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SUMMARY

This deliverable product named “Validation report on installed plant” is associated with
ACTION B.3 “Construction and validation of demonstrative plant”, with expected deadline on
31/12/2014.
Action B3 gained a slight delay, but a revision of the schedule with a better coordination between
Actions B2 and B3 allowed Action B4 to start on time. Hence, the slight delays gained so far will
neither compromise the successful demonstration of the technology, nor affect the timetable of
the project as a whole.
In this Action (B.3) the project partners (UniPisa, WestSys, LambCons, LiPortAuth) built the
demonstrative plant. The dedicated area of approximately 500 m2 was prepared to allocate the
treatment basin. Then, the basin with an effective volume of 150 m3 (sediment depth 1.5 m)
contained within prefab reinforced concrete walls was built. A protective membrane was placed
on the bottom of the basin to guarantee the complete absence of contaminant leaks to the
underground. The volume of 150 m3 of sediment to be remediated was dredged and entered into
the treatment basin. The power supply unit to operate the demonstrative plant was assembled
and placed in the space adjacent to the treatment basin. The hydraulic circuit, consisting of
interconnected grids of anode and cathode wells made up of semi-permeable pipes was built. The
electrodes for electric field application for sediment remediation were placed inside the wells and
connected to the power supply unit. The grid of wells and pipes was connected to the electrolyte
management system. The latter was assembled on site and located adjacent to the basin.
Consequently, the plant components were thoroughly assembled and the EKR installation was
tested. The EKR basin was ready to be operated and the demonstration of the SEKRET
innovative technology, with reference to action B.4, started as planned.
This report describes the assembly and validation of the SEKRET demonstrative plant.

2

IMPLEMENTATION STEPS

In order to successfully complete the construction and validation of the demonstrative plant the
main implementation steps, briefly described below, were carried out.


Preparation of the area. The dedicated area in the Port of Livorno where to allocate the
demonstrative plant was preliminary prepared in order to build an appropriate basement
to safely place the prefabricated panels for constructing the basin walls. The superficial
layer was cleared and an appropriate layer of stabilizing materials was laid down to ensure
the structural stability of the basin.
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Building of the basin with prefab reinforced concrete walls. The prefabricate panels
were placed on the dedicated area and these were rigidly connected together through
screws and bolts. After assemblage the connections were tested and checked to ensure
the minimum risk of collapse after loading the basin with the dredged sediments.
Stainless steel rods were placed at the edge of each prefab panel and fixed to the ground,
to prevent any wall slipping. After filling the basin with 150 m3 of dredged sediments, the
walls were accurately monitored to check prefab integrity and the subsidence of the
foundation was measured. No differential subsidence was observed and the maximum
deformation was approximately 2 mm. The overall response of the basin to sediment load
was satisfactory.



Setup of the sealing liner. Before filling the basing with the sediments, a geotextile
membrane with high resistance toward strain and chemical agents was placed at the
bottom of the basin to guarantee the maximum protection against contaminants leaks
from the basin to the ground. During basin filling, great precaution was taken to not to
damage the sealing with accidental falling of dredged material. After filling of the basin,
the water content inside the basin was constantly monitored to check the sealing. As a
further confirmation of sealing resistance, this was checked also during plant validation
procedures when the water was circulated through the basin for hydraulic circuit testing.
No losses of water were observed.



Setup of electrode wells and pipes grid. An interconnected grid of anode and cathode
wells made up of semi-permeable pipes was built. The grid was directly assembled on site
and all the connections between the pipes inside the basin were made before dredging.



Dredging and filling of the basin. Before filling the basing with sediments the outlets
pipes were closed in order to avoid any leakage of liquids outside the basin. The volume
of 150 m3 was then placed in the basin and left to settle for few days after that the
electrodes were placed inside the wells.



Setup of the basin cover. To protect the basin and the sediments from meteorological
events and to avoid any gas emission to the atmosphere, a cover was installed and fixed
to the basin walls. Any possible gas emission from the electrode wells is collected and
conveyed to a gas treatment device (scrubber) installed outside the basin.



Building of the temporary storage tank. This step, although planned, was not needed
because the sediment water content after dredging was low enough to avoid water
withdrawals from the basin.



Power supply and hydraulic connections. The electrodes were electrically connected
to the power supply unit installed inside a shelter located adjacent to the basin. The inlet
and outlet pipes for electrolyte circulation were connected to the electrolyte management
circuit. The latter was installed on a skid in proximity of the basin.
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Demonstrative plant assembly. The plant component were first pre-assembled and
tested at WestSys facility. The final assemblage was carried out on site and all the
hydraulic and electrical connections from and to the basin were made on site. Flow
measurement devices were installed at the inlet of the basin in order to check the correct
operation of each line of the hydraulic circuit. The other measurement devices, such as
pH meters, conductivimeters and temperature sensors were installed as well, to ensure
proper control of the processes during operation. The plant control and automation is
ensured by a PLC installed inside the shelter of the power supply unit. The emergencies
are also handled by the PLC which will immediately stop operation and will send alert
messages to the operators in case of failure of plant components. Manual safety devices
such as emergency buttons were properly placed at different locations in the area to
ensure the maximum possible safety of the workers.



Demonstrative plant validation. After installation and assemblage, all plant
components were checked. First, the hydraulic circuit was successfully tested. The flow
rates and the head losses inside the hydraulic circuit were in the value range estimated
during the design phase and the overall operation was as expected. Then the electrical
circuit was tested. Each single pair of electrode was tested in order to isolate eventual
energization failure. All electrode couples worked as expected and the electrical
parameters (electrical current, voltage and power) were all within the limits estimated
during plant design. Finally, the electrolyte management circuit and the gas treatment
device were tested. The reagent dosage devices worked as expected both for the
electrolyte conditioning and for the gas treatment device. The acid dosage to the catholyte
circuit was successfully carried out. The gas treatment device (scrubber) was operated
with water first to test the effectiveness of the operation and then it was filled with
reagent (sodium hydroxide) for gas abatement. The air fan was checked and it
appropriately collected the air from inside the basin.

The detailed description of each implementation step will follow in the next paragraphs.

2.1 Preparation of the area
The dedicated area in the Port of Livorno where to allocate the demonstrative plant was
preliminary prepared in order to build an appropriate basement to safely place the prefabricated
panels for constructing the basin walls (see Figure 1).
Road access to the site was prepared in order to allow the entrance to operating vehicles,
equipment and machinery for basin installation, component assemblage and transport and
placement of the sediments in the treatment basin.
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The grasses and surface layer of the whole area were cleared. To ensure the structural stability of
the basin, a first layer of stabilizing coarse material was laid down then another stabilizing sand
layer was placed and leveled.
At one side of the area, a ramp made with ballast was prepared to facilitate the subsequent filling
of the basin with the dredged sediments.

Figure 1. Preparation of the area

2.2 Installation of the basin
The basin is completely removable and it was realized in elevation with panels of reinforced
prefabricate concrete, lined with membrane in HDPE / LDPE protected by geotextile.
The prefabricate panels were assembled on site and rigidly connected together (Figure 2).
After assemblage the connections were made. The connections consisted of threaded rods and
bolts. These were carefully tightened several times to allow the adjustment and panel settlement.
Each connection was then checked to ensure the minimum risk of collapse after loading the
basin with the dredged sediments.
To guarantee the absence of lateral slipping of the walls, stainless steel rods were placed at the
edge of each prefabricate panel and fixed to the ground.
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Figure 2. Installation of the prefabricate walls.

2.3 Setup of sealing liner
At the bottom of the basin, two preliminary layers of geotextiles were placed in order to avoid
that any protruding rock on the basement could damage the sealing.
The membrane in HDPE / LDPE protected by geotextile with high resistance toward strain and
chemical agents was then installed (Figure 3).
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Figure 3. Setup of the sealing liner

2.4 Setup of the electrode wells and pipes grid
The basin is equipped with 84 total electrodes: 42 anodes and 42 cathodes. Each electrode is
inserted in vertically arranged slotted PVC pipes. In the slotted pipes containing the electrodes
are circulated the catholyte and the anolyte, with two separate circuits for pH conditioning.
The installation of the slotted pipes and all the connections was carried out before filling the
basin with the sediment (Figure 4). To protect the sealing liner during the assemblage work,
additional layers of plastic sheets were placed at the bottom of the basin.
The slotted pipes were first pre-assembled at WestSys facility, then they were assembled on site
and connected together. The inlet and outlet connections from and to the basin for electrolyte
circulation to the electrolyte management circuit were made (Figure 5).

Figure 4. Setup of the interconnected grid of wells and pipes for electrolyte circulation.

To secure the wells and pipes, additional connection elements were installed, in order to improve
the rigidity and stability of the grid during the filling phase.
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Figure 5. Inlet and outlet connections from/to the treatment basin.

2.5 Dredging and filling of the basin
Before filling the basing with sediments the outlets pipes were closed in order to avoid any
leakage of liquids outside the basin.
150 m3 of sediments were purposely dredged from the most contaminated spot in the Port of
Livorno. The dredged material was gathered with a dredge and transported to the docking
located less than one kilometer away from the remediation site where it was discharged. The
sediment was then loaded on a truck and transported toward the site.
The dredging activities were performed minimizing every possible impact in the surrounding
environment. The docking were the sediments were discharged was protected with a liner in
order to avoid any leaking of sediment or water. The truck box was completely sealed and no
water was dispersed during transport.
With the use of an excavator, the sediment was then taken from the truck box and carefully
placed inside the basin (Figure 6).

Figure 6. Filling of the basin with dredged sediments.
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During basin filling, great precaution was taken to not to damage the wells or the sealing with
accidental falling of dredged material. While filling, six wells were slightly deformed but their
functionality has not been compromised, as demonstrated by the subsequent tests carried out for
the hydraulic and electrical operation checks.
After filling of the basin, the water content inside the basin was constantly monitored to check
the sealing. As a further confirmation of sealing resistance, this was checked also during plant
validation procedures when the water was circulated through the basin for hydraulic circuit
testing. No losses of water were observed.
After filling, a temporary film was laid over the basin to protect the sediment from rainwater
before the installation of the final cover.

2.6 Installation of the basin cover
The basin was completely covered with a roof to protect it from meteorological events. The
function of the cover is also to avoid any gas emission to the atmosphere,
The cover consists of a structure fixed on the basin walls and a canvas which allows the sealing
(Figure 7). Any possible gas emission from the electrode wells is collected and conveyed to a gas
treatment device installed outside the basin.

Figure 7. Setup of the basin cover.

2.7 Power supply and hydraulic connections
The electrodes (Figure 8) were installed inside the wells and they were electrically connected to
the power supply unit installed inside a shelter located adjacent to the basin (Figure 9).
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Figure 8. Electrical connection of the electrodes.

Figure 9. Shelter (left) containing the electrical supply unit (right).

The inlet and outlet pipes for electrolyte circulation were connected to the electrolyte
management circuit. The latter was installed on a skid in proximity of the basin (Figure 10). The
gas abatement device (wet scrubber) was also installed. The scrubber components were first
tested at WestSys facility an then assembled on site (Figure 11). The air-fan for air catchment
from the basin was installed, along with pipes. The air is collected and conveyed to the scrubber
for the treatment. The treated air is then discharged to the atmosphere.

Figure 10. Hydraulic connections from the basin to the electrolyte management circuit.
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Figure 11. Scrubber installation (left) and scrubber air fan (right)

3

PLANT ASSEMBLY AND VALIDATION

After filling the basin with 150 m3 of sediments, the basin walls were accurately monitored over
time to check prefab integrity and panel adjustment, the subsidence of the foundation and lateral
deformations were measured. No differential subsidence was observed and the maximum
deformation was approximately 2 mm. The overall response of the basin to sediment load was
satisfactory.
To protect the armor of the prefabricated elements from corrosion, they were electrically
connected to the electrical ground to ensure cathodic protection.
After all the components were assembled and individually verified, the measurement and control
devices were installed and calibrated. These consisted of:






Flow measurement devices installed at the inlet of the basin in order to check the correct
operation of each line of the hydraulic circuit. A total of 14 flow meters were installed, 7
in the catholyte circuit and 7 in the anolyte circuit. The flow meters operate on the float
principle and are used for flow rate measurements in each pipeline. The medium flows
through the vertically installed flow meter from bottom to top. This raises the float and
shows the current flow rate on the scale on the measuring device.
pH meters. Four pH glass electrode probes were installed on the main electrolyte
circulation pipes, two at the outlet of the basin (one for catholyte and one for anolyte)
and other two at the basin inlet, downstream the electrolyte management system. The
measure of electrolyte pH is used to ensure proper control of the processes during
operation. The devices were installed, tested and accurately calibrated used three-point
calibration method with three standard buffer solution of known pH values.
Dosing pumps. Two dosing pumps are used for the dosage of acid in the catholyte circuit
and of sodium hydroxide in the gas abatement device, respectively. The acid dosing
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pumps are driven by the pH meters and activated when the catholyte pH value is above a
set threshold (pH = 3). The dosage of acid into the catholyte circuit has the aim of
enhancing the electrokinetic extraction process. The pumps were tested with water first
then with nitric acid and sodium hydroxide respectively.
Conductivimeters. Four conductivimeters were installed together with pH probes in
order to check electrolyte conductivity. The conductivity of the solution is a measure of
the ionic strength of the electrolyte itself and can be used to determine the accumulation
of the major anions/cations (Na+, Cl-, Ca2+, Mg2+, K+, NO3-) which move from the
sediment to the anolyte/catholyte circuits. The conductivimeters were installed, tested
and calibrated using a standard solution with known conductivity.
Temperature sensors. The temperature probes are used both for temperature
compensation of pH and conductivity readings and as safety devices. Seven RTD PT100type temperature sensors were installed: four probes were placed together with pH and
conductivity probes and the other three inside the basin. The latter three sensor were
placed inside two cathodic wells and one anodic well. The sensors are used to monitor
the temperature in the vicinity of the electrode where an increase in temperature can
possibly occur. In the case of excessive temperature rising, the control system (PLC)
automatically reduces the electric current or shut-down the electrode energization, as a
function of the severity of the conditions.
ORP (oxidation-reduction potential). The ORP sensor are used in combination to pH
sensor to measure the oxidation/reduction potential of the electrolytes. These were tested
with water and the functionality was ok.

Figure 12. pH, conductivity, ORP and temperature sensors.

The plant control and automation is ensured by a PLC installed inside the shelter of the power
supply unit.
The emergencies are also handled by the PLC which will immediately stop operation and will
send alert messages to the operators in case of failure of plant components. Manual safety devices
such as emergency buttons were properly placed at different locations in the area to ensure the
maximum possible safety of the workers.
After installation and assemblage, all plant components were checked.
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The two hydraulic circuits (anolyte and catholyte) were tested separately. The tests were
conducted by running water at different flow rates within the circuits. No problems were
encountered to set the individual flow rate in each circulation line. The flow unbalance between
the different lines was minimum after manual tuning of the flow rate using the specific valves.
The tests were successful. The flow rates and the head losses inside the hydraulic circuit were in
the value range estimated during the design phase and the overall operation was as expected.
Then the electrical circuit was tested by the injection of an electrical current on each couple
(anode/cathode) of electrodes. Single pairs of electrode were tested in order to isolate eventual
energization failure. All electrode couples were tested at different electric current intensities and
all worked as expected. The electrical parameters (electrical current, voltage and power) were all
within the limits estimated during plant design.
Finally, the electrolyte management circuit and the gas treatment device were tested. The two
dosage pumps were carefully checked with water first than with nitric acid and sodium hydroxide
respectively. The flow rate was within the limits recommended by the manufacturer and the
reagent dosage worked as expected both for the electrolyte conditioning and for the gas
treatment device. The nitric acid dosage into the catholyte circuit was tested. The dosage was
tested to reach a pH set-point of 5 which was successfully achieved.
The gas treatment device (wet scrubber) was operated with water first to test the functionality of
the sprinklers and of recirculation system with a circulating pump. Both worked as expected. The
body of the scrubber was filled with backfill material then it was filled with reagent (sodium
hydroxide) for gas abatement. The air fan was checked and it appropriately collected the air from
inside the basin. The efficiency of the gas abatement was not yet tested since during the test no
gas production was observed (due to the fact that the gases are developed in a time frame of
duration greater than that the one used for device testing alone).
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ANNEXES

4.1 Particle size distribution
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4.2 Chemical characterization of sediment before treatment
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