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Tunnels: What is it about? Jaspers §

This Manifesto represents an
artistic overview of the use of
underground landscape,
where mixing of transport
modes is applied for a more

sustainable use of

underground space.
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Today we will speak about
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Environmental Safeguards

and Project Development.

Manifesto of L. Pinna — Underground Works conference Florence 1986



Agenda

13:30 —13:35

Welcome and introduction
Massimo Marra, Principal Advisor, Capacity Building Coordinator, JASPERS

Opening remarks

13:35 -13:45% . . L S
Inge Vermeersch, Head of Division, Regional Transport Division, JASPERS and Jeroen van Oel, DG REGIO
13-45 — 13:55 Tunnels and water — a short introduction
) ) Lorenzo Martelli, Senior Transport Engineer, JASPERS
Tunnels and the environment - Impact assessments (EU environmental
13:55 - 1420 |ggi5|atign}
Lise Praestegaard, Senior Enwironment Specialist, JASPERS
A water focus - the Water Framework Directive and River Basin Management
14:20 - 1450 Plans
Lise Praastegaand, Senior Environment Specialist, JASPERS
14:50 — 15:00 Coffee Break
1500 — 15:20 The HEC - |.ntrc.|ld|.||:t|nn _ _
Lorenzo Martelli, Senior Transport Engineer, JASPERS
1620 — 15:60 HEC methq:ls - data l:nllect_lnn, interpretation, presentation
Lorenzo Martedli, Senior Transport Engineer, JASPERS
Using HEC — results, mitigation, compensation
15:50 — 16:20 Lorenzo Martelli & Lise Praestegaard, Senior Transport Engineer, JASPERS [/ Senior Environment Spedalist,
JASPERS
16:20—17.20 Example(s) of implementation of HEC is tunnelling project(s)
' ' External speakers
FinalQ&A
17:20 - 17:30 Closing remarks

Inge Vermeersch, HoDy, RTAD

MNote: all session include, a 5 to 10 minutes Q/A session at the end of each session



YOUR Speakers Today

Jeroen van Oel,
European Commission - DG REGIO

Policy Analyst, Transport and Connectivity
issues — Unti G1 - Smart and Sustainable

Growth.

Lubos DURIC

Ministry of Transport in Slovakia —
Director of ERDF and CEF fund —
Roads Directorate

Massimo COLI

Senior tunnel expert

Member of the Scientific-Technical
Committee nominated by ASPI (Italian
Motorway Company) and Ministry of
Transport

HEC implementor

Lise PRAESTERGAARD

Regional Transport Advisory Division —
JASPERS/EIB

Senior Environmental specialist;

Lise has more than 25 years in
environmental assessment in
implementing infrastructures projects
worldwide

Inge VERMEERSCH

Head of Division

Regional Transport Advisory Division —
JASPERS/EIB

Massimo MARRA

Principal Advisor, Capacity Building
Coordinator — JASPERS Coordination
and Capacity Building Division
JASPERS/EIB

Lorenzo MARTELLI

Regional Transport Advisory Division
JASPERS/EIB

Senior Transport Engineer

Tunnel expert in several projects
Lorenzo has more than 25 years in
programming, designing and
implementing infrastructures projects
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JASPERS experience Jaspers §
Key Assighnments Milestones
- 20% - ©
2016 now D 2018
Visnove Hubova ZT(E;I? Presov
Tunnel Ivachnova

50 Km of Tunnels



The water cycle and the effects of tunnelling "/
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H Jaspers |
Particular Case : Karst areas 2seerd
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Mutual interferences between tunnels/surrounding hydrology/ Jaspers §
hydrogeology framework
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What Is Tunnelling & interference of Water 1/3 laspers §

The estimated water inflows in these tunnels range from few litres to real underground rivers (more
than 3000 I/s).

Water inflows during tunneling can put safety at risk and cause irreversible damages to the natural
water resources.

Construction phases and the long-term operation of a tunnel can be disrupted, resulting in delays and
cost overruns and investment reliability.




What Is Tunnelling & interference of Water 2/3

DIFFERENCES BETWEEN THE DESIGN OF SURFACE AND

UNDERGROUND WORKS

Tunnels and
Underground Works
Medium Predetermined To be determined

Interaction with Predertermined To be determined
Environment

Jaspers §




What Is Tunnelling & interference of Water 3/3 Jaspers §

GENERAL KNOWLEDGE | SITEKNOWLEDGE

EPISTEMIC UNCERTAINTIES | ALEATORY UNCERTAINTIES Assessing the
hydrogeological status at a
very early stage in the
project cycle is crucial.
Whit this in mind, JASPERS
has adapted an existing
methodology called
Hydrogeological Excavation
Code (HEC) to  help
Managing Authorities and
o° Beneficiaries to identify an
manage hydrogeological
risks in tunnels.

INVESTIGATIONS
ANTE OPERAM | IN OPERAM

COSTS

KNOWLEDGE
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Jaspers §

The environmental directives n

Environmental p
Directives: <
EIA Directive Assessment of impacts of projects on e
the environment g e e
Water Framework Directive Status and objectives for surface and T
(WFD) ground- water bodies. o
River basin management plans (6 years) R T el
. Bdnaes IF““ . -\-\-\-\"'-\--\-"\\“-\‘-’:—.-n ,
Assessment of impacts on waterbodies. " P SR M } bacd
Habitats Directive Natura 2000 management plans l\ LS ‘ _R
(HD) Site Specific Conservation Objectives P Sapli, ( L
(SSCOs) for species (incl. birds) and B Lo “ht\ ,
Birds Directive habitats (biodiversity) — R SR
(BD) Universally, strictly protected biodiversity - a : . oL
(Annex V). v ' -

Assessment of impacts on species and
hahitnate



Jaspers §

Environmental factors EIA Directive:

The environmental impact assessment shall identify, describe and assess in
an appropriate manner, in the light of each individual case, the direct and
indirect significant effects of a project on the following factors:

(a) population and human health;

(b) biodiversity, with particular attention to species and habitats protected
under Directive 92/43/EEC (HD) and Directive 2009/147/EC (BD);

(c) land, soil, water, air and climate;

(d) material assets, cultural heritage and the landscape;

(e) the interaction between the factors referred to in points (a) to (d).

2. The effects referred to in paragraph 1 on the factors set out therein shall
include the expected effects deriving from the vulnerability of the project to

risks of major accidents and/or disasters that are relevant to the project
concerned.



Streamlining assessments

Proposed new modification / alteration / new sustainable human development activity

® Anne | of the FIA
Directove lists prajects for
; which the FLA is mandatory
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collection and
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Individual test
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Directive
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Tunnel projects - railways and roads lpers§
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Tunnel projects (railways and roads)- EIAD spers)

Annex | — Full EIA
2.

(a) Construction of lines for long-distance railway traffic
(b) Construction of motorways and express roads (3);

(c) Construction of a new road of four or more lanes, or realignment and/or widening of an existing road of two lanes or less so as to

rov{ﬂe four or more lanes, where such new road or realigned and/or widened section of road would be 10 km or more in a continuous
ength.

Annex Il — Screening for full EIA (Annex lll criteria & the precautionary principle)

10:

(c) Construction of railways and intermodal transhipment facilities, and of intermodal terminals (projects not included in Annex |);
(e) Construction of roads, harbours and port installations, including fishing harbours (projects not included in Annex I)

(h) Tramwa%/s, elevated and underground railways, suspended lines or similar lines of a particular type, used exclusively or mainly for
passenger fransport

13:

Any change or extension of projects listed in Annex | or this Annex, already authorised, executed or in the process of being executed,
which may have significant adverse effects on the environment (change or extension not included in Annex |);



Jaspers §

Environmental impacts

population and
human health

Biodiversity

land, soil, water, air
and climate

material assets,
cultural heritage and
the landscape




Jaspers ]
Assessment flow Jaspers

Environmental factors:

*  Population and human health

+ Biodiversity (incl. HD/BD and annex IV species)
« Land, soil, water, air, climate

* Material assets, cultural heritage, landscape

* Risks




Jaspers §

Impact assessments of tunnel projects

S
Environmental Technical project
assessments development
(Preparatory works + Construction +
Operation phases) Data/tools
(incl. HEC) ‘o . .
& * |nitial alternatives/variants
o Simulations . .
EIAD & * Preliminary Design
° lterations . .
WFD * Detailed design
« HD/BD

» Construction phase

One-stop-shop  Operation phase



Mitigation hierarchy Jaspers §

Rehabilitate

2Jualajald Buiseasdaq




Jaspers ]
EIA Process Jaspers §

Early project
design or plan Impact Reporting &
development Scoping assessment consultation

Screening Existing Mitigation Permitting,
conditions Implementation
and monitoring
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Water in nature Jaspers §




The water framework directive

River Basin Management Plans (RBMPs) and Programmes
of Measures (PoMs) to protect and restore water bodies
(surface and ground) in order to:

« Maintain good status or
« Reach good status and
* Prevent deterioration of status




The water framework directive

Jaspers §

Ground water bodies Surface water bodies

Quantity and quality status and
objectives

» Protection against pollution

* Prevent imbalance between use
and recharge (quantity)

« Maintain or achieve status

Awareness on connection to surface
waterbodies

Awareness on water dependent
(protected) biodiversity

Ecological and chemical status and
objectives

» Ecological status (5 classes)
« Biological elements
« Supporting elements

 Chemical status

Awareness on connection to S T CENE
groundwater bodies g, g totand wmmﬁnn7/ 4
\ . '.'I.'~ from precipitation evaporation L
L) A tranuplraﬂnn-—"'ham e
* I

from water frgm vegetation
surface ¥ & evaporation
N, £ _M}"“frur'nslulll

evaporation
ja, | from reservoir

saltwater intrusion

ocean covers /1 percent of Earth's surface

|:| groundwater
196,950,000 sq mi (510,000,000 sq km)

[:i soil moisture

£ Encyclopsedia Britannica, inc.



Water Framework Directive in a nutshell Jaspers §

WFD (2000/60/EC): To protect and improve ground waterbodies and surface waterbodies

Surface waterbodies (SWBs): Rivers, streams, lakes, estuaries, coastal/marine..
SWB status: Biological, hydromorphological, physico-chemical, chemical status

Ground water bodies (GWB)
GWB status: Chemical and quantitative status

Surface water objectives — Ecological and Chemical: One-out-all-out principle
Good Ecological Status (bio., Hydro-morpho., physico-Chem. Spec. poll.)
Good Chemical Status
Good Ecological Potential (HMWB)
Classes: High, good, moderate, poor, bad
Chemical — Phase out Priority hazardous/Reduce priority substances
Status: Good or Bad.

River basin management plan (RBMP): Status and objectives, No deterioration or compromising.

Groundwater bodies: Quantity and quality (physical/chemical) objectives



Groundwater example

conditions for "good".

Starting point: Overall groundwater quantitative status is classified as "good" since each criterion meets the

Effect due to modification: Due to the modification one criterion is expected to deteriorate from "good” to "poor”®
(in this example due to the damage of a groundwater dependent terrestrial ecosystem), as well as the overall
quantitative status, therefore triggering an Article 4(7) test.

Criteria

1) Available
groundwater
resource is not
exceeded by the
long term annual

averaie rate of

Starling point

Effect due to
modification

2) No significant
diminution of surface
water chemistry
and/or ecology
resulting from
anthropogenic water
level alteration or
change in flow
conditions that would
lead to failure of
relevant Article 4
objectives for any
associated surface
waler bodies

3) Mo significant
damage to
groundwater
dependent terrestrial
ecosystems resulting
from an
anthropogenic water
level alteration;

4) No saline or other
intrusions resulting
from anthro-
pogenically induced
sustained changes
in flow direction.

Cwerall
quantitative
groundwater
status

Jaspers §




WFD Assessment: Can the tunnel (construction and operation) affect

waterbodies?

Jaspers §

Collect information (D.T.S.) Data collection —studies and
modelling (HEC)

* Project info. incl. how WBs can be
affected (GW: quantitatively +
chemically; SWB: Surface water runoff,

draining...) Data/tools
. (incl. HEC)
« Potentially affected WBs — RBMP 3, 8
2021 — 2027 (objectives) Simulation
 Type, size and scale of WBs S

&
lterations

« Natura 2000 & other biodiversity

» Baseline/status — incl. supporting
elements

» Possible cumulative impacts

|dentification of data need
|dentification of study need
Planning and conduction of studies

Assessment of project WB impact
* Preparatory works
« Construction works
* Operation

Mitigation (No compensation in WFD)

Article 4.7 test requirement?



JASPERS WFD Draft Checklist tool: Flow chart

et el Y
: or cumulative... 7
level on the...
Steps to demonstrate Mew project
WFD compliance

Yes or
uncertain

Step 2

Applicability Assessment

ecological,
chemical or

surface or
ground water
quantitative body...
status of a...

Identify water body and its current

status (= the baseline)

at the scale of
the water body

Step 1

Could status be | No |

affected?

Will status be
affected?

Step 3.2 Yes or Step 3.1 . L}
Mitigation uncertain Data collection Project is WFD-
compliant
Article 4.7 Tests Step 4.1 - - T
BN e s it relevant to use =
Article 4.77
L
— ] Step 4.2 Step 4.3
p“’-":ﬂ':p’gf“' Are Art 4.7 criteria Are Art. 4.8 &4.9
— met? criteria met?
(cannot go ahead) |
. = o [ No ]
S =

Jaspers §

Using HEC + ref. to JASPERS checklist
tool

Step 1: Without data — the question
cannot be answered (precautionary
principle) = uncertain

Step 2: HEC needed to answer question

Step 3.1 + 3.2: Iterations/mitigation —
based on HEC findings

Step 4.1: If — with all mitigation — some
significant negative impacts remain (=
residual impact)




Article 4.7 (Derogation): Conditions to be fulfilled for tunnel project Jaspers 9

authorisation in case the tunnel may deteriorate water body status

All the following conditions must be met:
(a) all practicable steps are taken to mitigate the adverse impact on the status of the body of water;

(b) the reasons for those modifications or alterations are specifically set out and explained in the river
basin management plan required under Article 13 and the objectives are reviewed every six years;

(c) the reasons for those modifications or alterations are of overriding public interest (IROPI) and/or the
benefits to the environment and to society of achieving the objectives set out in paragraph 1 are
outweighed by the benefits of the new modifications or alterations to human health, to the maintenance
of human safety or to sustainable development, and

(d) the beneficial objectives served by those modifications or alterations of the water body cannot for
reasons of technical feasibility or disproportionate cost be achieved by other means, which are a
significantly better environmental option.



Jaspers §

JASPERS Checklist tool

Jaspers 3

Water Framework Directive JASPERS Checklist tool.pdf
(eib.org)

Water Framework Directive JASPERS
Checklist tool

Water Framework Directive
Project assessment checklist tool

JASPERS’ checklist tool

to use when a project® could affect

the Water Framework Directive (WFD) status
of a surface water body or a

groundwater body



https://jaspers.eib.org/LibraryNP/JASPERS%20Working%20Papers/Water%20Framework%20Directive%20JASPERS%20Checklist%20tool.pdf
https://jaspers.eib.org/LibraryNP/JASPERS%20Working%20Papers/Water%20Framework%20Directive%20JASPERS%20Checklist%20tool.pdf

Questions?

Coffee break!

Jaspers p



What is The Hydrogeological Excavation Code (HEC) A 3-pillar protocol Jaspers §

T,

u
8/ Vs o
&

~Tunnel

|:| MG 027 - Mazozaikurm a krybtalinikum Krivanskej Fatry,

Wate r' ta b I e i n d Otte d red : g MG 030 - Kry3talinikurm a mezazolkum 52 svahov LOBanske| Fatry
I MG 031 - Kry&talinikurn a mezozolkum SV Gasti Luganske| Fairy
Permeability k2 < k3

Step 1 Step 2 Step 3

« Hydrogeological and  Definition of Level of * Monitoring on ground
hydrological Model Acceptance, Temporary water levels

. Assessment of the Area effects and Permanent « Maintaining/validation
of Influence (rivers, effects, Value of pre-grouting and
springs and streams, Engineering others preventive
water supply » Assessment of measures
management preventive and

mitigations measures



Assessments and HEC Jaspers

HEC
Environmental

assessments
(Construction + Operation phases) ° Step 1 HydrogeOIOg|Ca|
and hydrological Model
 WED (IS0 » Step 2 -Definition of Level
Tools of Acceptance, Temporary
* (EIAD) o effects and Permanent
- (HD/BD) effects, Value Engineering

« Step 3 — Monitoring and

One-stop-shop Preventive Measures



HEC Process - Detailed activities — Project Maturity J__a_SP?_"sP

Project Maturity HEC Maturity

Steps

Hydrogeological study

Initial Hydrogeological profile

alternatives Rock mass classes — Rock Mass Zone

Preliminary Rock-mass permeability, fracture bands (type/frequency/extension), type of thrusts/faults,
Design hydraulic properties

Detailed Water flows determination and interference of tunnelling
design Forecasts of the water inflows in the tunnel
Hydrogeological risks
Area of influence
Hydraulic Model
WFD JASPERS Checklist

L Hydrogeological and hydrological balance

Determination of cumulative impacts from other projects or plans
Level of acceptance for variations of ground water table, springs, wells, rivers, etc = compliance with the
objectives of the RBMP

Preparation of the HEC
Choice of the tunnelling method/type of primary/secondary reinforcement
Determination of mitigations measures ( injections, grouting, lining etc..)
Determination of preventive investigations ahead

Construction —
phase Water Monitoring




Flow of the HEC - Objectives of each phases Jaspers 3

Recommended Process of Detailed Objectives

Hydrogeological model

Level of acceptance Vs Value for Money

Assessment of Compliance with the WFD/RBMP

HEC — Mitigation Measures

Water monitoring during works implementation

Validation of the HEC model




STEP 1 Hydrogeological Model Jaspg;s'j
Assessment of Faulted zones & relationship at the Tunnel Axis =
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Thickness of the faults
zones is around 5-15 m.




STEP 2: Assessment of water inflows Jaspers §

Excavation Direction
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STEP 3 HEC - PROFILE

Chainage of the Tunnel

Km

Chainage of the Project

Km

DATA

Monitoring

Type of Permeability

Primary, Cracks...

Hydrogeological Homogenous Units which can
create significant damage to the groundwater
available ressources

Greenlight system

Assumed Water Inflows during excavation phases

Rainy season (l/s) NT-08 NT-10 NT-11 13a/INK-1

Dry season (l/s)

Probability of Karstic structures

Key Indicators (KI)

Water inflows L/s
Streams, Springs /s P
Basins M3 2

Jaspers §

Multi Strata

e s wrzn ull Acquifer in the

| | | Water Body

] +
- ] = .
Porovndvacia rovina 485,00 m n.m. (Bpv] ~_ f ~ |
Section of Motroway (km) 2.0 2,1 22 23 24 25 2,6 2.7 2.8 2.9
Typ priepusinosti medzizrmova, puklinova | puklinova puklinova puklinova puklinova
Geo — Chemistry of Water s
Forecast water inflows (wet season) 105
Forecast water inflows (dry season) B 2 3
£ 3
(=] 4 3 I
23 —l
0 3 - - - - - | || | .
Pre drills investigations ahead | — | | L

Implementation of grouting core(m)
Risks of high hydrostatic pressure




Mitigation hierarchy Jaspers §

Rehabilitate

2Jualajald Buiseasdaq




Mitigation measures - ex. by-pass Genoa Jaspers §
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Examples of Water Monitoring Jaspers

Capacity in I/s of the Stranavsky stream

. \

80

60

40 ———

-
20 '\)VH -[ - - -
: A . .
What if the quantity drop? 06/05/2013 22/11/2013 10/06/2014 27/12/2014 15/07/2015 31/01/2016 18/08/2016 06/03/2017 22/09/2017 10/04/2018

What could it means? —— wydatnost (I/s)
What to do?




Karst Management Excavation Code — Scenarios

Approach - Intfroduction

KAMAL ZAPOLMIEN I ¥ODO AL 25k MATERALOM

In difficult circumstances such as Karst geology. m

NE «— Divaca Koper — SW

Section 1
— Density of expected parts of the caves (on km) 2 s
Diameter of expected parts of the caves (m) 3 e,
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Case: Tunnel on D1 west of Presov
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7.8 km motorway

2.2 km twin tube
tunnel
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Presov tunnel (assuming sign. impacts for ill.)

a5
&

Jaspers §

Tunnel characteristics:

« 2244 m long

 2twin tubes

« Construction methodology: D&B - NATM

Potentially impacted waterbodies:
3 Surface water bodies
« SKHO0016 Torysa,
« SKHO0017 Torysa,
« SKH0046 Delna
1 Groundwater body
« SK2004900F

Potentially impacted elements (EIA)
« Natura 2000
* Nationally protected elements a.o.
 Annex IV species



Waterbodies — Baseline/status Jaspers

Slovak RBMP 3 (May 2022) — sub plan Hornad:

 Baseline/status:

« Surface WB: Chemical + ecological (incl.
supporting elements - hydromorphological and
physico-chemical)

+ SKH0016Torysa (Moderate ecological + good)

ol S 3 Chemical condition

1or_ A vaghg 15644 « SKH0017Torysa (Bad ecological + good chemical
/SK200499foE condition) oS
////// )il « Ground waterbody: Chemical + quantity
S e 43 +  SK2004900F: Good quantitative and Good chemical
_ . o ‘4’0 . status
Legenda / [/ - Obijectives:

we Dialnica « Surface WBs: Good ecological + Good chemical

* Ground waterbody
 Programme of Measures (PoM)




For info on this webinar and details on
the activities of the JASPERS Networking
Platform please visit the following
websites::

https://jaspers.eib.org/knowledge/index

http://jaspers.eib.org/

Or write us at jaspersnetwork@eib.orqg



https://jaspers.eib.org/knowledge/index
http://jaspers.eib.org/
mailto:jaspersnetwork@eib.org
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