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* Introduction — what is groundwater

* Roma Regina Aquarum

* Previous maps

* A project for the new Hydrogeological Map of Rome

* ReMas Project (Groundwater Monitoring Network of Rome)

* The new Hydrogeological Map of Rome — 1:50.000 scale
* The benefits for Rome to have a new Hydrogeological Map
* Is groundwater playing some roles in the resilience of cities?

e Conclusion
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What is not groundwater

...not underground rivers and streams
(in Rome)
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What is groundwater

It is infiltred water in the ground, saturating underground
pores, and flowing between pores more or less fastl
depending on ground characteristics (permeability,
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What is groundwater
Groundwater flows trough aquifers (natural underground

tanks), can be directly connected to streams and rivers; jnd
needs wells to be intercepted, monitored, measuredg@n
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Roma «Regina Aquarumy
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Roma «Regina Aquarum»
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Roma «Regina Aquarumy
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A project for the new Hydrogeological Map of Rome

The project to create a new hydrogeological map of Rome comes from
different needs and will:

The need to implement policies for the protection, monitoring and
conservation of water resources

* The need to provide the city with an updated and homogeneous base map
concerning groundwater, with particular reference to the protection of
water resources from the many critical environmental issues in the area

* The need to bring into a single shared model the knowledge and
experience of those describing for decades the Roman hydrogeology

* The will to know more in detail the groundwater of Rome to be able to
take full advantage in terms of sustainability

ROMA W Environmental Protection Department
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April 2014 - ReMas Project (Groundwater Monitoring Network of Rome)

1) Rome is a City with many parks, thus with many irrigation plants, thus
with many public wells

2) The project had the aim of reviewing categorize and collect all of the
existing wells owned by the Administration and used for various purposes

3) It has been the first time that a project like this has been developed by
Rome Municipality

4) The project was absolutely at '"zero"
costs for the Administration

ROMA a Environmental Protection Department
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ReMas Project (Groundwater Monitoring Network of Rome)
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Groundwater Monitoring Network needed extension

N [ A = i ‘ i o ISRl Dipartimento Tutela Ambientale
o ; ROM A a Servizio Bonifica dei Siti Inquinati e
W B Geologia Ambientale

-Legend

Groundwater Monitoring Network
Total (212)
+ Not found (20)

@ To be measured (41)
@ Measured (97)
—d Found - currently inaccessible (40)

® From other authority (14)
DMunicipi

ROMA W Environmental Protection Department

Areas to be covered
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Groundwater Monitoring Network participation form - 2016

@ Roma Capitale | Sito Istit X

< C' | ® www.comune.roma.it/pcr/it/newsview.page?contentld=NEW972106

ROMA @

Home | Mappa | Guida alla navigazione

Area Riservata
Accesso Utente
Il Tuo Profilo
Identificazione al Portale

Servizi Online

1l Campidoglio
Sindaco
Giunta Capitolina
Assemblea Capitolina
Relazioni Internazionali

Storia e Monumenti

Sezioni del portale
Struttura Organizzativa

Poteri sostitutivi in caso di
inerzia

Municipi

Organigramma
Deliberazioni e Atti
Amministrazione Trasparente
Albo Pretorio on-line
Servizio notificazione,
deposito e pubblicita legale
atti

Atti di notifica
Pubblicazioni Matrimoni
Bandi di Gara e Contratti
URP

Come fare per...

Gestione Commissariale del
Piano di rientro del debito

Ricerca

Home / Informazioni

La rete
Capitale

j. Il progetto di realizzazione della Rete di Monitoraggio delle Acque
Sotterranee di Roma Capitale & stato approvato con Determinazione
Dirigenziale n. 711 del 25/04/2014.

Scopo del progetto, & quello di censire, mappare e avviare a
4 monitoraggio periodico, tutti i pozzi di competenza di Roma Capitale, a
e partire da quelli relativi al Servizio Giardini e di competenza del

ey E Dipartimento Tutela Ambientale.

Successivamente al completamento della prima fase di censimento - in
cui ogni stazione di monitoraggio rinvenuta sul terreno & stata codificata, ubicata a mezzo GPS
portatile, fotografata e misurata (livello di falda e dove possibile la temperatura) durante numerose
uscite di campo - tutti | dati sono stati archiviati all'interno di un database opportunamente
dedicato. Una volta inseriti nella banca dati le stazioni di monitoraggio sono state inserite in un
sistema informativo territoriale e quindi ubicati in un sistema di mappatura georeferenziato.

La mappatura & stata prodotta sia alla scala di tutto il territorio di Roma Capitale, sia per singolo
Municipio.

Grazie all'istituzione della Rete di Monitoraggio delle Acque Sotterranee e alla futura attivita di
monitoraggio periodico che sara di qui in poi compito istituzionale dell’Ufficio Geologia e
Idrogeologia Ambientale del Dipartimento Tutela Ambientale di Roma Capitale, si potra disporre di
uno stato di conoscenze sempre aggiornato relativo alle falde acquifere monitorate.

La rete di monitoraggio & stata utilizzata come base di dati per realizzare la nuova Carta
Idrogeologica di Roma (in cui la rete appare come elemento cartografico e i dati sono presenti in
formato tabellare); l'istituzione del monitoraggio periodico nei pozzi della rete permettera di
rendere la stessa Carta Idrogeologica, uno strumento dinamico e non statico, in grado quindi di
mostrare le variazioni nei singoli pozzi come indicatori di eventuali variazioni nell‘intero sistema
acquifero. Questo anche nell'ottica delle attivitd di Protezione Civile e di eventuali futuri progetti
innovativi legati alle acque sotterranee.

Durante |a settimana 13-18 settembre 2015, |a Rete di Monitoraggio € stata anche presentata
nell'ambito del prestigioso congresso internazionale di idrogeologia "AQUA2015 Hydrogeology Back
to the Future!” tenutosi a Roma presso |'Universitd Sapienza, nell'ambito della sessione "Methods
in urban hydrogeology”.

Come & possibile vedere dalla mappatura generale, sebbene |'area urbanizzata sia pressoché
coperta dai pozzi o i piezometri che costituiscono le stazioni di monitoraggio, esistono diversi
settori senza copertura. Per ovviare a questa copertura non totale del territorio, & stata ideata una
modulistica, attraverso la quale |a cittadinanza e/o le aziende hanno |a possibilita di mettere a
disposizione di Roma Capitale i propri pozzi per acqua per le attivita di monitoraggio, ampliando di
fatto I'estensione della rete.

Modulistica

Istruzioni compilazione modulo
Modulo adesione Rete Monitoraggio

Rete di monitoraggio delle acque sotterranee di Roma Capitale

In 2016 it has been decided to
try to increase the number of
monitoring points with the
inhabitants involvement,
using the official web site of
the Rome Municipality and
realizing a downloadable
form to take part in the
network.
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Groundwater Monitoring Network participation form

ROMA @

Modulo adesione

alla Rete di Monitoraggio delle Acque Sotterranee di Roma Capitale
Da inoltrare al seguente indirizzo di PEC
rotocollo.tutelaambientale@pec.comune.roma.it

Alla cortese attenzione del

Servizio Bonifica Siti Inquinati e Geologia Ambientale

Ufficio Geologia e Idrogeologia Ambientale

Dott. Francesco La Vigna

Premesso che con determinazione dirigenziale n. 711 del 29 aprile 2014 € stato approvato il
Progetto “Rete di Monitoraggio Acque Sotterranee di Roma Capitale”1 con lo scopo di realizzare

una rete distribuita di punti di accesso alle acque sotterranee,

(LIRS0 1 10 FS o3 11t (o 1R ,
EU UL BN w4 S B R S S A 18 g G R AL - ) 51| A ————— '
REIBTORO, i ssammienisssas s s s R s ST 1 11 [ LU .

LY (o T T 0 11 - N
ADERISCE

alla Rete di Monitoraggio delle Acque Sotterranee di Roma Capitale, mettendo a disposizione
dei tecnici dellAmministrazione di Roma Capitale i seguenti pozzi per acqua per le seguenti
attivita di monitoraggio

y
ROMA W Environmental Protection Department

] misura periodica di livello e temperatura dell'acqua di falda’
£ valutazione speditiva periodica delle caratteristiche chimico-fisiche dell’acqua di falda®
- O analisi chimica dell’acqua di falda da parte degli enti competenti per scopi istituzionali e

) h di interesse pubblico’
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3° July 2014 — First meeting of the working group

N Istituto Superiore per la Protezione RO
Q e la Ricerca Ambientale — | \’ I A
SERVIZIO GEOLOGICO D'ITALIA ' —' I ‘RE

Organo Cartogralico dello Stato {legge N*68 del 2-2-1960)
UNIVERSITA DEGLI STUDI

Dipartimento Difesa del Suolo

-5 M. 206
PROTOCOLLODIINTESA | A3S0%
LT Al=hd S

PER LA REALIZZAZIONE DELLA CARTA IDROGEOLOGICA DI ROMA
CAPITALE IN SCALA 1:50.000

ROMA @

1L CERS - CENTRO Df RICERCA PER LA PREVISIONE, rREvezione £
RISCHI GEOLOGICI DELLUNIVERSITA' "LA SAPIENZA® Of ROMA,
“CERS Sapienza® con sede In Roma, P Ao Mo e A

Facale n. 8009910547, thppresariato &l Ovetiors del Carira mce

1 Roma

CE R| CENTRO DI RICERCA
PREVISIONE, PREVENTIONE £ CONTROLLO
DEI RISCHI GEOLOGIKI
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Dataset of the working group

rete_monitoraggio
Misura

+  Pozzo non trovato
® Pozzo darilevare
e Eseguita

©  Pozzo attualmente inaccessibile

[ ] eRa wesss

ROMA W Environmental Protection Department
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The new Hydrogeological Map of Rome — 1:50.000 scale
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The new Hydrogeologlcal Map of Rome — 1:50.000 scale

S d o ™S ¢ "5} ROMA ¥ iR @FE EEm
.- By e &
¥ > : CARTA IDROGEOLOGICA DI ROMA
- 3 ! S Hydrogeologwal Map of Rome
e s S 4 . Y i E === = =52 aaa— e =
Slmbologla / Symbology
la simbologia grigia assume, in carta, il colore relativo alla falda di appartenenza / grey symbology is replaced, on the map, with the proper color of the distinguished aquifers
m Falda regionale m Falda superiore del settore albano m Falda profonda del settore albano m Falda in pressione delle ghiaie di base delle alluvioni recenti
m Regional aquifer m Alban Hills upper aquifer m Alban Hills deep aquifer m Confined aquifer within the basal gravel of recent alluvial deposits
Stazione di monitoraggio termo=pluviometrica e idrometrica, e relativo Stazione della Rete di Monitoraggio delle Acque Sotterranee di Roma
ETI codice identificativo (P = pluviometro; T = termometro; | = idrometro) P1012 Capitale e relativo codice identificativo (pozzo, piezometro, ecc.)
43 Thermo-Pluviometric and hydrometric gauging station, and id number Q Official Groundwater Monitoring Network Station and id number (well,
(P = pluviometer; T = thermometer; | = hydrometer)

piezometer, etc.)

Spartiacque sotterraneo della falda regionale Punto di misura piezometrico (I'eventuale numero si riferisce alla quota
Hydrogeological divide of regional aquifer 28,4 del livello statico misurato)
Groundwater measured point (number related to measured water table

) L . . ) elevation whenever reported )
Sorgente puntuale e relativo codice identificativo; le sorgentin® 2 e 3

€1 15 5-10 210 nop sono associabili ad alcuna falda rappresentata (classi di portata in
e O . . L/s dei valori misurati nel 2014=2015) Linea isopiezometrica (principale, secondaria) con relativa quota in m
5 5 5 5 Spring and id number; springs number 2 and 3 are non associated to 0/ s.l. m, (rilevamento 2014=2015)
any represented aquifer (flow rate classification in L/s of 2014-2015 /'2, Water table (main, secondary) and elevation in m a.s.l. (2014-2015
survey) / survey)
° Sorgente da dati fdi Ietteragura Direzione di deflusso di falda
Spring from previous studies / Groundwater flowpath
<1 1.5 210 . . ) )
Sorgente termominerale e relativo codice identificativo (classi di Livello piezometrico relativo alla falda profonda del settore albano
=] = Q portata in L/s dei valori misurati nel 2014=2015) - misurato (ra;')presentgto solo nelle sezioni |droggolog|che) ) '
5 5 5 Thermal-mineral spring and id number (flow rate classification in L/s of T Measured piezometric head related to Alban Hills deep aquifer (only in
2014-2015 survey) hydrogeological sections)
° Sorgente termominerale da dati di letteratura // Faglia,' faglia presunta
Thermal-mineral spring from previous studies — Fault, inferred fault

Traccia di sezione idrogeologica

B'
Sorgente lineare misurata (classi di portata in L/s dei valori da studi \M - .
precedenti) Hydrogeological section
S=

Measured linear spring (flow rate classification in L/s of spring measu-

red previously to 2015) Area delle concessioni per acque minerali e relativo codice identificativo

Mineral water concession area and id number
A/g/ 10-50
1/ //, . Area caratterizzata da forte modifica antropica
AA/ 50 =250 - Area with heavy anthropogenic modification
I Numero e limite di Municipio
250 = 1000 Rome Municipality District's number and boundary
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The new Hydrogeological Map of Rome — 1:50.000 scale
- & Superficie di tetto dell’aquiclude basale -
5 ‘ Top surface of the basal aquiclude
£ ~ Mo
|- “ Monti Sabatini ©
S g
= S
S "§ ;:ﬂvulwnici
2 -200
= %"& ¢ o enti e attuali
=) sy, =3 Unit
R~ ’ : e
Q w
b €
b= g -400
= 5
=
p—
o]
~Na
o= -600
=
=
=
P
©
>
=
=
Colli Albani
ﬁ - Faglia, faglia presunta
- Fault, inferred fault
< Direzi difi della fald ionall
‘ / G'I;e;?:at;r ;:i::mreh zf :g?o’:aglggzi?er
E [ _yp~  Direzione di flusso della falda profonda nel
: D3 settore albano
O i Groundwater flowpath of Alban Hills deep aquifer
, : : | Km
$ Sparti t della fald I
Dﬁ =" Hycrogeciogicel e of regonalsquter |1

20diq0 drot , , , — — :
Training School on Ground Penetrating Radar for y‘il engineering and cultural heritage management Roma, Italy, May 1 4-18, 2018




Environmental Protection Department

The new Hydrogeologlcal Map of Rome — 1:50.000 scale
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ALBAN HILLS UPPER AQUIFER
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The new Hydrogeological Map of Rome — Supplementary Notes

3 ROMA @ 0

e @l

INDICE - INDEX a7 ,f\ I-«{T 1 I
| a 4 V' A
Prefazione / Preface. 1 L = A |- pr=
SAAVAN A LR

Presentazione del lavoro, dati, metodi e guida alla lettura della Carta
Wark presentation, data, methods and reading guide of the Map. 3

La rappresentazione cartogxaﬁca 1drogeolog1ca '
The hydrogeological cartographic rep 5 \\\

Le rappresentazioni cartografiche idrogeologiche di Roma nel corso del tempo

The hydrogeological cartographic rep: tion.of Rome over tim 7
I\
Unita Idrogeologiche del territorio romano e modello concettuale di circolazione “ R/ y/ \
Hydrogeological Units of roman area and ground; eptual model. 12 | ’ ‘ \,/ \
2 .
Superficie di tetto dell’ Aquiclude basale i- B
Top surface of the basal Aquiclude. 17

L’acquifero costiero del litorale romano
The roman coastal aguifer. 19

~r :
L]
Caratteristiche chimico-fisiche delle acque sotterranee nel territorio di Roma Capitale / Ly.z. ﬂ
Physico-chemical features of groundwater in the area of Rome Municipality. 22 j . K / ;
Dati termo-pluviometrici ed idrometrici
I/ A - ,/' 1 )
Map of T ’Wl@

Thermo-pluviometric and hydrometric data 25

Pericolosita da allagamento nella citta di Roma
Flood hazard in the city of Rome. . 29

o

Canale dell'Acqua Mariana, Parco dell’Appia Antica. Roma
Foto di: Francesco La Vigna
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The benefits to Rome to have a new Hydrogeological Map

1) It’s a city with a remarkable, also underground, infrastructural development, thus
the increased knowledge of the groundwater flows will help in the design and
planning of surveys for small and large works.

2) It’s a city where, even on groundwater, several critical environmental issues insist
(many cases of potential contaminated sites collected by our Service). The map will
help the administrative procedure and will be a reference point for the remediation
projects approval.

3) It’s a city with many natural hazards such as landslides, sinkholes, subsidence and
flooding and emissions of gas, and the knowledge of the groundwater dimension is
often necessary to deal with some situations of risk related to these hazards.

4) There are, even today, even if the water network is well developed, a number of users
in the peripheral areas that use groundwater as domestic sourcing and sometimes
drinking, as also part of the recharge area of the drinking water catchment of Salone
(ACEA) is located in the territory of Rome. Proper knowledge of the groundwater
flow can help to plan and protect these supply areas of underground reservoirs.

ROMA W Environmental Protection Department
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The benefits to Rome to have a new Hydrogeological Map

5) The most updated and detailed knowledge of the subsurface highlighted by the new
hydrogeological map, together with the newly established groundwater monitoring
network, provide a solid base of knowledge supporting the administration to develop
policies of sustainable use of resources in urban areas ; the same can be considered
as basic element of information for the development of future projects such as:

*  The natural background levels of contaminant in groundwater

* The development of Managed Aquifer Recharge pilot projects to prevent
storm flooding

* The land characterization and planning in order to promote the low
enthalpy geothermal energy use for building cooling and heating due to
very favorable groundwater temperature

6) Under the resilience strategy of the city, an entire thematic strand is related to water
considered in all its manifestations, as surface-water and groundwater. The
Hydrogeological Map is an important base informative element for this purpose.

ROMA W Environmental Protection Department
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Polluted sites

Rome is a very large city, of about
- 1284 km? , and the major 9 italian
cities could be inserted in its
boundaries.
==z Groundwater of Rome, as in every big
« City, is dayly threatened by potential
“| contamination due as to «classic»
hydrocarbon compounds as to
clorinated solvents.

Environmental Protection Department

®
? .
, are more than 350 (obviously not all
é involving groundwater)
O .
o a Vergine acqueduct spring’s protection area

—

logical he City of R Francesco La Vigna francesco.lavigna@comune.roma.it.
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Groundwater challenges in Rome
Groundwater flooding

Q In some areas of the City, specially
UW"““""‘*"' those close to the coastal sector

where reclamation has been
A Receptor e g people .
and property bn Soedpietn performed in the past, can be
‘ 4 4 ><\ interested by flooding not due to
~  «simple» rain and storms, but to
L I groundwater rising.

Rising grosndwater

Volcanic gas pockets

In occasion of water well drilling
activities in the Colli Albani Volcano
sector, which is still active, some gas
pocket (CO, and H,S) can be
intercepted, and this could be very

dangerous for public safeness.
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Groundwater, from challages to resource,
playing a role in the city resilience

The greater knowledge and monitoring of groundwater, a reality prevalently

"invisible" to most, can help to face certain challenges with greater awareness.

At the same time some sustainable uses of this resource can constitute
measures that can contribute to greater urban resilience and adaptation to

climate change ...

by

ROMA W Environmental Protection Department

' 4
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|/ Groundwater Mo
Well Availability

o 9
~Q /
8 * ) + Not found well

®  New wellto survey

®  Active well

024
162

s icus 1oranw da@zard in some CIl'IES

Environmental Protection Department

,\@

ROMA @

%

HERI levels Moderate
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Stormwater harvesting and Managed Aqulfer Recharge (MAR)

Stormwater harvesting to avoid urban
flooding is already a reality in many
cities.

This «harvesting» could be performed
also using the «natural tanks» we have in

., _the underground (aquifers)

D.M. 100/2016 (M.A.T.T.M.)

Italian regulation about managed aquifer
recharge activities

y-..-‘-;\;

Environmental Protection Department

20 days 6 months

drain Injection Recovery Granular activated carbon |

well well

In-stream

'»\\I\:mge

Holding

)
|
Stormwater I
|
| storage

1 1 1

I I I day I

| | *Aeration |

: : * Membrane filter (0.2um) I
« UV light

* Ozone

>

< gl i ‘ e additional barriers ()

e gross ;:)lluet'a':\euma?\d fines : ;:zt;:::.:" degradation o:;ari:hcogem m’ 4
E « volatilisation A o | i
O * anaerobic degradation
© Copyright CSIO Land and Witer * pathogen attenuation

Qﬁ This schematic represents how CSIRO scientists turned stormwater into purified bottled water.

Courtesy CSIRO
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Low enthalpy geothermal energy

Distribuzione delle temperature della falda regionale
Temperature distribution of regional aquifer

Winter

20.0

19.0

-t
[d
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17.0

Temperatura / Temperature (°C)

______[UNNRERERERERERRRNE

16.0

15.0

£

Summer

: :’lx 33:’

Environmental Protection Department

Punti di campionamento con T > 20°C
Sampling points with T > 20°C

Dﬁ L.R. n.3 del 21/4/2016 regional law of Latium Region about small
_geothermal plants
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Is groundwater playing some roles in the resilience of cities?

Direct role What happens in case of And thus...
stop or crisis

1) Drinking water Ealth and social problems lack of hygiene, dehydration,

supply epidemics, popular upset

2) Green areas Soil, grass and plants go to more heat waves effects, more

irrigation water be dry and death fire hazard, less permeability

supply and less water ritention effect

3) Agriculture and Production stop Economic losses, loss of jobs,

industry water supply loss of well-being , popular
upset

4) Urban surface High runoff Crisis of drainage network,

infiltration urban floods, local blackouts,

taffic jams, landslides

ROMA W Environmental Protection Department

j 5) Discharge drainage ater table rising Groundwater flooding, urban
| in reclamation areas flood, local blackouts, taffic
jams
6) Urban GDE survival Ecosystem damage Loss of Environmental value
Value Shock Cascading effects
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Environmental Protection Department
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What happens in a groundwater resilient city 1/2

Probable
shock

What happens And thus...

involving
goundwater

§ Aware people and
@© managers make a :
3 g'bl q Water demand is lower
o responsible use an
o distribution of water
£
T Green areas irrigation water supply is possible,
S Groundwater recharge has  the city is cooler, the soil is alive and the
% been managed and natural GW recharge is guaranteed
§ monitored Agriculture and industry water supply is
() possible and the well-being is mantained
The runoff is less, the groundwater is
c The urban surface has been recharged, the urban drainage network is less
'E made more permeable stressed, urban floods are less important or
S more fastly recovered
© q
) Water tables are monitored :
T ) Lowlands and reclamation areas are less
and harvesting tanks or interested by floodin
basins have been build y g
Shock Value Resilience dividend
logi he Ci R Francesco La Vigna francesce
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What happens in a groundwater resilient city 2/2

Probable
shock
involving
goundwater

What happens

Is possible to better understand where
remediation is to be performed and where

Goundwater monitoring .., ndwater need to be treated

allow to evaluate pollution
Contaminated site remediation activities

Environmental Protection Department

c migration and distribution ! _
,g management, and also existing GDE protection
S activities are easier
©
a Aware people and
groundwater users have a  Comunication between government and
better behaviour towards  citizens about existing pollution phenomena is
the groundwater resources easier, and cohoperation is greater
protection
QB > T The groundwater system  The groundwater system low enthelpy
%"’ © knowledge is good and the geothermal potential can be disfruted for
< S g aquifers are monitored heating and cooling systems, and GHG
z = emissions are lower
2 Shock Value Resilience dividend
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Conclusions

Groundwater is an "invisible" reality but it is a very important resource for many
uses (from drinking water supply, to irrigation, to fire-fighting, to geothermal, etc.)
The hydrogeology of Rome presents a complex setting, but today it is better known
and monitored.

It has been seen how some of the problems strictly connected with groundwater
have to be treated, but at the same time it has also been seen how this resource can
represent a great opportunity for development, also in terms of adapting to climate

ROMA W Environmental Protection Department

change.
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