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1. Introduction

NEWTON-g envisages the development of a new measurement system for gravity observations, the
so-called gravity imager. This system is designed to allow the detection of gravity changes with
unparalleled spatio-temporal resolution. The gravity imager includes sensors based on two
complementary technologies: microelectromechanical systems (MEMS) and laser-cooled atoms
(quantum technology). In particular, it consists of an array of MEMS-based relative gravimeters, (the
fi @ ie lokthe imager), anchored to an absolute quantum gravimeter (Carbone et al., 2020).

The implementation of NEWTON-g involves three main phases: (i) design; (ii) production, (iii) on-
field application.

The 1% phase was completed during year 1 of the project and led to the accurate definition of the
requirements and characteristics of the two sensor types and of the imager, as a whole (see D2.1
and Part B of the 1 Technical Report of NEWTON-g).

The outbreak of the COVID-19 pandemic and the lockdown measures taken as of March 2020, to
mitigate its spread in al Eur o p e 0 s , sewvewely tffedted |ctivities during the 2" phase of
NEWTON-g (production; year 2). In particular, it was not possible to build and test the first prototypes
of the MEMS gravimeter, due to the shutdown of facilities at the University of Glasgow, like the
James Watt Nanofabrication Centre (JWNC) and the Kelvin Building, which are required for any R&D
and fabrication of the device.

The above issue reverberated across the next phase of the project (on-field application) that was
originally meant to start at the beginning of year 3 (summer of 2020). Indeed, due to the unavailability
of MEMS gravimeters ready for installation on Mt. Etna, the consortium was forced to review the
deployment plan agreed in February 2020, as described in the following sections.

This document presents the current (i.e., as of autumn 2020) status of production and deployment
of the different components of the gravity imager and provides estimates of when the missing parts
will be made available, thus allowing completion of the system deployment.

The document is organized as follows:

section 2 provides an overview on how the already executed deployment phases diverge from the
original plan;

section 3 provides insight into the activities already carried out in the framework of the deployment
of the quantum gravimeter (AQG-B03) at the Pizzi Deneri Volcanological Observatory (PDN);
section 4 provides insight into the activities already carried out in the framework of the deployment
of the MEMS gravimeters on Mt. Etna;

finally, section 5 presents the expected timeline towards the complete deployment of the gravity
imager.
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2. Planned versus executed deployment during summer 2020

The original plan for the installation of the gravity imager at Mt. Etna was agreed by the consortium,
in the framework of a meeting held at INGV-OE ( fdRmpéd oy me nt 5 -1 &ebtuaryn2§20).
The plan involved, by July 2020, the installation of (i) about 10 MEMS stations at the summit of Etna
(elevations ranging between 2000 and 3000 m) and (ii) the AQG-B03 in the facilities of the Pizzi
Deneri Volcanological Observatory (PDN; 2800 m elevation). The deployment of further MEMS
sensors, which had meanwhile passed the final check at UNIGLA, was also scheduled for August
and September 2020.
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Figure 1 - Scheme outlining the plan for the deployment of the NEWTON-g gravity imager, that was agreed by
the consortium in February 2020.

Unfortunately, due to the outbreak of the COVID-19 pandemic, it was not possible to complete, within
the established timelines, most of the needed activities before the deployment of the gravity imager.
That led to either delays in the execution of the planned phases of the deployment, or to the
impossibility to carry out the scheduled activities. In particular:

9 the installation of the off-grid power system to feed the AQG-B03 and allow continuous data
acquisition at PDN was completed 3 weeks later than scheduled; hence, it was not possible
to run any performance test before the installation of the quantum gravimeter;

9 it was not possible to finalize the production of the first prototypes of the MEMS gravimeter
and run laboratory and outdoor performance tests on them; hence we could not install any
complete MEMS station up to the date of this writing.

Further details on the current status of the gravity imager deployment are provided in the following
sections.
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3. Deployment of AQG-B03 at PDN

3.1 Deployment of the power supply system

As reported in D3.3 (On-field infrastructures), continuous data acquisition through the AQG-B03 at
the Pizzi Deneri Volcanological Observatory (PDN, 2800 m elevation, D2.7 km from the summit
craters of Etna; Fig. 2) requires an off-grid power supply system, able to ensure 500 W of continuous
power. D3.3 provides full insight into the design of the off-grid power system that the consortium
selected as the most suitable for the harsh ambient conditions at the installation site, especially
during the winter time. This system employs solar panels (Fig. 3) and a diesel generator (Fig. 4,
right), as the power sources, and a lithium-ion battery pack to store the power generated by the two
sources (see D3.3 for details).

Figure 27 The domes of the Pizzi Deneri Volcanological Observatory (right), in front of the summit craters of
Mt. Etna (left).

The galvanized-iron structure to hold eight solar panels was deployed at PDN on 9 July (Fig. 3),
while the other parts of the off-grid power system were installed during the second half of July, i.e.,
about three weeks later than planned (see Fig. 1). This delay was due to the impact of COVID-19
on the administrative procedures aimed to purchase all the materials and services needed for the
installation of the off-grid system. In particular, due to the difficulties encountered by the
administrative staff of INGV-OE in handling some steps of the procedures, while working from home
during social isolation, 1 to 3 more months than originally planned were required to complete the
procedures (see D3.3). As a consequence, the installation of the off-grid system was completed on
the very same day as the continuous gravity data acquisition with AQG-B03 was started at PDN (31%
of July), implying that it was not possible to carry out preliminary checks on the performance of the
power supply system.

Figure 371 Left: a phase of installation of the galvanized-iron solar panel structure at PDN on 9 July. Right: the
structure after completion of the installation, with eight 350 W photovoltaic panels mounted on it.

6
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That explains why several gaps affect the gravity time series from PDN during the first weeks after
the installation of AQG-BO03: hardware and software adjustments to the off-grid system were needed
in order to ensure a smooth and continuous power flow to the load.
As detailed in D3.3, the off-grid power system installed at PDN includes, besides power sources and
battery pack, two modules produced by SMA (Fig. 4, left), namely:

1 a photovoltaic inverter (SMA Sunny Boy; mod.: SB3.0-1AV-41);

1 a battery management system (SMA Sunny Island; mod.: SI4.4M-13).

WWw.prama ‘.com

Figure 417 Components of the off-grid power system installed at PDN. Left: battery management system (SMA
Sunny Island), in yellow, and photovoltaic inverter (SMA Sunny Boy), in red. Right: diesel generator.
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Figure 57 Plots showing voltage (top) and status of charge (bottom) of the battery pack in the off-grid power
system at PDN, during 2.7 days in early September 2020. The colorbar on top of the figure shows
which element holds the load at different times (S.P. = solar panels, BATT. = battery pack, GEN. =
diesel generator). In particular, after two days when the only exploited power source was the solar
panels (5 and 6 September), due to adverse weather conditions, the level of charge of the battery
dropped to the threshold (12%) at which the battery management system activates the diesel
generator. The latter holds the load and charges the battery (dashed blue parts of the curves in the
two plots) until the management system turns it off (level of charge off-threshold = 50%).
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As explained in D3.3, the battery management system regulates the balance between energy fed to
the grid and energy used by the load and automatically switches the powering/charging source
between solar panels and diesel generator, depending on the solar power available at a certain time.
An example of operation of the battery management system is presented in the plot of Figure 5 (5-
min averaged data provided by management system itself).

The position of the different instruments that compose the off-grid power system installed at PDN is
shown in Figure 6. Note that the diesel generator is at safe distance from and on a different floor
with respect to the sensor head of the gravimeter, Hence, only a negligible instrumental effect is
expected to arise from the ground vibration sourced from the diesel generator.

N . Pizzi Deneri vo|canological Observatory
* position of off-grid system elements and gravimeter

»

ravimeter (sensor head):

(basement).

Figure 6 i1 Map view of the Volcanological Observatory of Pizzi Deneri showing the position of the different
parts of the off-grid power system. Note that, besides the new solar panel structure (left), able to
host 8 modules, another (pre-existing) structure (right) Is employed to host two more modules.
Position of the sensor head of AQG-B03 is also reported.

3.2Deployment of the AQG-B03

Figure 77 Members of the INGV and MUQUANS teams during the installation of AQG-B03 in the Grav-Lab of
INGV-OE.
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The deployment of the AQG-B03 took place in two steps at the end of July 2020. After its shipment
by truck, from the facilities of Muquans, in Talence (France), to the headquarters of INGV-OE
(Catania, Italy), the device was first installed in the Grav-Lab of INGV-OE on 24 July (Fig. 1). The
purpose of this preliminary measurement was twofold: (i) perform a check on the instrument to make
sure that it was in proper operating conditions after the transportation from France to Sicily and (ii)
establish a reference, in terms of sensitivity, for Sicily island.

Measurements in the Grav-Lab were accomplished under an average ambient temperature of 28°C.
First, two different configurations were first tested, with and without rubber pads below the feet of
the tripod that holds the sensor head of the gravimeter. Data inspection confirmed that a better
sensitivity is obtained without the rubber pads. Successively, a continuous time series of gravity
measurements (2 Hz rate) was acquired throughout two days. Results are presented in Figure 8.
The 10-min averaged residuals and the Allan deviation both reveal a sensitivity of 550 (nm/s2)/ & U
and a stability better than 2 uGal, after correction for a tide model generated by Tsoft, without ocean
loading estimation. The noise level difference between days and nights (mainly due to urban noise)
is highlighted on the standard deviation of the gravity residual signal (Fig. 8, bottom-left panel), as
well as on the signal from the broadband seismometer installed side-by-side with the AQG (Fig. 8,
bottom-right panel). Once the results obtained at this site were validated, the modules composing
the gravimeter were packed and loaded in two pickup trucks of INGV-OE (Fig. 9), ready for
transportation to the summit of Mt. Etna.
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Figure 8 T Results from the two-day continuous gravity measurement at the Grav-Lab of INGV-OE. Top left:
10-min averaged gravity residuals, after correction for tidal effects, atmospheric pressure and tilt
changes. Top right: Allan deviation of gravity residuals. Bottom left: 10-min standard deviation of
the gravity residuals. Bottom right: seismic data from a broadband seismometer, installed side-by-
side with the AQG-B03 (signal was converted in acceleration).
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Figure 91 The modules composing the AQG-B03 packed and loaded in the pickup trucks of INGV-OE, ready
for transportation to PDN.

On July 28", AQG-B03 was transported to PDN, at the summit of Mt. Etna. Four members of the
INGV-OE team and two members of the Muquans team took part in the activities during that day.
PDN is the facility closest to the summit active craters of Etna where the deployment of the AQG is
feasible (see D2.1). This feature makes gravity measurements at this site more appealing from the
scientific point of view than at other possible locations, even though the high level of volcanic tremor
could lower the quality of the data. Indeed, given the fact that the amplitude of gravity changes
measurable at a given point depends on the distance to the mass source, there is a higher chance
to detect volcano-related anomalies at sites that are closer to the active structures. That is the main
reason why PDN was preferred by the consortium to other possible installation sites for the AQG on
Mt. Etna. More information on this subject can be found in D2.1.

From INGV-OE the road to PDN includes: (i) 35 km of motorway until the junction towards the village
of Fiumefreddo; (ii) about 50 km of asphalted road between the village of Fiumefreddo and Piano
Provenzana; (iii) 9 km of dirt track between Piano Provenzana and PDN (Fig. 10), accessible only to
authorized means. The last part of the journey was particularly challenging since the dirt track is
steep and rough, implying that the driving had to be very slow and smooth, in order to prevent
damage to the most delicate parts of the AQG. That explains why the whole journey took about 5
hours!

Figure 10 1 Transportation of AQG-B03 along the dirt track road between Piano Provenzana and PDN.

The PDN observatory is a building including (i) two interconnected dome-shaped shelters (Figs. 1
and 6) at ground floor and (ii) a large room at the semi-underground basement. The latter hosts a
concrete pillar rooted in the rock underlying the building and detached from the building itself; this
artifact is particularly suitable for gravity measurements as it is firm and stable and unaffected by
vibration of the edifice during phases of strong wind. The sensor head of AQG-B03 was thus installed
on this pillar. There are two entries to the room at the basement: a narrow spiral staircase connecting
the ground floor to the basement and an old external door that is broken and thus currently unusable.
Since one of the modules of the AQG (namely, the laser system) turned out to be too large to pass
through the spiral staircase, the members of the INGV-OE and Muquans teams involved in the
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