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Caposele spring and Pugliese aqueduct
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Pugliese aqueduct:

total lenght: more than 400 km

main gravity-channel (244 km long) up to Villa Castelli
93 bridges and 105 tunnels

Pavoncelli tunnel, 15.3 km

Murge tunnel, 16 km

Caposele spring:
elevation: 417 m a.s.l.
mean discharge ~ 4 m3/sec
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Main historical points before the tapping
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1868, Camillo Rosalba (engineer of the
Public Works Office)
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1901, first studies and surveys in the area of Sanita springs (supported by
a financing of the central state, one million lire).

1902, the consortium “Acquedotto Pugliese” (State and other local
authorities) was formed, with full powers on the construction and future
management.

1906, begin the excavation of the tunnel crossing (Pavoncelli) and
subsequently those of the main channel up to Villa Castelll.
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Main historical points of the tapping

1915, arrival of spring water in Bari

1918, Brindisi
1927, Lecce
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Main features of the tapping zone
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Caposele spring view
Main channel in the tapping area
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Caposele spring view

Beginning of the last century (~1900)
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Caposele spring view
currently
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Hydrogeological sketch of north- eastern sector of Mt. Picentini
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1) Continental mantle (Quaternary); 2) argillaceous complex and flysch sequences (Paleogene—
Miocene); 3) calcareous-dolomite series (Jurassic—Miocene); 4) main karst spring; 5) village;
6)mountain peak; 7) elevation (m a.s.l.); 8) Spring catchment ; 9) endorheic area; 10) river gauge.
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3D view of the Cervialto massif
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Hydrogeological cross-section

Celico & Civita, 1976
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Class elevation distribution
hydrogeological spring catchment, 110 km?
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Fiorillo F., Pagnozzi M., Ventafridda G. (2015) - A model to simulate recharge processes of karst massifs- Hydrological processes
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Schematic soil-profile of Campania slopes

surficial organic soil surficial organic saoil

remoulded and weathered ash deposits, colluvium remoulded and weathered ash deposits, colluvium
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Fiorillo, F. (2011) - The Role of the Evapotranspiration in the Aquifer Recharge Processes ... - Evapotranspiration
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Main climatic features: long-term mean monthly values
Thornthwaite balance, Montevergine, 1270 m a.s.l.
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Daily values during a wet year
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Fiorillo F. (2009) - Spring hydrographs as indicators of droughts in a karst environment — J.of Hydrology
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Spring discharge (m®/s)
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Daily values during a dry year

4.5 120
- 100
- 80
- 60
- 40
I R I I B P o R EPCRPEPEEPEPPEPEPPEPER CERPPEPS
1.5 1q--- et IO R
1.0 | .‘II.ILl-Ih 2 .|“_h‘*0
< < < < LO Lo Lo Lo O Lo LO LO
~ ~ ~ ™ ~ ~ ~ ~ n ~ ~ ~
o 5 > © c o 5 s > c = o
$ o 2 & S ¢ = < £ 3’ = 2

Fiorillo F. (2009) - Spring hydrographs as indicators of droughts in a karst environment — J.of Hydrology

Annual mean rainfall

Daily rainfall (mm);



Giornata di approfondimento AIGA “Lo studio e la tutela delle acque sotterranee”, 25 ottobre 2016, Bari

Physical and chemical characteristics of springwater

1 Jan 2009 - 27 Feb 2011
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Factors controlling the shape of the hydrograph

Rock mass conditions, Cervialto rock outcropping
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Factors controlling the shape of the hydrograph
fault scarp induced by 1980 Irpinia earthquake

http://legacy.ingv.it/roma/attivita/sismologia/sorgentesismica/esempi/irpinia/irpinia.html



Discharge (l/sec)

Giornata di approfondimento AIGA “Lo studio e la tutela delle acque sotterranee”, 25 ottobre 2016, Bari

The effect of 23 November1980 earthquake (Ms=6.9)
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Fiorillo F. (2015) - Hydraulic Behavior of Karst Aquifers— In: Karst Aquifers, Characterization and Engineering
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The effect of drought on the following years

Daily spring discharge
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Fiorillo F. (2015) - Hydraulic Behavior of Karst Aquifers— In: Karst Aquifers, Characterization and Engineering
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The effect of drought on the following years
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Cumulative rainfall and spring hydrograph shape
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Fiorillo F. (2009) - Spring hydrographs as indicators of droughts in a karst environment — J.of Hydrology




Effective accumulated rainfall, mm
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Statistical approach to forecast spring discharge
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Trend and fluctuation of spring discharges and rainfall

standardised annual mean spring disch., Qs

Starnadardised annual rainfall, Ps
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Fiorillo F., Guadagno F.M. (2012) - Long karst spring discharge time series ...... — Env. Earth Sciences




RAPS, annual mean spring discharge

RAPS, annual rainfall

25

20

15

10

30

25

20

15

10

Giornata di approfondimento AIGA “Lo studio e la tutela delle acque sotterranee”, 25 ottobre 2016, Bari

RAPS of time series (discharge and rainfall)
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Temperature trend, Montevergine station, 1270 m a.s.l.
Period 1884 - 2008
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Bucci et al. (2015) - Winter survival of microbial contaminants in soil... — J. Env. Sciences
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Aquifer behavior during dry periods (recession)
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Fiorillo F., Revellino P., Ventafridda G. (2012) - Karst aquifer drainage during dry periods. J. of Cave and Karst Studies
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Aquifer behavior during dry periods (recession)
dependence of the recession coefficient on Q,
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Fiorillo F., Revellino P., Ventafridda G. (2012) - Karst aquifer drainage during dry periods. J. of Cave and Karst Studies
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Aquifer behavior during dry periods (recession)
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Fiorillo F., Revellino P., Ventafridda G. (2012) - Karst aquifer drainage during dry periods. J. of Cave and Karst Studies
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Aquifer behavior during dry periods (recession)
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Fiorillo F., Revellino P., Ventafridda G. (2012) - Karst aquifer drainage during dry periods. J. of Cave and Karst Studies
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Aquifer behavior during dry periods (recession)
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Drainage of a composite cylindrical tank-reservoir

Independent of the model used, the
following relationship can be deduced:
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From the composite tank-reservoir to karst aquifers
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Example of a karst aquifer, tectonically bounded by impervious terrains
Conduits, shafts, vadose zone and saturated zone with different effective porosity are shown

Legend
o=
97 0 |Karst aquifer HWT, high water table

N Aquiclude LWT, low water table

N d HL, horizontal line
» vadose zone SWL, shaft water level

(1) shafts and conduits feed water table
(2 water table feeds conduits

EZ, epiphreatic zone
SZ, saturated zone

recessionilimb

A Doline/colluvium

) I ) ti...nhﬂle (1 year)
I 0 N I L T

Spring

Catchment area, A_

v

Fiorillo F. (2011) - Tank-reservoir drainage as a simulation of recession limb of karst spring hydrographs. Hydrogeology Journal
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Caposele spring discharge and water level monitored in well P1

P1 well




Water table level.
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Caposele spring discharge and water level monitored in well P1
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Caposele spring discharge and water level monitored in well P1

Dischar . .
, scharged Water level Discharged volume for unit
Recession water volume _
veriod at spring decrease in P1 of water level decrease
AL (cm = 3 x 106
D,, (M? x106) (cm) V,=D,/AL (m3/cm x 10°)
October 2008 8,2 6 1,37
October 2009 11,3 31 0,36
September 2010 10,8 24 0,45
November 2011 9,8 23 0,43
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Caposele spring discharge and water level monitored in well P1

Check the formula a”'~ T

2008 and 2009 years

neﬁ: (2008) ~ VW(2008) _ 1.37 ><106 neff(ZOOS . a(2009 _ 0-00230
0.35x10° Q2005 0.00060

Netr (20000  Vw(2009) Nett 2009

2010 and 2011 years

Nett (2019 NVw(zolo B 0.45x10° Nett 2019 _ X(2019 _ 8881;8
) & (2019 -

— - S
Nett 2019 Vw(zom) 0.43x10 eff (2013

l

Fiorillo F., Revellino P., Ventafridda G. (2012) - Karst aquifer drainage during dry periods. J. of Cave and Karst Studies
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Recharge processes in the spring catchment (Cervialto massif)

Estimation of the long-term recharge (ratio between discharge volume and
rainfall on the catchment)

Then, a daily recharge model, calibrated on the previous annual scale
estimation, allows to simulate the recharge and the runoff at daily scale

The model have to distinguish the endorheic areas (closed morphological
zones, where runoff cannot escape from the spring catchment) from the
rest of the catchment (open areas)

Fiorillo F., Pagnozzi M., Ventafridda G. (2015) - A model to simulate recharge processes of karst massifs- Hydrological processes
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Annual mean rainfall and annual mean temperature in relation to ground-elevation
period 1970 - 1999
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Main hydrological features of the Cervialto massif
long-term annual values

Mean | Max Min
Elevation
m (a.s.l) 1179 | 1809 417
Afflux
Mt mmiyear 2109 | 2621 1529
A Temperature
(
catiflnrr?egnt) °C 8,5 13,5 4,4
Actual
evapotr. 529 688 410
mm
(mml/year)

[ ]800-900 I 1500 - 1.600
| ]900-1.000 B 1600 - 1.700
[ ]1000-1100 | 1.700 - 1.800
1.100 - 1.200 B 1800 - 1.900
I 1200-1300 [ 1.900 - 2.000
B 1.300 - 1.400 I 2000-2.100
B 1400-1500 | 2100 - 2.200
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Main hydrological parameters estimation (long-term annual scale)

effective afflux, F4, in a specific area, A ( ) 21: Fer
Feff A = 0 x A
recharge amount, R, in endorheic area, Ag (R)AE = (Feff )AE
recharge in the open areas, (R),, (R)AO — Qs - (Feff )AE
effective recharge (CR) — ﬂ (C ) —1
coefficient, Cy Fo (Fert ) a, R/Ae ™

Fiorillo F., Pagnozzi M., Ventafridda G. (2015) - A model to simulate recharge processes of karst massifs- Hydrological processes
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Main hydrological parameters of Cervialto catchment

Springs

= Elevation
»n Area . . 2 F Fes RO Q R
» Item | (minimum) | km 3 006 | 3506 | midant | 3 on6 | 3 40| Cr
Group m’s | m3x10° 's" mas.l mx10° | m’x10° | m™0° | m"x10° | m"x10
Piano Laceno 1 1047 20,5 43,8 32,9 0,0 0,0 32,9 1
Caposele | 3,96 Piano Acemese 2 1168 3,3 74 58 0,0 0,0 58 1
Pianc dei Vaccari 3 1164 1,4 3,0 23 0,0 0,0 23 1
% Valle Rotonda 4 1156 1.1 23 18 0,0 0,0 1,8 1
Bagnoli 1285 |2
Ir[?ino 0,07 8 Raia dellAcera 5 1246 0,7 1,5 1,2 0,0 0,0 1,2 1
Closed areas, Ae - - 27.0 58,0 44 0,0 0,0 440 1
Open areas, Ag - - 83 1724 | 128,3 438 0,0 84,5 ( 0,66
Others 0,10
Springs catch., Ac - - 110 | 2304 | 1723 438 0,0 128,5 0,75
E afflux Qp, groundwater abstracted

F.«, effective afflux

RO, run off:

R, recharge

Cr, effective recharge coefficient

Fiorillo F., Pagnozzi M., Ventafridda G. (2015) - A model to simulate recharge processes of karst massifs- Hydrological processes
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Daily scale model of the recharge

P = AET + A0+ Pexc

« excess rainfall, P, =daily recharge + daily runoff

« daily runoff occurs if P, exceeds a specific threshold values at daily scale

» the threshold is deducted from the long term annual scale : (CR)a, = Z(R), /ZP

exc

The model generally needs:
- the thickness of the soil which is undergoing evapotranspiration processes, H;
- the (volumetric) water content at field capacity, &,

- the minimum water content reached at the end of dry season (summer), 6,.;
- the total and effective porosity of the soil.

Fiorillo F., Pagnozzi M., Ventafridda G. (2015) - A model to simulate recharge processes of karst massifs- Hydrological processes
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Daily scale recharge model, Mt. Cervialto catchment
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Fiorillo F., Pagnozzi M., Ventafridda G. (2015) - A model to simulate recharge processes of karst massifs- Hydrological processes
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Recharge coefficient for open areas, (Cg)a,
function of threshold of daily recharge, for different hydrological years
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Fiorillo F., Pagnozzi M., Ventafridda G. (2015) - A model to simulate recharge processes of karst massifs- Hydrological processes
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Conclusions

Caposele spring is a fundamental water resource in southern ltaly

two hydrogeological aspects enhance its usability: absence of peaks (as a typical
porous medium) and the regime almost opposite to that of precipitation

drought reduces the discharge of following years as well, highlighting a memory effect
of the aquifer

the spring is drough-resistant, as the (exponential) recession coefficient decreases
when initial discharge(Q,) also decreases

as the spring catchment is not interested by pumping (groundwater abstraction) and its
environment is almost unchanged during the last century, spring discharge is a
powerful indicator of climate
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