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Summary
(i) The level of surface activity at the volcano has increased over the last six months
suggesting that the current pause in lava extrusion may be coming to an end. Since
April 2008 there has been a series of explosions from the vent at Gages Wall and
increased seismicity. This culminated on 28 July 2008 in an explosion that sent an
ash cloud 12 km high and produced pyroclastic flows into Plymouth and the Tar
River Valley. In August, a brief episode of lava extrusion at a very low rate from
the, now enlarged, Gages Wall vent followed. New magma rising within the
conduit would best explain this activity, but was apparently insufficient to reestablish continuous extrusive activity.
(ii) The development of the Gages Wall vent into an extrusive vent, the increase in
mass wasting of the talus on the eastern side of the dome and of incandescent
fractures on the western side of the dome are new developments that may signify
changes affecting future hazards. The consistent factor is the continuing presence
of the 2007 lava dome, which still dominates the volcano physically and the
hazard assessment. The likelihood of renewed explosive activity, similar to that of
28 July, from the same vent or others peripheral to the dome has risen. But it is
still probable that new magma rising at a sufficiently high rate up the central
conduit may push the old dome to a point of instability resulting in a major
collapse, and continued removal of talus (that now supports the dome core) may
help that process.
(iii) Compared to the last assessment (SAC10) for the year ahead we consider the
probability of a situation with no major new activity in the next year to have fallen
sharply to about 10%, the probability of the renewed resumption of lava extrusion
as the next significant event has doubled to about 34%, whilst the probability of
wholesale dome collapse has halved to about 25%. Another explosion of the
magnitude of 28 July 2008 or larger as the first major event in the next year is
thought to be much more likely, at 20%. Although less likely than these scenarios,
large dome collapses that might impact the Lower Belham area appear more
probable than six months ago. The likelihood of lateral blasts on the other hand
has decreased.
(iv) The estimated annual risk of death to individuals living around the lower Belham
Valley has roughly doubled since six months ago. We have calculated the
individual risks based on the new Hazard Zones (Fig.1 below). For a person living
full-time in Zone B (Iles Bay Hill, Happy Hill, Old Towne) the risk is 1-in-900 (5
times that of the background risk of accidental death in the north of Montserrat).
In Zone A, immediately to the north as far as Nantes River, the risk is 1-in-12,000
(1.3 times the background risk).
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Fig.1 The Hazard Level System zonal boundaries that were used to determine risk
exposure levels. The dashed blue lines offshore zones A-C are the suggested
extensions described in paragraph 31.

iii

Contents
Introduction
Recent Volcanic Activity
Monitoring Results
Probable Future Behaviour
Assessment of Volcanic Hazards
Assessment of Risks to People
The Operation of MVO
Risk Management Study
SAC Membership
Next SAC Meeting

1
1
2
3
4
4
7
8
8
9

Appendix 1:
Appendix 2:
Appendix 3:
Appendix 4:
Appendix 5:
Appendix 6:

10
11
12
15
16
17

Constitution of the Scientific Advisory Committee
Agenda of the April 2008 meeting
List of meeting participants
Preliminary statement issued on 22 October 2008
Glossary of Terms
Chief Medical Officer’s Risk Scale

iv

Introduction
1. The eleventh meeting of the Scientific Advisory Committee (SAC) on Montserrat
Volcanic Activity took place at the Montserrat Volcano Observatory (MVO) from
20 to 22 October 2008. This report is the main product of that meeting. The
Committee was commissioned by the Foreign and Commonwealth Office and
operates under the Code of Practice for Scientific Advisory Committees issued by
the Office of Science and Technology. The Terms of Reference for the Committee
are presented in Appendix 1, and the agenda and participants of the meeting are
given in Appendices 2 and 3 respectively.
2. The increased level of activity since the previous meeting and its significance for
future hazards dominated the discussions. The MVO Hazard Level System,
developed and implemented since the last meeting, was used in the formal
quantitative risk assessment.
3. There are two parts to this report: Part I contains the main findings and Part II
contains the technical aspects of the assessment. A Preliminary Statement from
the full SAC meeting was issued on 22 October 2008 (Appendix 4). A public
meeting was held on the evening of 22 October at the Methodist Church in Salem
to explain the preliminary findings to the public under the chairmanship of Mr
James White Jr. of the DMCA and recorded by ZJB. Appendix 5 provides a
glossary of technical terms, and Appendix 6 gives a version of the Chief Medical
Officer’s (CMO) scale of risk.
Recent Volcanic Activity
4. Activity at the volcano has increased substantially in the last six months.
However, the volcano has not resumed continuous extrusion of lava onto the
dome, and remains in a “paused” state. Starting in late April 2008, the level of
seismicity generally increased and between May and the end of July there was a
series of seven explosions from the vent on the Gages Wall that generated ash and
a few pyroclastic flows.
5. The culmination of this series of events was a vulcanian explosion on 28 July
(11:38 local time), from the same vent, which sent an ash column to 12 km in
height and transported ash as far as Puerto Rico and Guadeloupe. The explosion
was rich in pumice, with fragments up to 20 cm in diameter falling at St George’s
Hill, and small fragments further north. Pumiceous pyroclastic flows that started
fires were deposited to the west and east, nearly reaching the sea. A much smaller
flow also moved south. A pyroclastic surge preceded the pumice flow and
probably reached the sea at Plymouth, based on deposits at the former
Government Headquarters.
6. Following the explosion, lava rose in the reamed-out vent and spilled into the
uppermost Gages Valley, albeit at a very low rate (probably less than 0.1 cubic
metres per second). On 25 August a rain-triggered collapse removed much of this
new lava, generating a block-and-ash pyroclastic flow that moved to the west.
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This episode of weak extrusion probably ended after a month or so. September
and October 2008 were relatively quiet again.
7. The erosion of the talus surrounding the lava core of the dome has accelerated
recently, particularly following the heavy rains of Hurricane Omar (185
millimetres of rain during four periods totalling 8 hours over an interval of 57
hours on 15-17 October). This has been largely concentrated on the south-eastern
sector of the dome, within the Tar River Valley, where talus removal (largely as
mudflows) has left 150 m-high cliffs in the lava. It is a trend that may de-stabilize
the dome and encourage large collapses to the east, but also to the northeast and
the northwest where other areas of upper talus erosion have occurred. Following
the 28 July explosion, the western side of the dome displayed patches and cracklines of incandescence that seemed to be related to new fractures and minor vents.
These show that the remnant lava core is still very hot and also that the western
part of the dome may have been fractured at some stage during the 28 July
episode. A major 100 metre-long, vertical, east-west fracture, with temperatures
up to 500 °C, is still present at the time of writing in the uppermost part of the
dome above Gages Wall.
Monitoring Results
8. The rate of earthquake occurrence since late April 2008 was much greater than for
the earlier parts of the pause, suggesting renewed magma movement within the
conduit. Prior to the explosion of 28 July, there was a major episode of volcanotectonic earthquakes between 21 and 26 July, followed by a swarm of 1588 lowfrequency earthquakes on 27-28 July. The latter was one of the most intense
episodes of seismicity of this kind recorded during the whole eruption and points
to renewed magma movement at depth. Following the explosion, rockfall
seismicity occurred, partly associated with the vent extruding lava on the west
side of the dome.
9. Island-wide inflation measured by GPS, as discussed six months ago, continues.
This is consistent with a pressurizing magma reservoir due to the influx of basalt
magma from depth, typical of pauses. Possibly the rate of inflation may be less
than during the last pause, but this has yet to be confirmed. More localised
deformation around the dome may be occurring, but is not being measured,
though there are plans to install tiltmeters to do so.
10. Sulphur dioxide continues to be discharged copiously in the volcanic plume. After
the first large explosion in the recent series, on 29 May 2008, the average rate of
sulphur dioxide discharge fell for two months by a factor of two to three. This
may be explained by a restriction in the pathways for the gas to rise due to the
slower rise of a batch of andesite magma within the conduit. The large explosion
of 28 July effectively removed this restriction and high flow rates resumed. The
rate of hydrogen chloride discharge has remained less than half the rate of sulphur
dioxide, a ratio typical of pauses. We expect hydrogen chloride amounts to rise
substantially if the pause ends.
11. Immediately following the explosion and pyroclastic flows of 28 July 2008, there
was concern that the lava dome may have been destabilized and that as a result
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there was an increased threat to the lower Belham Valley; and a precautionary
evacuation of Zone B was ordered. Low cloud cover prevented observation of the
dome, and it was not possible to see where the vent was. MVO (Stewart) and the
SAC (Wadge) asked the UK government on 30 July to activate the International
Charter for Space and Major Disasters. This provides priority tasking of remote
sensing satellites from a variety of international space agencies, in this case to
image Montserrat as quickly as possible. By 2 August the TerraSAR-X radar
satellite (see cover) had shown that the vent for the explosion was the Gages Wall
vent and that the bulk of the rest of the dome was relatively undisturbed. This reassured MVO that the threat had not risen greatly and the evacuation was revoked
by the authorities.
Probable Future Behaviour
12. We don’t consider that the small extrusion of lava that occurred from the Gages
Wall vent in August represents the end of the current “pause”. It is much more
likely to be a short-term response of the volcanic system to the evacuation of
magma within the conduit during the explosion of 28 July. The series of
explosions between May and July probably represent the rise of magma within the
conduit and the release of volatiles. We anticipate that another episode of
explosive activity, similar to that of May-July 2008, could occur in the next few
months. Towards the end of both previous pauses there was an escalation of
explosive activity over a few months before the continuous supply of magma to
the surface was re-established. The big difference between those two earlier
episodes and the current situation is the presence now of a much larger dome
above the conduit. This may inhibit the resumption of continuous lava extrusion
such that there might be a longer period of this intermittent explosive behaviour
beforehand. Although full resumption of continuous efflux is not guaranteed, the
fact that the 28 July event occurred at all shows that the central dome can be
bypassed.
13. As magma arrives at the top of the conduit and finds its way blocked by the dome
it may intrude into the dome, pushing the existing lava there out of the way. This
will raise the levels of stress within the dome and may locally force a part of the
dome to become gravitationally unstable. A large collapse of the dome may result,
most likely to the east, down Tar River Valley. Alternatively, the newly arriving
magma may find its way to the surface of the dome without such destabilization.
This could be via a continuation of the usual central vent above the conduit, via
the Gages Wall vent, as has occurred so far in 2008, or via another, new vent. Any
significant future extrusion of lava from a vent to the west (such as the Gages
Wall vent) or to the north would raise the levels of hazard from pyroclastic flows
descending westwards towards Plymouth and into the Belham Valley.
14. It is possible that lava extrusion will never resume. If extrusion fails to resume, it
is likely that eventually the MVO-measured signals for ground deformation,
sulphur dioxide emission and long-period seismicity would fall below the
threshold levels we defined previously. To be assured that those conditions have
become established, all these signals would need to remain below these threshold
levels for about one year. When we test these criteria at the moment we find that
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none of the measurements meet them. We find that there is at least a 99%
probability that the process that powers the eruption, the entry of basalt-enriched
magma into the andesite magma reservoir, is still occurring.
15. Over the next year we consider that the probability that the eruption will stop (and
be tested for this in the above manner) is about 4%. We think the probability that
this pause will continue for at least another year is about 10%. However, the
probability of the resumption of quiet lava extrusion, and the end of the pause,
over the same period is 34%. We now think it less likely that the next major event
will be a large collapse of the dome (25% probability compared to 54% six
months ago). Thus the SAC11 estimate is reduced from that of SAC10, but this is
still one of the higher probability scenarios. The probability of a major explosion
is 20% over the next year.
16. Large collapses of the dome to the north or west could pose a threat to life. While
we think the probability of this occurring over the next year is much lower than
the other possibilities, mentioned above, the chances of this happening have risen
since six months ago. The probability of such collapses directly into the Belham
Valley is about 2%, and about 4% into the Gages Valley. That said, the equivalent
probabilities of lateral blasts into these valleys, already very low, have fallen
slightly.
Assessment of Volcanic Hazards
17. The nature of the main hazards from the volcano are essentially the same as those
considered previously: pyroclastic flows and surges derived from collapses of the
lava dome, vertical explosions sending ash and rocks over surrounding areas and
forming pyroclastic flows as the column collapses, lateral blasts following sudden
removal of the side of the dome, tsunamis and mudflows. The dome itself has lost
some heat energy over the last year, but it remains a hot and dangerous mass still
capable producing a lateral blast to send large pyroclastic flows down the Belham
Valley.
18. Any pyroclastic flow of sufficient size (~10 million cubic metres) entering the sea
could generate hydrovolcanic surges along the (east) coast and small tsunamis
with run-ups of ~1 metre on the populated western coasts. These have been
observed and inferred from the major collapses through the Tar River Valley and
the lateral blast Boxing Day event of 1997.
19. Pyroclastic flows from the Gages Valley reached as far north as Lee’s Yard on 28
July and almost flowed into the Belham Valley, also most of the block-and-ash
flow of 25 August went towards Lee’s Yard. A substantial increase in the volume
of such flows could raise the threat to the Lower Belham Valley, but a significant
modification to the terrain at the exit to the Gages Valley is probably required to
effect this.
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Assessment of Risks to People
20. The Hazard Level System (HLS), developed over the past few months by MVO as
a replacement for the old Alert Level system, and following considerable
consultation, has been in use since August. Although it is too early to judge its
performance, it is certainly more comprehensive in scope and clearer in
presentation than its predecessor. The intention is to improve it on the basis of
experience and, indeed, a suggested modification of it to better represent the
Maritime Exclusion Zone is presented later (Fig.1).
21. In response to the increased level of hazard posed to the northwestern side of the
volcano by the large dome at the beginning of 2007, we defined three Areas (1-3)
north of the Lower Belham Valley that we subsequently used (SAC8-10) to
calculate risk. Since the establishment of the HLS we have been asked to calculate
risks in terms of the populations currently living within the zones of the HLS
(Fig.1). Zone B is effectively the same as Area 1 and Zone A is effectively the
same as Area 2. Zone C is similar to the DTEZ area used in SAC10. The basis of
the boundary between Zones B and A is the same as before, namely the northern
limit of the surges thought likely to be produced by a collapse-derived pyroclastic
flow of about 20 million cubic metres within the Belham Valley.
22. As before we take each hazardous process identified above, estimate the
probability that they will occur and affect a given area of Montserrat and then
calculate the risk to which a given number of people in each zone will be exposed.
We use the modified UK Chief Medical Officer’s (CMO*) scale (Appendix 6) to
convey a qualitative description of the degree of the annualised individual risk
based on the numerical estimates, but we also provide some alternative risk
measures to add further perspective. Details of the probability and risk
calculations are presented in Part II of this report. These risk estimates have large
uncertainties and so the reader should not attribute detailed meaning to small
numerical differences in quoted risk values. The descriptive CMO scale
categories, as reported here, better capture these differences. We have also
calculated the increased risk faced by individuals from the volcano by referencing
it to the general “background” risk of accidental death thought to be typical for
people living in Montserrat (28 per 100,000 people per year).
23. Risks to people living between Isles Bay Hill and Lawyers River
The general risk from the volcano to the population of Montserrat has risen in the
last six months. Overall individual risk exposure for people living in Zones A and
B (Fig.1) has risen since the last assessment by a factor of about two, but remain
below the levels assessed in early 2007. This rise is due to our impression of the
increased likelihood of pyroclastic flows reaching the lower Belham Valley over
the next year. We calculate that for a person living full-time in Zone B the annual
probability of death from volcanic activity is about 1-in-900. This is at level B on
the CMO* scale and represents a 5 times greater likelihood of mortality than for
the background rate of accidental death in the population as a whole. For a person
living in Zone A the annual probability of death from volcanic activity is 1-in12,000, category D of the CMO* scale, and 1.3 times the rate of accidental death.
For people in Woodlands (between Nantes and Lawyers Rivers) the exposure
level is extremely low, at about 1-in-5 million.
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24. Risks to workers in Zone F (Corbett Spring)
This area is one designated for agricultural production with controlled access of
limited daytime workers. The individual risk exposure to a person working normal
hours in this area is about 1-in-10,000 (in the CMO* scale D band).
25. Risks to workers in Zone T (Trants)
Workers extracting sand and gravel from Trants beach and neighbouring deposits
are at risk from pyroclastic flows. An area 1 km or more to the south of Trants
Yard, to about the locality of the former Farm River and beyond is now being
worked. Work closer to the volcano is more dangerous and, crucially, the time
required to escape is significantly longer. Recommended safety practices for
working at Trants should involve an early morning telephone check with MVO on
activity levels, a lookout and evacuation practice. Incorporating such mitigatory
elements into the Trants workers' situation produces an IRPA of 1-in-5,700, or
about 4.5x higher than the occupational risk level for the (UK) extractive & utility
supply industry. If these protection measures are not implemented (there is
currently no MVO phone call) or fail, then the IRPA rises to about 1-in-2,250, or
about 10x the equivalent UK occupational risk.
26. Risk to workers involved in geothermal well exploration
An area in Zone C around Delvins, between Garibaldi Hill and St George’s Hill,
has been identified as a prospective area for geothermal well exploration. For the
area of proposed exploration and drilling, the following estimates of individual
risk exposure for workers are put forward as indicative. For surface exploration
activities taking place for a duration of, say, up to 6 months during the next year,
working 12 hours per day, the corresponding IRPA is about 1-in-2,000 per
annum. For drilling activities involving 2 x 12 hour shifts, and a programme
which may last up to, say, 9 months, the IRPA is about 1-in-1,350 per annum
equivalent. (The UK HSE, in their 1992 document on the tolerability of risks in
nuclear power stations1, suggested that an individual risk of death of one in a
thousand per annum should on its own represent the dividing line between what
could be just tolerable for any substantial category of workers for any large part
of a working life, and what is unacceptable for any but fairly exceptional groups.)
27. Risks to workers in Richmond Hill
The individual risk for a worker in the Richmond Hill area is equivalent to an
IRPA of about 1-in-1,600, which is 13x the equivalent UK occupational risk.
28. Risks to workers at Fox’s Bay
Construction of a ramp at Fox’s Bay and of a coastal road at the base of Garibaldi
Hill would enable barges to be loaded with aggregate from trucks using this road.
The Isles Bay part of this road falls within Zone B whilst the more southerly part
is bordering Zone C. At the boundary with Zone C the worker has an IRPA of
about 1-in-1,750, which is about 12x the equivalent UK occupational risk.

1

HSE (1992) The Tolerability of risks from nuclear power stations. HSE Books. ISBN 0 11 886368 1
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29. Risks to workers at Plymouth jetty
The individual risk for a worker at Plymouth jetty is equivalent to an IRPA of
about 1-in-500 per year, which is 40x the equivalent UK occupational risk.
30. Risks in the Maritime Exclusion Zone
The pyroclastic flows and surges of 28 July 2008 almost reached the sea at
Plymouth, showing the value of the western component of the Maritime Exclusion
Zone. Whilst the probability of flows entering the sea via the Belham Valley at
Old Road Bay is much smaller than at Plymouth it is not negligible. Presently, if
the hazard rises to Level 4 and Zone B is evacuated, then the area offshore Zone B
would not be in the Exclusion Zone. It would be better if this offshore area were
to become part of the Maritime Exclusion Zone automatically as the Hazard Level
increased. Thus we recommend that the Hazard Zone boundaries of Zones A, B
and C be extended offshore for 2 km as suggested in Fig.1 and the sea areas be
subject to the same restrictions as the rest of Maritime Zone W (i.e. daytime
transit, at Levels 2 and 3 and essential workers only level 4 and above) when the
adjacent land Hazard Level changes.
The Operation of MVO
31. Our meeting was efficiently hosted by MVO and generated some lively debate.
The MVO Report to the SAC was of excellent quality and we were made to feel
most welcome by the Acting Director, Dr. Jean-Christophe Komorowski, and his
colleagues. Unfortunately, our public meeting in Salem was very sparsely
attended, probably because it clashed with a public lecture given by the Prime
Minister of Trinidad and Tobago.
32. The management contract between SRC/IPGP and the Government of Montserrat
had not been fully agreed and signed at the time of the meeting. This has had a
negative impact on the plans of the new management team. New staff have not
been recruited to fill vacant positions and the permanent Director’s position has
not been filled. Lack of a contract has also had the effect of degrading the
operational capability of the Observatory because of a lack of people and
resources to maintain network functionality and over-stretching of those in post.
Urgent action to reverse this trend is needed and we wrote to H.E. the Governor
on 28 October 2008 expressing our concerns directly.
33. The SAC noted, with regret, the departure of Montserratian volcanologist Dr
Graham Ryan to New Zealand, which created one of the vacancies. We regret also
the departure of Dr Silvio De Angelis, the seismologist, who left MVO with effect
from 4 November to take up a position in Alaska. Mr Roderick Stewart will fill
the role of observatory seismologist during November and December whilst a
replacement is sought. There is currently no software engineer. In this absence
much of the recent software development had been performed by Dr De Angelis.
Also the new automated camera network is non-functional because the quality of
the telemetry link has not been resolved by the software engineer. The longstanding difficulty of having an effective part-time network engineer (Mr. D.
Williams) is also unresolved.
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34. Progress towards full 3D vector GPS processing is encouraging. The seismic
network, normally robust, was missing the windward stations because of a relay
problem at the time of the meeting. The proposed improvements to the DOAS
network for sulphur dioxide measurements is stalled because of a lack of software
development. Whilst help should be available via the Cambridge University group
for this, the lack of an independent technical capability at MVO is worrying. Lack
of scientific staff has also meant that no dome survey work has been undertaken
for over six months, and little progress made towards installing the tiltmeters on
the southern crater rim.
35. Flooding at the Caribbean Helicopters site in Antigua during the passage of
Hurricane Omar damaged or destroyed all their helicopters. They have thus been
unable to provide the agreed 2 hours per week service to MVO. Royal Navy and
Fleet Auxiliary helicopters were helpful in providing flying time for a limited
period to aid with maintenance and observations, but a new regular service needs
to be found.
36. Also during Hurricane Omar two barges carrying oil ran aground on the delta at
the mouth of the White River. The larger one was towed off quickly, but the
smaller one required a major salvage effort, accomplished over five days by a
Dutch team. MVO was asked for a risk assessment and for operational support to
this effort. Initially, logistical activities were to be routed through Plymouth but
Dr Komorowski convinced them this was too risky. He provided the salvors with
a comprehensive assessment of volcanic risks with minor help from the SAC2, but
received little in the way of reciprocal engagement. The recovery of the barge to
prevent oil spillage was for the general good of Montserrat, and the exercise
provided valuable experience for MVO. However, this participation could only
take place on an ad hoc basis, when demands elsewhere were not elevated.
Risk Management Study
37. As discussed at the last meeting, we think a wider study of the way in which the
volcanic risks are calculated, managed and communicated would benefit
Montserrat. To this end, two members of SAC (Aspinall and Wadge) proposed a
short, six month study to the Foreign and Commonwealth Office. At the time of
writing the outcome of this initiative is awaited.
SAC Membership
38. No change to membership is expected over the next six months.

2

Komorowski, J-C., Legendre, Y, Aspinall, W.P., Wadge, G., Neuberg, J., de Angelis, S., Christopher,
T., Condein, F. and Levieux, G. (2008) Volcanic hazards and risks assessment for the jetty area in
Plymouth, the southwestern coastline, and the White River delta in the context of a barge salvage
operation at White River. MVO Open-File Report , 08-03 , 31 Oct. 2008, 1-32pp. + appendices.
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Next SAC Meeting
39. We see the need to meet again in six months time and anticipate this will be in
April 2009.
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Appendix 1: Constitution of the Scientific Advisory Committee on Montserrat
Volcanic Activity
This document outlines the main responsibilities of the Scientific Advisory
Committee (SAC) on the Soufriere Hills Volcano, Montserrat. The document
includes the terms of reference for the SAC and a membership template. The SAC
is to replace the Risk Assessment Panel and is commissioned by the Overseas
Territories Department (OTD) of the Foreign and Commonwealth Office (FCO).
The SAC will work according to the Office of Science and Technology (OST)
Code of Practice for Scientific Advisory Committees.
Terms of Reference
The main responsibilities of the SAC are:
1. to carry out regular hazard and risk assessments of the volcano in co-operation
with the Montserrat Volcano Observatory (MVO) and to report its findings to
HMG and the Government of Montserrat; and
2. to provide scientific advice at a strategic level to HMG and the Government of
Montserrat outside these regular assessments in co-operation with the MVO.
NB: The “Government of Montserrat” will normally mean, in the first instance,
the Governor as s/he has the constitutional responsibility for the safety of the
Montserrat population. The Governor will be responsible for ensuring appropriate
dissemination of SAC assessments or recommendations to the Government and
people of Montserrat.
The SAC is also required to perform these additional functions:
3. to provide independent advice on the scientific and technical operations of the
MVO to ensure that the work matches the level of risk;
4. to provide scientific advice and assistance to the MVO as required by the
MVO Director; and
5. to offer advice on new developments that were not foreseen when the TORs
were set up, and if appropriate make recommendations for changes to the TORs.
The SAC will carry out its activities within the OST Code of Practice for
Scientific Advisory Committees. The SAC will be responsible to the UK
Government through the FCO (OTD). The SAC will not incur expenditure
without prior FCO (OTD) authority.
These general terms of reference are supplemented with the following specific
points:
(a) The work of the SAC concerns scientific assessment of the volcanic activity
and related hazards and risks. This scientific work is an input to decisions made
by the HMG and the Government of Montserrat related to the safety of the people
of Montserrat (such as evacuation and extent of Exclusion Zones), to issues of
planning and sustainable development of Montserrat and to the mitigation of
external hazards (e.g. to civil aviation).
(b) The provision of scientific advice to the Governor and Government of
Montserrat is the responsibility of the MVO and its Director. The SAC has the
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function of assisting the MVO in its major missions in all respects of its activities
and to assist in matters relating to the provision of long-term and strategic matters.
(c) The MVO Director (or scientific staff designated by the Director) participate in
all SAC activities except for ToRs 3 and 4.
(d) The SAC has the function of giving advice and assistance to MVO and the
management contractor relating to scientific matters as required by the MVO
Director. Such independent advice to the MVO may include appraisal of the
technical expertise of staff, evaluation of the monitoring systems, assessment of
proposed research projects by external groups, and advice on technical matters.
(e) With respect to ToR 3 the Chair of the SAC will be a member of the MVO
Board of Directors and can provide independent advice to the Board as required.
The Chair will be expected to attend MVO Board meetings (currently twice a
year).
(f) Given the special circumstances of Montserrat as a United Kingdom Overseas
Territory, reports of the SAC would be provided for both Governments. Reports
would also be given to the MVO Management Board.
(g) The SAC will be required to present its findings in a manner suitable for
release to the public. It will also be required to assist the Governments and the
MVO in explaining the activity of the volcano and the scientific information
pertinent to decision-making by the authorities.
(h) The SAC will liaise with other relevant scientific organisations or committees
as required, which might for example include regional scientific institutions and
the Department of Health Committee on health hazards from volcanic ash.
(g) The Chair of the SAC will make an annual report to the MVO Board of
Directors.
MEMBERSHIP
Membership of the SAC will be at the invitation of the FCO (OTD) and will cover
the key areas of expertise required to assess the hazards and risks of erupting
volcanoes. Expertise will include such areas as volcanology, volcano geophysics,
and hazard analysis. The SAC will continue the approach of the former Risk
Assessment Panel that was endorsed by the UK Chief Government Scientist in
December 1997. Thus the Committee requires a facilitator as a member for
applying expert elicitation methods to estimate volcanic risk. These considerations
imply a minimum of four members, excluding the Director of the MVO.
Additional experts can be invited to participate as required by the Chair, with prior
agreement from the FCO (OTD), if a lack of expertise becomes apparent on a
particular issue. As required by the Code the SAC is expected to consider external
opinion. The membership will be considered on an annual basis with a view to
regular changes and refreshment of membership.
MEMBERSHIP TEMPLATE
Members invited to serve on the SAC for the Montserrat Volcano are expected to
attend all hazards and risk assessment meetings and to participate in the
formalised elicitation procedure. Members have the responsibility to use their
scientific judgement and expertise to meet the Terms of Reference. Opinions of
the Members on scientific matters should be expressed through participation in the
work of the SAC. Divergences of scientific opinion will normally be reported in
terms of scientific uncertainty through the formal expert elicitation procedure.
Differences that cannot be incorporated through the elicitation methodology
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should be included in the reports of the SAC as required by the OST Code. The
Chair of the SAC, or his or her delegate from the Committee, will be responsible
for presenting the findings of the SAC’s work to the Governments of Montserrat
and the United Kingdom and to the public in co-operation with the Director of the
MVO. Any disagreement or divergence of opinion with the Director of the MVO
that cannot be reconciled or incorporated through the elicitation method should be
reported through the MVO Board of Directors.
SECRETARIAT
The FCO (OTD) will provide a Secretariat for the SAC, as set out in the Code of
Practice. FCO (OTD) will reimburse premium economy travel costs, reasonable
hotel accommodation, meals and professional fees (once agreed) in full. The SAC
will not incur additional expenditure without prior FCO (OTD) authority. The
Secretariat’s main point of contact is Thomas Regan, Desk Officer for Montserrat
in OTD. His contact details are as follows:
Email: Thomas.Regan@fco.gov.uk
Tel: +44 20 7008 3123
Fax: +44 20 7008 2879
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Appendix 2: Agenda SAC11

20-22 October 2008

1. This meeting, public meeting
2. MVO Activity Report
3. State of play
Extrusion or pause?
Nature of the Gages Wall vent
4. Hazards posed by western dome growth
5. End of eruption criteria and assessment
6. Deeper magma reservoir
7. Long-term prognosis
8. One-year hazard scenarios elicitation
9. Risks in the Hazard Zones
C: St. George’s Hill – Richmond Hill
B: Old Towne – Belham
A: Olveston – Salem
F: Corbett Spring – Locust Valley
T: Trants
10. Work/Visit
Geothermal work at Delvins
Foxs Bay
Plymouth
11. Maritime Exclusion Zone
12. MVO Matters
Management/Contract
Helicopter
Monitoring
Collaboration
Hazard Level System
Outreach
13 SAC Matters
Risk Management Study
Membership
Next Meeting
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Appendix 3: List of Participants
Chairman
Prof. G. Wadge

ESSC, University of Reading, UK

Committee members
Dr. W.P. Aspinall
Aspinall & Associates & Bristol University, UK
Prof. J. Neuberg

Leeds University, UK

Prof. B. Voight

Penn. State University, USA

Prof. K.V. Cashman University of Oregon, USA (absent but via brief telephone link)
People present in an advisory or observer capacity
Dr. J.-C. Komorowski (Acting Director MVO, IPGP)
Mr. R. Stewart (MVO, SRC)
Mr. T. Christopher (MVO)
Dr. S. De Angelis (MVO)
Mr. M. Fergus (MVO)
Mr. P. Williams (MVO)
Dr. G. Levieux (IPGP)
Mr. F. Dondin (SRC)
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Appendix 4: SAC11 Preliminary Statement, 22 Ocober 2008
The explosion of 28 July 2008 was the first significant volcanic event since lava
extrusion stopped in April 2007. It was preceded by a series of much smaller ashemitting events beginning in mid-May from a vent above the Gages Wall. Just before
the explosion, there was one of the most intense seismic swarms seen during the
whole eruption. This Gages Wall vent, not the usual one from which the main lava
dome had grown, was the source of the explosion. The pumice that was produced, and
the subsequent infilling of the explosion crater by lava, shows that new magma had
risen within the conduit supplying the volcano. Since August any new supply of lava
has been minimal. Thus while there is evidence that the eighteen-month long pause in
lava dome growth may be coming to an end, it has not happened yet. MVO’s
measurements of the gas plume and ground deformation during the last several
months are consistent with this.
The development of the Gages Wall vent as the main source of future lava extrusion
is an increasing possibility. It raises the possibility of the dome growing much further
west into the Gages Valley. Were this to happen it would significantly increase the
hazards to the Plymouth area and further north. The heavy rains of Hurricane Omar
did not trigger a major collapse of the dome, though the erosion of its flanks was
considerable. We still think it likely that the dome may be destabilized to the point of
major collapse down the Tar River valley by increased flux of magma into its base or
by a major rain event. Until that happens, the 2007 lava dome remains a possible
source of large pyroclastic flows into the Belham Valley.
The risks to people living around the lower Belham Valley area have increased
slightly since April 2007 and are likely to rise further.
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Appendix 5: Glossary of Terms
Andesite: The name given to the type of magma erupted in Montserrat.
Basalt: The type of magma entering the magma reservoir below Montserrat.
cGPS: Continuously-measured Global Positioning System for repeated measurement
of ground deformation.
Conduit: In a volcano magma flows to the earth’s surface along a pathway known as
a conduit. The conduit is usually thought to be a cylindrical tube or a long
fracture.
EDM: Electronic Distance Measurements made by laser ranging to reflectors gives
length changes of a few millimetres accuracy over several kilometres.
Hybrid/LP Seismicity: Varieties of earthquake signal often indicative of magma
motion in the upper part of the conduit.
Lava: Once magma gets to earth’s surface and extrudes it can be called lava. Below
ground it is always called magma.
Lateral Blast: An energetic sideways-directed explosion from a lava dome that can
generate highly fluid pyroclastic flows.
Magma: The material that erupts in a volcano is known as magma. It is not simply a
liquid, but a mixture of liquid, crystals and volcanic gases. Magma must contain
enough liquid to be able to flow.
Magnitude: The magnitude of an explosive eruption is the total mass of material
erupted.
Mudflow: A flow of rock debris, ash and mud that occurs on many volcanoes
particularly during eruptions and after very heavy rain
Pyroclastic flow: These are flows of volcanic fragments similar to avalanches of rock
in landslides and snow avalanches. They can be formed both by explosions and by
parts of an unstable lava dome avalanching.
Pyroclastic surge: These are also flows, but they are dilute clouds rather than dense
avalanches. A surge is a rapidly moving mixture of hot particles and hot gas and
their behaviour can be compared to a very severe hurricane. Surges can be formed
above pyroclastic flows or directly by very violent explosions.
Swarm: A large number of, in this case, earthquakes occurring in rapid succession
with characteristics indicating they are generated from a similar region in the
earth. Can merge into tremor.
Volcanic ash: Ash particles are defined as less than 4 millimetres in diameter.
Respirable ash consists of particles less than 10 microns (a micron is one
thousandth of a millimetre) in diameter.
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Appendix 6: Modified Chief Medical Officer’s Risk Scale (CMO*)
Negligible (F): an adverse event occurring at a frequency below one per million.
This would be of little concern for ordinary living if the issue was an
environmental one, or the consequence of a health care intervention. It should be
noted, however, that this does not mean that the event is not important – it almost
certainly will be to the individual – nor that it is not possible to reduce the risk
even further. Other words which can be used in this context are ‘remote’ or
‘insignificant’. If the word ‘safe’ is to be used it must be seen to mean negligible,
but should not import no, or zero, risk.
Minimal (E): a risk of an adverse event occurring in the range of between one in a
million and one in 100,000, and that the conduct of normal life is not generally
affected as long as reasonable precautions are taken. The possibility of a risk is
thus clearly noted and could be described as ‘acceptable’ or ‘very small’. But
what is acceptable to one individual may not be to another.
Very low (D): a risk of between one in 100,000 and one in 10,000, and thus begins to
describe an event, or a consequence of a health care procedure, occurring more
frequently.
Low (C): a risk of between one in 10,000 and one in 1,000. Once again this would fit
into many clinical procedures and environmental hazards. Other words which
might be used include ‘reasonable’, ‘tolerable’ and ‘small’. Many risks fall into
this very broad category.
Moderate (B): a risk of between one in 1,000 and one in 100. It would cover a wide
range of procedures, treatment and environmental events.
High (A): fairly regular events that would occur at a rate greater than one in 100.
They may also be described as ‘frequent’, ‘significant’ or ‘serious’. It may be
appropriate further to subdivide this category.
Unknown: when the level of risk is unknown or unquantifiable. This is not
uncommon in the early stages of an environmental concern or the beginning of a
newly recognised disease process (such as the beginning of the HIV epidemic).
Reference: On the State of Public Health: the Annual Report of the Chief Medical
Officer of the Department of Health for the Year 1995. London: HMSO, 1996.
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