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For Good Design of Wind Farm on Offshore Site

KGE and CKC are the leading companies of offshore geotechnical surveys in Japan.
We propose a high-quality geotechnical survey for offshore wind farms using our advanced technology.
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Offshore Geophysical Exploration
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SoR—p Seismic profiling is one of the seismic reflection surveys towing the seismic
- 200t752 L[S 2 source and the streamer cable (receiver) from the vessel. It is necessary to
ZNU—T——T)L:48F v )L SR 2 S N—v—s— T 48F vy, BB T determine the appropriate combination of the devices depending on the
& " exploration depth and geology because of each device characteristic.
\ 7 (I7A. \ BE The obtained data is proceeded and recorded as the seismic profiling
e record. The analysis and interpretation of this record is done with a
/\ /L—_V comparison to the borehole results.
We propose the most appropriate geotechnical surveys based on our over
40-year of experience in seismic profiling.
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Onssite

Seismic profiling is conducted by a combination of various devices such as navigation,
seismic sources, streamer cables, and a recorder. We try various ways to improve the
quality of the data. We sometimes purchase the equipment from the manufacturer, and
add some functions to it or combine the device which we developed if necessary.

*Safety is the priority to consider when working on a site.
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Data Processing and Geological Evaluation

Because the data processing is essential, we have worked on the data processing of
seismic profiling by using Super Minicomputer since its introduction in 1983.

The seismic sections after data processing are interpreted to estimate geological
stratigraphy and geological structure by referring to borehole results and literature.

Then, the measured data, data processing, and geological evaluation are compiled into a
report.
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Offshore Geophysical Exploration
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Submarine Microtremor Array Survey

KGE made use of "submarine microtremor array survey" as a survey method to
evaluate the depth of the engineering bedrock.

It is geophysical exploration using surface waves, and the data is recorded by
its sensors arranged in equilateral triangles on the seabed.

This data is analyzed and interpreted to estimate 1-D "S wave velocity
structure". The measurement is completed in one day per one spot.

The period for survey became shorter and more spots can be surveyed
compared to the conventional PS logging by boring.

Moreover, this survey can be conducted in offshore where the water is deep.
We propose the most appropriate geotechnical surveys by combining various
survey methods such as offshore boring survey and seismic survey.
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What Is Microtremor Array Survey ?

The ground beneath our feet is constantly and slightly vibrating, but we cannot feel it. These
minute vibrations are called "microtremors". There are various microtremors caused by natural
phenomena such as ocean waves and social activities such as transportation, etc. The microtremor
array survey is to obtain the underground information by using these microtremors. It has been in
use around 1980 for onshore.
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Characteristics of Submarine Microtremor Sensor

KGE developed a new "submarine microtremor sensor".

It is an independent type containing a seismometer and a recording device in a
pressure-resistant container.

Its pressure-resistant applies maximum 200m depth, and cables are not required
to be connected during measurement
because of its characteristic. .
Moreover, the size is compatible that the T

survey can be conducted by small vessels.
It can record three components of
horizontal (X,Y) and vertical (Z), and this
data makes more detailed analysis and

interpretation. \L
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Selection of Scaffolds to Apply Sea Area Properties
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KR50mELE
Water depth 50m or more

i AOF={)
Various conditions
of seabed topography
m =
KFEEOMEXT
Water depth up to 50m

KBRS, (A EER
Large Scaffold by angle bars
KEIDO-JIZAI

1R 15DV

Gently:sloping seabed topography.

KRIEMEXT
Water depth up to 35m

ARe
Scaffold by angle bars

MBI A X—Y

3 The sea area is for illustrative purposes only.
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Water depth up to 50m
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Water depth up to 30m
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Various Offshore Scaffolds for Geotechnical Survey
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KEIDO-JIZAI Marine Drilling Method

(Multifunction drilling system separated boring guide pipe from a barge)

This is a method to install the guide pipe and the boring unit on barge separately. It is capable of various conditions
of offshore site (up to 50m, inclination of seabed, etc.).

In case of stormy weather, only the guide pipe and the boring unit can remain on the site, allowing for quick
evacuation and re-starting of work.
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Characteristics of This Method

« Apply to the depth up to 50m.

« Excellent mobility and quick evacuation under stormy weather.
« Enable sampling and coring from soft layers to rock.

- Apply various in-situ tests and soundings.

- Applicable even if the site is slope. (Up to 10 degrees slope angle)



In-situ Test and Laboratory Test
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Laboratory Test Using the Undisturbed Sample

The Laboratory Test is conducted to understand the physical, mechanical, and
dynamic properties of the soil and rock samples collected in the site.

In mechanical and dynamic tests, various ground stress conditions are
reproduced in the cell and the behavior of the soil or rock is measured.
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CPT (Cone Penetration Test)

CPT is the test to measure the three components, point
resistance g, skin friction f;, and pore water pressure u, while
statically pressing a cone into the ground.

The test results are used to estimate soil parameters such as
soil classification, N-value, fine fraction content F¢, unit weight
yt, undrained shear strength cu, angle of shear resistance ¢’,
and consolidation yield stress P..

There are several types of offshore methods, such as seafloor
drill type, drillship type, and SPT type conducted from a
scaffold.

We propose the most appropriate method depending on the
site conditions.
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Initiatives to Improve Operations
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Safety Improvement

Steel scaffolds are generally used for geotechnical surveys in
marine areas. We use fishing boats and other vessels to
access the steel scaffolds, but boarding onto the scaffold is
extremely dangerous in bad sea conditions and high waves.
Therefore, the priority is to board onto the scaffolds with the
utmost caution.

Previously, we used a ladder with a convexity fender to
prevent entanglement accidents, but it only relies on the
individual's ability to prevent falling into the water. However,
since boarding and alighting steps were attached to the
scaffold, transfer from the vessel became faster, and the risk
of entanglement and falling water was greatly reduced, as
well as the ability to work calmly on the steps and attach a
harness.
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Solution

With the expansion of offshore wind farm development areas,
demand has increased for drilling not only in flat areas but also
in areas where the seabed surface is inclined or uneven with
reefs, etc.

To correspond to these conditions, we developed a new device
that can be installed horizontally on sloping or uneven seabed
surfaces by attaching an inclination adjustment attachment to
the bottom of the steel scaffold.
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Assessment Flow of Site Conditions
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Geotechnical Survey Procedure

We certainly solve the ground-related risks at the site by surveying stages.
First, we identify risks related to seabed topography and geology from

—RAEQY ——VIRICEDE. previous literature and documents as prior examination. Second, we
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conduct a primary survey to assess the engineering characteristics of the site
and examine the geological risks to resolve in the secondary survey.
The secondary survey should include a full resolution of engineering

FEFRCEDS. £SO T2 assessments and geological risks at all wind turbine installation sites.

The final comprehensive analysis result is used as the basis for the 'Site
Condition Assessment'.
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Tasks of Each Survey Method

A bathymetric survey and side scan sonar survey are conducted to
identify topography, sediments, structures, obstructions, etc., on
the seabed.

The results are used to identify risks of submarine landslides,
investigate cable installation routes and determine the location of
fish reefs.

The submarine geotechnical survey can be broadly classified into
two categories: those for obtaining geotechnical structure
(geological stratigraphy and structure) and those for obtaining
engineering properties, which are combined to develop an
engineering ground model of the site.
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Scaffolds for Deepwater
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Wind Power Farm
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Geophysical Exploration
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Submarine Microtremor Sensor
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Microtremor
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