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Abstract

The undercrossing of the Danube and the Borcea arm with the crude oil pipelines was
carried out in two stages, in respectively.

Given the age of the pipelines, in order to ensure optimal conditions for transporting crude oil
from the port of Constanta to mainland refineries and to avoid the risk of damage with serious
environmental consequences, work started on upgrading and rebuilding the pipelines.

Design and build contract :

Scope of work : design and install
Works started in
Completion in (4 months ahead of the contracted deadline).
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Project Presentation - Involved companies

www.conpet

e Client : I CONPET
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e Contractor (HDI - CIS GAZ JV) :

* Engineering, permitting and geology: Atanasiu&Skills
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Project presentation - Specifications
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Danube challenge

* Danube = bad reputation to be crossed by HDD
* Alluvial bed sitting on bed rock
« Rocky / alluvial interface

:l— Stay in the upper alluvial layer




=~ HDI Atanasiusskills

insight is power

Geotechnical study

* Geological mapping

Field investigations
* Drilling and sampling : VCerrfv‘q.é’?_a.\ |
« Seismic surveys ‘
« Geoelectric surveys #3300
 Geomagnetic surveys
* Dynamic probing 323100

Laboratory analyses . //8 ‘ 2 " e
* Physical and mechanical _— By -

analyses '  § / \

« Mineralogical analyses Al gl
Data processing and correlation
Integrated interpretation

Deliverables

e
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Geotechnical study
* Geologic Mapping

* ldentification of the local geology ar'j{wd characteristics ”
* Geologic map

* Geologic sections
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Geotechnical study

* Field investigations

* Drilling and sampling
Dynamic probing
Seismic Surveys
Geoelectric surveys
Geomagnetic surveys
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Geotechnical study
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formations described In
literature have been
encountered In the
geotechnical wells
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Geotechnical study
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Geotechnical study

* Integrated interpretation
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Geotechnical study

* Integrated interpretation

Y(E)= 728722
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Geotechnical study
* Deliverables - lithologic profiles - FETESTI
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Altitude (m)
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Fine and silty sand with sandy clay lenses

- formation of holocene age, associated with Danube's depositional activity;
- is mostly made of fine sand and silt; locally, sandy clays occur in lenses, with
thicknesses up to 1 m, with firm consistency and medium plasticity;

- the formation is loose down to 8 m, and loose to compact deeper;

- the permeability is low to medium, with low risk for drilling fluid loss;

- medium to high risk for drill hole collapse for 0-8 m depth interval;

- NSPT=7 (0-8 m depth); NSPT = 19 (>8 m depth);

- Noncity =1 8 _ 1 QR a/rml

250 300

Clay and silty clay

- formation of holocene age, typical for the right bank of the river;
- is made of clays and silty clays, firm and with medium plasticity;
- very low permeability. No risks of drilling fluid loss;

- Density = 1,80 g/cm?

400 450 500 550 600

- Middle-coarse sand and gravel with sand
- formation of lower pleistocene age;

- is mostly made of middle to fine sand with rare gravel, with metric levels of gravel mixed with sand;
- the sand is mostly coarse;
- where gravel is present, it's mostly fine, containing also middle and coarse fractions;
- the formation is dense, with a compaction degree of more than 80%;
- the permeability is average, with low to average risk for drilling fluid loss;
- low risk for drill hole collapse;
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Altitude (m)

Geotechnical study
* Deliverables - lithologic profiles - CERNAVODA

Interpretative lithologic profile for undercrossing Danube river near Cernavoda through horizontal directional drilling
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Fine and silty sand, with sandy clay lenses

- Holocene age formation;

- made of fine sand and silt; locally, sandy clay lenses
occur, with medium plasticity and firm consistency, with
thicknesses of up to 1 m;

- the formation is loose, with 30% compaction grade;

- medium permeability, moderate risk for fluid losses;

- moderate-high risk for drill hole collapse;

- NSPT=7;

- Density = 1.85 - 1.95 g/em?

Sand

- Holocene age formation;

- made of fine to medium sand, with silty levels;
- the gr I y is mostly g 3

- the formation is dense, with a compaction grade of 50-80%;

- the permeability is reduced-medium, with a reduced to
moderate risk for fluid losses;

- reduced-moderate risk for drill hole collapse;

- NSPT = 40;

- Density = 2.00 g/cm?

* Coarse sand with rare gravel

- Holocene age formation;

- made of coarse sand and fine gravel;

- the formation is medium dense, with a
compaction grade of 50%;

- the permeability is medium to high,
with a moderate-high risk for fluid losses;
- moderate risk for drill hole collapse;

- NSPT =28;

- Density = 2.00 g/cm?.

Gravel with sand

- Holocene age formation;

- made of gravel and sand;

- the formation is medium dense, with a
compaction grade of 40%;

- high permeability, with high risk for fluid losses;
- moderate risk for drill hole collapse;

- NSPT = 20;

- Density = 2.00 g/cm?*

Gravel with clays

- Pleistocene age formation;

- made of gravel and coarse sand, with rare quartz
boulders, poorly tied with clays;

- compaction grade of 60%;

- medium permeability, with moderate risk of
fluid losses;

- reduced to moderate risk for drill hole collapse;
- NSPT = 30;

- Density = 2.00 g/cm?

- Marly shale

- weathering zone of the Cretaceous marly limestone;
- made of calcareous shales, with high plasticity and
stiff consi y, with li fi t

of boulder sizes;

- impermeable formation, no risk for fluid losses;

- no risk for drill hole collapese;

- Density = 2.10 g/cm’
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Issue raised up by initial geology

F2, PDG2 HOD entry
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HDD Design

* Deliverables - drilling profile - FETESTI
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HDD Design

* Deliverables - drilling profile - CERNAVODA
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HDD successful

* No rock formation crossed
* Drilling cuttings revealed investigation accuracy

* Drilling speed rate as expected
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