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Executive Summary

This report summarises the volcanic activitytla Soufriere Hillsvolcano,Montserrat for the periodfrom 1
October 2021 to 31 March 2028clusive(reporting period)includingall montoring and visual observations.

Seismic activity during the reporting period has remained Muwlcanatectonic (VT) earthquakes made up the
vast majority of the total seismicity and 29 VT strings occurred during this reporting period. Rockfdjl act
continued at the slighthheightened rate seen since midligust 2021. Loffrequency seismicity has been very
low, with no hybrid and only one loRgeriod earthquake. This pattern remains fairly typical of a pause in lava
extrusion at SHV.

Ground defoemation measured with continuous and campaign GR&vs a continuation of the slow inflation of
the island, centred orthe Soufriere Hills volcanthat has beenobservedsince the beginning dPause Sn
February 2010A comparison of the GPS horizontelocities corresponding to Pause 5 and the period April 2020
¢ March 2022ndicatesthere hasbeenno significant change in the deformation pattern during the last two years
and that the island istill slowly inflating.

MVO continues to measure the flak SQ via helicopter and boat traversers under the plume. These traverses
have yielded fluxes in the range 163-802t/d . The daily mearor the reporting periods 386t/d, a decreaseof
181t/d compared to thesixmonthly average for the previous reparg period(April to September 2021yWork
isstill ongoing to test the replacemeffiux monitoringequipmentfollowingthe loss of instruments iabush fire

in July2020.

Persistent cloud cover prevented frequent observations of the lava ddAmsvever, ockfall activity has
continued at very low level8asedon observationgnade during helicopter observation flighteckfall activity

was observed in the usual places on the lava dome and inside the 2010 collapseitcadditional rockfall
aAOGAGAGE 200dzNNAYy3 2y GKS &a2dziKSNYy &ARS 2F / KIFIyoSQa
area in Irish Ghaut, approximately 3.5 km NE of the lava ddireeremote camera network is currently operating

at 50 % capacity due to continuedldys with the installation of telemetry links on the eastern side of the island

while work is progressing on the refurbishment of the AVTIS monument, power and telemetry infrastructure at
Windy Hill. The handheld FLIR thermal camera was returned to MV&dei February following servicing and

repair.

The pause in lava extrusion that started on 11 February 2010 continues and is more than 145 months long as of
31 March 2022. Whilst activity at the volcano remains low, the patterns that were identifieceiprivious

report (Stinton et al., 2021, MVO OFR@) appear to continueThese include a, small but significant, increase

in the rate of volcano tectonic earthquakes which began in 2018 and an increase in the measudS®

being emitted by the volcano which started in 2020. These observations indicate that the vigour of the magmatic
system does not appear to be waning and it retains the potential for future extrusive activity.
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1 Volcanic Activity for the Period 1 October 2021 to 31 March 2022

1.1 Summary

Figure 1 below summarises the daily seismicity, GPS and SO2 flux for the period 1 October 2020 to 31 March
2021.
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Figurel: Seismic, GPS andSfbnitoring data for the period 1 October 2021 to 31 March 2022. Top: Number of volcanic earthquakes
detected and recorded by the seismic network. Middle: Displacement of cGPS station NWBL radidlignavlze SHV vent
(GAMIT processing). Bottom: Measured daily fB® derived from traverses beneath the plume.

Activity has remained low during the reporting period, with seismicity dominated by volesmbtonic (VT)
earthquakes and occasional rockfgR¥F).

The trend of occasional bursts of VT seismicity in the form of brief swarms of V@allésbVT strings) has
continued during this reporting period. A total 88 VT strings, of varying length and intensity, occurred during

the reporting period, binging the total number since November 2007161 (see Section 1.2.3). None of the
strings were associated with any observable changes in SO2 flux, fumarole activity or the occurrence of ash
venting.

Ground deformation continues to show a letegm inflation trend that has been present since the beginning of
Pause 5 in February 2010.

MVO OFR 202 MVO Six Monthly Report 1



At present, SeXfluxes derived from measurements collected via helicopter and boat traverses under the plume
have varied betweed63and802t/d with a mean of 38 t/d during the reporting period. This is abote long-
term average flux of 264 t/d observed since traverses were established.

1.2 Seismicity

1.2.1 Summary

The level of seismic activity recorded at SHV during this reporting period has remained veaigHough there

has been a slight increase since sAidgust 2021Figure?2 displays the daily counts of the different volcanic
earthquake types for the period 1 Octeb2021 to 31 March 2022 inclusive. Volcarotonic (VT) earthquakes
made up the vast majority of the total seismicity and 29 VT strings occurred during this reporting period. Rockfall
activity continued at the slightizeightened rate seen since miligust 2021. Lowfrequency seismicity has been

very low, with no hybrid and only one loppgriod earthquake. This pattern remains fairly typical giaaise in

lava extrusion at SHV.

Volcano-Seismic Activity: Daily Event Counts
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Figure2: Daily counts of the differemarthquake types recorded by the MVO network between 1 October 2021 and 31 March 2022. The
total count of all event types is shown at the top, followed by individual counts for VTs, Hybrids, LP events, LP/Rackfalls a
Rockfalls.
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1.2.2 Current levels of se ismicity

Tablel lists the total number of events and mean daily event rates for each earthquake type during (a) the whole
of Pause 5 (from 11 Feb 2010 to 31 Mar 2022) and (b) the period covered by this(demtober 2021 to 31
March 2022)Figure3 shows the daily counts of the different volcanic earthquake types for the whole of Pause
5, up to 31 March 2022.

Tablel: Total number of events and mean daily event rates for each earthquake type during (a) all of Pause 5 (since 11 Fel({2010) and
the period covered by this report (1 Oct 2021 to 31 Mar 2022).

Event Type (a) Pause 5 (since 1Heb2010) (b) 02-Oct-2021¢ 31-Mar-2022
Total Events/Day Total Events/Day
LP/Rockfall 134 0.03 0 0
Hybrid 150 0.03 0 0
LP 105 0.02 1 0.01
Rockfall 1800 0.41 13 0.07
VT 3114 0.70 193 1.07
Total 5303 1.20 209 1.15

Volcano-Seismic Activity:Weekly Event Counts

2012 2015 207 2020

Hybrids
=
|
|

Rockfalls

[-]

2032 2015 2m7 2020

Figure3: Daily counts of the different earthquake types recorded by the MVO since the end of Phase 5, i.e. from 12 February32010 until
March 2022. Tick marks are ainBonth intervals. The total count of all event types is shown at the top, followed by iradivid
counts for VT events, Rockfalls, Hybrids, LP events and LP/Rockfalls.
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Rockfall activity has been very low, in keeping with the declining trend over the last few years as the dome has
stabilised. There has been a small increase in the rockfall activity sineeugicst 2021The last 12 months have

seen a few lowfrequency eathquakes, the first since March 208& in previous reporting periods, the VT
activity contained individual events and brief strings of events, with a total of 29 VT strings (see Section 1.2.3).
The mean daily rate of VTs for the last six monthdig, higher than the average across the whole of the current
pause of 0.69Tablel). VT activity has been slowly increasing since early 2018, although it is stillva a le
consistent with a pause in extrusion.

Figure4 shows the daily counts of all VTs, string and-stsing, from 1 October 2021 to 31 March 2022. There
is no signifiant difference in the occurrence of the two groupings.

Volcano-Seismic Activity:Daily Event Counts
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Figure4: Daily counts of VT earthquakes recorded by the MVO network between 1 October 2021 and 31 March 2022. The counts of VTs
that occur in VT stringsand of VTstRa2 Y QG | NB &aK2é6y Ay (GKS 268N (62 LIX20a0d
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Figureb shows the hypocentres of all VT earthquakes located by the MVO network during the reporting period.
The hypocentres appear to show a distinct NBEV trend. These apparent patterns are probably caused by
critical variations in the seismic network througltothe reporting period (see section 4.1), and so all VT
earthquakes in this reporting period will probably have occurred in a comparatively small seismogenic volume
beneath the dome and 2010 collapse scar at depths between 0.5 and 4 km, consistentlwébeat VT
seismicity at SHV.

Comparing the current event rates in Table 1 with the rates calculated for previous paussseq the total
mean daily event rate fothis whole pause period remains broadly comparable with the rates seen during
previous pausesHowever, it should be borne in mind that the other pauses were much shorter. Thertfere
event rates during these shorter pauses are influenced by the higltes that occurred during the early parts

of the pauses.

Table2: Total number of events and mean daily event rates for each earthquake type recorded at SHV during pauses in lava bgtrusion. T
dates of the pauses are defined Bsiuse 1: 10 March 1998 to 27 November 1999; Pause 2: 1 August 2003 to 15 April 2005; Pause
3: 4 April 2007 to 29 July 2008; Pause 4a: 14 October 2008 to 10 December 2008; and Pause 4b: 4 January 2009 to £October 200

Event Pause 1 Pause 2 Pause 3 Pause 4a Pause 4b
Type Total Events Total Events Total Events Total Events Total Events
/Day /Day /Day /Day /Day
LPRFs 44 0.07 2 0.00 34 0.07 31 0.54 12 0.04
Hybrid 627 1.00 1696 2.72 393 0.82 78 1.37 2 0.01

LP 273 0.44 145 0.23 1458 3.02 74 1.30 12 0.04
RF 6336 10.11 257 0.41 454 0.94 153 2.68 174 0.64
VT 3689 5.88 256 0.41 432 0.89 84 1.47 172 0.63
Total 10969 17.49 2359 3.78 2797 5.80 420 7.36 372 1.36

Figure6 shows the daily count of rockfalls since the end of Phase 5, i.e. from 12 February 2010 until 31 March
2022. The red line represents a-8ay moving average of the daily event counts. The plows an overall
declining trend, with possibly some small seasonal variation, with a noticeable increase during late 2021.
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Figure6: Daily counts of rockfaivents since the end of Phase 5, i.e. from 12 February 2010 until 31 March 2021. The red line represents
a 61-day moving average of the daily event counts. The plot shows an overall declining trend, with possibly some small seasonal
variation, with a notieable increase at the end.

1.2.3. VT Strings

As discussed in previous reports, VT strings, defined as short intense swarms of VT earthquakes (sometimes
NEFSNNBR (2 StaSoKSNB Ay (GKS fAGSNIGAzZNBE & WwWaLlavyz
at SHV since they were first identified2007. Table3 lists the details of 29 more such strings that occurred
RAINAY3I (GKA& NBLR2NIAYI LISNA2R® LG aK2dzZ R Tab®3oflg 6 SR
contains earthquakes that would be large enough to trigger the automatic event detection algorithm (the actual
number of triggering earthquakes may be sraalf the event rate is high). In almost all cases some additional,

lower amplitude events were identified from detailed inspection of the continuous waveform data (particularly

on the more proximal stations MBLY and the MSS1 Spider). These are lisszbarate column, which shows

a manual count of the total number of earthquakes.
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None of these strings were associated with any surface activity, a correlation that had been proposed in previous
reports, but that is now not supported by the data.

Table3 includes some parameters measured for the strings; the total Seismic Moment of all the VTs in the string
and the Seismic Moment Rate. The Seismic Moment, measurexhiton-metres, is a better measure of source

size than Energy, which had been used in some previous reports. All the strings recorded since 2007 are being
re-evaluated in order to estimate Seismic Moment.

Table3: VT Strings observeat SHV between 1 October 2021 and 31 March 2022. The table lists the date and onset time of the first
earthquake of the string, the number of VT events in the database (i.e. that should have triggered the earthworm evén detect
algorithm), the number foevents that were located, a manual count including smaller events, the approximate duration of the
string in minutes, the maximum local magnitude, the total seismic moment of all the events in the string and the seismic mome
rate.

Total

Manual Seismic  Moment

Date, time Durdion DB Loc count Moment Rate
(UTC) (min) VIs VTs  VTs Max. ML (TNm)  (TNm/min)

1%8‘;22:2’521 26.4 9 8 41 35 25333 9.6l
156 ?2225121 15.4 1 1 7 0.9 0.54 0.03
19;8;;2:2521 72.5 4 4 15 2.5 26.5 0.37
23{%22:5721 14.3 1 1 5 17 3.39 0.24
08;’;'%‘;250321 11.6 2 2 12 1.2 1.92 0.17
1462%\:5:25021 18 2 2 13 1.9 8.06 0.45
21(-3%:25421 2098 6 6 19 2.2 26.26 0.13
21ilg|21\z:2§321 41 2 2 6 18 5.97 1.46
25;231\;;2&21 8.4 3 3 13 17 6.44 0.76
26;;1%\2:2;)121 39.7 2 2 23 3.2 134.11 3.38
050 g:el‘g?ggl 20.7 6 6 29 27 92.72 4.47
1%23‘;?8721 10.1 2 2 12 2.3 20.38 2.02
1%5%‘;?5721 80.8 3 3 20 3 88.01 1.09
O 2 2 s 1e o
2%2:%‘;?251 58 7 7 18 3.2 130.3 22.41
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Total

Manual Seismic  Moment

Date, time Duration DB Loc count Moment Rate
(UTc) (mn)  VIs  VIs  VIs  Max.ML _ (TNm) (TNm/min)

28;2;%?25 1 263 9 5 49 3.1 10653  4.06
lg%ﬁgéz 46.8 3 3 30 3.1 109.36 2.34
271@1%2:?22 436 4 4 19 1.9 13.03 0.3
Z%g%rgzzgéz 33.2 1 1 7 2.6 26.92 0.81
3%;%%2:%2 147.4 3 3 21 25 43.74 0.3
011'532?%2 17.3 1 1 10 11 0.85 0.05
04;;;%?872 ° a1 3 3 31 1.8 7.31 0.14
Oﬁ:egfzzz 7.3 2 2 2 2.3 16.19 2.22
126;2}1?8722 26.6 1 1 26 2.2 10.72 0.4
17152223122 56.2 3 3 18 3.6 349.91 6.22
Z%Z%%?ggz 6.1 1 1 6 16 2.69 0.44
zig:elts}fféz 35 1 1 7 15 2.14 0.6
2?6'\(;':&5;:22622 05 2 2 2 2.2 12.42 22.78
31(')'\1/'33:210 422 9.7 6 6 18 2.9 16113 16.57

1.2.4 Small-scale seismic activity

The helicorder plots from the station MSS1, about 1 km from the dome, often show small seismic events that do
not trigger the dataacquisition system and are usually not seen at any other stations.

These small events appear have two distinct forms in the helicorder plots. Most of them have a sharp onset
typical of a VT event. But some have a more gradual onset and, on closer examination, are more likely to have
been generated by rockfalls.

It is possible to identify and couthese small events on the MSS1 helicorder plots, Eigdre7 shows the daily

counts from 1 October 2021 to 31 March 2022. The top plot shows all volcanic events that are seen each day.
The lower two plots are for VT events and rockfalls that are larger than a set amplitude, and so can be identified
by their form.

The level of this smalicale VT activity is fairly constant throughout the reporting period.
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Figure7: Daily counts of small seismic events seen on MSS1 rockfall events from 1 October 2021 until 31 March 2022. The topsrame show
all events identified as volcanic. The middle and bottom frames show counts of events whose amplitude exceeded a fixed
threshold on helicorder plots and were identified as VTs and rockfalls respectively. Vdluepisent days when no data was
recorced from MSS1.

1.2.5 Fault-Plane Solutions

Figure8 shows the faulplane solutions for five of the larger VT earthquakes during this reporting period. The
solutions ae compatible solutions from a idegree incremental search using the software FOCMEC.

These solutions show a wide range of mechanisms but do have a level of consistency, in that one of the nodal
planes has a strike between West and North.

Faultplane sdutions will continue to be determined where and when possible.
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Figure8: Fault plane solutions for larger VT earthquakes between 1 October 2021 and 31 March 2022. The solutions are the results of a
FOCMEC search at-tl6greeintervals.

1.3 Ground Deformation

The deformation pattern observed betweenQctober 2021and 31 March 2022 has been similer that
observed since the beginning of PausenS-elruary 2010. The longerm inflation of the edifice/island is
consistent withthe continuation of the pause in surface activity and pressurization of the magmatic system,
although its rate has decreased since the beginning of Pause 5.

1.3.1 GPS

The time series observed at the continuous GPS stations are plotted for Aprilk2@a6ch 2022 Figure9 -
Figurell) and for Pause 5 (Falary 2010¢ present Figurel?2 - Figureld), andthe time series observed at the
campaign GPS sites are plotted for Paus&igufel5). The entire dataset (1998 presen) is presentedin
Appendk B
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The GPS timeseries during the reporting period shows a continuation of the slow inflation of the island, centred
on the Soufriere Hills volcanthat has beerobservedsince the beginning d?ause 5n February 2010and in
general is similar to the deforation pattern observed during each pause in surface activity.

For most GPS sites, the overall inflation of the island translates into:

1 no significant horizontal displacements observed at the GPS stations close to the dofhiEREL, SPRI,
FRGR or NWHTGRD, LGFM, respectively)

1 slow radial displacement away from the dome at the stations further away (e.g., NWBL, TRNT or HARR)

no significant tangential displacements

9 the vertical deformation measured using the GPS method is usually more scattered, dsiénighigr
sensitivity to atmospheric variations. Despite this limitation, a clear upward movement is observed
during Pause 5 (2012022) at most stations in Montserrat, and overall decreasing in amplitude with the
increasing distance to SHV vehigurel4 andFigurel7a).

=

Several observations at the GPS sites are not followisggmeral pattern:

1 An overall downward displacement, slightly NNE has been observed at the spider station MSS1 since its
deployment (Section 1.3.2 and Appendix B). Although at first interpreted as a sign of the station
instability, the duration of this sigal likely shows that it is related to local crustal deformation, which
could be due to the geothermal system.

T 'y SradsolFrNR YR R2é6y 6l NR RAaALIFOSYSyld KFa o6SSy
December 2019. As for MSS1, this displacement coutélated to an instability of the site itself, or as
local crustal deformation (which would not have been recorded at the now discontinued MVOL station,
located about 500 m away).

1 The vertical deformation pattern is unclear for the past 2 years (ZIZ2) due to data scattering, the
small/slow deformation (Figures 3, and 9b) and possibly some localized deformation overprinting the
general inflation/deflation pattern associated with the midustal magmatic system. Two stations (AIRS,
NWBL) indicate a dowvard velocity downward movement (Figure 9b), reflecting the period ~June
September 2021 (Figure 3,6). However, because this is only observed on the vertical component, and
that a similar downward movement is seen on Redonda (RDON), we interpret this apgavenward
movement as a processing artefact, due to the higher atmospheric noise during Hurricane season.

In the past, during Pause 5, significant displacements were recorded atfidlis&PS stations in correlation
with strong events (g., the ash venting event in Mah2012, Fig. 4). However, no such displacements have been
observed in relation to VT/VT strings during the reporting period.

A comparison of the GPS horizontal velocities corresponding to Pause 5 and the period Apriviz020 2022
OCAIdzNBE yu O2yFANNXA (KIFG GKSNB KFayQid oSSy Fyeé &aa3y
years and that the island is inflating slowly. This is also shown in Figure 9, where are represented vertical
velocities calculateddt the GPS sites during Pause 5 and the period April @02irch 2022 (with the exception

of MGOD, AIRS and NWBL as discussed above). In Figure 8, the directions of horizontal deformation of the closest
stations, located on the flanks of the volcano, ¢envariable due to the very small displacements they reflect.

In contrast, the stations further away thar®km (.e., SGH1 and further), including the campaign sites closer to

the coast (BNBY, BROD, DRYG), show a clear radial displacement pattermemthg ftome. For the fafield
continuous stations, the horizontal velocities calculated for the period 2p&0D¢ March 2022 are up to ~7

mm/yr, and are lower than the rate for the entire Pause 5 (up to ~9 mm/yr at TRNT).
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Figure9: Radial extension relative to the volcanic vent singpril 2020. The reporting period is bounded by the two blue lines. The highest
magnitude VT/VT strings are highlighted (red dashed line). The distance stald@mic vent increases from bat to top of
figure. The background Caribbean plate velocity was removed from the data. Displacements due to antenna changes have been

corrected. The distance separating the gridlines corresponds to 1 cm.
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Figurel6: Horizontal velocities observed at the MVO GPS stations. Velocities are calculated relative to the Cariblnéapléteteelocity
model. The velocity vectors compared are those for the entire Pabsac§,(and for April 202Q March 2022 ¢ed). Continuous
and campaign sites are indicated in red and black, respectively. Stations missing a significant amdarttafelaeen removed
for the corresponding period. The yellow star marks the dome location.
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1.3.2 Spider stations
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Since June 2014, and including during the current reporting period, MSS1 has recorded a si@dialon
subsidence deformation different to the general radial/inflation patteHowever, it is difficult to determine if

these displacements reflect a local crustal deformation pattern, which could be e.g., due to the geothermal
system, MSS1 being located close to the volcano vent and fumaroles, or if they are simply relagei@to tinat

the spider is not a more stable monument. Indeed, HERM less than 100 m away, does not show the same

deformation.

1.3.3 EDM

A map of the EDM baselines measured since February 2010 is gitguir18 (filled black circled). EDM
measurements provide an insight on the némid deformation and hereby by processes in the foiidstal and
also in the neasurface volcanic system. Figurel9 and Figure20, the slant distances changes recorded over
the EDM network are represented fBrause 5 and for April 2020March2022, respectively.

Since March 2012here has been observed an agoing lengthening of the SW baselines (~3 cm at EEIBRR
and EDBEDUB) and of the NE baseline (-5 cm at EEIMHE)Thids consistent with the inflégon of the island,
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possibly combined with a contraction of the upper magmatic system, €ue to cooling. Significant
displacements have been recorded since the beginning of Pause 5, in relation with strong VT girjrgscma
shortening in Mach 2012 for the SW baselines (EDBEDUB and EDBEEDWR). During the reporting period,
no such displacements have been observed

Three horizontal GPS baseline variations measured between continuous stations, across the edifice and across
the island, are als@presented for Pause 5 and for the period April 2@20arch 2022 Figure21 andFigure22,
respectively).

During Pause 5, the step in the horizontal tiseries occurring in relation with the Mar 2012 ash venting event

is visible on the FREGRARR baseline. Note the sharp displaeahin the HERMSGHL1 time series between 2014

2018 is associated to site maintenance. Thegoing radial deformation is also visible on the FR{ARR and

the ~NS longer baseline FRB®RVBL. However, during the last 6 months, it is difficult to detectearcl
deformation pattern, due to the scatter of the data. The apparent shortening of the baseline including FRGR, is
likely reflecting site issues (s8ection 2.1). No significant displacement in association to the VTs observed during
the reporting periods visible.

1.3.4 Strain

Due to technical difficulties, it has not been possible to collect the strain data during the reporting period.
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Figurel8 Map of the EDM network (black filled circles) used at MVO during the reppetiiod and Pause 5 and of complementing
baselines computed between the continuous GPS stations (black circles). See alsoF&ures 1
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Figure20: Slant lengthvariations (cm) of the EDM baselines since 1 April 2020. The reporting perioduisctcatogrey. The VT events
associated with deformation during this period have been highlighted (red). See RBdarenétwork map.
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Figure21: Horizontal baseline variations (cm) of 3 pairs of GPS stations during Pause 5. The baseliS&HERArk blue) is substituted
to HERMSGHL1 (clear blue) when SGHL1 is unavailable. The reporting period is coloured in grey. The highest magnitugle VT event
during this period have been highlighted (orange), including those associated with deformation (red). Se Foguretiork
map.
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Figure22: Horizontal baseline variations (cm) of 3 pairs of GPS stations kiApeil 2020 The baseline HERSGHT (dark blue) is
substituted to HERMBGH1 (clear blue) when SGH1 is unavailable. The reporting period is coloured in grey. The VT events
associated with deformation during this period have been highlighted (red). See RBdarenéwork map.

1.4 Gas Monitoring

1.4.1 SQ Traverses

Measurements of th&sQ flux continue to beobtained via traverseander plume by helicopter or boat

For the sake of generating a background, the data plotted here will span the period (June 2048aiat) thus
the present reporting period as well at the previous four reporting periods.

The data collected during the current six moth reporting period shows a minimum of 163 t/d©at@Ber2021
and a maximum value of 802 tioh 22 December 2021Rigure23). The daily mean for the current reporting
period is386 t/d (Figure24).

The main observation frorigure23, would be that the daily means have shown a general increase since the
decreasing trend observed from august 2021 to October 2BRure24 shows the effect of theekreasing trend

on slowing down the S@utput with the current reporting period having a mean of 14 t/d less than the previous.
Regardless to the decreasing trend previously mentioned theo8tput has been steadily increasing since late
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2019 which igeflectedin the increasing daily means as well as ihereasedslope of the cumulaive plot,
particularly since early 2021.
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Figure23: SQ flux data from 1 June 2019 till presdram both helicopter (open circles) and boat (black circles) traverses under the plume.
The cumulativéotal is from 1 June2019.
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Figure24: Five most recent six monthly Sl0x means, concurrent with tr@xmonthly reportingperiods.
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1.4.2 Diffusion Tubes

Ground level Sulphur dioxide (§@@vels, are measured using diffusion tubes which are supplied by Gradko. The
results are calculated from three tubes per site, with average concentration results taken from an approximate
four-week exposure time period.

The concentrations at all statig, continues to remain low. However, results for Chances Peak has been steadily
increasing since the start of the reporting period.

Figure25shows the average conatration of SQ, from tubes collected at twelve different locations around the
island. Most of the stations to the north of the island frequently record measurements that are below the
reporting limit, of <04 ppb. The 04 is the value then used in the s given.

400

g g

2

SO, Concentration A(ppb)
N
8

150 +
100
50 -
0 -
o9 A0 AA AD AS A5 A9 29 1 1’1
X RO N- " g ROt (-
X“’o("l-\'w‘lf""eo"»'“o 0,\0 \q\’a 1“0 o 6""9 ,Loe A %‘) o \03 r,zQ ‘4\3‘! 053 6'(’29‘5 W %,Qe

e Chances Peak w—p—Plymouth et Richenond Hill Sugar Mill BrodericK's

St Georges Hill Weekes e 3R POt s Salem Clinic

e Palm LOOP st Brades Primary Schodl i St Johes (DMCA) Jackboy Hill

Figure25: Monitored S@concentrations (ppb) March 2010 to March 2022.

Figure26 shows a comparison of $@oncentration to that of The United States National Ambient Air Quality
Standards, which has an annual limit of 30ppb. Chances Peak continues to show concengitzticnghe
reporting limit, while all other stations remain below the average threshold of 30ppb.
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Figure26: The annual mean concentrations of.3©m the seven stationslosest to the Soufriére Hills volcano.

1.5 Dome Volume and Geology

1.5.1 Dome Volume and Morphology

There has been no extrusion of lava since the end of Phase 5 on 11 February 2010. Therefore, there has been no
increase in the volumef the lava domeWith minimal rockfall activity, there has been negligible ogal of

material from the lava dome. Therefore, the volume of the lava dome is still considered to be 190 millas m
determined by Stinton et al., 2014a at the end of Phase 5.

Persistent cloud cover hampered visual observations over the majority datteedomeduring the reporting

period. However, when possible, observations revealed no significant changes, with continued degradation of
the steep slopes/cliffs above the Tar River valley (east flank), inside the 2010 collapse scar (northern sector) and
Fo2@S DF3ASQa Cly 6gSaid FilLyloo

1.5.2 Pyroclastic Flow and Rockfall Activity

The last recorded pyroclastic flow occurred on 29 September 2012.

Rockfall activity has continued at very low levels, WBevents triggering the seismic network event detection
algorithms Basedon observationamadeduring helicopter observation flightsockfall activity was observed in
the usual places on the lava dome and inside the 2010 collapse scar. On the TarfRitregreliare numerous
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large fractures defining large slabs and blocks in the lava dome. Some of these slabs/blocks are a few tens of
meters high and wide, suggesting significant rockfalls will likely occur at some point in the near Aufewne.
decimetresized blocks were present at the foot of the cliff on the talus slope. Inside the 2010 collapse scar,
rockfall activity has occurred recently in the southwest sector in some strongly wedltlasawith debris/talus
accumulating at the foot of the rockfarea.

Rockfall activity has also occurred in areas away from the lava domihe south side of Chance's Peak, rockfall
activity continued, forminga very freshpale grey coloured surfade the source areawith debris extending
almost all the way down to the foot of Chance's Peak in the upper part of Gingoes Ghaleince of ackfall
activitywas also occasional observieda small area on the west flank of Gajwé Mtn that has seen intermittent
rockfal activity for several yeardn addition, a significant dust plume was observed originating from the old
coastal cliffs at the mouth of Irish Ghaut 8riFebruary 2022.

1.5.3 Fumarole Activity

Fumarole activity on and adjacent to the lava dome has remasoedistent and visually strong, with prominent
plumes of steam and gas seen issuing from numerous features on the lava dome when weather conditions
permitted. Due to the absence of the handheld FLIR thermal imager (see secdof), 420 fumarole
temperatures are reported for this period.

During an observation flight ol January 2022, a new area of fumarolic activity/steaming elzerved
0SG6SSy DF3ASQa az2dzyidlt Ay | yR i KGigukadi Qddé idspestiadSron2the § K S
helicoptershowed that steam waweakly ventingrom several points iwhat appeared to be a large mass of
fracturedlavai K| 4 A a LI NI 2 F .Dée$o thepbsRiondfithd i@ fmafole Bwas ioepdsSible

to access on foot for closer inspection. However, based on observations from the helicoptahstece of

altered material and sulphur deposits around the steaming arsaggestthe fumarolesare low temperature

contain no magmatic gasesdlikelyare aresult of heated groundwater.
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Figure27: Location map and photographs of the némD I 3 S Q dowweinpehtbiré fumarolgéhat was first identified on 11 January
2022. The red circles on insert show areas from where steaming was observed.

1.5.4 Lahars

The current reporting period encompasses the end of the 2021 hurricane season and the p6@2sin. Lahar

activity has been identified on at least ten occasions during this period. The majority of the lahar activity occurred

on the northern sector of the volcano, with lahar signals identified on the MSS1 spider located in the 2010
collapse scaand thin lahar deposits identified in Paradise Ghaut up to 3 km from the MSS1 spider instrument.
¢KS LINBaSyOS 2F IFRRAGAZ2YLFE fFKIFENJI RSLRaAla Ay { LINR,
southwestern flanks of the volcano, as well in chanopislope from Plymouth indicate additional lahar activity

in those sectors of the volcano. Visual inspection of the deposits suggest they cbhmiéial amounts of
fine-grained sediment, suggesting the lahars predominantlywater-rich (i.e., hyperconcdmated) or even just

flash floods.There was no evidence of lahar or flash flood activity in the Belham Valley.

MVO OFR 2022: MVO Six Monthly Report 32



2 Discussion of Activity and Comparison with Past Activity

2.1 Pause in Dome Growth

Extrusion of lava and growth of the dome ended on 11 &atyr 2010, following the large partial dome collapse
that marked the end of the fifth phase of dome growth (Stinton et al., 2014a,b). The current pause in dome
growth is now more thai45months long and accounts for more thdB%of the eruption as a whel since it
began with phreatic activity in July 1995.

OFR2021-02 describes an observed increase in the level of volcanic activity during this current pause as observed
by the volcanic monitoring system. This increase has been predominantly characterisadiricrease in the
measured Sgflux anda statistically significant increase in the rate of volcano tectonic earthquakgsré28).

There has also been an obsedvincrease in the temperatures of some of the fumaroles.

This increased level of activity has continued through the current reporting period. The rate of volcano tectonic
events during the current reporting period is 1.07 per day, lower than in the prsviporting period (1.22 per

day), but still significantly higher than the 0.7 events per day average for the entire pause pexindl].
Rockfallactivity continued at the slightly heightened rate see since-Aigust 2021Kigure6). Low frequency
seismicity remained low during the reporting period with only one {pegod event recorded. However, it
should be noted that there were no low frequency events at all fagonil 2014 until July 2021
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Figure28:. Mean VT event rates for the approximatelyrsianth reporting periods since the beginning of the current pause in 2010.

The average S@ux during this period has been 386 t/d, nominally, but not significantly, lower than the previous
reporting period 404 t/d) Figure29). No fumarole temperaturewere measureduring the current reporting
period due to the malfunctioning of the thermal camera so it is not possleport on trends in fumarole
temperatures.
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Figure29: Mean SQfluxes for the approximately sironth reporting periods since the beginning of the current pause in 2017. This is the
period over which the current traverse methof flux measurement has been utilised.

SO2 flux t/d

During the reporting periodar field ground deformation reflective of ongoing pressurisation of the magmatic
system continued. However, no nearfield deformation events were observed.

This increase in the level ofirest during the pause has now been ongoing since 2018 in the case of the increase
in VT activity and since 2020 in the case of the increaseJfilBOThe causes of this change cannot be known
precisely, although the nature of the observed changescatd that it likely originates in the deep magmatic
system. The important take away from these observations is that it is clear that the magmatic system is not
winding down and still remains active and potentially capable of driving another phase ddiegtactivity. The
current monitoring data do not however indicate that a switch to extrusive activity is imminent. It is
overwhelmingly likely that a number of precursory signals possibly including sustained swarms of VT
earthquakes, swarms of low frequey earthquakes, near field deformation significantly larger than has been
observed recently and possible increases in the rate of deep inflation as observed in St. Miogkhbe
observed Other possible precursory signals include significant increadesnarolic activity and temperatures

and ash venting. The MVO remains vigilant for these and any other signals of an imminent change in volcanic
behaviour.

Figure30 shows the key monitoring data (seismic counts, GPS aptiuaDfor the Soufriere Hills Volcano from
1995 to 31 March 202Zigure31 shows the same data for the period since the beginning of Pause 5 on 12
February 2010.
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Figure30: Summary of all monitoring data for the entire eruption of the Soufriere Hills volcano betwegmidMarch 2022, Extrusive
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Figure31: Seismic, GPS and Sabnitoring data for the period since the end of Phast Bebruary 2016 31 March 2022. Top: Number
of seismic events detected and identified by the seismic system. Middle: Radial displacement of cGPS stations MVOL1 (red) and
NWBL (blue) smoothed withday running mean filter. Bottom: Daily Si@ix, filtered with 7-day running median filter, Blue:
old DOAS network, Red: Traverse data.
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2.2 Dome Stability

The present lava dome, with a volume estimated at 190 Mm3 (Stinton et al., 2014), is still of considerable size.
Only a few percent of the dome has been removed via rockfalls and pyroclastic flows since the beginning of Pause
5, which highlights that theaime still represents a significant hazard.

The stability of the dome and the quantity of material available remains virtually identical to that discussed in
SACs 1725. Therefore, we continue to hold the view that little has changed with regard to thasstd the
dome at the Soufriére Hills volcano since SAC 25 (November 2020, Neuberg et al., 2020).

2.3 Criteria for Continuation of Activity

Since SAC 16 in November 2011, the potential for continuing activity has been considered against the following
three criteria:

1. Seismicity the presence of low frequency seismic swarms and of seismic tremor

2. Gasg daily SQrates above 50 tonnes per day

3. Ground deformatiorg, significant ground deformation

O

As discussed below, Criteria 2 and 3 are currently bmigig Therefore, there is evidence that the deep plumbing
system beneath the volcano is still active.

1. The presence of swarms of ldsequency seismicity or the presence of seismic tremor indicate the
potential for future volcanic activity.

Lowfrequency seaimicity has continued to be extremely lamd no lowfrequency swarms or tremor
have beerobserved.

2. DailySQrates above 50 tonnes per day indicate the potential for future volcanic activity.
Measurements of the SGlux conducted by boat traverse duritige reporting period have yielded
values well above the 50 tonnes per day nominal threshold.

3. Significant ground deformation indicates the potential for future volcanic activity.

The cGPS network continues to show significant slow inflation, similar tatiniaig previous pauses.

2.4 Phases and Pauses

Table4 lists the phases and pauses of the eruption of the Soufriere Hills Volcano,3ipNtarch 2022 and
follows the traditional definition of a Phase as a period when lava is being extrudbd atitface.
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Table4: Phases and pauses of the eruption of the SHV, Gf tdarch 2022

Duration Duration
(days) (months)
Seismic 0 01-Jan92 17-Julos 1294 42.5
Phreatic 18-Jut9s 14-Now95 120 3.9
Extrusion 1 15-Now95 10-Mar-98 847 27.8
Pause 1 11-Mar-98 26-Now99 626 20.6
Extrusion 2 27-Now99 01-Aug03 1344 44.2
Pause 2 02-Aug03 14-Apr-05 622 20.4
Transition 15-Apr-05 31-Jul05 108 3.5
Extrusion 3 01-Aug05 20-Apr-07 628 20.6
Pause 3 21-Apr-07 04-May-08 380 12.5
Transition 05-May-08 07-Aug08 95 3.1
Extrusion 4a 08-Aug08 08-Oct08 62 2.0
Pause 4a 09-Oct-08 01-Dec08 54 1.8
Extrusion 4b 02-Dec08 03-Jan09 33 1.1
Pause 4b 04-Jar09 04-Oct09 274 9.0
Transition 05-Oct09 07-Oct09 3 0.1
Extrusion 5 08-Oct-09 11-Feb10 127 4.2
Pause 5 12-Feb10 Ongoing 4431 145.6
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3 Hazards and Risks

3.1 Risk Assessment

A quantitative volcanic hazard assessment is currently being undertaken in order to differentiate the hazard
levels within Zone V, with an initial focus on pyroclastic flows, lahar and ballistics hazards, refer48ciibe
pyroclastic flow analysis msed upon work by Spiller et al., (2020) which uses a statistical database combined
with physical modelling. The lahar analysis uses computational modelling to estimate inundation footprints, with
volumes and reoccurrence rates coming from the MVO lalagabase (James and Miller, 2020; MVO Open File
Report 202802). The ballistics hazard assessment has been undertaken using the computational modelling
software MatHaz (Bertin et al., 2019), which uses the historic record at SHV and parameters takem from o
estimated from the SHV eruptions, refer to sectivB8.1.

3.2 Hazard Level System

The Hazard Level has remained at Level 1 throughout the period under review due to the ongoing persistent low
level unrest. There have been no changes to the Hazard Bgstdm since August 2014.

3.3 Access and Visits to Zone V

Access to Zone V is only permitted using very strict safety procedures, and is coordinated by DMCA, with
assistance from MVO and the Police. All groups seeking access must apply for perméshkiande with a safety

plan. If permission is granted, they are required to be in constant contact with the MVO Operations (Ops) room

throughout their visit. Activities are normally restricted to office hours, unless special arrangements are made

for the MMO Ops room to be staffed. The procedures are reviewed regularly, and there have been only a few
incidents where they have been breached.

An estimated 1167 people entered zone V on authorised visits from 1 October 2021 to 31 Marchi&0123;
and Figure32 show the number of (authorised) visits and visitor estimates for thmo@th period covered in
this report.

During this reporting period visitors to the island were allowed to enter with a mandatory quarantine period,
however there remains a low number of shaéerm tourists to Montserrat and so the total number of tourism

vigtors to Zone V for the reporting time period remained low. The number of visits to Zone V for the purposes

of sandmining was slightly lower than the previous six month period, however it was consistent to what has
been seen in most recent years. ViSi@ XLINA aAy 3 (GKS a20KSNE OFGS3I2NE A
departments including Agriculture, Montserrat Port Authority and Department of Environment as well as the
Royal Montserrat Defence Force. There was an educational visit led by DMCA into fdo®& Yersons (MSS
SySNHe aGdz2RSyiav 2y mMm b2@8SYOSNI Haum $gKAOK @GAaAGSR
undertaken by DMCA and the Department of Environment presumably in preparation for the opening of this
area for future sand mintpn The number of visits by DMCA into Zone V has overtaken the numbersibgigéed

for MVO, several visits by DMCA had20persons (no further information recorded in the log) suggesting that
DMCA personnel were escorting visitors. No visits from RMEPSIogged during this reporting period, however

officers are required to accompany any tourism groups.

MVO OFR 202: MVO Six Monthly Report 39



are not recorded.

Activity Purpose \ Area(s) visited # of visits # of peoplé Comments
Industrial
. 'people
Sand export Plymouth jetty 105 735 estimate
Scrap metal [ 2 0SNDa 0 0
Dredging Plymouth jetty 0 0
Geothermal Plymouth jetty 0 0
Tourist visits Plymouth 15 89 ”pep ple
estimate
Ferry Plymouth jetty 0 0
Journalists Plymouth 0 0
Filmcrews Plymouth 0 0
Education |
Students | Pymouth | 1/ 81|
Government
MVO Various 7 15
DMCA Various 32 216 | PeoPle
estimate
RMPS Various 0 0 ”peg ple
estimate
Other Various 7 31
Total 167 1167

iThe number of people involved with sand exgeny. stockpiling or barge operations) is an approximation as

these numbers are not given by the company. Several drivers are in operation during a given time period a
the zone multiple times, with each day counted as one visit. This can alsteinulitiday visits.

iThe number of people is an underestimate, as the exact number is not recorded in the MVO log in many

instances.

i Note that the number of visits and people for the Royal Montserrat Police Force (RMPS) is greatly
underestimated. Amording to the guidelines every tourist visit is to be accompanied by a RMPS escort. In m
cases the escort does not radio MVO to provide details or the number of persons.
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Visits to Zone V: 1 October 2021 - 31 March 2022

o
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Figure32: Data on the number of visits and people entering Zone V for the period 1 October 2021 to 31 March 2022 for various activities

A breakdown of visits from 1 April 2016 (~2 weeks after Ops room log started) until 31 March 202@nth2
period), with a foca on the numbers for tourists, sand mining and MVO is providé&dlite6, andFigure33and

Figure34; the data are divided into-6honth periods to align with MVO reporting.
Figure33 and Figure34 show that: 1) sand mining visits have remained fairly constant in the last three years; 2)
tourist visit numbers had coitued to rise (during both the low, 1 Apgil30 September, and high, 1 October
31 March, seasons), however in the last two years this has been reduced to a very low number of visits; and 3)
the number of MVO visits has been fairly consistent since 205Rould be noted that these data only include
MVO visits via vehicle into Zone V; helicopter visits for scientific work are not recorded in the Ops room log.
Helicopter visits to Zone V by MVO staff should be included in the records to facilitatetamgydualuations of
fieldwork risk (life/safety) on Soufriére Hills volcano. It should also be noted that whilst the number of tourism
visits had continued to rise since 2016, the much lower number for the past two years is certainly a function of
the travel restrictions resulting from the Covit® pandemic. During the reporting period short term visitors on
Wi2dz2NAR&AGQ @GArala ¢gSNB FofS G2 GNFXr@gSt (2 (GKS AaflyR
required to quarantine, however it igncertain how the future of travel globally will impact on tourism in

Montserrat.

month perioddrom 1 April 2016 (~2 weeks after the records began) to 31 March 2022, and are sourced from the MVO Ops room
23480 ¢KS RIGF NB a4doRAGARSR I O0O2NRAY3I (2 GKS GAYS@ELISNRZR
Octoberg31 March} Y R & t 2 & 80 Sépembeb)Jtddvist seasons. Note that the MVO visits are only via vehicle, as helicopter

visits are not recorded. These three categories, tourism, sand mining and MVO, represent about 2/3 of all the visitdeand peop

Table6: Data on the number of visits and people to Zone V for tourism, sand mining and MVO activities. The data are grouped into 6

involved.
# of visits  # of peoplé People/time not recorded

TimePeriod
Tourism

301322:2582?;016 83 490 Rare

1320&05':’2[‘ 22%116; 194 1968 Rare

41
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TimePeriod # of visits  # of peoplé People/time not recorded
301522&?18;72017 131 995 Rare
13?‘:'\;0;‘2;‘ é%ll-g 219 2346 Rare
30 September 2018 180 1501 Rare
1320&05‘2';] 22%11&9 298 3178 Rare
301522{;?18?2019 220 1932 Rare
13?°,\t/|°abr§:] 22%12% 307 2849 Rare
30%@22582%020 2 22 Rare
iowmare
301322{532:(2021 15 119 Rare
1 October 202% 15 89 Rare

31 March 2022

Sand Mining

301322{53?2016 49 311 Commonly missing
1320&05?;;22%116; 53 357 Commonly missing
30132\;?58;7 3017 67 439 Commonly missing
13(1)cl\t/|oabri:122%1l‘g 69 462 Commonly missing
30182§trgni8(19?c2018 84 588 Commonly missing
1320&05?;;22%11% 96 663 Commonly missing
30132.[?{58@?(2019 100 691 Commonly missing
13(1)0&05?::]22%12% 95 665 Commonly missing
301'5,22{%82?(2020 96 686 Commonly missing
13(;0&08133;:]22%22% 98 686 Commonly missing
301325:25182:@2021 137 954 Commonly missing
13?&?@?%2 105 735 Rare
1 April 2016¢ 9 41 Rare, but often undifferentiated
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# of visits

TimePeriod
30 September 2016

# of people People/time not recorded
78 Rare, but often undifferentiated
Rare

58
Rare

1 October 2016;

31 March 2017
1

7
52
Rare

1 April 2017¢

19

166
Rare

30 September 2017
1 October 201%,
31 March2018

51
154
Rare

1 April 2018
30 September 2018

35
136
Rare

1 October 201&
31 March 2019

31
62
Rare

1 April 2019
30 September 2019

21
67
Rare

1 October 201%;
31 March 2020

37
37
Rare

1 April 2020Q¢
30 September 2020

23

17
Rare

1 October 202(;
31 March 2021

15

1 April 2021¢
30 September 2021

23,715

Mining_;, MVO only)

Total (Tourism, Sand

T
I] Sand Mining
I vwo

1 October 202%
31 March 2022
2,980
The number of people is an underestimate, as the exact number is not recorded/iv@hleg in many instances
I Tourists

Number of Visits to Zone V
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tourist seasons (refer to the key).
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Figure33: Data on the number of tourism, sand mining and MVO visits to Zone V. The data are subdivided according to the time periods
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Figure34: Data on the number of estimated people entering Zone V for tourism, sand mining and MVO activities. The data are subdivided
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(1 Aprilg 30 September) tourist seasons (refer to the key).

3.4 Risk Assessment
(section 3.1), the data in Table 2 indicates that there has been for the most part a steady increase in visitors to

Zone V since 2016, with the exception of these past two years (see gised-P and 3). The restrictions on
visitors to the island due to Covik® has again resulted in a reduced level of tourism visits in this reporting period
and it is uncertain how future tourism in Montserrat will be impacted. With the easing of restrictar travel
it is anticipated that the number of tourist visitors to Zone V would again continue to increase, provided that
global appetite for travel increases. After amendments to the Montserrat Physical Development Plan (2012
2022) to allow saninining in the Upper Belham and the Fort Ghaut area in Plymouth were approved (30
September 2021) further activities have commenced to prepare for operations in this area, and it is envisaged
that there will be an increase in sand mining activity in Zone \eAgécific risk assessment for tourism activities
within the current Zone V was requested in 2021 (MVO OF&L22he proposal by the Montserrat Tourism
0 KS dtabligheddrS 2 NH S

Whilst the potential hazard from the dome $isemained unchanged since the start of the current pause in 2010

SAPAAA2Y A& G2 Ftft2g G2dz2NER (2 GAraird
this area. Interest to undertake agricultural activities within the current Zone V has also increased.
It is anticipated that there will continue to be a rise in requests to undertake other activities in Zone V, reinforcing

the need to upda the risk levels for these activities since the last detailed analysis undertaken for SAC 19. The
revised volcanic hazard assessment is almost complete (setiit) and a comprehensive risk analysis is
planned, in the interimrisk information is prowed to decision makers through individual s#eecific / activity

specific risk assessments.
MVO is currently developing new methods to better assess the current and future risk from natural hazards on
Montserrat (see sectiod.d).
3.4.1 Site-Specific Risk Assessment
There has been a formal request for a sggecific risk assessment for tourism activities in the St. Georges Hill

(SGH) area from GoM. With tourist visits to Montserrat steadily rising prior to the onset of the-1ovid
pandemic, and one of the most populactivities being to view the Soudfre Hills volcano there is now a proposal
44
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by the Montserrat Tourism Division to expand its tourism products by offering tours of the SGH area. The risk
assessment is implemented using the new methodology undertakerthé Upper Belham and Fort Ghaut,
Plymouth risk assessments (Miller and Calder 2080# incorporates ballistics hazard in addition to PDC and
lahar hazards and leverages upon the recent developments for these three hazards, refer 4&fioithe

i1 St AK22R 2F KIFITFNR AYLI OG A& O2Y0AYSR 6AGK I NRaj
that elements are exposed to the hazard. Risk to life from lahar hazards is calculated on the assumption that an
event would be seen and regnised by persons on the ground and that appropriate action would and could be
taken to selfevacuate from the flow path. Risk to life from pyroclastic flow is calculated on the basis that a flow
could feasibly occur with insufficient warning to allow éeracuation to a safe location, and that pyroclastic flows

in the great majority of cases are lethal. Risk to life for ballistics is calculated on the basis that a ballistics event
could feasibly occur with insufficient warning and that the efforts of thegeosed to completely evacuate the
at-risk area or to avoid individual projectiles will be limited, and that ballistics impact for the vast majority of
OrasSa Aa fSOKIFIfd® ¢KAA NARa]l aasSaayvySyd KlFha o&Sy dzyfl
provided to MVO by GoM and with the understanding that the risk assessments will need to be updated once
the new version of the quantitative volcanic hazard assessment is complete.

e Hazard Zone Boundaries (HZ)
Pre-eruption Roads

16°43'30°N+ - =

16°43'0"N+

16°42'30°N+~

62°11'0"W 62°10'30"W
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Figure35: Locations of the proposed tourism operations in the SGH area that were used in the risk assessment: a) in relatiofridréhe Sou
Hills Volcano and b) closg of the proposed Development Zone (DZ), including Points of Interest (POI) and Exit Route (ER
locations, which were provided by the Montserrat Tourism Division (MTD) of the Government of Montserrat (GoM). The POI
locations are: 1) The Meadows; 2) Plymouth view; 3) Magazine A; 4) Magazine B; 5) Gun battery A; 6) Gun battery B; 7) Volcano
viewA; ® z2f Oly2 @ASé . T U ! NIKdAzNI2yQa @GASée !'T mnu | NIKdzZNI 2y Q

For SGH the risk is calculated for a-gear period on the basis that the current proposal is for a trial and that

the risk assessmentill be updated once the fivgear hazard map is complete. The probability of the proposed
site (Figure35) being impacted by ballistics with a >20 cm diameter okierrtext oneyear period is in the 1 x
10°to 2.5 x 16 range (i.e. 1 in 100,000 to 1 in 4,000 chance); note, ballistics in #201€m range are not
included in this estimate and could potentially impact the site. For an individual spending 28 h peinviee
proposed development zone the risk of fatality due to such balligtiogucing event in the next orgear period

is in the 1.67 x 19to 3.75 x 16 range. The probability of the proposed site being impacted by a pyroclastic
flow in the next oneyear period is estimated to be <1 x4 1.6 x 1&*(i.e. less than 1 in a 10,000 to 1 in 6,250
chance). For an individual spending 28 h per week in the proposed development zone the risk of fatality due to
such an event in the next ongear period isn the 1.67 x 18to 2.67 x 1@ range. The probability of at least one

lahar event affecting the adjacent valleys in the next gear is estimated at approximately equal to one.
However, the lahar hazard impacts are limited to the valleys borderingitke therefore, the risk to life for
persons in the proposed development zone is negligible. Lahar hazard may need to be considered for the
purposes of transit and evacuation. Risk to life from other hazards that may impact the development zone e.g.
ash toud surges associated with pyroclastic flows from lava dome collapse, pyroclastic flows and associated ash
cloud surges from eruption column collapse during explosive eruptions, tephra fall from explosive eruptions and
volcanic gases, are not consider&adr further details refer to Miller et al., (2022)
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There was a formal request for a statement on volcanic hazard to an area being farmed by Mr Clarence Lee,
GKAOK Aa f20FGSR Ay 12yS + Ay GKS ¢ NIy eadicimphdto ® !
this area in zone V was written in February 2022 (Ryan and Miller, 2022). The probability of PDC impact for the
location is estimated to be less than 0.0004 or 4 in 10000 in the nexyeaeperiod. The probability of ballistic
impact is stimated to be less than 0.01% or 1 in 10000 in the nextyw@ period. The topography in this area

is such lahars would likely not impact the site as illustrated by the modelled extent of large lahars.

MVO is currently developing new methods to bettassass the current and future risk from natural hazards on
Montserrat (see sectiod.8).
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4 MVO Monitoring Networks

4.1 Seismic Monitoring
The MVO seismic network has continued to perform adequately during this reporting period. No more posthole
stationswere installed. The upgrade is still on hold pending input from the manufacturers.

Figure 9 show the data availability for all stations of the MVO network since late February 2021. The plot at the
bottom shows the sum of the individual normalized data Elalities, which is equivalent to the number of
stations working. The network has had 9 or 10 working stations throughout the reporting period, with a few
small outages.

Daily Saismic Data Availability (%): 2021 Daily Seismic Data Avallabiilty (%) 2022

oo oy ]
= |

BT
[
A
M

Figure36: Daily data availability at MVO seismic statidios (a) 2021 and (b) 2022. The plot at the bottom is the sum of the individual
normalized data availabilities, which is equivalent to the number of stations operating.

4.2 Ground Deformation Monitoring

4.2.1 Continuous GPS

The MVO GPS network has ovepaliformed adequately during this reporting period, althougie ofthe 14
continuous GPS sites (RCHY) amelregional site used as baseline (ANTG, Antigua) were either not functioning
or experienced significant data outages. GPS data availability andatimis malfunctions are described in
Figure37and Table 1 below.
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GPS data availability

GPS site

Oct Nov Dec Jan Feb Mar
2022
Date

Figure37: Data availability at continuous (HARR to MSS1, with the exception of the temporary SGHT) and campaign (MVO2 to JKBH) GPS
sites between October 2021 and March 2022. See also Table 1 for details.

GPS upgrade

Ten new receivers (Septentrio PolarX5) have mechased, together with ten new antennas (Trimble Zephyr
Geodetic 3) and accessory equipment, via the MBRIC contract. This new equipment is to be deployed at 7
MVO sites to upgrade the NetRS receivers (models not serviced by the manufacturer Trignldagar) or
deficient NetR8 receivers, and provide some spares. While still in progress, after having suffered of delays to
both the lack of helicopter assistance and the restrictions due to the COVID19 pandemic crisis (nhow
solved/lifted), the GPS upgradeexpected to be completed by the end of 2022 (see detaillate?).

Table7 List of sites with issues during the reporting period. The GPS sites highlighted in purple are those with
uncompleted upgrade, the sites in blue are those already upgraded, and the sites highlighted in grey are co
maintained with UNAVCO.

Overall, telenetric access of the MVO cGPS stations has been relatively good during the reporting period.

Data gathered at the UNAVCO funded sites (RDON, NWBL, RCHY), and at the four stations installed by the
CALIPSO project (AIRS, GERD, OLVN, TRNT) are normditgrisdarged daily directly from the station to the
UNAVCO FTP site, where they are converted into RINEX and made publicly available. They are then downloaded
from the UNAVCO website in rinex format and are then incorporated in the MVO daily procesdirigewither

stations. However, due to ongoing data transmission ishet®een MontserratUSA, the data are currently

being regularly downloaded (from MVO and from AIRS) and sent manually to UNAVCO.
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Table7: List of sites with is&s during the reporting period. The GPS sites highlighted in purple are those with uncompleted upgrade, the
sites in blue are those already upgraded, and the sites highlighted in grey-ar@imm@ined with UNAVCO.

Station Issue/data outage timeperiod

Connection to the site, lost in May 2019, has beewestablishedn October 2021. Missing
data has been recovered and reprocessing is in progress. Displacements observed on tf

ANTG which has been reprocessed already are assumed to be linked to the equipment rather t
tectonic displacements.
Power issues caugirthe receiver to power off overnight, decreasing the quality of the dail
AIRS position calculated
Data has to be downloaded manually onsite due to data transmission issues between Si
UNAVCaMVO
Upgrade completed
FRGR The antenna rod, corroded/eroded, broke in February 2022. Site is off until the monume

refurbished. The sliding displacements slightly visible beginning of February 2022 is relal
the rod failure.
The sitewasdecommissioned by MVO on tl8eSepember2019.When possible, MVO will
GERD  build a new site to a suitable location, with UNAVCO still offering support for the GPS
equipment.
HARR  Upgrade complete
Upgrade complete
HERM  Data losbetween31 Octand 16 November 2021 due to malfunctioning anteAmgeiver
cable
Upgrade complete following the installation of a permanent housing (March 2021)

MGOD  The original Septentrio receiver (failed on 30 Jun 2020, replaced on the 31 August 2020
to be sentto manufacturer for repairs
RCHY  The sitehas beenoff since 22 July 2019.
SGH1 Upgrade completed. Note a temporary site (SGHT) was set up within 2 meters of the ori
monument, and its data has been used to compensate for SGH1 data outagé laseline
(/SGHT) ) .
calculations (see Figusd3-14).
SPRI Upgrade complete following the installation of a permanent housing (March 2021)
Upgrade completed on 2une 2021 in terms of monument/deployment of receiver and
SSOU  antenna. However, data have to kellected onsite, due to the absence of radio or wifi
connection
The site has some power issues. The receiver powers off when lack of sun, hence the si
TRNT  amount of subdaily observations leading to a missing or a decrease of the quality of the
overall daily position calculated
WTYD  Upgrade complete

Campaign GPS (eGPS)
Since February 2010, eight benchmarks are occupied episodically, for a week approximately every second month.

A shortthreaded rod was installed at four stations (NWHT, LAPRIYG, BNBY) to facilitate deployment and
improve data accuracy. An additional site has been added to the Campaign network in October 2020 at Jack Boy
Hill (JKBH), corresponding to the EDM base site EDJH.
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4.2.2 GPS Archiving and Processing

After being downbvaded, raw data are converted with the UNAVCO teqc utility into Rinex format, to be processed
using the GAMIT/GLOBK software suite. A series of MATLAB scripts then read the GAMIT/GLOBK output, apply
O2NNBOGAZ2Y YR NBY20S | @chwafignfimestiies Otid 8 radiad @ngentidSayidR = N.
vertical local coordinate frameentredon the volcanic vent, and produce plots as some of those present in this
report (e.g.Figure9).

A collaboration with Dr Sigrun Hreinsdottir (GNS, New Zealand) is currergigiog in order to improve the
GAMIT/GLOBK GPS position solutions, in particular with a larger and better selection of international reference
stations.

¢KS Dt{ RFGF IOljdAaAaitAzy O2YLIziSNI oa¢Adlyé0v KIFIaA oS
process of being replaced by one of the more recent computers acquired by MVO for deformation monitoring
and research.

Archivingwise, the losf the server MVOHVO01 in 2019, and the planned decommissioning of VOLCANOL, is
problematic since it leaves only one server (MVOFLS5) with limited space left taghackl archive data, and
archive various works and documents in general. New archiving gpageral TB) would be needed to prevent

loss of data, and if possible, cloud storage space since at the moment all servers are Montserrat based. Following
network security issues mig021, changes made in the MVO network security has also affected g@nson
MVOFLSS5, and restricted the use of this server to archiving space only (vs allowing routine processing).

4.2.3 EDM

There were no changes in the EDM network during the reporting period. EDM baselines measured from Jack Boy
Hill and the MVO are beth Y SI adzNBR ¢oKSy GKS 6SIFGKSNI Ffft26az | yR
measured approximately once weekly.

4.2.4 Tilt

MVO currently has no operational tiltmeters. It is planned to deploy one tiltmeter with the SPIDER on Galways
Mountain, which igroving very difficult to access due to weather and logistical problems. MVO has two other
titmeters than can be deployed at seismic stations. The deployment of these will be considered in the seismic
upgrade.

4.2.5 Strain

¢ KS DSNJI f RQa wasidetbmmyissidhed Mg Sepietniber 2019, leaving strain data measured at the
three CALIPSO stations (OL, AS, TR), Data is transferred to the UNAVCO server and from there to the MVO via
FTP protocol. A significant amount of data is at the moment missingeblNAVCO FTP server, however it can

be ordered from the IRIS repository, where it is backed up.

The strain data are usually downloaded quasi-tagaé from the IRIS repository, and plotted onto Webobs via
Matlab script. Unfortunately, the same communiaatiissue that affects the Calipso GPS sites also affect the
strainmeters, but the data from the later cannot be downloaded manuadlynb strain data can be accessed
currently until the communication issues are resolved (which involves FLOW).
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4.2.6 GPSEDM and tiltmeter Spiders stations

In June and December 2014, in collaboration with the USGS, three additional continuous GPS stai#diesl, so
WALIARSNEQ>S KIFI @S 0SSy RSLX 2SR Ot2asS G2 GKS all NJ d6a{
Since deploymemnthere have been issues with MSUH and MSCP, with deteriorated data or no data at all, since

28 November 2015 and 2 October 2015, for MSUH and MSCP respectively.

In March 2017, the Spider processing computer failed which caused loss of data betweenchakid6 April

2017, when all scripts were recovered. Presently, the data are downloaded onto a Windows virtual machine
installed in one of the Operations room computers. The data is then copied onto Titan with the rest of the GPS
data.

Like for the otheiGPS stations, the raw data (Ublox ubx format) are converted into rinex format using the teqc
dziAtAdes G2 6S LINRPOSaaSR o0& D!alL¢kD[h.Yd ''G GKS Y2Y
with HARR as base station. However, they will bilaénfuture processed using GAMIT/GLOBK in combination

with the rest of the network, although through a more complex procedure, due to having a different type of
receiver.

Finally, it is expected that, once the equipment is available and the weather albkvaeter should be installed
gAGK GKS DIFfgleQa ALARSNI adGldAzyo

4.3 Gas Monitoring

Instrumentation from both the OpenS@nd NOVAGcanning networksvere destroyed ira bushfire in July
2020 Work is still ongoing to test the replacemeihix monitoringequipment. As a result, S@easurements
occur by helicopter and boat traverses under the pluri@@ays per week

4.4 Dome Volume and Geology Monitoring

4.4.1 Aerial Photogrammetry

Photogrammetry remains a key component of the Dome volama deposit mapping. Upgrades to the current
aerial photography kit are being investigated to improve the workflow and increase the accuracy of the imagery
collectedand derived products

4.4.2 AVTIS

The AVTIS radar instrument is still at MVO awaitingaenent back to Windy Hill following the completion of
refurbishment works on the housing, power, and telemetry infrastructure a Windy Hill, which is approximately
cn 2 O02YLX SGS® 22N)] 2y GKS GStSYSUGUNEB NBLISFGSNI aAdas

4.4.3 Remote Cameras

The remote camera network is currently operating abb@apacity due to continued delays with the installation

of telemetry links on the eastern side of the island. This means that three of the four Mobotix M16 TR cameras
acquired in March @21 have not yet been deployed to their planned sites at Harris Lookout, Perches Mountain
and adjacent to the MSS1 Spider in the 2010 collapse scar. Consequently, camera coverage of the lava dome and
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surrounding slopes is restricted to the northwesterroffr MVO and Garibaldi Hill) and southern (from Fergus
Ridge) sectorsNo date for completion of the telemetry links is currently available.

4.4.4 Handheld FLIR Thermal Camera

The FLIR T650sc handheld thermal imager was sent to KVL Energy in Trinidatcéasdrrepair in September

2021, and returned at the end of February 20Z2e issues that had developed causing incorrect temperatures
0SAy3d NBO2NRSR YR LINRofSYa gAGK (GKS OF YSNI Qa | dzii 21
working ader.

4.4.5 In-situ Fumarole Monitoring

Following failure of the tubing that protects the thermocouple cables, another type of tubing wasedrded
the temperature logger will be redeployed as soon as weather conditions permit safe access to the site on
DIFf gl &@Qa az2dzyil Ay od

4.5 Meteorological Monitoring

MVO currently operate two weather stationan(Onset HOB®X3000 Remote Monitoring StatiahMVO and

I OdzatG2YAaSR /IYLWBStt {OASYGAFAO Idzi2Yl GSR @& (G KSNJ
gauge (connected to an OrisOBD USBMicro StationR | G £ 233SND 4 [ SSQa | I NR®
operated normally, althoughthe ragauger & [ SSQ& I NR A& 200l aA2Afaréstit & dzo
this instrument undergoeeegular cleaning and maintenance during each helicopter. visit

An additional four Davis smart sensor rain gauges and Onset HOBO USB Micro Station data loggers have been
ordered to expand rainfall monitoring close to the volcano. These instruments Wl $d.Jt 2 @ SR (12 / K
{GSLAZT t SNOKS QA amditef Windy Wil or HagislMoakddthesSrain gauges are intended to

be a shoriterm solution to the lack of meteorological monitoring at MVO while a more robust and
comprehensive longerm soltion is investigated.

4.6 Infrasonic Monitoring

No infrasound monitoring has been carried out during the period of this report. New infrasound monitoring
equipment is to be installed near the end of the seismic upgrade.

4.7 WebObs

Webobs continues to bihe primary source of monitoring information for MVO staff.

4.8 Risk Evaluation

Interest and enquiries for access to Zone V to undertake resource development, tourism and other activities has
increased. A comprehensive hazard and risk analysis for nievitias / areas needs to be undertaken. Whilst
this work is currently underway MVO has to respond to existing requests fespigfic / activityspecific risk
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assessment. Risk assessments undertaken prior to completion of the new volcanic hazamerssestion
4.8.1) will be subject to a revised assessment once this activity is complete.

4.8.1 Revised Volcanic Hazard Assessment for Zone V

Development of a revised volcanic hazard assessment for SHV is being undertaken in a series of versions, each
stage building upon the earlier and incorporating updated data and methodologies as they become available.
This quantitative volcanic hazard assessment will include probabilistic analysis of hazards where possible and will
generate a range of products inding the Hazard Process Map which forms the scientific base layer for a refined
Hazard Management Map for Zone V that can be used to support operational decisions on activities in this area.

The first version of the revised Volcanic Hazard Process Mamellde pyroclastic flow, ballistics and lahar
hazards and is being developed for a fj)gar outlook based on current conditions. A probabilistic approach for
forecasting pyroclastic density currents from lava dome collapses has been utilisecbtisaters lava dome
durations as well as extended periods of relative quiescence and was tuned for SHV using the historical database
(Spiller et al., 2020). Probabilistic modelling of ballistic hazard was undertaken using the computational tool
MatHaz (Bertin tal., 2019) with physical parameters for the ballistic trajectories taken from observations during
the recent eruption. For lahar hazard, footprints were calculated using the LaharZ tool (Schilling 1998) which is a
simple tool for estimating potential la inundation zones. The magnitude or volume estimates were calculated
using discharge rates and durations from seismic signals and the estimated reoccurrence rates come from the
MVO lahar database (James and Miller, 2020). In subsequent versions ofzdel lsessment, additional
volcanic hazards will be incorporated and if applicable updates to the lahar, pyroclastic and ballistics hazard
information will also be made. For further details of the lahar and PDC components of the hazard assessment,
refer to MVO OFR 205 and for further details of the ballistics component refer to MVO OF&121

During this reporting period the ballistics hazard assessment was refined and finalised. The three hazard layers
will be combined, characterised and classified ngratwo-dayworkshop scheduled for 11 and 12 April 2021.
Version 1 of the Volcanic Hazard Process Map will be launched and presented to NDPRAC at the meeting on 10
al® HnNnHH® ¢KAA YSSGAYy3a KIFLa 0SSy &OKSRdz SRntofzhe RS SN
refined Zone V classification scheme in order to generate the SHV Hazard Management Map.

4.8.2 Probabilities from expert elicitation methods

A review of the event tree for the SAC meeting elicitation process and an assessment of calibegi@mngquor
elicitation purposes are underway as a collaborative project between Dr Victoria Miller and Dr Eliza Calder.
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5 MVO Operations

5.1 Staffing

Our Education and Outreach Officer requested and was granted an extension of her contract for aykemther
until 28 February 2023. In light of her good performance in this role her request was granted.

Mr Arvid Ramdeane has been successfully hired as our new software engineer and arrived on Montserrat to take
up his post in February. Arvid has qualificaidn both computer and electrical engineering and extensive
experience working on software and hardware development for observatory applications. The MVO is therefore
quite lucky to have recruited Arvid.

5.2 Staff Training, Visits and Conferences

Ly LISNRZ2Y &adzlJ2 NI F2N) Y2YAU2NRAYy3 2F [ {2dZFNASNB Ay
Syers returned from St. Vincent on 5 Novem®@21after a stint supportinghe ground deformation monitoring

effort. Mr Rod Stewart returned fra supporting the development of the seismic monitoring system on 12
November. The end of iperson support comes dkere has been no lava extrusion since 22 April 2021 and the

data from the monitoring network reflected a gradual waning of activity.

5.3 Education and Outreach

Education and Outreach (E&O) at MVO has continued to provide or support several outreach activities and
initiatives over the last six months.

5.3.1 Outreach Activities

LY hOG206SN) HAaHMI aAidaada Y wSiRNYSSIONE) IBRR S2y R SEINRIZyA0
first one went out in October and featured a recorded interview with Greg Scott the pilot for Calvin Air who runs
MVO observation flights and detailed his life flying over volcanoes.

Following the St Vincent eption Miss K Retourné also recorded interviews with all the MVO staff who visited
the country to offer their expertise. These were then split into 5 separate Watch and Learn videos which went
out throughout January/February 2022 on social platforms: MM@&sfsupport, First thoughts on the eruption,

Key monitoring differences, Do staff get nervous around active volcanoes, and the Best parts and biggest
challenges of their role.

To date the video series has been seen by more than 50,000 Facebook adteasslso sent to all the schools,

who shared it via WhatsApp to students who were all home learning due to-C8viteasures. Sections of the
interviews have been used on the ZJB radio station and NEMO/SRC will be using the St Vincent ones as part of
the oneyear anniversary of the eruption outreach campaign.

In November MVO took part in the annual Alliouagana Festival of the Word in Montserrat. Miss K Retourné
requested students who took part in the Mountain Aglow Junior Project to read their poenggsamd these

were then turned into videos, with volcano/Montserrat footage to illustrate their readings. These were live
A0NBIFYSR 2y GKS FSadAgrtqQa a20Alft YSRAFXY FYyR GKS N
OKA f RNB Y Q 4 alsOptdvided fuhar dwaredes of the Mountain Aglow Project.
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Brades Primary Schogbrade K visited the MVO in December to learn more about the impact the volcano has
had on the island.

On January 2, MVO was again closed to the public followiitgestCovidl9 measures. It remained closed until
February 8th.

In January, due to changes in volcanic activity it was decided to hold a live press conference on ZJB to detail what
these changes meant. This was held with Dr G Ryan and Professor J Neube2gy 34 A RS a2y (i aSN
Governor Andrew Pearce and Premier Joseph Farrell. Miss K Retourné chaired the conference which allowed
members of the press to ask questions, as well as statements to be read.

Later that month, MVO staff Dr G Ryan, Mr R Stewad Miss K Retourné took part in a Volcano Vibes radio
show to discuss the current activity status alongside theoming Mountain Aglow Junior event.

ahdaa Y wS{i2dNYyS YR 5N YD t| a0kt O2yidAydzS baiafive O2f f |
project led by Prof. J. Barclay (University of East Anglia, Norwich, UK).

The Mountain Aglow project documents the Soufriére Hills eruption, celebrates the experiences and creativity
of the population and raises awareness of volcanic risks.

The dsign process was completed and the panels arrived in Montserrat in February. Miss K Retourné then
arranged two events to take place to showcase not just the two Mountain Aglow exhibits (original and junior),
but all the students work, too.

On March 10thall key partners and stakeholders were invited to the unveiling of the Mountain Aglow Junior at
Montserrat Cultural Centre, there were speeches from MVO, DMCA, Montserrat Art Council, live calypso music
about the volcano and reflections and readings fréra Montserrat primary school students. The following day

the exhibition was opened to the public, all the schools attended as well as many members of the public.

Miss K Retourné then updated the previous video to showcase the project from beginning taneluding
footage of the events.

Both exhibits remain on island, and it is intended to be erected at various locatimiading all the schoolgo
continue awareness.

There were 96 visitors to the MVO during this period, substantially loweta@@»vid measures and the island
being closed to visitors.
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MVO Director, Graham A. Ryan and Professor Jurgen Neuberg deliver a joint
statement by the MVO and the Scientific Advisory Committee (SAC) on the
current activity of the Soufriére Hills Volcano. Joined by His Excellency Governor

MVO Watch and Learn Volcano Video Series:
Eplsode 6: MVO staff reveal their favourite part of their Job and the

Figure38: MVO Education & Outreach activities, clockwise from top: Joint press conference on the recent trend in increasing levels of
dzy NBaid i G(KS {H¥R [(KISNJae hgxaREHEDK GKS az2dzydl Ay ! 3t 246 2dzyA:
5.3.2 Social Media

Facebook remains the major communication channel for MVO. Throughout theosith reporting period our
posts had a reach of 135,605 Facebook views. This was down 85 percestbBtistial drop is attributed to

the fact that in the previous reporting period a video posted on June 2nd (of the helicopter arriving at MVO)
went viral and hit 808,579 views, therefore significantly increasing the reach figures in the previous period.

Instagram now has more than 1,000 followers and noted a 32.2 percent increase in post reach during the six
month period.

Twitter impressions during Oc¢tMarch were at 940,000 against 160,900 the previous period.

5.4 Helicopter

CalvinAir helicopters contires to provide approximately weekly support to the MVO which continues to be very
beneficial to the maintenance of the network and progress of upgrade activities. The extra 20% withholding tax
OKII NHSR o0& D2a O2yiGAydzSa G2 ptélinesatd we hogelttr gelShdBitua®iad S NA L.
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regularised either by formally increasing the budget by 20% to be covered by the 20% tax or removing the 20%
tax.

5.5 Volunteers / PhD students / Visitors

5.6 Collaboration and External Projects

Listed below a& all the projects that MVO staff are involved in with external collaborators.

Project Name

Groundbased radar monitoring of a lava dome (AVTIS)

People
Involved

Dr Dav MacFarlane (St Andrews, UK), Dr Adam J Stinton (MVO)

Status

2009-Present (Ongoing)

Project
Description

The project is currently focusing on fitiening the data acquisition and processing
workflows. This includes: refining the user interface; development of comprehens
documentation; and evaluating the accuracy and quality of the gatduced by the
AYAGNHzYSyidod ¢KS AyadNHzySyadQa OF LI 0Af
investigated.

Project Name

Improving the accuracy of the SHV GPS time series

People
Involved

Dr. S. Hreinsdottir (GNS, New Zealand), Dr K. Pascal (BIV@),Fournier (GNS, New
Zealand) and D. G. Ryan (MVO)

Status

2017- present (ongoing)

Project
Description

The project intends to refine the daily GPS data processing with GAMIT/GLOBK,
improve SHV daily deformation monitoring and modelling.

Prgect Name

A method for singleand dualfrequency GPS receivers combined processing

People
Involved

Dr. K. Palamartchouk (University of Newcastle, UK), Dr K. Pascal (MVO)

Status

2016¢ present(ongoing)

Project
Description

Development of a method tprocess a network combining both singéand dual
frequency GPS receivers, such as the SPIDER and GPS continuous sites at MV(

Project Name

Modelling and correction of the transient and seasonal variations at SHV continuo
GPS timeseries

People
Involved

Dr. P. Fang (University of California, USA) and Prof. M. Bevis (University of Ohio,

Status

2017¢ present(on hold)

Project
Description

This project aims to model the seasonal variation affecting the GPS signal in
Montserrat andevaluates if it significantly affects the interpretation of SHV
deformation signal

Project Name

Deformation induced by loading or unloading of SHV edifice

People
Involved

Dr K. Pascal (MVO), Dr. J. Hickey (University of Exeter, UK) and Dr. H. Odbert

Status

2015¢ present(ongoing)
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Project
Description

The project aims to isolate, using Finite Elements modelling, of the deformation re
to the loading or unloading of the edifice throughout the eruption from the
deformation induced by the magmatiystem, and if needed correct it from the GPS
timeseries

Project Name

Modelling of the Montserrat geothermal system

People
Involved

Dr Graham A. Ryan, Dr Oshaine Blake, Dr Jared Peacock, Dr Bridget Lynne

Status

2016¢ present (Ongoing)

Project
Description

Multiparameter modelling of the Montserrat geothermal system including petrolog
and geomechanical results from deep core samples and integration of resistivity,
gravity and Rvave tomography models.

Project Name

Neutron activation anakis and gamma ray spectroscopy on a volcanic geotherma
system

People
Involved

Dr Graham A. Ryan, Dr David Williams, Professor Mark Dickinson

Status

2016¢ present (Ongoing)

Project
Description

Use of Neutron activation analysis and gammassctroscopy to analyse the
elemental compositions of core samples from the M@Yeothermal well.

Project Name

TOUGH2 modelling of the Montserrat geothermal system

People
Involved

Marijn van den Heuveh | St € | NBYF dzZR> aAl Sn Joi3{ dzf f
Popineau, Susana Guzman, Michael Gravatt and Graham A. Ryan

Status

2016¢ present (Ongoing)

Project
Description

Numerical twephase flow modelling of the Montserrat geothermal system utilising
novel seismic geothermometyased boundargonditions and the TOUGH2 two
phase modelling code.

Project Name

Open SQ@ Montserrat project

People
Involved

Ben Esse, Mike Burton, Thomas Christopher

Status

2019 Present

Project
Description

The aim of the Open SO2 Montserrat project is to proWtléO with a robust, real
time SO2 flux monitoring capacity.

Project Name

Development of a UAV for volcano monitoring

People
Involved

Graham A. Ryan, Thomas Christopher, Adam Stinton, Tom Richardson, Emma L

Status

2017¢ present (ongoing)

Project
Description

Development of an Unmanned Aerial Vehicle capable of taking sensor payloads s
multigas for the purpose of volcano monitoring.
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Project Name

Integration of INSAR and GPS measurements for monitoring tectonic and volcaniq
deformation in theLesser Antilles

People
Involved

Dr GrahamA.Ryan, Dlan Hamling, Dr Karen Pascal &tidhal Camejo

Status

2017- present (ongoing)

Project
Description

Use of ALO3 PALSAR satellite borne radar imagery to monitor volcanic ground
deformation in theLesser Antilles using the INSAR technique in conjunction with
continuous GPS data as a ground control.

Project Name

Green Mining

People
Involved

Dr GrahanmA.Ryan
Prof. Jon Blundy FRS, geologist and petrologist at University of Oxford
Prof. SilStephen Sparks FRS, geologist and volcanologist at University of Bristol

Status

2022 present (ongoing)

Project
Description

Sustainable mining of deep geothermal brines for commercially valuable metals

Project Name

Montserrat Volcanic Risk Assessmeefinement of Zon® hazardand risk using
modelling

People
Involved

Dr Victoria Miller (MVO), Dr Eliza Calder (University of Edinburgh, United Kingdor
SAC), Ms Davitia James (MVO)

Status

2017¢ Present (Ongoing)

Project
Description

This project is focused on developing volcanic hazard and risk information for
Montserrat:

Event trees for expert elicitation

Expert elicitation calibration questions

Development of a revised volcanic hazard process map for Montserrat
Development of a refined volcanic hazard management map for Zone V
Stakeholder engagement survey delivered in May 2021

Stakeholder engagement workshop held 9 June 2021

Ballistics hazard layer finalised March 2022

Version 1 of Volcanic Hazard Process Maptdibe launched 10 May 2022

= =4 =4 =4 -4 -8 -8 9

Project Name

Development of volcanic hazard maps for the Lesser Antilles

People
Involved

Dr Victoria Miller (MVO), Professor Richard Robertson {BR(C), Omari Graham (UV
SRC), Professor Jan Lindsay (Universifyioland)

Status

2017¢ Present (Ongoing)

Project
Description

This project is focused on developing volcanic hazard assessment products for th
Lesser Antilles region using updated geological information and incorporating bes
practice hazard modelling. In order to update the existing Volcanic Hazard Atlas g
Leser Antilles stakeholder consultation will be undertaken to ensure that the
outcomes are usedriven with the goal of facilitating uptake and incorporation into
regional planning:

1 PhD student Omari Graham at U\BRC has been engaged in the work to
developuserfocused hazard assessment products
A stakeholder engagement workshop bringing together disaster managerg
planners from the countries and territories in the region was scheduled for

1

2020 and has been postponed pending changes to € tdawel restrictions
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Project Name

Development of bespractice engagement protocols for international and local
scientists working in Lowo Middle- Income Countries

People
Involved

Dr Victoria Miller (MVO), Karen Fontijn (Université Libre de Bruxelles, Belgium),
Gezahegne Yirgu (Addis Ababa University, Ethipoia), Supriyati Andreastuti (CVG
Indonesia), Esline Garaebiti Bule (VMGD, Vanuatu), José Luis Palma (University
ConcepcionChile), Antonia Bornas (PHIVOLCS, Philippines), Amdemichael Tade
(Université libre de Bruxelles, Belgium), Omari Graham (JHiersity of the West
Indies, Trinidad and Tobago), Claudia Inés Rivera (National Autonomous Univers
Mexico, Mexico), Bs Urefia (Universidad de Costa Rica, Costa Rica), Natalia Par
(Universidad de los Andes, Colombidalbert Syavulisembo Muhindo (Goma Volcg
Observatory)

Status

2019¢ Present (Ongoing)

Project
Description

In June 2019 UWSRC hosted the international worksh®pC 2 & G S NR& y-3 R §
RSOSt2LIAyYy3a O02dzy iNE LI NIYSNRBRKALGA TFidaN
collaboration with IAVCEIb + h[ / oL! +/ 9L Q& ySé ySiosi
Lower to Middlelncome Countrieg LMICs; International Network for VOLcanology
Collaboration)Outputs from the workshop included thaevelopment of a draft set of
bestpractice engagement protocols. IAVIRYOLC board is seeking feedback from
the wider community and deeloping these for incorporation into official IAVCEI
guidelines.

Project Name

Assessment and development of operational monitoring techniques for volcanoes

People
Involved

Dr Victoria Miller (MVO), Dr Leo Peters (USRC), Professor Charles Amr(ibime
Pennsylvania State University, United States), Dr Patrick Smith (Dublin Institute fc
Advanced Studies, Republic of Ireland), Emeritus Professor Barry Voight (The

Pennsylvania State University, United States), Roderick Stewart (MVO), Matthew
Garthwait (Geoscience Australia, Australia), Guorong Hu (Geoscience Australia,
Australia), Steve Saunders (Rabaul Volcano Observatory, Papua New Guinea), M
Parks (University of Iceland, Iceland), Amy Parker (Curtin University, Australia)

Status

2017¢ Preent (ongoing)

Project
Description

This project is focused on optimising operational volcanic monitoring techniques,
including constraints such as island settings or resource constrained environment
1 Presentation at Cities on Volcanoes 10 (2@1&Yptimisng the focal
mechanism solution uncertainties from volcaeatonic earthquakes recordec
on smallaperture seismic networks: A case study fromS3befriére Hills

@2t OFLy2> az2yidaSNNI Go¢
91 Publication in Frontiers in Earth Science Geohazards and Gd&@jsal topid
on INSAR), January 204 8A simplified approach to operational INSAR
monitoring of volcano deformation in low and middle income countries: Ca

d0dzRe 2F wloldzZ /FftRSNIZ tI Lz bS$§
1 Presentation at IUGG General Assembly (Montreala@ay July 201§
G. NBF{Ay3a R24y O0FNNASNAR (2 2LISNI

NE&2d2NDS O2yaidNIAySR aSdiadAaAy3aode

1 Publication in preparatioq 6Optimising the focal mechanism solution
uncertainties in sparse datasets and heterogeneous environmeartsuring
operational and research requirements are met

Project Name

Volcanatectonic earthquake analysis
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People| Dr Victoria Miller (MVO), Dr Leo Peters (UWSRC), Professor Charles Ammon (The
Involved | Pennsylvania State University, Unit8thtes), Dr Patrick Smith (Dublin Institute for
Advanced Studies, Ireland), Emeritus Professor Barry Voight (The Pennsylvania {
University, United States), Professor Derek Elsworth (The Pennsylvania State
University, United States), Dr Silvio De Amg@liniversity of Liverpool, United
Kingdom)

Status| 2017¢ Present (Ongoing)

Project | This project is focused on developing a better understanding of voltantonic
Description| earthquake processes through seismic analysis:
Publication in preparatiog dCharacterising earthquakes at lofiged volcanic
eruptions: volcangl SO 2y A0 WaliNAy3IaQ 2y az2yias
activity £

5.6 MVO Computer Network

¢ KS dzLJANI RAY3I 2F a+xhQa O2YLlzi SNI I y Rno@®Raveogyesson did 2 y &
new tower standoff which will be installed during the next reporting period. When the standoff is installed all
old cabling will be removed from the old tower and new cabling installed and the last of the radios will be moved
to the new tower. This will further rationalise the communications network and improve the isolation of the
MVO during electrical storms.

5.7 MVO contract

The MVO is currently being managed by the Seismic Research Centre of the University of the Westdadies

a two-yearinterim contractwhich covers the period 01 October 2021 to 30 September 2023. Thgdan
interim contract was put in place to give GoM time to follow the necessary procurement procedures to obtain a
longterm contract for the running ofhe MVO. However, the MVO is not aware that much progress has been
made on this so far. We hope that significant progress is made on this in the near future so that the operation of
the MVO is not compromised should the current contract lapse once agéimeba new contract is in place.

5.8 MVO Website
The website is ready to launch and is waiting on security testing.
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Appendix A z MVO Monitoring Network Maps

The Montserrat Volcano Observatory operates a compressive suite of instruments to monitmtithity of the
Soufriere Hills Volcano, roughly grouped into four main areas of seismicity ground deformation, gas and dome
volume & geology. The following maps show the location of key instruments for each of the four disciplines.

More information abouthe data and instrumentation can be found in the relevant sections of the main body of
the report.

Gas Monitoring Network Dome Volume & Geology Network
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Appendix B z GPS Plots
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Figure B: Tangential displacements recorded at campaign GPS sites during Pdete 3q1Q; presen). The distance statiomolcanic
vent increases from bottom to top of figure. The background Caribbean plate velocity was removed from the data. The mlates whe
deformation has been observed in association with VT events are highlightedlashedihes) The distance separating the
gridlines corresponds to 1 cm. Segurel5 for radial and vertical components.

MVO OFR 2022: MVO Six Monthly Report 65



e ¥ 1g go

RDON

NWBL

GERD

Radial extension, m

MVO1

SR i 2 - LR 1 L | | | a |
Jan-1996 Jan-1998 Jan-2000 Jan-2002 Jan-2004 Jan-2006 Jan?{DOBV Jan-2010_ Ja[\%QlZ Janrzrqu Jan—Z]DlS Jan-2018 JEIHVZTOZD Jan;%DZZ
T b T ’ |

€
=
o
@
c
]
x
o
&
©
o
<
H - . . il | 1 ! | |
Jan-1996 Jan-1998 Jan-2000 Jan-2002 Jan-_%ood Jan-2006 Jgn—%‘QOBV Jan-2010 Ja_n-_%glz jan~[2914 Jan?OlG Jan-_%OlB JaniT2020 1«3_511]2022
= ] ] i T
ik i i
= |4 “jwTYd
RCHY
LSPRI
€
s FRGR
@
(=
i
x HERM
v HERM
=
k=]
I
-4

11 SN IE N I I I w il
Jan-1996 Jan-1998 Jan-2000 Jan-2002 Jan-2004 Jan-2006 Jan-2008 Jan-2010 Jan-2012 Jan-2014 Jan-2016 Jan-2018 Jan-2020 Jan-2022

Figure B: Radialextension relative to the volcanic vent since Jan. 1998. The reporting period is bounded by the two blue lines. The distance
station-volcanic vent increases from bottom to top of figure. The background Caribbean plate velocity was removed from the data.
Displacements due to antenna changes have been corrected. The dates during Pause 5 when deformation has been observed in
association with VT events are highlighted (red dashed lines). The distance separating the gridlines corresponds to 1 cm.
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Figure B:Tangential displacements relative to the volcanic vent sinagadph998. The reporting period is bounded by the two blue lines.
The distance statiomolcanic vent increases from bottom to top of figure. The background Caripkstarvelocity was removed
from the data. Displacements due to antenna changes have been corrected. The dates during Pause 5 when deformation has been

observed in association with VT events are highlighted (red dashed lines). The distance separatidiinge aprresponds to 1
cm.
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