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Summary
(i) Activity at the surface of the volcano has been at a very low level during the past
six months. Whilst there have been no major collapses of the dome, or explosions,
rockfalls and minor pyroclastic flows into the Tar River Valley have occurred that
have eroded the eastern side of the dome. However, the main mass of the 20062007 lava dome remains intact, and whilst it remains so it is capable of generating
major pyroclastic flows for years to come. Also, the flow of gas continues to
stream through the dome from the magma deep in the Earth, forming the visible
plume. The flow has increased during this period.
(ii) It is now thirteen months since the volcano stopped extruding lava. We are
confident that the volcano as a whole is still capable of sending more lava to the
surface, based on the emission rate of sulphur dioxide and the inflation of the
ground measured by MVO. The probability that this current pause in extrusion
will continue for at least another year we estimate at 29%. More likely, at 54%
probability, is that the pause will end in a large collapse of the dome into the Tar
River Valley, probably caused by new lava forcing its way towards the surface.
Alternatively, lava may find a way to reach the surface without initiating a large
collapse or explosion, but we think the probability of this is lower, 15%.
(iii) A collapse of the dome to the north or west that could threaten populated areas
remains a small, slowly diminishing, but real possibility. The likelihood of this
occurring will increase significantly as magma rises towards the dome during any
resumption of lava extrusion. We would expect to see some early seismic
indications of this rise of new magma with at least a few days notice, and maybe
as much as several weeks.
(iv) We have estimated the annual risk of death to individuals living in areas around
the Belham Valley from volcanic activity, using the same assessment method as
we used in the October 2007 analysis (see Fig.1 below). For a person living fulltime in Area 1, the risk is 1-in-2,500 (2.4 times greater than the background risk of
accidental death in the north of Montserrat). In Area 2, immediately to the north as
far as Nantes River, the risk is 1-in-30,000 (1.1 times the background risk).
Between Nantes River and Lawyers River (Area 3) the risk is 1-in-6.6 million
(1.001 times the background risk). These individual risk levels are slightly
reduced when compared to those assessed six months ago, in October 2007.
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Fig. 1 Map (top) showing population Areas [1-3]. The dashed line is the estimated
southern boundary that can be reached by a pyroclastic surge produced by a collapse
of 20 million cubic metres of dome material, the northern boundary of this is the solid
line between Areas 1 and 2. The bottom satellite image shows the area around St.
George’s and Garibaldi Hills and the outline of a prospective Day-Time Entry Zone,
DTEZ, the northern edge of which is the southernmost black line in the upper map.
iii
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Introduction
1. The tenth meeting of the Scientific Advisory Committee (SAC) on Montserrat
Volcanic Activity took place at the Montserrat Volcano Observatory (MVO) from
14 to 16 April 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 of the meeting is given in Appendix
2.
2. This meeting was the first to work with the new management team for MVO,
comprising the Seismic Research Unit of the University of the West Indies (SRU)
and the Institut de Physique du Globe de Paris (IPGP), who took over
responsibility on 1 April 2008. In addition to the members of the SAC (Professor
G. Wadge (Chairman), Dr. W.P. Aspinall, Professor K. Cashman, Professor J.
Neuberg, and Professor B. Voight), there were several attendees from MVO, SRU
and IPGP. Appendix 3 gives a full list of participants and their affiliations. We
spent a considerable part of the meeting discussing the new plans for the operation
of the observatory. Dr Madeleine Humphreys was also invited to attend by the
SAC to present results at the meeting from her ongoing long-term study of the
composition of the rocks from the volcano.
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 17 April 2008 (Appendix 4). A public
meeting was held on the evening of 16 April at the Credit Union Building in
Brades to explain the preliminary findings to the public under the chairmanship of
Mr James White Jr. of the DMCA. A television interview of Wadge and Acting
Director Stewart by ZJB’s Kafu Cabey based on the findings of the meeting was
recorded on 17 April 2008.
4. In addition, on 18 February 2008 we had responded briefly to a set of queries from
the Emergency Planning Group, made on 7 February; this response is recorded in
Appendix 5. Appendix 6 provides a glossary of technical terms, and Appendix 7
gives a version of the Chief Medical Officer’s (CMO) scale of risk.
Recent Volcanic Activity
5. There has been very little surface volcanic activity over the past six months. No
new lava was extruded and there were no major collapses from the dome. It has
been one of the quietest periods since the eruption began.
6. The three distinct lobes of lava at the summit of the dome, present at the end of
lava extrusion in April 2007, remain. There have been a number of rockfalls and a
few minor pyroclastic flows from the dome into the Tar River Valley. As a result
of these, the uppermost part of the talus has been removed on the eastern side
exposing a steep band of core lava below which a chute channels material to lower
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levels. Similarly, erosion of talus has begun to re-expose the buried northern crater
rim.
7. Gases escape from the dome in several areas. On the southern and northern talus
slopes multiple gas vents release mainly water-rich gas. Sulphur deposits are
evident around the southern vents. These locations have been a common feature
for much of the eruption. On the western side of the upper dome, just inside the
buried Gage’s Wall, is a vent releasing a large flux of gas with a pale blue tint,
indicative of sulphur dioxide. This vent formed in February 2006 and has been the
source of weak ash generation in the past, roaring noises, and the cause of minor
erosion of the Gage’s Wall (September 2006).
Monitoring Results
8. A lidar survey of the shape of the dome undertaken in March 2008 gave an
estimate of 195 million cubic metres for the volume of the dome. This figure is
within the bounds of uncertainty of the volume estimate of 203 million cubic
metres derived from photogrammetry in April 2007.
9. The low levels of rockfall seismicity seen in 2007 declined even further during
2008. There were two minor swarms of long-period earthquakes on 23 November
2007 and 28 January 2008, the latter being co-incident with roaring from the
Gage’s Wall vent. Volcano-tectonic earthquakes occurred between the surface and
4 km below the dome. These may be caused by stress changes around the conduit.
10. The reference GPS line between the South Soufriere (SOUF) and old MVO
(MVO1) receivers continued the same extensional trend that began when
extrusion stopped in April 2007. This extension is slower than the equivalent
contracting trend seen during lava extrusion, but is comparable to the extension
measured during the first year of the last pause in activity. This pattern is
confirmed by most of the other GPS stations and the EDM lines on the northern
side of the volcano. This extension is consistent with an island-wide pattern of
surface inflation due to the magma reservoir re-charging at depth. Any
deformation due to the effects of surface loading by the dome dies away over a
much shorter distance from the volcano than that being monitored between MVO1
and SOUF.
11. The lack of any fresh, degassing andesite magma high in the conduit was
confirmed by low measured HCl/SO2 ratios. Sulphur dioxide was emitted at a rate
above the long-term average (about 500 tonnes/day). Because several instruments
in the measurement network have failed, there are some doubts about the absolute
values, but a gradually increasing long-term trend seems real. This indicates not
only that basalt degassing is ongoing, but also that the system may be becoming
more permeable to deep gas loss or that gas production has increased. High values
of sulphur dioxide measured by ground-based diffusion tubes to the west of the
volcano have been recorded, as was also seen during the previous pause in 2005.
12. Ongoing retrospective petrological analysis of the lava erupted over the last few
years indicates that the amount of the basalt magma incorporated into the andesite
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lava that appears at the surface may be greater than previously appreciated.
Understanding the mass balance of this interchange and being able to monitor it
through time would help to understand the dynamics of the magma chamber.
Unfortunately, it is too dangerous to sample the lava directly as it extrudes.
Probable Future Behaviour
13. The current pause is 13 months long. Previous pauses have lasted 20 months
(March 1998 – November 1999) and 24 months (July 2003 – August 2005).
Despite the presence of a large dome, the “residual” surface activity now is far
less than was the case during the first pause, when there was also a dome, and is
much more like the second pause when there was no dome. The main difference
between the first year of this pause and the first year of the second pause is the
increasing trend of sulphur dioxide output in 2007-8. A few months prior to the
ends of both previous pauses, the level of seismicity, and particularly long period
seismicity, increased and there was a resumption of steam-rich explosions. We
anticipate such behaviour could recur prior to any future resumption of lava
extrusion.
14. It is possible that lava extrusion will never resume. For this to happen certain
conditions in the volcano will have to exist, such that 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 the deformation and gas measurements do not meet them.
We find that there is at least a 98% probability that the process that powers the
eruption, the entry of basalt-enriched magma into the andesite magma reservoir, is
still occurring.
15. We think the probability that this pause will continue for at least another year is
just under 29%. More likely (54%) is that there will be a major collapse of the
dome into the Tar River Valley during the next year. Whilst this dome, which
formed between 20 May 2006 and 4 April 2007, has been quite stable until now,
the effect of new magma rising from the conduit into the base of the dome could
lead to destabilization and deep seated failure. The probability of quiet lava
extrusion over an equivalent period is considered much less (just under 15%).
16. Any collapses of the dome to the north or west, or explosions, could pose a threat
to life. As in our last report, we think the probability of this occurring over the
next year is much lower than the other possibilities, mentioned above, and has
lessened slightly, to about 2%, from six months ago.
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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 and mudflows. The dome itself has lost energy
over the last year and although it remains a hot and dangerous mass, the
probability of it collapsing and/or producing a lateral blast to send large
pyroclastic flows down the Belham Valley has reduced slightly.
18. Any pyroclastic flow of sufficient size (~ 10 million cubic metres) entering the sea
could generate hydrovolcanic surges along the coast and a small (~1 m) tsunami
further afield. 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. Two, generally non-life threatening, hazards that could be produced by a large
collapse of the dome into the Tar River Valley are ash falls and elevated gas
levels. Several centimetres of ash could be deposited in northern Montserrat
depending on the wind direction. High concentrations of sulphur dioxide could
also be released and could likely flow down the Belham Valley, again depending
on meteorological conditions; the effects of gas could have health implications for
some vulnerable people.
Assessment of Risks to People
20. Any method for assessing the volcanic risks faced by the people of Montserrat
must be consistent, thereby providing continuity from one assessment to another,
yet flexible enough to adapt to changed circumstances at the volcano. A rigid
framework can eventually lose relevance or credibility, as in the case of the Alert
Level system. The current area zonation (Areas 1 - 3) north of the Belham Valley
was established in response to the early 2007 activity and hazards posed on the
northwestern side of the volcano, and has remained a relevant risk analytical
framework since. A major collapse or the resumption of lava extrusion may
warrant changing this zonation. Alternatively, a continuous ‘surface trend’,
representing different levels of individual risk across the area, could be regenerated, from which a fixed threshold level of risk could be selected, the
location of which might vary from one assessment to the next. We advocate a
study exploring the relative benefits for Montserrat of using such alternative
approaches for determining risk exposure.
21. Meanwhile, we continue using the fixed zone approach in which 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 that area will be exposed. We use the modified UK Chief
Medical Officer’s (CMO*) scale (Appendix 7) 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.
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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).
22. Risks to people living between Isles Bay Hill and Lawyers River
The provisional number of people in Area 1 (Fig.1) is taken, currently, to be about
55 persons, including those who returned following the re-opening of the
previously closed area. However, the present Area 1 covers a wider area than that
evacuated and more people are believed to have re-settled there than previously
tallied, so a larger population figure (127 persons) is also examined, a total which
is more in line with earlier census estimates (this number is slightly lower than the
number used in the August 2006 assessment, when about 150 persons were
assumed to be living in what is now Area 1). The peak population in Area 2 is
taken to be unchanged, at about 1020 persons, as is that of Area 3, at about 315
persons. Overall, individual risk exposure levels are slightly lower than those
determined in the October 2007 SAC9 assessment. The individual risk exposure
for a person living full-time in Area 1 is marginally lower (down from 1-in-1700
to 1-in-2500 per year). This remains within the CMO* scale category C and
represents a risk that is 2.4 times that of the background risk of accidental death in
Montserrat. The reduction for Area 2 (from 1-in-21,000 to 1-in-30,000) leaves the
exposure level down in the next category on the CMO* scale (i.e. D) and is now
1.1 times that of background risk of accidental death. In the case of Area 3, the
individual risk exposure is currently about 1-in-6.6 million, in CMO* scale
category F, or 1.001 times the level of background risk of accidental death.
23. Risks to people visiting a DTEZ
A prospective DTEZ area, as designated in Fig.1, is similar to that used in earlier
years, though it differs in the detailed positioning of the boundaries. The volcanic
hazards faced in this area are of variable severity in different parts. Near to the
northern and southern boundaries the hazard from pyroclastic flows and surges
descending the Belham Valley and Gages Valley are greater than those further
west. St George’s Hill is more exposed to fallout hazard. However, the hilly
topography that might provide some protection from collapse-generated
pyroclastic flows would not do as much to deflect the high energy flows from
lateral blasts.
The estimated annual risks by locality within the DTEZ and in Plymouth for an
individual (IRPA) entering the DTEZ for 8 hours a day, six days a week are:
DTEZ: Between 1 in 5,400 and 1 in 20,000, corresponding to risks in
bands C and D on the CMO* scale, and increases over background risk
level of accidental death of between 1.7x to 1.2x, depending on the
location within the DTEZ.

5

Plymouth: 1 in 2,300 C on the CMO* scale, 2.6x background risk level of
accidental death
24. Risks to workers at Trants - Farm
Workers extracting sand and gravel from Trant’s beach and neighbouring flow
deposits are at risk from pyroclastic flows. The area at least 1 km to the south of
Trants Yard, across to the former Farm River and beyond is now being worked.
Working closer to the volcano is more dangerous and, crucially, escape times are
much longer. The likelihood of a pyroclastic flow incursion into the Trants/Farm
area in one year is now assessed at 1-in-26 [90% conf. interval: 1-in-57 to 1-in23]. We understand that current safety practices at Trants 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 12,000, or about 2.7x higher than the occupational risk
level for the (UK) extractive & utility supply industry. If these protection
measures fail, or are not implemented, then the IRPA would rise to about 1-in3750, or about 6x the equivalent UK occupational risk.
25. Risk to workers on the Corbett Spring Road
We understand that a road is proposed to be built between Jack Boy Hill and
Corbett Spring in the headwaters of the Farm River catchment. The Corbett
Spring area currently lies just inside the Exclusion Zone. This area is just within
the northward spreads of some of the more extreme pyroclastic flow simulations
that we have run, which enter the upper Farm River valley over the Harris Ridge.
The proposed routing of the road is not clear, but a northerly route via the ridge by
Locust Valley and the upper part of the Lee River Valley is assumed. The
individual risk exposure to a person working normal hours at the Corbett Spring
end of the road is about 1 in 30,000 (in the CMO* D band). A more southerly
route for the eastern part of the road via Trants Estate and south of Locust Valley
Yard would raise the risk exposure.
26. Risks to workers building a road from Isles Bay to Richmond Hill
There is renewed interest in a long-standing proposal to construct a road from the
Belham Valley round to Fox’s Bay on the west side of Garibaldi Hill, with an
extension on to Richmond Hill. The highest risk part of this route is at the
Richmond Hill end, where there is estimated to be about a 1-in-230 chance of a
flow/surge incursion in one year, and a 1-in-1200 chance of a blast reaching the
area. With these hazards, the individual risk exposure for a worker would be
about 1 in 10,000, or about 3x the equivalent UK occupational risk.
27. Risks to workers at Fox’s Bay ramp
Construction of a ramp at Fox’s Bay would enable barges to be loaded with
aggregate from trucks using this road. At Fox’s Bay, the worker has an IRPA of
about 1 in 11,600, which is about 2.7x the equivalent UK occupational risk.
28. Risks to workers on the Weekes Crossing Road
A road from Cork Hill to the Killikrankie Spring, crossing the Belham River at
Weekes, is proposed. We considered this issue in our note of 18 February 2008.
As we pointed out, the high risk comes from the valley crossing itself which here
was overrun by the pyroclastic flows of 8 January 2007 and 25 June 1997, and is
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about 2 km closer to the volcano than the Belham bridge. Traversing the valley on
the road will take quite a short time and so the risk exposure in those terms is low,
but for any construction work in the valley itself will be much higher. The higher
reaches of the road at Killikrankie itself pose little risk. In the next year, there is
about a 1-in-56 chance of a flow or surge reaching the vicinity of the crossing, and
about a 1-in-2200 chance of a blast striking the locality. For a worker in the
valley, the estimated IRPA of being killed by volcanic activity is therefore about 1
in 3,000, which is about 7.6x the equivalent UK occupational risk.
29. Risks to workers at the Belham gravel site
For workers in the Belham Valley extracting sand and gravel several hundred
metres below the bridge, we have included in the hazard scenarios a flow/surge of
between 5 and 10 million cubic metres from a NW-directed event. Using the new
probabilities elicited at SAC10, the range of scenarios with potential to affect the
lower central part of the Belham Valley gives a chance of a flow/surge incursion
into that area of about 1-in-145 in a year, with a blast incursion probability of
about 1-in-2500. For limited working time exposure (i.e. not full time
occupation), the IRPA for a worker in this part of the Belham Valley is about 1 in
5,800. In terms of (UK) extractive and utility industries, this exposure is 4.5x
greater than the generic fatality rate for such workers. No allowance is made in
this estimate for possible mitigation/escape measures, which could reduce the risk.
30. Risks to workers and taxi drivers in Plymouth
The satellite image in Fig. 1 shows the area that remains of northwestern
Plymouth, including the jetty. Workers loading aggregate at the jetty or tourists
being escorted by taxi drivers are the people who might place themselves at risk in
this area. For workers at the jetty (operating for 8 hours a day, five days a week),
the IRPA exposure is about 1 in 2750, or more than 8x the UK occupational risk
level. For a taxi driver who makes, say, four trips a week lasting 2 hours each, the
IRPA is 1 in 19,000; in other words, he is increasing his accidental death risk by
20% above background.
31. Risks in the Maritime Exclusion Zone
The Maritime Exclusion Zone was last amended in September 2007 when the
zone around Old Roads Bay was removed. In our last two reports we have
advocated that the area offshore from Spanish Point to Pelican Ghaut be part of
the zone. This area of ocean is at risk from pyroclastic flows and surges to the
northeast spreading out over the sea, particularly in the event of a major collapse
of the dome. We make that point again and show in Fig. 8 of Part II the zone that
might be affected, decreasing from 4 kilometres off Spanish Point to 2 kilometres
off Pelican Ghaut.
The Operation of MVO
32. The new management contract for MVO took effect on 1 April 2008, just prior to
our visit. We are grateful to Dr Hards and Mr Strutt for compiling their report for
the meeting and for effecting a smooth transition. We also thank the British
Geological Survey for their stewardship of MVO, and in particular for the BGS
scientists who have helped the SAC to do its job over the past five years.
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33. For the next five years MVO will be jointly managed by the Seismic Research
Unit of the University of the West Indies (SRU) and the Institut de Physique du
Globe de Paris (IPGP). This meeting was attended by a large number of observers
from SRU and IPGP who wanted to familiarise themselves with the way the SAC
works. We were made to feel most welcome by the Acting Director, Roderick
Stewart of SRU, and the rest of the MVO staff.
34. The new management plans call for five scientific staff, an increase of one from
the previous complement, to include a director, a seismologist, and three
volcanologists to measure deformation, gas/petrology and dome growth/general
geology. All existing staff have been offered (UWI-scale) contracts. There will be
eleven technical and administrative staff; two-and-a-half more than before,
covering scientific technical, outreach and senior electrical engineer positions. All
staff will have leave cover provided and will be encouraged to develop their
careers via secondments and to work on other volcanoes in the eastern Caribbean.
Until a new Director is appointed, R. Robertson will be Director of MVO and will
join a rota of four other Acting Directors (R. Stewart, N. Fournier, J-C.
Komorowski and G. King). From May 2008 Dr Graham Ryan will be on leave of
absence for a year at the University of Auckland in New Zealand. Mr Michael
Allen the software engineer who began in October has been working remotely
from off-island during 2008. This arrangement does not appear to have been
wholly satisfactory and a full-time on-site engineer is vital.
35. A new capital budget has been approved and funds for equipment should not be a
limitation. Whilst the seismic network has been performing well, new efforts in
backup processing and the development of a capability in real-time velocity
tomography will be pursued. A complete review of seismic provision is
anticipated after five years. The cGPS network owned by MVO will be expanded
to seven receivers involving the installation of four new instruments, with one on
Silver Hills. This will provide MVO with its own, fully independent capability,
with global frame of reference processing and integration into the SRU regional
network. Where possible, local EDM measurements will be made to the receiver
sites to check motions and near-real-time experimental measurements begun. Lband InSAR measurements of surface motion from satellite will complement the
GPS data. The new crater rim tiltmeter sites have been prepared. The plan to reestablish, expand and improve the DOAS sulphur dioxide measurement network
goes ahead with new efforts to better measure wind speed. Use of an active source
with the FTIR should improve the frequency of measurements. Environmental gas
measurements could be expanded by placement of “Japanese boxes” under the
plume. However, this area of work needs to be championed by a designated
member of staff, so that any scientific insights are not missed. Photogrammetric
surveys of the dome will be improved with better cameras and software. Acoustic
flow meters for detecting Belham Valley mudflows and pyroclastic flows have
never been properly tested and now would be a good time to install them.
36. Caribbean Helicopters were unable to provide a service between August and
November of 2007 whilst their machine was out of commission. However, their
service has resumed and their contract has been extended for another year. Efforts
are being made to reduce dependency on helicopters for maintenance visits. The
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need for a twin-engined machine is governed by British aviation laws on flying
over the sea (from Antigua).
37. The current software for data interrogation within MVO is a major improvement
on earlier versions, but not ideal. The intention is to replace it with the WebObs
software used at the IPGP observatories. There will be a full data archive that will
be automated and held at MVO and SRU. BGS are currently making a valuable
effort to improve access to the pre-2008 database. Ideally, the MVO data archive
should be made seamless across these management changes.
38. MVO will build its own risk assessment capability. This will be a major duty of
one of the staff volcanologists. We welcome this development. As we have argued
before, the ability to re-assess quickly (as the SAC is asked to via “interim”
reports) to changed circumstances of the volcano’s behaviour should be best
managed locally. Whilst all staff will be encouraged to participate in outreach
activities the presence of a full-time staff member with this remit should improve
consistency. A Business Plan for MVO will be written. At the moment the
recommendation of the CCG Science and Management Audit to establish a Trust
Fund for MVO to provide stable long-term financing has not been followed up.
39. Properly managed collaboration with external research groups has been a strength
of MVO and this is set to continue. A “virtual” Science Board will look at
proposals for new research and MVO’s strategic needs and SRU is keen to
involve more students from UWI in MVO-related research. Existing memoranda
of understanding will be honoured. Existing and planned collaborations include
the following. An IODP ocean drilling leg (and preparatory work) is currently in
review (for 4-5 years hence). A new infrasound deployment on St George’s Hills
for the analysis of explosions is underway in collaboration with M. Ripepe
(University of Florence). M. Edmonds (University of Cambridge) plans to
measure the carbon dioxide flux. A grouping (Wadge, Neuberg, Edmonds and
Oppenheimer) under the new UK National Centre for Earth Observation (NCEO)
proposes to study the short-term flux variations of lava and gas and their various
proxy signals in the event of renewed extrusion. The second generation of AVTIS,
ground-based radars will return in October 2008, with an autonomous version
planned for deployment at Perches in 2009. The SEA-CALIPSO project may
generate follow-up work.
SAC Membership
40. Dr Robertson had resigned from the SAC after the successful SRU bid to manage
MVO. No further changes are expected for the next six months.
Next SAC Meeting
41. We see the need to meet again in six months time to re-assess the prospect of a restart and intend this to be from 20-22 October 2008.
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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 SAC10

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

16.
17.

18.

14-16 April 2008

Welcome, this meeting, interim report, public meeting
New contract, management plans/staffing
MVO Activity Report
SEA-CALIPSO preliminary findings (BV)
The current pause
Comparison of the 3 pauses
Centre Hills springs record
State of the dome
Long-term petrology survey (MH)
End-of-eruption criteria and assessment
Long-term prognosis
1-5 years
5-20 years
One-year hazard scenarios elicitation
Alert levels, risk categories
Risks in the Exclusion Zone
DTEZ
Risks in the Vulnerable Zone
Work/Visit
Trants Bay
Corbette Spring road
Foxes Bay barge ramp
IslesBay-Richmond Hill road
Weekes Crossing road
Belham
Plymouth
Maritime exclusion zone
MVO Matters
Helicopter
Monitoring
Collaboration
SAC Matters
Membership
Next meeting

13

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. K.V. Cashman University of Oregon, USA
Prof. J. Neuberg

Leeds University, UK

Prof. B. Voight

Penn. State University, USA

People present in an advisory or observer capacity
Dr. R.E. Robertson (Director, MVO, SRU)
Mr. R. Stewart (MVO, SRU)
Dr. G. Ryan (MVO)
Mr. T. Christopher (MVO)
Dr. S. De Angelis (MVO)
Mr. T. Sayers (MVO)
Ms V. Bass (MVO)
Mr. M. Fergus (MVO)
Mr. P. Williams (MVO)
Dr. J.-C. Komorowski (IPGP)
Dr. L. Arnaud (IPGP)
Dr. J.-B. Chevallier (IPGP)
Dr. G. Levieux (IPGP)
Mr. F. Dondin (SRU)
Mrs. E. Joseph (SRU)
Dr. N. Fournier (SRU)
Dr. M. Humphreys (University of Cambridge)
Miss A. Donovan (University of Cambridge)
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Appendix 4: SAC10 Preliminary Statement, 17 April 2008
It is now one year since lava was last extruded at the dome. There has been very little
surface activity during this period apart from occasional rockfalls, mudflows and
small pyroclastic flows, mainly in the Tar River valley. These have begun to erode
into the talus banked up against the dome, exposing more of the dome’s lava core. On
the northern and western sides of the dome there has been no change in shape.
Remote measurements there show hot temperatures at a gas vent indicating the
presence of very hot rocks close to the surface.
Over the last six months sulphur dioxide has been emitted at a high rate and MVO’s
GPS measurements show that the ground surface has been inflating steadily. This
suggests that the volcano continues to re-charge with new magma at depth, in a
similar way to that observed during the two previous pauses in extrusion of lava.
However, the lack of seismicity indicates there is no magma making its way to the
surface.
We consider that during the next year the most likely major change will be a collapse
of the dome down the Tar River Valley. However, whilst a large dome remains a
large dome collapse with pyroclastic flows into the Belham Valley remains a
possibility and poses a continued threat to inhabited areas there. Continued surface
inactivity is also considered likely. Risks to individuals in most areas have reduced
slightly since October 2007. We have considered a range of scenarios for workrelated activities around the volcano and will report on those risk levels in full in our
detailed risk assessment for the year ahead. That report will follow within the month.
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Appendix 5 : SAC response to queries from an EPG meeting of 7 February 2008
Following a meeting of EPG on 7 February 2008 we received a request from Mr Mick
Strutt, Director MVO, for our opinion on three risk matters:
1. What are the implications of re-opening of the Day Time Entry Zone between
Plymouth and Cork Hill that existed prior to 2004?
2. What is the risk to DMCA/PWD road workers re-establishing a road to
Killikrankie Spring from Cork Hill via a Weekes Crossing of the Belham
River?
3. The effects of moving the locked gate to the road at Pelican Ghaut down the
hill to just the other side of the gravel heaps, thus allowing 24 hr access to
them.
Background
Soufriere Hills Volcano continues its pause in lava extrusion. There has been no
major collapse of the dome during this paused period. We have looked at the most
recent trends in the surface deformation measured by GPS and the emission rate of
sulphur dioxide. The former shows a consistent inflationary signal since the end of
extrusion in April 2007 and the latter has been elevated above the long-term average
since about August 2007. Both of these signals are strong indicators that basalt is
actively entering the magma reservoir of the volcano, re-charging the system. Our
expectation that the volcano is likely to renew its eruption of more lava in the
medium-term future (sometime during the next year or more) - expressed in the last,
SAC9, report - holds.
There has been, as yet, no mild ash explosions or generally increased seismicity
(though there was a minor swarm in January) that we might expect to see as a result
of magma rising within the upper conduit prior to resumption of lava extrusion. The
status of the volcano from a hazard perspective is very similar now to when we last
undertook a full risk assessment in October 2007 (SAC9). The large, hot
(temperatures of nearly 500°C measured remotely in January) dome still sits above
Belham and Gages valleys. Thus we consider the quantitative risk levels assessed in
October 2007 to be generally still applicable now.
DTEZ
The former DTEZ (see Fig.1 Technical Report SAC2, March 2004) included an area
from Richmond Hill, Fox’s Bay, Cork Hill and the lower Belham Valley, but
excluded St George’s Hill and Isles Bay. Part of this area – lower Belham Valley and
northern Garibaldi Hill - is now within the expanded Area 1 of the SAC9 report,
whose risk we evaluated in October 2007. The DTEZ comprises areas of very
different risk exposure, and is potentially affected by flows down the Belham and
Gages valleys. We prefer to make a full quantitative risk assessment of this area, that
is, one that is explicitly specified for this purpose, at the next SAC meeting in April
2008. In the meantime we should assume that the annualised risk of death for a fulltime resident is at least as great as that for Area 1 in the SAC9 report – 1 in 1700.
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Weekes Crossing
There are two issues relating to the risk exposure of workers at the proposed Weekes
Crossing: whereas the probability of a blast or pyroclastic flow of a given size moving
into the Belham Valley may have reduced marginally since our last SAC assessment
in September, because the dome has cooled and stabilised slowly, there is a higher
likelihood that a such a flow or blast will reach Weekes Crossing than reaching
Belham Bridge (which our last assessment was concerned with). Thus, in considering
Weekes Crossing, the reduced probability of an event starting at the dome is offset by
the significantly shorter runout involved (the proposed crossing is about 2km closer to
volcano than Belham Bridge sand extraction works). In addition, this closer proximity
to the volcano, and less favourable terrain, means that any warning time and chances
of escape are reduced for this locality. Safety measures to provide alerts and speedy
evacuation drill could help to mitigate some of this. A provisional quantitative risk
assessment suggests that the annualised risk of death for workers there is currently
about 1 in 2,500, or about nine times the exposure for workers in the UK extractive
industries (the equivalent risk at Belham Bridge from the last SAC was 1 in 3,100).
This situation would require immediate review if dome extrusion restarted. In such a
case the risks would increase substantially.
Trant’s Gate
The day-time (8 hour) working of sand and gravel at Trant’s was assessed (SAC9) as
posing an annualised risk of death to those workers of 1 in 14,000 provided safety
practices were maintained (1 in 5,000 if not). This still holds. The proposal to move
the gate to allow 24-hour access to the gravel heaps on the most northerly beach, but
not to the excavation areas further south, beyond the new gate position would increase
this risk because this area is potentially reachable by a large pyroclastic flow or surge.
During darkness and when MVO is not manned the safety practices can be assumed to
be much less effective. Here, we assume safety measures in place for 12 hours and not
in place for the remaining 12 hours of round-the-clock working. This gives a risk
level of about 1 in 3,000, or about seven times the equivalent UK occupational risk.
Consideration will need to be given as to whether the new gate will make it any easier
for unauthorised vehicles to gain access to the Exclusion Zone by off-road detour.
We will look at these issues again having undertaken a fuller quantitative risk
assessment during our April 2008 meeting. The usefulness and accuracy of our
assessment will be helped by as explicit a statement(s) of the scenarios as possible
from the authorities, including geographical boundaries, number of workers or people
entering the various areas, and type and hours of occupancy or work.
SAC
18 February 2008
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Appendix 6: 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 7: 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.

19

