about zo;oo and pi ezometric' 

heads drop r apid1y from elevat ions above 8 m, some 10 km from the 

coast , to 1 m close to the shoreline. 

Two main lines of underground flow r eflect 

by the springs as evidenced by the 4 m and 5 m isopiezic 

shcwig marked depression in t he areas corresponding to spri 

l ocations. 

The morphology of the piezometric surface also re l 

t~ the permeabi1 ity characteri sties of rocks in the aquifer 

described by the va l ues of uni t spec i fic yields (Fig.5 ) . 
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Fig.S - Distribution of the values of 
specific yields l )< 2 1/s.m; 2) 2- 10 1/s.m; 
3} 10-30 l/s.m; 4) 30-70 1/s.m; 5)>70 1/s.m. 
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figures showing, res pecti vely , 

the degree of permeabi 1 i ty 

jointing and karsificati on. The survey carried out 

around the area ( some of them periodically) 

representation of groundwater salt content distributi on (Fi g. 

The sketch shows the area to be very strongly aff 

by salt contamination: locally, seawater reaches a long di sta > 

inland as i s shown by the 4 g/1 isohalines also indicating 

salt concetration i n spring waters i s in the order of 2.5-3 g/ l 

more . The latter values are in line with the 4 g/1 

groundwater, recorded at a close distance from the coast. 

In order t o learn more about groundwater fl ow 

t he coast overl ooking Mar Piccolo and on the r elationship b 

the fresh and the water of mari ne encroac hment an observation wel 

has been sunk i nto encroachi ng seawater nearby the Ga leso s pr~ "T 

(Tadolini, Tul ipano, 1977) . 

The we l l is equi pped with cel l s that are isolated f 

one another and have been designed to retrieve data from: 

fresh groundwater portion; the fres hwater/brackish 

transit ion zone; - the seawater intrusions below the groundwa 

(Fig . ?) . 

The data obtained from thi s wel l were i nt egrated 

data recorded at another pre-existing observation wel l (location ~ 

Statte) and at several other bo reholes all around the area . 

4. MONITORING INTAKE STRUCTURE AT GALESO SPRING 

The spr i ng is located some 250 m away from 
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in the first recess of Mar Piccolo, Taranto. It is revealed 

surface by. a large bubbling spot varying in shape and 

·. (Fig.8) . Severa1 columns of ascending water can be re 

each originating from one or more closely spaced minor 

its bottom, the "citro" appears to be formed by 

discharging considerable amount of water and by a number of 

water-yi e 1 d i ng "mouths" scattered a 1 ong the flanks and 

centre of a large, roughly funnel-shaped, depression, some 

diameter. The depression is l ittera lly d is seminated with 

springs: water flows out of small crevices in the rock and 

outlined bottom areas. 

A subcircular area has been identified deep down 

the bottom: here a relatively large amount of water seeps out a ~ 

low velocity. The main outflow has been located at 

approximately 18 m at the innermost end of a small 

vertical walls are cut crosswise to the slope of the depression,.0 

Water originates from a cave, the mouth of 

collapsed and is partially obstructed, and flows out 

conduit having a rhomboidal section and slanting upwards at 

angle of about 45°. At its outfall, a large rock forces 

separate into three main parts (Fig. 9) (Stefanon, 

1969). 

The orifice has been levelled by means 

multilayered block made of iron p 1 ates and covered 

concrete,then encased in a fiberglass-reinforced 

bell-shaped structure: the latter consists of three cylindrical 

~-ir.-d~ameter modules to which a truncated-cone segment 

attached. The whole structure is anchored by means of 

steel bars to the concrete base block v1hich covers the 

the main outlet and is sealed all around with 
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The intake structure at the sea surface. 

mouth of the Galeso submarine spring. 



1.20 m-in-diameter pipe, set into the 

. described structure, r; ses up 

at the surface to the buoy also made of f iberg l ass-reinf 

plastic, whi c h is firmly anchored to the sea bottom by me 

three anchor logs. A telescop ing end section al lows the lengt . 

the vert ical pipe to be adjusted. 

In addition, the "bel l" i s equipped with a lat 

by- pass devic e which provides the only poss ible communi cat ion 

the sea. 

After it has been tapped by the system, part of ·· 

fresh groundwater comes up to the surface al ong the ascending 

and part of it flows out of the by-pass into the sea. 

Since the length of the ascending pipe governs 

type of flow in the system, then by adequate 1 y adjusting 

telescoping pipe segment it i s possible to zero down the disch 

flowing through the by-pass; by so doing one c an prevent 

freshwater outf low and seawater inflow, and all of the 

being tapped will ri se to the surface along the vert ical 

By means of a system design of this kind, 

from t he spring is iso l ated. Hence, discharge can be measured 

the flow regime established in the system 

eventually, this will result into optimal definition of 

parameters for subsequent act i on by which flow from the 

will be permanently captured . The following discussion vlill . 

that the by-pass al l owing communicatior. with the 

reservoir has a central role of its own in this study , 

anal yzi ng the equilibria that become estabilished in the by

when the discharge f lovling through it is zeroed down, 

information is obtained concern ing the variables at stake. 
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.. · .. ·. · .. 

. 5. ~.(S'{MEr{ HYORAUl I C MODELLING ·:_.· 

The study of a hydraulic model for the system 

preceded by an analysis of free flow conditions from a su 

spr i ng. 

Consider a confined aquifer of the kind s 

figure 11. 

Since groundwater seepage velocities are usually .. 

low, then the incidence of the amount of kinetic energy of .·· 

under pressure is negligible : in practi ce , as it crops out 

the sea, the fresh water, whose speci fic gravity is ~ 

an energy whi eh - i n terms of piezometric head H f 

expressed as: 

p 
li1= - '-+ z() 

Yt 

where Pf is groundwater pressure at the out let section and z 

the geodet ic he ight to a datum plane, which is arbitrary. 

Consider that the overlying seawater reaches elevati 

above the datum plane, which is here made to pass across 

centre of the outflow section, then the external pressure at 

point where the spring flows out is equal tn· 

P, = y, i, 1?1 
\~I 

where· y 5 is seawater' s specific gravity. The corresponding 

head for such pressure is H5 which, when expres sed i n terms 

freshwater equivalent head, is equal to: 

P, y, 
H,=-=--z, 

Yt Yt 
( 3) 
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Thus the energy imbalance in the area where the spring 

eq•Jal to Yt( Hr H
5 

) which causes a freshwater 

inside .the sea-water reservoir. 

The resu 1t i ng hydrau 1 i c phenomenon is compar ab 1 e to 

.·ffusion of a vertical liquid jet sent, trhough an orif ice, 

indefinite fluid mass at rest whose density is greater 

of the fluid from the jet. 

Part of the amount of energy Yt { Hf - H5 ) available 

. outflow section will become converted, a 1 ong the jet axis, 

s of kinetic energy and potential energy, (associated t o 

attained and to pressure at that level) and part will be 

ted by viscous and turbulent head losses; yet another part 

transferred to the heavier water of the fluid at rest 

turn will be set in motion . Actually, freshwater 

begin to col l ide with saltwater particles to which part 

energy is yielded in the clash: these are then acceler ated 

ried along in the ascending flow. All this resu lts into 

nt mixing between the two fluids and the salinity of the 

fluid increases as it travels upwards along the jet ax is . 

iginal path travelled by the liquid threads is part ly made 

and the jet shape, under condit ion s of 

like a truncated cone. 

For a better theoretic a 1 understanding of the 1 aws 

the outflow process described above, referenc e is made 

done by Abraham (1963) at the DELFT laboratory. 

With reference to the scheme in Fig. 11, the diff usion 

characterized b_y the parameter: 

u2 
Fo= 

0 (4} 
p,- Po 

gD 
Po 
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spr.ing 

- -- l - piezometric 
_j surface 

-........ 

Fig.ll -Schematic representation of the pa t tern of the 
heads at the outlet of the Galeso submarine springs. 

- +---------+· sz.!.:~ 

Fig.l2- Scheme of the pipe system adopted in the ca lculation . 
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the ratio of inertial forces to floating forces that are 

geopotent i a 1 and to the difference in density 

as a Froude number. An F0 value close to zero is 

if discharge velocity u0 is low- a condition which 

the driving head ( Hf- H 5 ) of the jet is low and if 

In that case, the jet is defined as a "floating jet" 

rise is due essentially to its lower density 

to that of the fluid at rest. 

Conversely, if Q5 =f!o , then Fa "' oo ; the jet flow 

due to the driving head (H f- H s ) and the jet itself is 

our case, F
0 

has a finite value and the two 

described will be both governing the flow. 

This brief reference to Abraham' s work is per se 

to show that peak concentration c , equal to: 

p,- p 
C= 

· p,- Po 
{ 5) 

, salinity, are correlated to the outflow velocity 

to the discharge at the spring's mouth. 

Subsequent studies ( Curto, 1968) provided functional 

(6) 
Sm = f (fo, U, k) 

along the jet axis, Fo is Froude number, u is 

, and K is a numerical coefficient related to the peculiar 

of flow. 

Thus, once Fo is known, salinity S
111 

can be evaluated 

point along the axis of the liquid vein; conversely, if s 
m 

then the outflowing discharge Q~ can be calculated. 

However, precis~ly because they require 
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simp lifi cation, these methods cannot be a pp 1 i ed as such 

opeli""sea situations, where the submerged jet is exposed 

motion and to the presence of streams. Thus, the effect s of 

factors upon the measurement of the parameters 

analyzed to prevent uncertain results. 

The experi menta 1 work now being carri ed out ; 

Piccolo, Taranto, must be viewed in this 1 ight. In practice·· 

project has been designed to isolate the spring's flow by 

a provisional "tapping" system which has 

direct observation of the hydraulic and 

parameters that characterize the spring ' s 

ultimate go a 1 then is to design a permanent 

that will capture springwaters and will convey them inlandwards 

5.2 Proposed calculation model 

As a first approach to hydraulic modelling of 

regimes in the system, reference was made to a hydraul ic 

consisting of three tanks connected with one another 

intermediate junction 1 inking the pi pes banched into t he 

(Fig.l2) (Caroni et al., 1988). 

In our ea se study, the "tanks" represent the 

at the tapping site (A), the sea at end of the submerged 

(C), and the open out flow at the sea surface (B). 

It is a known fact that equations governing 

unsteady flow in a system of pressure pipes have been derived 

applying the continuity equation and the dynamic equat ion 

obtained from the momentum theorem to the different componen ts , 

Appropriate conditions of congruence re 1 ate eh ar act er i st i c flow 

parameters in pipes at the nodal sections. 
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Whether a general layout of this kind can be 

depends on the conditions of operation to be selected 

system. In particular, some simplification could be 

l) -by taking conduit walls to be rigid and the fluid 

ncompressible; 2} - by taking the stress in the system to 

tant over time, hence the flow established in it to be 

Assuming that the first hypothesis has been verified, 

of unsteady flow in each conduit can be written as 

ulu! 
2g 

(7) 

is the dissipation term for distributed friction losses 

are terms covering concentrate losses due to vortical 

whatever peculiarity may be present in th e sect ion 

AH is total head loss in the design direct ion of flow 

pipe: flow in the opposite direction is characterized by 

and head losses. Both dissipation terms can be 

by means of the form ulae applicable to steady flow. 

For congruence to be achieved at the junction node, 

c sum of discharges must be equal to zero: 

+ Q l + Q2 + Q3 = 0 

The system, then, becomes 

1 
L, d u; u, 1 u, 1 r ;.., L, ,. c 

t..H =---+---!--+,::,; 
' g d t 2 g L D; I 

2: Q; = 0 

(8) 

( 9) 



to be further 

at the free boundary, corresponding 

and· by a specification of its initial state~ 

If the heads in the tanks, HA, H8 , He are t 

known, then the unknowns are represented by velocity 

conduits ui and by the head at the node HN, i.e . . (i +1) 

The solution can be sought 

implicit "finite difference" schema. 

A more immediate solut ion can be provided for 

of steady flow. 

In real cases, this hypothesis is made 

depending on whether or not the terms consist ing of 

derivative of velocity can ben neglected . In other words, 

time variations are very slow, the conditions of flow can • 

calculated with a very high degree of accuracy as a successi 

different "quasi steady " states, by means of 

equat ions. This is justified by the fact th at 

frequency is in the order of seconds whereas measuri ng prv~·-u~·~~ 

yield values of t he magnitudes involved that are averaged for 

intervals of not less than one minute (e .g., when 

discharge). 

As a first approximat ion, flow conditions 

assumed ~-:ith reference t o the average values of t he 

variables over time, hence to the tapped spring ' s "average flow". · 

Based on the steady flow hypothesis , 

for the hydraulic configuration considered in the study i s given 

by: 

( 10) 
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where A desc r ibes t he areas of sec ti ons in the pipes . 

The fo ur equat ions t hus wr it te n make the 

determi nate provid~d that any one combination of 3 known 

gi ven, on condition that at least one of the values is a 

A role of paramount importance in the operation o~ ' 

whole system is played by the side branch communica t ing di 

wi th the outside environment, i . e . , with seawater . As 

above, for a number of different length values in the 

pipe , the discharge passing through segment No. 3 

by-passj drops down to zero, i.e., Q3 = 0. 

regi me is est ab li shed insi de t he by-pass, an 

As this 

formed between the two flu i ds havi ng di fferent densit i es whi ch 

be readily recognized from its opalescent optical effect. 

conditions of ca lm sea and in the absence of streams, which 

real i sti c connotat ion to our permanent flow hypothesis, 

able to obs erve that the posi ti on of the i nterface 

stat i onary. Th us, the assumption t hat water rests in the 

by-pass under hydrostatic conditi ons becomes meaningful (i .e .: 

Q 3 ;:: 0 . 

In l ine with the system's simplified 

approach, the interface is ass imilated here to a flat 

equilibrium between two immisc ible fluids; t he pressure 

such plane (see Fig. 13 ) is equal to: 

where z I and z are the levels of the interface 

surf ace in respect of the datum plane (z : 0) . 

However, this hypothesis does not 

the complicated equilibrum that set s in at the 

t he two fluids that are in fac t miscib le - an equilibrium that 
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by density, salinity and temperature gradients within the 

of the opalescent layer. 

According to the previous assumption, the piezometric 

same at all points in the by-pass filled with 

at rest and is equal to: 

h 
Pt y, 

=z1 + -=z1 + (z,-z1)-

Yi Yt ( 12) 

In line with the above, it can now be stated that in 

configuration, the by -pass represents a piezometer 

node, so that if 

hN = h = Zt + (Zs- zJ) ..JL 
Yt 

head at the node is: 

n Di 
[ 

0 ]' 2g --
4 

Therefore, the head at the node, 

value u 3 = 0 in the analytical system 

can then be set as follows: 

I 
[ A

1 
L

1 J 
Q2 

HA- HN""' ----;:;;- + ~ ~j [ , r rt Di . 
?o --
-o 4 

[ Ao Lz L ] Q2 
HN-1-lo = ---+ ;I l ., r D2 I n D; 

2g 4-=-

( 13) 

( 14) 

( 15} 

HN 
' 

and t he 

( 10) are knovm; 

( 16) 

L
1 

z 11 and L2 " ( z8 - ZN) with reference to Figure l3 and 
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the unknowns . are H A and Q. 

In t urn, di ssi pation terms can 

distributed frict i on losses and concentrate losses at 

discontinuity or pecul iarities in the system's geometry, 

be evaluated, respectively, by the following formulae : 

L U I U I 
!1H=.l. ----

D 2g 

t1H = ~ u I u I 
2g 

By expressing each separate dissipation term 

system equations (16), the system itself takes the form: 

where: 

coefficients accounting for di stributed f riction 

losses; t wo terms are evidenced in trunk 2,respecti 

the two portions with diameters 01 and 02 ; 

s1 coeffi cient for head loss at spring inlet; 

n1S2 coeffient accounting for sect ion constr ict i ons due to 

the presence of reinforcement rings inside the bell; 

S3 .coefficient for head los ses at the truncated cone 

constriction; 



coefficient to cover head losses at surface outlet . 

Given the numerical values of the above coeffici ents, 

lastly becomes: 

u2 
HA- HN = 621 --= 0.03 Q2 

. 2g 

PRACTICAL QUANTITATIVE RESULTS. A COMPARISON WITH 

ICAL DEDUCTIONS. 

( 19) 

(20) 

The series of measurements considered in this paper 

an initial approach to a direct assessment of parameters 

flow in the above described tapping system. 

The first measuring campain has been carried out 

order to estimate the order of magnitude of the 

i nvo 1 ved and to obtain enough data fo r t he 

in the first instance, of the theoretical model 

system's hydraulic operation. A conventiona l 

was used in the earliest stage; the data so obtai ned 

a basis for designing an automatic continuous monitori ng 

ation, given the fluctation intervals of the parameters 

sured, name ly: 

discharge 

salt content 

freshwater temperature 

seawater temperature 

)')') 

0" 0.3 ~ 0.8 

S" 3.0~4.0 

Tf ~l9.6 ~ 19.8 

( vli nter) 

g/ l 

oc 
"C 



~h~continuous monitoring system has been 

and is expected to solve all the difficult 

with the peculiar site at which measurements 

The data acquisition system utilizes a data 

that takes the measurement at pre-established intervals, 

the data and stores them for three months ( the longest 

after which the instrumentation has to be checked, 

replaces, and data retrived). 

Data are ret ri ved from the data acquisition 

means of an optic fiber coupler, without any mechanical 

and without opening the data acquisition unit. 

The data retrieval and monitoring system 

an ISM-compatible PC, run by a software especially 

retrieve data and perform check functions and 

measurements. 

The data acquisition system is 

transducers measuring the following parameters: 

l. electric conductivity of springs water (salt content); 

2. absolute pressure at sea botton (tides); 

3. piezometric head in the spring by means 

transducer placed inside the spring cavity in a recess 

water is at rest; 

4. water flow velocity inside the vertical pipe connecting 

bell to the surface, by means of ultrasound probes; 

5. position of freshwater I seawater interface inside the 

by i~tegrating the springwater/freshwater termal gradient, 
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at about 50 points along a 2 m bar. 

temperature; 

temper-ature. 

For a general verification of the theoretica l model 

above, let us reconsider equations ( 19) and (20) which 

Q
3 

~ 0 (presence of freshwater/saltwater interface in side 

,.. pass). Note that equation (20) takes up the fo l lowi ng 

., 
z

1 
+ (z. + zt) _._s + 

Y/ 

Q
1 

H -OCl5?3Qz 

[ 1
'· - ll - - -~ -

D 2 -
lt i 

2g --
4 

(2 1) 

is the piezometric head at the outlet i nto the 

Equation (21) provides clear evidence that i n the 

hydraulic operation the di scharge Q, the interface 

z 
1 

, the height of the vertical pipe z8 and the sea 

are interdependent; thus, the equation defines the 

between the length of the vertical pipe and the f l ow 

the by-pass which originally had only been ident if ied i n 

As computation was going on, special attention had to 

evaluations of the piezometric head at the out le t H s 

Outflow into t he atmosphere at the end of the pipe is 

the liquid threads are dev ia ted downward s by the 

field, but this deviation causes an i nteraction 

the out f 1 owing and the descending masses of v1ater , such 

ascending water is slowed down. 

A precise interpretation of this phenomenon can be 

only by a complex thermodynamic discussion of the free 
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vertical jet into the atmos phere which as so far been 1 

invest igated in scientific l iterature in terms of 

stream. In terms· of quality, it can be assumed that 

out let secti on there exist pressure grad ients with an 

distribut i on of piezomet ric heads affecting 

regime. The H8 term in our ca lculation model will then be 

up of a portion of the piezometric head that is corre lated 

distribut i on of pressure i nside the jet and, partly, of a 

portion of head that is dissipated by developed fric tion . 

In order to eva luate the effect of such head 

f l ow regi me in the pipe, two extreme hypotheses were made: 

a - piezometric head at the outlet equal to 

geometric height z8 , i. e. zero pressure at all points of 

section and absence of dissipat ions in the jet; 

b - presence of an average piezometr ic head ( z8 + Y 

at the uppermost outlet of the pipe (Fig.l3) measured at 

border. 

Table 1 report s the most significant data 

under the two extreme conditions; for a comparison in 

table are also shown the in situ measured discharge data . 

Q co1cuht.O (,.3/s l 

M TA z, z, z, r ensured 

{~) (Q) (~) (m) (,.3 I s) al cl 

14.1 1.88 0.70 16.01 16.12 0.20 0.803 1.40 LJO 

24 .11.88 0.70 15.10 16 .Z9 0. 16 0.111 1.03 0 . 86· 

31. 01.89 0.15 15.60 15.85 0. 12 0.706 2. 84 0 . 6() 

H, 

~asured 

16.440 

16 .518 

16 . 019 

Tab.l - Comparison between the discharge values obtai ned from 
the calculation and the measured ones. 
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Note that by assuming an absence of piezometric head 

ion to the geodetic head at the outlet, discharge values 

hig~er that the real ones are obtained; instead by 

level of water as measured at the rim of the 

pipe, calculated discharge are reduced to the same order 

dute as the measured ones. 

This suggests that an extra head at the outlet end of 

addition to the geodetic head alone, could affect the 

flow. It is just as obvious, however, that a hydrostatic 

on at the outlet would be unrealistic, since this head 

within the complex dynamics of the effluent jet . It 

however,that a portion of the additional head might 

that portion of the head losses which are not 

in the classical discussions on pressure pipes '.~e have 

reference when calculating head losses. 

In view of all the above, the system must now be 

in actual practice. We shall then be in a position to 

n exhaustive answer to the doubts in our interpretation and 

· alize our calculation model by adopting correct coefficients 

losses and by precisely evaluating total head at the 

The process is now ongoing thanks to the continuous 

system described above. 

As a result of our work, it has been shovm that the 

of outflow from the capture vein are determined by the 

own hydraulic operation, as previously described 

Such conditions depend, in the first place, on the 



·. > prope~ti es ··. and am6unts ····of water available in the 

artesian aquifer, and are defined by a functional relat 

between water heads H and outflowing discharges Q. The 

monitoring system now in operation has been designed preci 

investigate such relationship. 

It cannot be ignored, however , t hat 

spr ing is on 1 y part - and t he most important part 

number of other springs scattered all around at a 

distance. 

By all owing variation of the Ha 

performed on the tapping system can produce vari ati ons 

capt ured di scharge, through interaction with the 

groundwater, hence t hrough changes in the overa ll 

discharge, and as a result of the redistribut i on of 

di scharge among the vari ous springs . 

According t o the conven tiona l patt erns 

in porous media in confined aquifers, the "citro" 

can be described as a drawdown area i n respect of 

piezometric surface, where the final established piezometr ic 

is given by sea level and by the depth of the sea bottom 

described by the express i on : 

H, = z, + y Ys- Yt 
Yt 

where, again zs is the sea level respect to the datum plane. 

In turn, the whole situation inside the "citro" 

comparabl e t o the si tuati on developed by a network of well s, 

made to correspond to the various springs. Consequently , 

the other spri ngs - actually, only minor spr ings - ar e so 

spaced around the main spring considered in this work, 
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vidual springs are directly conditioned by any kind of 

ion in the flow regime of another spring. Overall, the 

conditioned by sea 1 evel changes and by dynamic 

disturbing its hydrostatic conditions (such as tides, 

streams). 

We can try to interpret the phenomena occurring inside 

fer by means of a simple example, i.e., an artesian 

consisting of a homogeneous and isotropic porous medi urn. 

proportion a 1 relationship between drawdown and 

would then apply, which is related to the 

of the aquifer and of the spring. 

The reciprocity principle can instead apply to the 

interacting wells system. In particular, let us assume

of simplicity - that, under natural conditions, the 

ay of springs is subject to the same drawdown S, with an 

discharge at the spring outlets being Qp and Os at the 

spring . A change of pressure at the spring, such that it 

outflowing discharge to stop ( Os "' Q, with 

will result into an increase in discharge at the 

equal to: 

o' t::.Qp=-0 Q 
li (23) 

Conversely if pressure is reduced at the spring, 

the present circumstances, can be done by lowering the 

l eve 1 , or else by a pumping wi dthdrawa l s then the 

discharge will rise while at the same time discharge 

springs will be lowered . In extreme cases, direction 

will be reversed and seawater wi 11 penetrate into the 
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In any case, hydraulic operation of the entire t 

system is extremely sensiti ve to even ti ny fl uc tuat i ons 

assigned to t he different parameters of flow . It has in 

noticed that a few centimeter s difference in measurements of 

levels result s into differences i n calculated di scha rge val 

as much as several hundred meters per second. Gi ven the above ~ 

automatic measuring sys tern i s especia lly suited to monitor 

highly variable t rends of t he paramet ers invo lved: 

time, the system will yi eld a wea lth of data enabli ng statisti ·· 

processing based on the probabilistic t heory of errors. 

Our fi nal goal is then to arri ve at a 

def inition of the fu nction: 

( 6 H f (Q) J 

expressing head l os ses ins ide the system as a 

outflowing di scharge. Having ob tai ned t his result, a 

can be taken by compari ng cond i tions of submerged natural 

outfl ow: 

( 6 H sea = f (Q} ] 

and the conditions of the captured outflow. As a result of 

compari son, the confi gurat ion of the system at regim~ 

such that : 

( 6 Hsystea {Q)= 6 ~seJQ) ) 

can be i dent i fi ed and the spri ng 's cap t ured flow and 

conveyance of spr ing water onl and will enable discharge 

spr ing to flow out naturally, wi thout disturbing 

upstieam and leav ing nat ural equilibria undisturbed . 
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