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STUDY AREA
We study the area of the city of Parma in the Emilia-Romagna Region, located in the flood
plain at the foot of the Apennine chain (Figura 2).

The city of Parma has a population of about 180,000 people and is the second city after

Bologna.

In recent years the urban area have been authorized and carried out various low entahlpy
plants both open and closed loops.
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GEOMORPHOLOGICAL FRAMEWORK
The study area including the

portion of high and medium padan

plain. The quote is reaching higher
in south with about 75 m a.s.l. while
toward noth the surface degrade to

about 40 m a.s.l.. The entire area is

LIMITE MODELLO
"AREA URBANA"

0 05 1 2 3

o B ress [ Aesta
= [ Aessa [ Acstb

LIMITE MODELLO
"AREA URBANA"
- e e K
01 2 4 6 8

ISOIPSE ogni 50 metri

GEOLOGICAL FRAMEWORK
In surface the geological units belong to

Higher Sintema of Emilia-Romagna
(AES). The subsintema outcropping is
the Ravenna Unit (AES8) and Modena

Unit (AES8a). These geological units are

charactherized by alluvial deposits both

coarse (gravel and sand) that fine (mud
and silt).
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The exploitation of low enthalpy
geothermal reservoir

In the city of Parma is spreading the practice of conditioned buildings through
the heat pump system using geothermal energy.

From the technical point of view the geothermal reservoir can be explioted by
means of:

Extraction of groundwater through wells and
sending the fluid to the heat pump - refrigerator
unit. The system with water with drawl is called
open loop.

Inverno [Riscaldamento]

2. Heat exchange with the geothermal reservoir GEO-NET I

through fluids circulating in closed loop pipes N ol

cemented in to the ground, without the taking of
groundwater. The system without water withdrawl is
also called closed loop.
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LOW ENTHALPY GEOTHERMAL PLANTS IN THE STUDY AREA

In recent years have been
installed, in the urban area,
some geothermal plants.

Today were approved ;5
open loop plants that
reached the total power of
about 800 KWt and the [
wells have an average !
depth of about 30-35
meters.
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POSSIBLE IMPACTS ON THE TERRITORY
GEOTHERMAL PLANTS APPROVED AND ZONE OF PROTECTION OF GROUNDWATER RESOURCES
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THE PHENOMENON OF THERMAL SHORTING

Vertical section and plan view diagram of a

Vertical section and plan view diagram of a
doublet geothermla wells with potential
thermal ineterference (Banks, 2009).

» [EOSERIE Ground Ievgl )

doublet geothermal wells without thermal
interference ( Banks, 2009).
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CURRENT STATE OF KNOWLEDGE

Example of mathematical model of open loop
geothermal system serving a spa-hotel.

Open loop system type consisting of 2 drawing
wells and 2 restitution wells.

Heating Power Peak 1043 KW

Cooling Power Peek: 668 KW
Flow rate instant peek: 40 liter/second

Plume of cold water after 20
years of operation and areas
of influence of withdrawl
and restitution
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EXAMPLE OF GEOLOGICAL LEGENDA POZZI E SONDAGGI
SECTION WITH THE PRESENCE OF B i
GEOTHERMAL SYSTEMS AND THE LEGEND

LIMITS OF PROTECION AREA OF WELLS PROBES

WATER WELLS | |
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PURPOSE OF THE PROJECT

The main purpose of the study is the creation of thematic maps aimed at zoning of
the territory according to the sustainability of hydrogelogicl system for heat
exchange with the subsurface.

The cartographic maps will be operational tools for the industry, both public and
private.

For the achievement of this objective is necessary to develop a mathematical flow
and heat transport 3D model in steady state.

The software to be used is the finite element code «<FEFLOW 6» (WASY).
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Mesh geometry
IFM modules
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METHODOLOGY OF WORK

The work methodology is based on three phases:

I)

On an accurate recostruction of the 3D subsurface stratigraphic model with the
mapping of the main stratigraphic surface (bases of different aquifers complex)
that will identify the different layers of the model and tha mapping of
isopercentual of coarse deposit (gravels and sands - aquifers) compared to fine
deposits (clays and silts - aquiclude) within the different layers.

II) Input of stratigraphic and hydrogeological data in the mathematical model and

setting of the boundary conditions of the flow model.

IIT) Run and calibration of the mathematical flow model in steady state.

IV) Input of physical data related to sedimentay deposits and to open and closed

V)

loop system in the model and setting the boundary condition of heat transport
model

Run and calibration of the flow and heat transport model in steady state
condition in order to simulate the different operating condition, both open and
close loops system, in the different aquifer complexes in the study urban area
and falling within the physicla domain of the model.

A
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METHODOLOGY OF WORK

Before carrying out simulations will be estabilished hydrogeological costraints the
main ones are:

e the maximum variation in temperature between extraction and re-entry

¢ The maximum distance, with respect to the points of disturbance, that is
considered acceptable for a given thermal variation

The matematical model simulates the formation of thermal plume in grondwater
and soils caused by the use of geothermal heat pumps both in closed and open
loops system. In this way the maps will be zoned to give the limits of sustainability
in relation to the density of existing hydrogeological constraints. Infact the
envirinmental impact and efficiency of these system depend mainly on the density
of the plants on certain portion of the urban area.

The maps will be used to etimate both the environmental impact of possible
geothermal plants to protect the efficinecy of the same, in order to avoid thermal
interference.
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FIRST PHASE- PARMA URBAN AREA PROJECT

SUMMARY OF MAJOR ACTIVITIES HELD DURING THE
FIRST PHASE OF THE PROJECT.
REFERENCE PERIOD OCTOBER 2011 - MAY 2012
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The activities during the first phase of the project had as main purpose the reconstruction of
a three-dimensional model of the hydrogeological system in the urban area. This goal has

been achieved through the development of bathymetric GRID of the main hydostrtigraphic
surfaces that have been identifid in the physical domain of the model

HYDROSTRATIGRAPHIC REGIONAL MODEL

In Emilia-Romagna region exist a reference

hydrostrigraphic model (RER-ENI, 1998).
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The physical domain of the model will include
the aquifers complex Ao, A1 and A2 belonging
to Group Aquifer «A». The base of the model
coincide with the base of aquifer Complex «A2».

The choice of the physical model domain is due
to the fact that in the urban sector the major

aquifers complex exploited, especially for

aqueduct purpose, are precisely the aquifer
system A1and A2.

In the study area the base af aquifer complex A2
reaches the maximum depth of about 140
meters. This means that most of the geothermal
power plants already made and future hardly

exceed the order of 150 meters depth.
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PERIMETER OF "URBAN AREA"
GEOGNOSTIC DATABASE
HYDROSTRATIGRAPHIC SECTION

GEO

GEOGNOSTIC
DATABASE

ABOUT 500 BETWEEN
WATER WELLS,
SONDAGGI E POVE
PENETROMETRICHE

NETWORK OF 18

HYDROSTRATIGRAPHIC
SECTION
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PERIMETER OF "URBAN AREA"
@ GEOGNOSTIC DATABASE
DROSTRATIGRAPHIC SECTION

e

ISTEP - HYDROSTRATIGRAPHIC
SECTION

MAIN STRATIGRAPHIC SURFACES
OF THE MODEL

Base of Aquifer Complex Ao
Base of Aquifer Complex A1-sup.
Base of Aquifer Complex A1-inf.

Base of Aquifer Complex A2
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Review and geometry control of
hydrogeological sections regarding the
study area, on which were highlighted
four main stratigraphic surfaces
Surface P1: base of Unit Aes8 (Ao)
Surface P2: base of Unit Aes7b (Aisup)
Surface P3: base of Unit Aesya (Aiinf)
Surface P4: base of Unit Aes3 (A2)

In addition are also highlighted two
surfaces of activation of river systems
called respectively

Surface Pir

Surface Pzr

INCR. SEZ O BIS

I INCR. SEZ AUTOSTRADA
INCR. SEZ
Pozzi Barilla

Silt and clay

Gravels and sands

LAYER 6




g REATION (O
A D
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Shape* | ID | ID Pozzo X Y FC P1 F1_sim
Foint 1 [181160P4001 504627 | 066746 | 42467997 25 2007
Point 2 |181160P4038 605156 966732 | 40014671 20 20,01
Point 3[181160P4030 505353 | OFGG53| 3904323 50 19.04
Point 4[181160P405 503553 | 061758 | 56,605601 8.1 28,71
Foint 5 [181160P427C 504144| 962667 | 53.613019 205 .31
Point & [181160P436B §04222| 062631 54.027748 202 3383
. . . Foint 7 181160P437 504112 | 062636 | 53663611 20 3385
USlng the Wells p01nt 1n the Point 8[181160P451 604079 | 962772 | 51965988 -25 26,97
Point o [181160P453 605155 | 062795 | 61,311668 255 2581
3 S 3 Foint 10 [ 181160P501 §01237| 962051 | 5980674 7 42,81
hydrostratlgraphlc sections and Point 71 [181160P607 501111| 061074 | 6159856 ET 456
Paint 12 [181160P613 601638 | 961727 | 61212672 55 4571
h . f . . f h Foint 13| 181160P616 502600 | 952650 | 54.560199 19 35.50
the pOlntS ol intersection of the Point 74 [181160P616 504493 | 962326 | 55106979 215 33,61
J Foint 15| 181160P610 503242 | 061042 | 55506229 168 38.71
sections have been Created Shape Foint 15 [181160P621 504045 062442 | 54.237469 20 24,24
Point 17 [181160P623 604471| 066107 | 4291325 22 20,91
. Foint 16 [ 161160P624 504486 | 966572 | 42,634449 27 50,63
flle fOI‘ eaCh Surface Of the mOdel Point 191811607640 502083 | 062785 | 54,350260 ET) 36,35
Paint 20| 181160P647 501705| 963031 | 53.337971 15 38,34
Point 21[181160P653 E01301| 061854| E1.7719 a7 4477
Point 22| 1611609657 603303 | 064730 | 45763720 51 24,76
Foint 23|181160P658 503206 | 064575| 4605645 20 26,06
Foint 24 [181160P670 503603 | 953610 | 40,602200 194 302
Point 25 [181160P671 603138 | 063847 | 4764017 18 20,64
Foint 25 [161160P688 505960 | 965206 | 42.64908 222 20,65
Point 27 [181160PE01 505016 | 064323 | 48,137489 23 3514
Paint 28 [181160P700 504084 | 962359 | 54.630239 20 3453
Point 29 [181160P702 504801 | 052068 | 54,630039 22 65
181160P704 ' ' 54715510 75 .72

181160P70 50 695839 15
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Il STEP — GEOSTATISTICAL ANALYSIS

Using geostatistical methods, in particular the Kriging, was analyzed tha spatial distribution
of the quoted points in order to obtain the bathymetric GRID related to the principal
stratigraphic surfaces of the model.

Kriging is a moderately quick interpolator that can be exact or smoothed depending on the measurement error model. It is
very flexible and the flexibility of kriging can require a lot of decision-making. Kriging, like most interpolation techniques, is
built on the basis that things that are close to one another are more alike than those farther away .

4
ﬁmstaﬂstical Wizard: Step 1 of 5 - Geostatistical Method Selection

f
J Geostatictical methods: ~Selectad .
& Ordinary Kriging Metiod.  Unwerilkiding Geostatistical Wizard: Step 2 of 5 - Dett ndzng (Standard Options) 8.
- Prediction Map Output: Prediction Map
- Quantile Map ‘ Geosle paicat: !Datasetl t P1_paint: P1_dm
--Probability Map Dataset 1 | =T
-Prediction Standard Error Map E“
E]..flin}ple Kri?i:{g';i ) Transformation: |Nane- ,I i Atlvancer Opticrs == | Paikieis |2 -
= Universal Kriging .
- Prediction Map [ Bedusletbstoraansiommtion 2l = Global: 100% Neighborhood 0% :Local
- Quantile Map | ||@ iy
- Probability Map haat vallie | W Sir - :
-Prediction Standard Error Map ) it B Ur
&} Indicator Kriging Orderof rend: |SEC°“d ﬂ
[+ Probability Kriging
- Disjunctive Knging =Pimany Threzhiold 4 Il

Order of trend= second | .

It is a parabolic algebric function that best ' 10591 19487 3083 47489 719%
approximates the behavior of model surfaces
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SEMIVARIOGRAM ANALYSIS

The semivariogram depicts the spatial autocorrelation of the measured sample points

The empirical semivariogram is a means to explore this relationship. Pairs that are close in distance
should have a smaller difference than those farther away from one another. The extent that this
assumption is true can be examined in the empirical semivariogram.

The Semivariogram that best fitting with the data spatial distribution of our data is
Spherical: Y=1/2(Px1-Px1-h)?

Geostatistical Wizard: Step 3 of 5 - Semivariogram/Covariance Mndelihg

Geosts Semwaringramlcmriancel v Model: 1 ||_ Model: 2 “_ Model: 3 |

= Or |Cfrcu|ar Major range IE ﬂ
| 7 : | 3821,18

Tetraspherical

8,16 . Pentaspherical

Exponential

e Gaussian Mmgi range

_5;‘13 Rational Quadratic I

i & Hole Effect

i " ¢ iy L E ,: K-Bessel e
[ .:,,:. 1-Bessel Lt

e " Stable |

[ Anisotropy

[+--Sir
= Ur

+- Inc 063 127 1,8 254 317 38 444 507

H Pt Distance. h -’10_3
+- D

Parameter  @| &| Padiaksill

| |2,8801

[v Nugget |Eﬂ [ skifts gl #
| 0,94098 3

- Semivariogram/Covariance Surface -
[ Show search direction

Angle-direction; G0

Error Madeling | Modeling

. arigle tolerance 45,0 — Lag size:

Banchich (lacs) |3.U 5: | 422,58

Number of lags:

SRR =

Semivariegram/Covariances:
|var1 & vart
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CROSS VALIDATION
Cross-validation uses all of the data to estimate the trend and autocorrelation
models. It removes each data location, one at a time, and predicts the associated
datavalue.

This procedure is repeated for a second point, and so on. For all points, cross-
validation compares the measured and predicted values.

Geostatistical Wizard. Step 5 of 5 - Cross Validation

Example of Cross-validation
for point data of model
surfaces P1.

Geosts  Predicted | Error | Standardized Err,orl QQFFDEI

= On 719
I

< 8,17 : : Syt

-
£ 515 ; Tk
(=] 3

@S |5 413

Sur o
iy a1

| 108 u!”w i i | Points out of model area
L inc 106 208 310 413 515 817 71¢
i Pre Measured, 10-1
e it Regression function: 1,002 *x +-0,079

— Prediction errors

Source ID | Included | Measured | Predicted | Errar | standar
I’ e 003918 | a0 Yes 56,582 57,074 049173  2,2899 (=
Root-Mean-Square: 1,571 ! it S : =2
SR ) 1360 220 Yes 59411 59434 0,023458 1,3081
Mean Standardized: —U,U‘U?SII 223 Yes 59,364 64,745 5,3812 1,2311
RME_MEBH_SQUEFE Standardized: Ir15 147 Yes 49, 636 50,552 0,916812 1,3266
222 Yes 71,935 58,4 -13,535  1,1787
Samples: 246 of 246 121 Yes 57,843 62,873 5,0298 1,23
10 Yes 46,599 45,167  -1,4318  1,2502
ZZ‘T Yes 55,146 56,195 1,049 1,3024
4 L | b
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DBATH GRID

! e
e ol F

ISOBATHS OF P1 SURFACE (m a.s.l.)
P1 SURFACES: BASE OF AQUIFER COMPLEX "AQ"

B High:esmas.l.
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OUTPUT OF GEOSTATISTICAL ANALISYS: P4 SURFACE ISOBATH GRID
Base of the physical model domain

skometers g TR Sl N ISOBATH OF P4 SURFACE (ma.s.l.)
' — ' P4 SURFACE: BASE OF AQUIFER COMPLEX "A2"

- 19 mas.l.
- -123 ma.s.l.
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3D SURFACES MODEL VIEW
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THE NEXT PHASES OF
THE PROJECT ARE
WORK IN PROGRESS........

THANKS FOR YOUR
ATTENTION
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