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Abstract: Photovoltaic plants are usually executed over a large area, where geological and
geotechnical conditions can change along the ground plot. Due to previous issue, it is extremely
important to design an appropriate geotechnical survey which reduces or delimits geological
uncertainty. This article contains and provides the technical recommendations and scope for
requests, based on the wide background of ORBIS TERRARUM in geological and geotechnical studies
all over the world.

1. INTRODUCTION
This document includes the design recommendations for an appropriate and optimum geological and
geotechnical survey for new PV plants, based on ORBIS TERRARUM experience, studying more than
100 PV plants in different countries, which involves more than 2.500 MW installed.
The technical, economical and schedules optimization is considered in this kind of investigations.
A good geological and geotechnical study is an advantage for the PV project if it provides valid data
for the correct facilities foundations design, it identifies likely long term geological risks during the
plant operation and it provides some accurate constructive measures to reduce or avoid risks. It is
important to bear in mind that, the geological and geotechnical report it is not only a technical
document, but also a guarantee one, which deals with administrative responsibility, financing and
sale‐buy process.
The most important themes, that a geotechnical report should include, are the ones mentioned
ahead:






Accurate ground zonation according to its geotechnical features and properties and the
delimitation where PV modules cannot be installed.
Definition of drive feasibility, type and likely limitations for the module foundations.
Analyse the ground corrosive and aggressive range for steel and concrete.
Provide data of electrical resistivity for an appropriate lighting design.
Provide soil and rock parameters as strength and deformability which will be used for
foundation design.
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Evaluate ground excavability and so the recommended machinery type for ground
movements and trenching.
Recommendations for ground slopes (provisional and permanent) to ensure stability.
Define the bearing capacity for shallow foundations.
Evaluate the deep foundation strength, which will be confirmed with pull out tests.
Detect and quantify geological hazards as seismic acceleration, collapsibility, sinkability,
erosionable zones, previous landslides, karsts, ...
Man made loose fills detection and ground contamination.
Ground water detection and main hydro geological features.

The following chapters analyse the different field investigations, laboratory tests and report content.
It is provided a range of field investigations depending on the plot size for developers, as a first
approach for geotechnical survey requests.
Geotechnical studies for PV plants have to be completed in some occasions with specific studies for
electrical lines, substations, accesses and maintenance pathways which are generally regulated for
any local regulation, code or standard.

2. GROUND INVESTIGATION
2.1. Geological logging and trial pits
A superficial on site inspection will be developed based on regional geology, local rock‐soil outcrops,
direct data and the indirect data from geophysical techniques, as electrical tomography.
Geomechanical stations will be made over rock outcrops to determine the weathering degree,
fragmentation and rock mass structure.

Fig. 1: Geological zonation drawing developed by ORBIS TERRARUM.

Direct data are collected by mechanical trial pits up to 3,5 m depth, which is slightly higher than the
usual length of the driven metallic profiles for the modules foundations, so ground could be analysed
in order to design the foundation of some other facilities as inverters, lightweight buildings, etc...
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During the excavation of the trial pits, a geologist will take representative soil, rock and water
samples and it will log the most remarkable geological and environmental aspects, as man made fills
or ground contamination.

Fig. 2: Trial pit detail for geological logging and sampling

Fig. 3: Technical feasibility of driven piles drawing, developed by ORBIS TERRARUM

Even it is not usual, trial pits campaign could be complemented with boreholes with sample recovery,
permeability tests, refraction seismic tests and passive seismic as ReMi for seismic hazard zones, or
even the use of georadar for archaeological remains and underground services.
The field investigation layout should be defined previous to its beginning, avoiding existing
underground services, and in case of trial pits, the holes should be refilled right after the
investigation to avoid any hazard to people or cattle.

2.2 Penetration ground strength
Dynamic penetration test is the most suitable to investigate driven feasibility and develop an
accurate zonation, due to its easy use, transportability, and so reduced unitary price.
In order to investigate the drive foundation feasibility and develop a ground zonation, the most
suitable equipment is the dynamic penetrometer, due to reduced price and, easy, fast and flexible
execution. The most extended one is the lightweight penetrometer Panda2, which its advantages are
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its correlation with the SPT value and reduced size, which allows you to reach to fairly inaccessible
zones. Other suitable penetrometer is the DPSH type.

Fig. 4: Panda2 penetrometers and real penetrometer logging

Penetrometer tests let us to obtain the penetration strength of the different geotechnical strata
observed into the trial pits. Related to previous fact, it is very important to know the topsoil
thickness. This soil type is not usually removed, especially in horizontal and flat plots. Thus, its
thickness should not be considered to design the deep foundation length, due to its softness and
evolutive characteristics (high organic matter content).

2.3. Ground deformation analysis
Equipment and tests as dynamic load plate or in situ CBR are suitable when a detailed deformability
study for shallow foundations has to be carried out, or the pathways category should be determined.
Both techniques let to carry out several tests in short time, especially over non saturated ground.

Fig. 5: Dynamic load plate, Zorn
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Fig. 6: In situ CBR test

Static load plate tests should be carried out in case of shallow saturated ground; however, these tests
need longer time in comparison with dynamic load plate tests, and also need a reaction element
during the test (usually a loaded lorry). Finally, other tests have to be taken into account over shallow
saturated clays with elevated foundation tension, as oedometer tests on undisturbed samples to
evaluate the long term consolidation of the soil.

2.4. Electrical resistivity analysis
The most extended and suitable technique for the electrical resistivity analysis is the electrical
tomography using a Wenner array with 42 electrodes. This configuration let to obtain data for
ground lighting design and ground electrical resistivity determination, along the test profile, which is
also the most important parameter to determine the soil corrosion range for underground steel.
Additionally, electrical results let to determinate the underground geometry of the different
geotechnical units and underground level. An antique technique, which is practically removed from
the market nowadays is the V.E.S. tests, due to only provide electrical resistivity data under a vertical
column (1D), instead cross section profile (2D) of the electrical tomography, however, they reach
higher depths.

Fig. 7: Geophysical test by electrical tomography
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Fig. 8: Electrical Tomography profile in geological and corrosive points of view

4.5. RECOMMENDED SURVEYS
Next chart provides the minimum field investigations which have to be carried out depending on the
plot size. The investigation numbers should be increased depending also to the inner difficulty of the
plot (shape, slopes, local geology, access, facilities,...). Every field investigation has to be supervised
continuously and logged by a Geologist or Geological Engineer focused on the projects needs and
details.
Chart 1. Recommended field investigation number according to plot size
AREA (Ha)

TRIAL PITS

PENETROMETERS

LOAD PLATE

ELECTRICAL
TOMOGRAPHY

<2

3‐5

3‐5

2‐3

1‐2

2‐5

5‐8

5‐8

3‐4

2‐4

5 ‐ 10

8 ‐ 14

8 ‐ 14

4‐7

4‐6

10 ‐ 30

14 ‐ 25

14 ‐ 25

7 ‐ 13

6 ‐ 12

30 ‐ 100

25 ‐ 40

25 ‐ 40

13 ‐ 20

12 ‐ 20

100 ‐ 300

40‐60

40‐60

20 ‐ 30

20 ‐ 30

Previous field test can be complemented with sample recovery in boreholes, permeability or
infiltration tests, thermal resistivity tests to determine the ground dissipation capacity, or seismic
tests (refraction or ReMi type) in case of high seismic hazard zones.

2. LABORATORY TESTS
Laboratory tests can be divided into three different groups. First group corresponds to identification
and state, which let to know the ground type. Second group corresponds to mechanical tests to know
strength and deformability, both for soil and rock. Third group corresponds to chemical tests to
evaluate the soil and water aggressive potential to concrete and underground steel. The laboratory
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test request should be made by the field geologist, and it will be based on the soil type found,
specially focused on its cohesive or granular behaviour.
As a first approach, the next chart establishes a recommendation for laboratory tests measurement:
Chart 2. Laboratory test number for every 5 samples
TESTS
Granulometric analysis by sieve
Atterberg Limits
Natural moisture content
Dry and bulk density
Direct shear test
Proctor compactation test
CBR index
Point load test for rock (PLT)
Rock density
Soluble sulphates content
Total soluble salts content
Organic matter content
pH determination in soil
Baumann‐Gully acidity index
Carbonate content
Gypsum content
Redox potential determination
Underground water analysis (aggressiveness)

EVERY 5 SAMPLES
5
5
5
1
0,5
0,25
0,25
0,7
0,7
1
1
1
1
0,5
1
0,5
1
1

3. REPORT
The geological and geotechnical report can be divided into factual report, feasibility report and final
report. It is usual to send the factual report, with the data from the field investigations, previous to
the final or feasibility reports.
The feasibility reports will include some field investigation, in order to briefly define geology,
optimum zones and driven piles feasibility. The whole part of the field investigations and laboratory
will be included into the final report, which will define in detail the foundation type and zonification.
If a direct driving (ramming) for the deep foundation of the modules is not feasible, other technical
options will be considered as: execution of pre‐holes, rotary screws, shallow foundation, or
micropiles. These two last options will be applied to rocky plots.
Final reports will include the electrical tomographies, laboratory tests in order to evaluate
underground steel corrosion and concrete aggressiveness, strength and deformability ground
parameters will be defined, and a geological and geotechnical model will be completely defined.
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Furthermore, final reports will include the detailed geological and hydrogeological models, likely
hazards, seismic risk specially, the geotechnical characterization of the plot ground, the foundation
and retaining walls design, slope and trenches stability, corrosion velocity definition, constructive
aspects of concrete durability, ground excavability and recommended machinery, foundation type
and ground parameters for lighting design.
It is important to include into the report the geological cross section of the plot, with the most
engineering aspects, field and laboratory data.
Schedules for geotechnical reports are variable, depending on the plot size, but usual time for field
works is 1‐2 weeks, 2 weeks to carry out laboratory tests and the analyses of the electrical
tomography, and 1 week for final geological‐geotechnical development.
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