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Context Analysis

NW Italy, Piedmont, Alessandria district, EGATO6 (Water
Authority): Population 0.3 M inhabitants

Study Area ~ km? 1.000

GWSB abstraction rate = 2.1 m3/s + 65*10° m3/y (IT Piedmont
District Water Protection Plan, 2018).

Water distributed for human use: 30*10°% m3/y (Water
Authority Area Plan, 2007); 40% from wells

River Tanaro mean flow Q,, = 174.2 m3/s => 40% River Po —

Piedmont outflow (ARPA — IT Piedmont District Environmental
Agency) |

S Study target S S
> General reconstruction of deep aquifers flow system

» Mapping «recharge areas» of deep aquifers, preventing diffusive pollution and depletion

» Zoning «reserve areas» (portion of «deep» aquifers with good quantitative & chemical state, to
protect as a future water supply
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2= . * Water authority upgrade plan (AL)

* Regional Piemonte Water Protection
Plan (2018)

* Remediation planes of
contaminated sites (IT)

* GWD Groundwater Directive
2006/118/EC

_ * «Climate change» (EU - CLISP
project — AL District): +1.3°C at
2030 (av. 1961-1990)

« «Terzo Valico» railway & pa— ‘ ' A

tunnel (EU TEN-T core Rotterdam
network), 6.2G€, start 2022. . \ a
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* Streamflow < 20% (scenario 2099

- compared to 1981-2000)
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WISE (Water Information System for Europe) EEA
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* WISE 2.2 Leaching of agricultural
land

* WISE 3.1-> 3.7 Abstraction well
(increasing water demand)

* WISE 6.1 Changes in aquifer " . : ) .
recharge. Increasing &N : N B_& ¢ 5 s & <f st AR
impermeable surface. Urban land : ; W
consumption :
>10% - 20% in 20 years; mean
district rate : 1.2%/y
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SEDIMENTOLOGICAL AND HYDROGEOLOGICAL MODEL

;‘ Acqui Terme  Alessandria Po plain
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Geologia e idrostratigrafia profonda della
Pianura Padana occidentale, AA.VV., Firenze,
La Nuova Lito, 2009.
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Flow understandinﬁ

AL AND HYDROGEOLOGICAL MODEL

SEDIMENTOLOGIC
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Flow understanding
MONITORING NETWORK SELECTION
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-~ e HYDROGEOCI—!EMICAL GROUNDWATER MONITORING
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DISTRIBUTION OF «APPARENT TRACER AGE»

Cornaton (2016)

v" In the real world groundwater samples are taken from wells with
pr ‘ multiple screens and represent a mixture of “idealized” ages
. v From “idealized” age of a single water particel (parallelism of
- single age in a population) to “age distribution” (distribution
function of ages in a mixture/population)
v' Combined investigation approach: multiple tracer measurements
a. anthropogenic tracers => upper regional aquifer system
(“young groundwater” - short residence time)

b. conventional radiocarbon age => deep regional aquifer
=5 system (“old groundwater" long reS|dence time)
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DISTRIBUTION OF «<APPARENT TRACER
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3D NUMERICAL MODEL IMPLEMENTATION (FEflow — steady state)
Horizontal and vertical spatialization

Tortona basin

Alessandria basin

Area = 1000 Km?
Mesh elements= 1.674.477
Mesh nodes =931.810

Boundary conditions

Dirichlet “Hydraulic Head BC” — 1st kind condition (fixed Cauchy “Fluid Transfer BC” — 3rd kind condition (Fluid Transfer)
piezometric head, well-known at boundary)
Along terraced reliefs e SRS Along river

between Bormida and : Wb oS e interconnected with
Orba valley e or regional flow net

Mesh refinement




distribution

c—

s Help
HEid2lGoivo Mftrnag 80 PP800T J30 o » 1l 8 w«EiE aw
A-G-<-HEB CUD P E swimx ] i hests | B s ez moselo =

8% e reod

onnuous -

Conductivity: K_xx
- Patches -

mis]
W 000483974
W 0.00164566
0000559574
0.000190272
646983205
2.19994e-05
748047206
254359-08
864897e-07
294091e-07
1e-07

360 [m]
300 ] |8
250 [m]
200 [m]
150 [m) ©
100 [m]
50 [m
ofml
50 [m]

00 ]

Target of calibration

(available and reliable well monitoring data)

AN 7o~z
NESIAR)
SN

7
%

s
AT
O
TR,

2y
v
3
)
Y
"4}

75
15V
N

5
TATAv
o

%
K]

KIS

A
PO
Hesd
AR
5

KT
AT
K

S
KEN

al!
st

e, WY
AN
AR
TATATe SV IS AN, A"
v, IR
=

vy,
Y,

"

KINR

RSEROAR LXK

RS IR

R SIS SIS A4
STATA

T T T T
104 05 108 0 uz 14 116 s 1 12

T
24 125 128 130,

E-1.15891, RMS=1.77705, o= 1.82857
Cbserved hydruke head [n]

G -[g]




B . s s
“h FEFLOW Problem Settings

------ Problem Summary Scenario description
v Problem Class l

Age Species

Numerical Parameters Ehaiole Jum .o
Gravity Settings
Anisotropy Settings @ @ Standard (saturated) groundwater-flow equation
Transport Settings. Unconfined conditions [controlled via the Free-Surface’ settings] '
Other Settings

Equation-System Solver

Particle-Tracking Computation

File /O Settings

Map Settings
Editor Settings ;

1. Mapping the «recharge areas», startlng from the analysis of flow distribution

- _—

=
Hydraulic head 280 [
Isul nes

A. Extrapolation of model cells with highest fluid ... Recharge area 20m

240 [m]
velocity = «draft» recharge area 7

.
-
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N e TTT0m)
80 {m|
3 60m|

i ! 40m]

< -9 20(m)
: | ofm|
-20{m)
3 a0

109 —
108

107
106

105

~60 [m]
| -80(m]
N -100 [m]
7
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0 500 1000

Correction with vertical hydraulic gradient data (cutting
zones with upward gradient from «draft» recharge areas)

B.
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Cross-validation of f|UId velouty dlstrlbutlon
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Fluid velocity - "apparent tracer age" Fluid velocity-computed
Obs. Well name Well-ID |tracer year |km |km/y |m/g m/s m/s comp. lay
Predosa 11B CFC 26 6|2,3E-01|6,3E-01|7,3E-06 1,0E-05|layer 3
Pusetta 23B CFC 27| 5,5/2,0E-01|5,6E-01|6,5E-06 2,1E-06(layer 3
Peretta 12B CFC 67| 2,3|3,4E-02(9,4E-02|1,1E-06 6,4E-06|layer 3
Molinetto 26B e 3700( 16,5(4,5E-03|1,2E-02|1,4E-07 1,4E-06|layer 6
Mandrogne Via Sale |16B “c 17800| 8,3|4,7E-04]|1,3E-03|1,5E-08 1,9E-07|layer 6
Ca Bianca 15B “c ' 2400 2,5|1,0E-03(2,9E-03|3,3E-08 6,0E-07 layer 6
- -2 " - -~
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.

(.

3— Water management " "
USE OF.NUMERICAL:M_QDEL AS A SUPd’ORT TOOLO |
*‘ . ] -
2. Zoning of «reserve areas» = * legal instrument for District Water Authority to prevent ¢
la_ », groundwater depletion 3
q "‘ “3 e allow future development of well fields for human supply, with
“;_._; n “{A’ { Ry assigned sustainable abstraction rate
-— = » ‘ . — ————rareTy
A. Purelly.advectlve. flow & t.ransport , B.  Advective and dispersive flow & , Influence of dispersivity on filtration
condgltlons (particle tracking technique) transport (more realistic !!) time: differences of reserve areas with

Life Time Expectancy — LTE reservoir “purely advective flow” and “LTE
distribution. Goode, D. J., 1996 advective & dispersive flow&transport”

aL=50m ‘ K

aT=5m -‘.‘ .

- =t‘i](\:‘_’e”:$'ag§) oAl ﬁ IMPACT ON THE LAND-USE
REE 1 CtIC abSTra O AND APPLICABILITY OF STANDARDS

Time interval = 25 years (according with
Local Water Authority Area Planning)
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Flow understanding
in «Deep Aquifer
System»

Recharge areas

Reserve
areas

Danke fiur Ihre Aufmerksamkeit...

CONCLUSIONS

Stratigraphy
Piezometric levels
Hydraulic parameters
Numerical model
Geochemical surveys

Isotopic surveys
Use of «age tracer»
Numerical model

Numerical models (adv-disp.flow)
LTE zoning

Increase number of monitoring
points

Increase monitoring frequency

From steady-state to transient
numerical model

Use of multiple «age tracer»,
covering a wider chrono-range

Increase pumping test on existing
well (better evaluation of
heterogeneities in hydrodinamic
parameters)

.. Wir sehen uns in Acqui Terme !



