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Summary
(i)

The vigour of this third episode of lava dome growth is in marked contrast to the
second episode, which had an extrusion rate about half that observed in 20052006. It is possible that this third episode involves a higher rate of supply of
basalt into the magma reservoir. Two similar lava domes have been built: the
first from August 2005 to 20 May 2006 reached a height of just over 1000
metres above sea level and a volume of about 100 million cubic metres before
collapsing very energetically, the second, which has been growing from 20 May
2006 to the present reached a height of about 930 metres above sea level and a
volume of about 55 million cubic metres by the end of August 2006. Another
collapse of this current dome down the Tar River Valley is considered likely in
the next few months.

(ii)

The 20 May 2006 collapse event was similar in some respects to that of 12 July
2003: there was premonitory long period seismicity, almost all of the dome was
removed, the effects of the pyroclastic flows entering the sea sent pyroclastic
surges back onto land and a small tsunami was created. But the 2006 collapse
was distinct in its rapidity, the great height of its plume (20 kilometres, the
highest during this eruption) and the large amount of sulphur dioxide released.
This indicates that the 20 May 2006 dome was hotter and more gas-rich than
that of July 2003, and the current dome is of similar character.

(iii) The present dome has reached a size where it could overtop the crater rim within
a few months and threaten the western or northern flanks of the volcano with
dome collapse pyroclastic flows. Moderate-sized collapse volumes of a few
million cubic metres could be possible then and flows generated from these
might threaten Plymouth but not the lower Belham Valley. The dome would
have to grow much larger (without collapse down the Tar River Valley) to
permit partial collapses large enough to reach the sea via the Belham Valley.
(iv) The development of a new, vigorously degassing vent in the westernmost part of
the crater on 31 August led to erosion of Gage’s Wall ten days later. The
lowering of the crater rim by erosion or partial collapse could aid release of
future pyroclastic flows in this sector, influencing the risks to Plymouth, but not
likely the lower Belham Valley.
(v)

We have begun to reappraise the way in which we describe risk exposure for
individuals on Montserrat.
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Introduction
1. The seventh meeting of the Scientific Advisory Committee (SAC) on Montserrat
Volcanic Activity took place at the Montserrat Volcano Observatory (MVO) from
28 to 30 August 2006. 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. The meeting was attended by: Professor G. Wadge (SAC Chairman), Dr. W.P.
Aspinall (SAC), Professor K. Cashman (SAC), Dr. T. Christopher (MVO), Dr. S.
Loughlin (MVO), Dr. B. Baptie (MVO), Prof. J. Neuberg (SAC), Dr. G. Ryan
(MVO), and Professor B. Voight (SAC). Mr. T. Syers and Ms. V. Bass (MVO)
were present for part of the first day. Appendix 3 gives a list of participants and
their affiliations.
3. Because of the dome collapse of 20 May 2006, and the subsequent rapid dome
growth, we gave considerable time during the meeting to considering the
implications of the changed character of the eruption during Episode 3. This
included an assessment of the high rate of storage and release of sulphur dioxide,
the possibility of enhanced forecasting of the likelihood of future major collapse
events and an improved analysis of the hazards posed by dome collapse
pyroclastic flows. We also discussed possible alternatives to the use of the Chief
Medical Officer’s Risk Scale.
4. There are two parts to this report: Part I contains the main findings and Part II
contains the technical aspects of the assessment. Appendix 7 has a glossary of
technical terms. Prior to the meeting the SAC had been asked by the Governor to
provide an interim risk assessment for workers at the jetty in Plymouth. This was
delivered on 19 May 2006 and is included here as Appendix 5. Following the 20
May 2006 collapse an update of this assessment was requested and delivered and
this forms Appendix 6. A Preliminary Statement from the meeting was issued on
31 August 2006 (Appendix 4). An interview with Wadge that discussed some of
the preliminary findings of the risk assessment meeting was broadcast on ZJB
Radio that same day. A two-hour public meeting was held that evening at Brades
to explain the preliminary findings to the public, also recorded by ZJB. This was
chaired by Mr. J. White of DMCA and was attended by H.E. the Governor, Mrs.
D. Barnes-Jones, by the acting Chief Minister and Minister for Health and
Education, the Hon. Mr. J. Osborne, by the Hon. Mrs. A Dyer-Howe (Minister for
Lands and Agriculture) and by the Hon. Mrs. I. Meade (Minister for
Communications and Works).
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Recent Volcanic Activity
5. Vigorous dome growth has continued, as it has for much of 2006. The second
largest collapse event of the whole eruption occurred on 20 May 2006. Prior to
this the lava dome had been unusually stable, producing very few pyroclastic
flows or explosions. It is also remarkable that there was no break in the extrusion
of lava following the collapse, and in the succeeding four months another large
dome has grown, such that its size at the end of August 2006 was very similar to
that of the dome in March 2006.
6. The previous dome had grown to a volume of about 100 million cubic metres and
an altitude of just over 1000 metres above sea level by the time of the 20 May
collapse. There was an increase in long-period earthquakes on 18 May and a few
hours before the start of the collapse the direction of dome growth had visibly
changed from southwest to northeast. Rainfall accompanied the early stages of the
event but not at very great rates. It is not clear that in this instance rainfall acted as
a trigger to the collapse process. The collapse occurred quickly, between about
02:20 and 09:00 local time, with most of the large pyroclastic flows entering the
sea off Tar River Valley between 06:30 and 08:30. These caused a minor tsunami
recorded at Guadeloupe, Antigua and Little Bay, Montserrat. Several explosions
from 07:32 to 08:02 sent an ash plume over western Montserrat with rock
fragments up to 6 centimetres in size reported from Olveston and ash up to 3
centimetres thick in Old Towne. The plume reached a height of 20 kilometres and
released a pulse of 200,000 tonnes of sulphur dioxide into the atmosphere that was
tracked by satellite across the Caribbean and then the Pacific Ocean.
7. The collapse of 20 May 2006 removed all of the dome that had grown since
August 2005 and some of the material left behind from the July 2003 collapse.
Within hours, a new lava dome began to grow, whilst ash and gas rose from a vent
at the western part of the crater. The new dome grew rapidly, particularly in early
June and early September 2006. It developed a series of lobes growing in discrete
directions (shear lobes) after late June. By the end of August 2006 it had a volume
of about 55 million cubic metres and a height of about 930 metres above sea level.
8. The post-20 May dome has produced more pyroclastic flows than its predecessor,
such as the ones on 29 August that almost reached the coast down the Tar River
Valley. On 31 August 2006, two new, loudly degassing vents opened up, one high
on the north side of the dome and another against Gage’s Wall, rather similar to
those controlled by fractures on 10 February 2006. As in February, the rate of lava
extrusion increased. The Gage’s vent became more vigorous, causing erosion of
the neighbouring Wall and the local deposition of ash. However, despite this
erosion there have been no overt signs of structural weakening of the Gage’s Wall,
such as new fractures.
Monitoring Results
9. Until the 20 May collapse, MVO’s record of earthquakes was dominated by
rockfalls from the large dome. Since then, long-period and hybrid earthquakes
have been more prominent, typically as clusters of events. Two particularly
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intense swarms from 25 to 29 June 2006 seemed to be related to the initiation and
growth of the first shear lobe to develop internally within the new dome, and
which eventually caused a minor collapse on 30 June. Rockfall events increased
again by the end of August 2006.
10. The deflation of the volcano measured by GPS that began in December 2005
continued, though with a reduced rate in recent weeks. There was no major
change in the GPS-measured deformation as a result of the 20 May collapse as
there was after the 12 July 2003 collapse. This reflects the undisturbed supply of
magma from the reservoir to the surface after the 2006 event. EDM measurements
on the northeastern flanks of the volcano show continued shortening of radial
baselines, compatible with the GPS-measured deflation.
11. In the months before the 20 May collapse the volcano was emitting an increasing
proportion of hydrogen chloride relative to sulphur dioxide: with a ratio up from
3.9 to 5.9 between March and May 2006. This may reflect the relatively high
proportion of sulphur dioxide that was being retained by the dome over that
period. Adding the 200,000 tonnes of sulphur dioxide released on 20 May to the
day-to-day measurements of sulphur dioxide released to the atmosphere pushes
the Episode 3 average rate of emission up to over 1000 tonnes per day, about
twice that of the eruption-long average. In contrast, ground level gas
measurements have generally fallen (apart from on 20 May), as expected.
Additional ground sampling stations are being added to the network.
12. The composition of three rock samples collected on 10 February, 30 May and 30
June 2006 have been studied. The sample from 10 February shows evidence of
rapid transit (a few days) from reservoir to surface. The others spent more time at
intermediate depths. The rocks are all andesites, grossly similar to the rocks seen
in earlier episodes of lava extrusion. There is no positive evidence to suggest that,
despite high rates of extrusion during this episode, any different type of andesitic
magma or basaltic magma is involved that might lead to the possibility of a
change in eruption style (e.g. more explosive). A more detailed study of these
and other samples to test this possibility is required.
Probable Future Behaviour
13. The last two major collapse events of this eruption (20 May 2006 and 12 July
2003) have involved the whole dome disintegrating into the sea down the Tar
River Valley. This latest collapse also removed the transverse barriers on the
crater floor that might have added to the structural stability of the dome
previously. We therefore think that the current, post–20 May, dome will also
collapse down the Tar River Valley, perhaps within the next few months. Another
strong pulse of sulphur dioxide release during the collapse is expected.
14. After the relatively slow start in 2005, the rate of growth of the lava dome in 2006
has been rapid, reaching rates (sometimes more than 10 cubic metres per second)
only seen before in the second half of 1997. Although minor explosions have
increased compared to the pre-20 May period, the activity is generally less
explosive than expected for these high extrusion rates. Even if this current dome
3

collapses again, we expect that the current episode of growth will continue for
perhaps another 17 months, more or less. There is some indication that the rate of
supply of basaltic magma into the andesitic magma reservoir, which is what is
largely powering this eruption, has increased in Episode 3 relative to Episode 2.
Although this has to be tested further, if correct, it implies that the current episode
of dome growth is likely to remain at high rates.
Assessment of Volcanic Hazards
15. In many respects the hazards posed by the volcano now are similar to those of six
months ago when the dome was of a similar size and growth rate. Two changes in
our perceptions are that we regard the possible wholesale collapse down Tar River
Valley to be even more likely than before, and that the September vent at Gage’s
Wall may have increased the hazards in that sector..
16. The hazards posed by a major dome collapse down the Tar River Valley should be
fresh in people’s minds: major pyroclastic flows out to sea (up to 3 km offshore),
hydro-volcanic pyroclastic surges over the evacuated northeastern flanks, minor
tsunami waves (up to about 1 metre), rain and mudflows, ashfall and rockfall,
particularly to the west, and high ground-level values of sulphur dioxide for a
short period. The wind direction at the time of any collapse is a major factor
determining how much ash gets deposited over inhabited areas.
17. As we reported previously, the main concern with a growing dome - up to the time
that a large Tar River Valley collapse removes it - could come from smaller partial
dome collapses over the rim of the crater to the west and north. Whenever the
dome exceeds about 950 metres in height above sea level such events become
more likely. If there is no major collapse to the east this will become a real threat
in the next two to three months. A new, detailed analysis of how often such small
dome collapse events have occurred in the past over Gage’s Wall compared to
Farrell’s Wall (to the north) and Galway’s Wall (to the south) shows that such
collapse events are less frequent than previously allowed for in our risk
assessments, and that the hazard from dome collapse pyroclastic flows to the west
is not as high as once thought. The slight reduction in the height of the southern
part of Gage’s Wall by the new vent in early September 2006 may increase this
level again, but not by much. As in the last report it would take a collapse of over
two to five million cubic metres to reach Plymouth and the sea and one in excess
of ten million cubic metres to reach the sea via Tyer’s Ghaut and the lower
Belham Valley.
18. Better ability to forecast the timing of a dome collapse, of whatever size, would be
invaluable. MVO’s understanding of such events is improving, but a simple
measure of the likelihood of imminent collapse is not yet available. However,
work is underway to produce a weekly index of imminent collapse potential based
on several factors that are thought to be contributory and can be measured by
MVO. The most important of these is knowing when the dome is being, or is
about to be, stressed by lava trying to force a new path to the surface, or is
destabilised by a change in the direction of extrusion at the surface.
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Assessment of Risks to People
19. As in previous reports we take each hazardous process identified above, estimate
the probability that they will occur and affect a given area of Montserrat and then
calculate quantitatively the risk to which a given number of people in that area
will be exposed. We use the UK Chief Medical Officer's (CMO) scale (Appendix
8) to convey a qualitative description of the scale of the risk based on the
numerical estimates. 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
these values. The descriptive CMO scale categories, as reported here, better
capture these differences. Additional risk measures that provide alternative
perspectives on risk are also under active consideration (Part II and Appendix 9).
20. During the last few months, the overall risk to the people of Montserrat from the
Soufrière Hills Volcano has risen a little, and is poised to rise further because the
hazards from lava dome collapse have once more started to come into play. With
a dome that is already quite large, and is still strongly growing, there is a small
chance that it could reach massive proportions in the next 12 months, if no major
collapse occurs. Given this possibility, the current risk outlooks for the Exclusion
Zone around Plymouth and also in the former DTEZ are elevated mainly because
of the threat of pyroclastic flows down the Gage’s Valley and Tyer’s Ghaut. We
stress that the risk to people north of Lawyer’s Mountain remains negligible.
21. Risks to people living north of Nantes River
The last two collapses of the lava dome have been the largest seen so far (about
200 and 100 million cubic metres). Could a collapse of this size occur towards the
populated northwest? Almost certainly not. The shape of English’s Crater ensures
that the bulk of the dome must collapse to the east. Earlier simulations of a very
large flow to the north showed that the Centre Hills would give protection from
any large flow. For a smaller flow volume (a few tens of millions of cubic
metres) moving down the Belham Valley, the line of Nantes River would be an
approximate limit to any flow hazard. That said, a flow of even this size is
unlikely. Just north of Nantes River, an individual’s volcanic risk exposure
outlook for the next 12 months is assessed MINIMAL on the CMO’s scale, and
reduces strongly with distance further north.
22. Risks to people living between Nantes River and the Belham River
There is a general upward gradient of risk as one moves from Nantes River
towards the Belham Valley because distance to the volcano is reduced. For those
parts of this area that adjoin the Belham Valley itself the individual risk level for
the next 12 months is categorised currently as LOW on the CMO’s scale.
23. Risks in the Lower Belham Valley and former DTEZ areas
Given dome growth has not yet reached the point when over-topping the crater is
taking place (and currently is proceeding at a reduced extrusion rate in the eastern
5

part of the crater), the most immediate hazards to people residing or working in
the Lower Belham Valley and former DTEZ (including Isles Bay, and
Friths/Happy Hill/Old Towne south) could come from: a) small to moderate
explosions with fallout of rocks and ash, and b) larger explosions with
accompanying pyroclastic flows generated by column collapse. The hazards from
fallout of rocks could occur anywhere across these areas, and can be mapped from
simulation models. The hazards from column collapse pyroclastic flows and
surges would be concentrated in areas alongside Gage’s Valley and the flow path
into Plymouth and the upper part of the Belham Valley as far as Cork Hill. With
the current situation at the volcano, the individual risk exposure for the next 12
months for people residing in these areas is assessed LOW on the CMO's scale.
However, because there is a small probability that growth could go on, unabated,
this risk could rapidly move towards the MODERATE category, especially if
growth becomes re-focused towards the northwest. In addition, increased
defoliation due to acid rain is almost certain to promote more rapid erosion and
bigger lahars/mudflows in the Belham valley, and hence increased risks from that
source. This will also result in accelerated aggradation of the river bed, with
implications for any proposed bridge building.
24. Risks to workers on Plymouth jetty
Under pessimistic, but by no means worst-case, circumstances, the annualised
individual risk of exposure of a worker involved in jetty operations is assessed in
the LOW category on the CMO’s Risk Scale (it should be borne in mind that this
risk level is influenced by the limited hours involved). For the situation where
three or more loadings per week are undertaken routinely, the individual risk
exposure is LOW but lies very close to the MODERATE category. However, for
all operational scenarios, the individual risk exposure estimate from volcanic
activity, as it is currently assessed, is potentially higher than that of the most
hazardous activity for which UK industrial and occupational accident statistics are
available, which is deep-sea fishing and coal-mining (see Appendix 9). With the
present volcanic hazard outlook, these levels of individual risk exposure also
imply there is a chance of losing one or more workers from dangerous volcanic
activity, if such work were conducted continuously for a full year.
25. Risks to workers at a Fox’s Bay jetty
Although still susceptible to the hazards of ash fall and the gas plume any workers
on a jetty at Fox’s Bay would be at much less risk in an equivalent operation at the
Plymouth jetty. Pyroclastic flows are very unlikely to reach Fox’s Bay. Also the
time spent in vehicles crossing terrain susceptible to such flows or mudflows is
less. However, currently there would still be the need to drive back towards the
volcano from Fox’s Bay, and then to cross the Belham River. On average, the risk
exposure for workers at Fox’s Bay could be a factor of 20 times lower than at the
Plymouth Jetty, or even less, subject to the exact conditions prevailing on the
ground.
26. Risks to workers in Belham Valley
The SAC was also requested to assess the risk exposure of construction workers
who might be involved in building foundations for the new Belham Bridge,
should this project proceed. Under anticipated working circumstances, the
estimated IRPA for an individual worker on this project falls into the VERY LOW
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category on the CMO’s scale (again, limited hours at risk affect the exposure).
Depending upon the exact location concerned, a similar level of volcanic risk
exposure would exist for sand quarrying activities in the lower Belham Valley. It
may be noted, however, that the annualised individual risk of death from volcanic
hazards for such workers in the Belham Valley is estimated numerically to be
higher than the exposure of construction industry workers to industrial accidents
in the UK.
27. Risk exposure for St. George's Hill
Volcanic hazards in this particular area are currently those from falling rock
fragments from explosions, and/or pyroclastic flows from a column collapse
eruption, although dome collapse threats could escalate with time if the dome
continues to grow uninhibited by wastage. Under the present conditions, our
current estimates indicate that the risk exposure for a person living full-time on St.
George’s Hill falls in the LOW category on the CMO’s scale. The individual risk
for individuals (e.g. tourists) making single short visits to St. George’s Hill is
much less, but should now be regarded as falling in the MINIMAL category. For
taxi drivers who return to the area frequently, the risk exposure is more likely to
fall in the LOW category (depending on the number of trips made, and time at
risk). However, it must also be recognized that whilst the risk levels are
insignificant for any one individual tourist, the chances of suffering two or more
casualties in the period of a year, with repeated multiple visits by different groups
comprising several persons, is potentially non-trivial; the actual risk exposure
involved depends upon a number of contributory factors.
28. Risks in the Maritime Exclusion Zone
The levels of risk exposure in maritime areas and coastal waters around southern
Montserrat can be viewed against the background of levels of assessed risk on
land. However, the risk exposure to individual fishermen operating anywhere in
the Maritime Exclusion Zone depends very much on what area they are in, and the
amount of time they spend in that area (such information is not available to us for
undertaking a detailed risk analysis). As always, the most hazardous part of the
sea around Montserrat is offshore Tar River Valley. To provide some comparative
guidance, the annual individual risk exposure (IRPA) for someone full-time in the
area directly off the Tar River delta would be classed HIGH on the (IRPA less
than 1 in 100), while off St. Patrick’s the equivalent risk category would be
MODERATE. For offshore Plymouth, the full-time risk exposure would be
assessed as LOW-to-MODERATE. Put into numerical terms, when compared
with the sea area off Tar River, the risk levels are about five times lower for
fishing grounds off the south coast, sixteen times lower off Plymouth, and about
thirty times lower for the seas north of Spanish Point. The SAC reviewed the
video and eye-witness evidence from the energetic 20 May collapse flows and
surges, which indicated that surges had travelled over the sea, maybe as much as 3
kilometres offshore. Given this experience, and their judgment that future
collapses are even more likely to follow the Tar River route in future and may be
just as voluminous and dynamic, with the possibility of secondary hydro-volcanic
surges being generated in the sea, the SAC recommends that the Maritime
exclusion zone for the area offshore Tar River is extended to cover the area up to
Spanish Point as shown in Fig.8 of the Technical Report.
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The Operation of MVO
29. The staff of MVO once again made us feel “at home” and contributed fully to the
scientific discourse. This was Dr Loughlin’s final SAC meeting of her directorship
and we thanked her for her excellent support and scientific leadership over the last
two years. MVO has been strengthened under her care.
30. Dr Vicky Hards will be the next Director from 1 October 2006. We offer her our
full support and look forward to a close working relationship. The seismologist
post has been “regionalised” and Dr Silvio d’Angelis appointed to start in October
2006. Dr Loughlin had applied to FCO for support for a new scientific post at
MVO: a numerate scientist with good public relations skills, but had not been
successful. Such a person would strengthen the observatory’s abilities during this
period of heightened activity. Relations with UWI’s Seismic Research Unit are
good, and one of their staff members from Trinidad, Dr. Nico Fournier, has been
able to give leave cover for MVO scientists. However, there is no practical leave
cover for MVO’s technical staff which has led to technical under-manning at
times. Also the line management into the GIS means that technical effort can get
siphoned away from MVO. The Observatory should have its own ring-fenced
technical capability.
31. The scientific staff of MVO need to undertake research and publish their results to
advance their careers. They currently find it hard to do so because of operational
pressures and, more importantly, the lack of a mechanism to give them adequate
periods of designated time for writing up their important records and insights
away from the Observatory. One month per year would be the sort of period
required to achieve this. With a new Director of BGS about to take up his post,
this is a good time to lobby for a change in this direction.
32. Caribbean Helicopters has provided a good service over the last six months.
Increased usage of the helicopter post-20 May redressed the under-usage prior to
that. The rate of 3 hours per week is about right for current circumstances. Retendering with new companies may improve the next contract, particularly if plans
to have a hangar and fuel depot on Montserrat are fulfilled.
33. MVO lost some of its monitoring capability as a result of the 20 May 2006
collapse, including seismic stations on the eastern side of the island, the FTIR and
ScanSpec instruments (used to measure hydrogen chloride and sulphur dioxide
respectively). The break in ground-based sulphur dioxide measurements has been
partly offset by using satellite spectrometry measurements to fill in the gaps,
though these are likely to be inherently under-estimates compared to the ground
technique. Further improvements to the dome survey techniques including
“floating” viewpoints and a 2D technique using the automated cameras shows
progress, though cloud is still a problem. New, higher resolution cameras are to be
deployed. MVO still lacks any means of measuring near-field stresses associated
with upper conduit and dome pressurization. One possible solution is to use the
8

“spider” technology developed by USGS for Mt. St. Helens. This could utilise
“disposable” GPS receivers deployed around the rim of the crater to measure
possible localised inflation events associated with dome intrusion that might
indicate a change in the direction of lobe growth and potential instability. The
atmospheric concentration of ash particles is an area of public concern and the
practicalities of monitoring this should be explored.
34. 2006 has seen the appearance of a major organisational difficulty with MVO. The
budget request for capital equipment items this year was met at about 20% of the
requested amount. The only permanent solution to this problem is for MVO’s
capital budget to be in its own hands. It is not clear if the legal status of MVO
allows this to happen, but it is a clear imperative. Even temporary loss of money
to replace equipment results in loss of data and time wasted on spare-less
instruments and ultimately a lower quality of hazard and risk information that
might jeopardise public safety. This lack of instrumental spares compounds the
problem that technical support for MVO is not directly under MVO control,
mentioned in paragraph 30.
35. MVO continues to collaborate to beneficial effect with a large number of external
groups. For example, collaboration with SRU should result in linkage of the GPS
network with an Antigua receiver and eventually to global reference frame
processing. One encouraging trend is the number of old students formerly
associated with MVO now coming back to work as independent researchers.
Funding is being sought for a “catch-up” project in petrology to be undertaken by
Dr. Madeleine Humphreys of Cambridge University who will look at fluid
inclusions and other indicators of deep conditions in an attempt to better
understand conditions in the reservoir and any changes there between the second
and third episodes of dome growth.
36. The MVO Science and Management Audit being organised by the Operations
Board has had at least one bid tendered. Hopefully this will be successful and the
process can be expedited. The SAC regards it as vital that the SMA hears
evidence from Dr Loughlin, even though she will no longer be Director at the
time.
SAC Membership
37. No changes are expected for the next six months.
Next SAC Meeting
38. The rapidity of change in the state of activity of the volcano over the last six
months leads us to recommend that a new hazard and risk assessment be
undertaken in six months time, at the end of March 2007.
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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
10

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 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
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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 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 Catherine Pye, Desk Officer for Montserrat in
OTD. Her contact details are as follows:
Email: catherine.pye@fco.gov.uk
Tel: +44 20 7008 3123
Fax: +44 20 7008 2879
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Appendix 2: Scientific Advisory Committee on Montserrat Volcanic Activity,
Meeting 7 , 28 – 30 August, 2006 : Agenda
1. SAC6 report, interim report/teleconf., this meeting, public meeting, citizen’s jury
2. MVO Activity Report
Gas emissions from satellite (Carn/Prata)
Petrology (Devine/others)
GPS deformation (Mattioli)
3. Conduit widening and flow rates (Neuberg)
4. Dome growth hazard scenarios (Wadge)
Dome collapse pyroclastic flows
Column collapse pyroclastic flows
Crater wall collapse
Measure of collapse potential (Aspinall)
5. Life-threatening activity affecting the North
Is Nantes River the “safe” boundary?
6. Long-term prognosis
1-5 years
5-20 years
Big-bang ending potential (Calder)
6. One-year hazard scenarios elicitation
7. Risk scale (replacing/improving CMO’s scale ?)
8. Risks in the Lower Belham
9. Risks in the former DTEZ (including St Georges’ Hill)
10. Work/Visit
Plymouth workers
Foxes Bay jetty workers
Belham bridge/sand
11. Maritime exclusion zone (particularly for fishermen)
12. Risks from gas
13. Risks from Belham mudflows
14. MVO Matters
Staffing
Research time
Helicopter
Monitoring
Collaboration
Scientific and Management Audit
15. SAC Matters
Membership
Next meeting
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Appendix 3: List of Participants
Chairman
Prof. G. Wadge

Environmental Systems Science Centre, University of
Reading, UK

Committee members
Dr. W.P. Aspinall

Aspinall & Associates, UK

Prof. K.V.Cashman

University of Oregon, USA

Prof. J. Neuberg

Leeds University, UK

Prof. B. Voight

Penn. State University, USA

[Dr. R.E.Robertson

Seismic Research Unit, The University of the West
Indies, Trinidad and Tobago was unable to attend]

MVO Scientists present in an advisory capacity:
Dr. S. Loughlin
(Director, MVO)
Dr. B. Baptie
Dr. G. Ryan
Dr. T. Chrisopher
Mr. T. Syers (part of the time)
Ms. V. Bass (part of the time)
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Appendix 4: SAC7 Preliminary Statement issued 31 August 2006
It is now just over a year since the third episode of lava dome growth began. The main
event during this period was the collapse of the dome on 20 May 2006. This event
removed the whole dome that had grown since August 2005 and most of the remnants
of the 2003 dome within the crater, including the one that stood above Gage’s valley.
A volume of about 100 million cubic metres of lava was removed, which is about half
that involved in the 12 July 2003 collapse, but still makes this the second largest
collapse of the whole eruption. The explosions that accompanied the collapse sent ash
to a height of 20 kilometres, the highest so far recorded for Soufriere Hills.
Lava began to form a new dome within hours of the collapse on 20 May 2006 at a
high extrusion rate of about ten cubic metres per second. This rate subsequently
declined and in August has been at a rate of about five cubic metres per second. The
dome has been growing rapidly such that it’s top is now about 900 metres above sea
level and has a volume of about 55 million cubic metres, similar in size to that of
March 2006. There have been a few minor collapse events since, such as on 30 June
and 29 August.
If the rapid rate of growth continues, without major collapse, then the dome will reach
a sufficient size to overtop the crater rim within a few months. If the direction of
dome lobe growth at that time is to the north or west then small dome collapse events
sending pyroclastic flows into the Gage’s or Tyer’s Ghauts will become a possibility
once again. However, the 20 May collapse event and its aftermath leads us to believe
that the likelihood of future wholesale dome collapses down the Tar River Valley has
increased. Such collapses would have the effect of temporarily removing the
pyroclastic flow hazard to the north and west, as after 20 May.
We do not yet see any changes in the nature of the lava being extruded in this third
episode compared to earlier episodes. The long-term deformation of the ground
around the volcano suggests that the way magma is leaving the deep reservoir is the
same as seen in the second episode of dome growth. These two observations indicate
that the supply of magma continues as it has throughout the eruption. We still see no
sign of the end of the eruption, but we also see nothing to indicate that the eruption
could generate explosions very much larger than before.
A full report of the hazards and detailed risk assessment for a year ahead will follow.
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Appendix 5: SAC Interim Statement on SHV activity, 19 May 2006
SAC response to “Montserrat: Risk Management for the Plymouth Jetty”
Our basic views on the volcanic risks posed to workers in Plymouth have not changed
substantially since the SAC6 report of 21 April 2006. However, we welcome this
opportunity to expand and clarify some of our reasoning on this issue. The Director,
MVO is submitting a companion perspective.
Collapse Hazards affecting Plymouth
Remnant Collapse
The largest remnant of the 1999-2003 dome that survived the gigantic collapse of July
2003 was a portion known as the Northwest Buttress, which as the name implies was
formed on the northwest side of the crater adjacent to Gage’s Mountain and Gage’s
Wall. On 4 March 2004 (during a SAC meeting), the northern and eastern two-thirds
of this remnant collapsed without warning into the crater, involving an explosion and
pyroclastic flow to the east that reached the sea at the Tar River delta. The remnant
portion of the Northwest Buttress that did not collapse is a north-south ridge of lava
that sits on top of the Gage’s Wall, with lower “gaps” on the crater rim to both the
north and south. This remnant mass of lava has a volume of between one and two
million cubic metres.
The SAC recognised this remnant as a potentially unstable mass during its
deliberations in 2004-5, but considered that if it did collapse, it would most likely do
so into the crater to the east, and pose no hazard. The re-growth of the lava dome
within the crater since August 2005 has caused us to revise this view. There are three
main factors. As of February 2006 the new lava dome had grown on the west such
that it now abuts the crater side of the remnant to within about 10m of its base as
defined by the “gaps” on either side. This now effectively prevents the remnant from
collapsing to the east. Secondly, rockfalls from the new lava dome summit, which is
currently about 100 m higher than the remnant have begun to impact the remnant
mass (by bashing into it) and also will likely exert a continuous lateral pressure on the
remnant as the debris banks up on its eastern side. Thirdly, in early March 2006 MVO
noted new fumaroles at the base of the remnant and further south along Gage’s Wall
that indicate gases moving through open fractures from the hot lava within the dome
or from heated groundwater within the wall. This indicates that there are planes of
weakness that possibly could be exploited if a collapse starts. As a result of these
factors we consider that the likelihood of collapse of this remnant to the west into
Gage’s Valley and thence towards Plymouth has increased in the last six months. Our
view, as expressed by Professor Voight is that “there is little likelihood (say less than
one in a hundred) for the dome remnant to fail in the next twelve months of its own
accord without external stimulus”. This stimulus could come from earthquake shaking
(regional or local), lateral loading by the dome lava or talus, or a swarm of shallow
earthquakes and laterally directed pressure during an intrusion within the dome as the
lava changes its points of extrusion (say from south to west). It is the increased
possibility of these events over the next twelve months as lava is extruded that raises
the overall likelihood of failure of the remnant to 11% that we reported in question
P6a (para 43 of the Technical Report of SAC6)
The remnant is composed of relatively cold lava which, if it did collapse, would act as
a rock avalanche rather than a pyroclastic flow and would be less mobile as a result. It
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is possible that the remnant may fail in piecemeal fashion producing small
avalanches, but here we must assume the worst and that it all collapses at once. The
volume involved in such an avalanche may be more than the volume of the remnant
itself, if it picks up talus material on the steep slopes of Gage’s. Unlike pyroclastic
flows we do not have a lot of examples of rock avalanches on Montserrat to calibrate
their flow behaviour and there are uncertainties in the total volume involved. But,
taking equivalent examples from elsewhere we expect that one to two million cubic
metres of collapse material with a potential fall height of up to 800 metres could
runout to distances in the range 1-3 km, with perhaps mudflows running off from that
to the sea. The resulting avalanche deposits would reach between the lower part of the
Gage’s Valley (1 km) to the upper part of Plymouth (e.g. near the end of Lover’s
Lane, 3km). Thus lower Plymouth is unlikely to be at much risk. However, it is
unwise to try to finesse more spatial detail out of this scenario; in Professor Voight’s
words, “.. given the model uncertainties, … mapping flows versus lorry trajectories
would be impractical”.
Dome Collapse
We expect the dome to continue to grow for about two years, maybe longer. Almost
certainly during this time there will be another period(s) when the dome growth is
directed to the west as it was during January-February 2006. At this point the risks in
Plymouth would take a major jump. When and if this shift happens the dome remnant
will be stressed by repeated rockfall impacts and lateral pressure as above, up to the
point at which, if it has not already failed, the remnant may be entirely buried by new
dome material. This will be a particularly dangerous time because if the remnant does
fail at this point it will have a mass of hot lava behind it that will probably also
participate in the collapse producing a more mobile, larger volume, pyroclastic flow.
A pyroclastic flow of two to three million cubic metres or more from Gage’s would
be capable of reaching the sea at Plymouth (4.5 km). If the remnant remains firm and
is buried, or if it collapses prior to the next period of westward dome growth, then the
westward-directed growth of the dome could still result in collapses capable of
reaching Plymouth. Thus it is the westward-directed dome growth episodes that are
the times of extreme concern for Plymouth.
In the first dome growth episode (1995-1998) dome collapses in August 1997
produced several westward-directed pyroclastic flows that reached the sea (and
destroyed Plymouth). In the second episode (1999-2003) in 2000, 2001 and 2002
there were pyroclastic flows down the Gage’s Valley but none longer than about 3
km.
Explosion and Column Collapse
A large dome collapse to the east may generate an explosion whose ash column may
collapse to form pyroclastic flows, one of which may enter the Gages Valley.
Depending on the size of the explosion and the mass of pyroclastic material
collapsing into the western sector, such pyroclastic flows would enter Plymouth (as
they did in July-October 1997).
Combined Hazard and Risk Assessment
As things stand currently (and as we evaluated in SAC6), the hazard for Plymouth
from the remnant is a constant factor and will remain whatever else happens until it
collapses or is buried within the new dome. Our best estimate of the probability that
this will happen in the next year is 11%, with a lowest bound of 1%. The remnant
collapse on its own is unlikely to reach all the way to Plymouth Jetty.
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The hazard from dome collapse directed to the west into Gage’s is very small whilst
the direction of growth is elsewhere, as it is currently (to the south). It may remain so
for many months or switch within a day or so. The probability of it growing
westwards during the next year and of there being a minimum volume of pyroclastic
flow-generating material (two million cubic metres) that would collapse into Gage’s
to form a flow capable of reaching Plymouth is 18% with a lowest bound of 1%
(conditional combination of P8a and b, paras 47-8, Technical Report SAC6). This
also encompasses the above scenario where the dome and remnant collapse together
to produce a pyroclastic flow. One of the reasons for this relatively high probability,
compared to the behaviour in 2000-2003, is the evidence from January-February 2006
that the dome in this episode can switch flow directions and increase its extrusion rate
greatly in a short time.
The column collapse pyroclastic flow hazard is also low, but a constant background
possibility. The hazard faced by workers in Plymouth that we evaluated is a
combination of all these averaged over the whole 12-month period. The trend will be
for increasing hazard from the dome collapse component as the dome grows in size
over the next year. Thus the hazard is lower now than we anticipate it will be overall
in twelve months time. Only two events will reduce the hazard level over the medium
term: collapse of the remnant (which will remove this hazard permanently) and major
collapse of the rest of the dome to the east which will temporarily reduce the dome
collapse and column collapse hazard components.
Not all avalanches and pyroclastic flows would cover all of the area of Plymouth
spread between Thomson’s Field and the Jetty, nor would people be always in the
most vulnerable places at all times, nor would they wait passively without trying to
escape harm. All these factors would reduce the risk exposure of individual workers
to these hazards. To get the risk exposure to the 1 in 1000 per annum level, usually
the threshold (MODERATE – LOW boundary on CMO’s scale) for hazardous
occupations in the U.K. would require 99.5% likelihood of avoidance for the 18%
dome collapse hazard. What we have not done is estimated these probabilities
quantitatively for shorter time intervals, say a month. The main qualitative effect this
would have is to greatly lower the probability of dome collapse pyroclastic flows. The
reduction would be at least one in twelve (months) and probably greater because of
the variable occurrence in time of dome growth changes.
Risk Mitigation
The dome remnant could collapse with no precursory signs (as in the 4 March 2004
case), perhaps triggered by earthquake shaking. So although a camera on St. George’s
Hill might under very favourable circumstances show some signs of structural distress
(landslides and fracturing) it would be unlikely to give a lead-time to a collapse event.
Similarly a “watcher” given luck and good visibility would only buy one to two
minutes warning at most. So although we may be lucky to detect some precursory
signs of collapse there would be no guarantee whatsoever of being able to do so. For
the west side dome collapse scenario MVO is capable of giving warning of a change
in dome growth direction (to the west) within the order of a day, though even this will
not be infallible in cloudy weather. There is also no fixed time interval between this
switch in point of extrusion and sufficient lava having built up to trigger a collapse,
but it is likely to be days rather than hours. There may be precursory seismicity to the
actual, moderate-sized collapse event itself but this could not be relied upon. The
build-up to large dome collapse/explosive column collapse event is much more likely
to be detected by MVO early with several hours warning.
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Volcanic Gases
The ground levels of volcanic gases are much lower than before but may still breach
WHO guidelines for short periods. As we stressed in the SAC5 report this is not
normally life-threatening and will only be of immediate concern to people with
respiratory problems such as asthmatics who do not have inhalers with them.
Conclusions
(vi)

The probability of collapse of the dome remnant above Gage’s is real but the
resultant debris flow is unlikely to reach the coast at Plymouth.
(vii) Much more hazardous would be pyroclastic flows generated by moderatesized collapse of a westward-growing dome, with or without the involvement
of the remnant. Such flows could reach the sea at Plymouth within about two
minutes.
(viii) With the dome the size it is currently, and the dome not growing towards the
west, the immediate risk to Plymouth workers from such a collapse is LOW.
However, over the course of a year we estimate that the probability that the
dome growth will switch back to the west at some point and that it will
produce a moderate-sized collapse into the Gage’s Valley is 18%. Over shorter
intervals, e.g. one month, the probability would reduce proportionally. Whilst
the dome was growing to the west the risk to workers would be unacceptably
HIGH.
(ix)
The switch in dome growth direction (to the west) can take place abruptly and,
if the extrusion rate is high enough, allow the accumulation of a (potential)
collapse mass within a few days. In non-cloudy weather MVO will detect such
a switch quickly, but in cloudy weather it may take a few days to do so. Thus
there is the possibility of early warning of the dome growth direction
change/collapse, but no 100% guarantee.
(x)
As the dome increases in height and volume over the next year (without major
collapse) the threat from a westward-directed collapse will increase gradually.
If there is a major collapse to the east (as has happened about once every year
in previous dome growth episodes) then this will provide a period, perhaps of
two to three months duration, of very much reduced risk to any workers in
Plymouth. Thus the lowest risk short periods faced by workers at Plymouth
Jetty over the next year or so are now, and in the aftermath of a major
collapse.
G.Wadge (on behalf of the SAC)
19 May 2006
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Appendix 6 Interim Statement: Risk Assessment for Plymouth workers, June
2006
On 19 May 2006 the SAC delivered a document “SAC Response to “Montserrat Risk
Management for the Plymouth Jetty”” to the Governor’s Office. This paper discussed
the potential hazards and risks posed by the volcano to workers on the jetty in
Plymouth. Several hazards were identified: collapse of the remnant piece of dome
above Gage’s Wall, collapse of the dome itself, and explosions and column collapse.
A reappraisal of the earlier quantitative risk assessment was made, and some
mitigation efforts discussed.
The following day, 20 May 2006, the dome collapsed and a volume of about 100
million cubic metres (the entire dome and some older material) mainly entered the sea
to the east at the Tar River delta. Immediately after the collapse, a new dome began to
grow at a high rate that continued for much of the next month. This note responds to a
request of 23 June from the Governor for a new risk assessment for workers at and
around the Plymouth jetty in the light of the collapse and the volcano’s behaviour
since then.
Current Hazards with potential to affect Plymouth
Gage’s Wall/Remnant Collapse
The main pathway for hazardous material to enter Plymouth is the Gage’s Valley. At
the head of the Valley is Gage’s Wall, that part of the crater rim between Chance’s
Peak and the junction with Gage’s Mountain. This “wall”, which was near vertical in
places in 1995-97, had its outer slope augmented by talus from the 1999-2003 dome
growth episode and now presents a less-steep angle. After the collapse of July 2003 it
was surmounted by part of the earlier dome known as the “Northwest Buttress”. Parts
of this collapsed into the crater to the east on 4 March 2004. The remnant survived as
a jagged ridge with a volume of 1-2 million cubic metres. This was viewed as a
potentially unstable mass that could collapse to the west into the Gage’s Valley and
perhaps reach the upper parts of Plymouth 2-3 km away. The central part of this
remnant mass collapsed during the 20 May event (at least partly to the west down
Gages Valley) leaving two smaller lumps on either side, to the north and south. These
are so small that they pose no real threat.
In addition to the stability of the (dome) remnant resting on it, the internal stability of
Gage’s Wall itself was considered. During early 2006, as the lava dome grew and
banked up against the crater side of the Gage’s Wall, particularly in February, the
conditions arose for the wall to have an outward lateral force exerted on it by the
dome. The occurrence of new fumaroles, noticed in March 2006, below the remnant
and on the Wall to the south, indicated possible fracturing through the wall or heating
by the neighbouring dome to the east. However there were no other signs of structural
distress to Gage’s Wall. Since the collapse these fumaroles have almost certainly
stopped, but could resume if and when the dome gets to the size it was in FebruaryMarch 2006. It is possible that the removal of material from within the crater on 20
May has left the Gage’s Wall thinner and less stable to outward forces than before,
but we have no evidence for that yet.
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In summary, the threat of avalanche from the former dome remnant has now gone and
the hazard posed by collapse of Gage’s Wall is currently much reduced, at least until
the dome grows to a size similar to that of February 2006 onwards (see below).
Dome Collapse
As the 20 May collapse event exemplifies, the propensity of the lava dome to collapse
in a major way to the east has dominated the behaviour of Soufriere Hills over the
past ten years. However, we also have plenty of past evidence that if the dome gets
large enough, then smaller volume collapses (two to three million cubic metres or
more) can occur in other directions, including westwards to Plymouth, and are
sufficient to produce pyroclastic flows that can reach the coast. There are two
conditions that need to be met for this to happen: the dome must be large enough to
overtop the crater walls (this has meant a dome top height of at least about 900-950 m
above sea level) and, usually, the direction of dome growth needs to be towards the
west. Such a collapse had happened, for instance, on 16 June 1997, and a pyroclastic
flow entered Plymouth. This was the situation in February 2006 that caused increased
concern. However, no collapses did occur over Gages Wall in 2006. Indeed, there
were no collapses of any significant size until 20 May.
Since 20 May the dome has grown rapidly to a height of about 850 m above sea level,
about the same height that it was in mid-January 2006. The rate of growth during the
first two weeks was about 10 cubic metres per second – a very high rate. It may have
lessened subsequently. If 10 cubic metres per second were maintained then the current
dome would reach a volume (50 million cubic metres) and altitude (920 m) similar to
that of late February 2006 by the end of July 2006. If it lessens to give an average
rate of about 6 cubic metres per second (closer to the average for 2006) then this size
would not be reached until about the end of August 2006.
As we saw between March and May 2006 even with a dome higher than the minimum
for overtopping the crater, extrusion was mainly directed to the east and the dome
showed a reluctance to produce small to moderate collapses to produce pyroclastic
flows. At the moment we have no reason to expect any different immediate future
behaviour.
In summary, until the dome grows to the minimum height required to send collapses
to the west, Plymouth is safe from this particular hazard. However, this benign state
may come to an end as early as the end of July or, more likely, by the end of August.
The dome probably also needs to have its direction of growth switch to the west to
trigger the collapse.
Explosion and Column Collapse
Explosions during the later stage of the 20 May collapse sent ash over much of
Montserrat, but did not generate any known column collapse pyroclastic flows.
Despite the high extrusion rates seen in the 2005-2006 dome growth episode, the
explosivity has been much lower than seen in 1995-97. It may be that the magma has
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become less volatile-rich and hence less explosive during this episode and that the
threat of column collapse is reduced, but there is no evidence of this yet. Until we find
evidence from the rocks themselves to this effect we will consider column collapse
hazard to still be a possibility, albeit small.
Mudflow risks in Belham Valley and Plymouth
In the SAC Report of September 2004, we addressed the issue of mudflow risks in the
Belham Valley, and made use of the information that was available on the rates of
occurrence of mudflows and valley floor aggradation (see paras 54 and 28, Third SAC
Report). Certain assumptions were made to assess the general risk to people crossing
the valley, for instance that the duration of time for which a mudflow is marginal for
crossing is about an hour, and that if the water has become obviously too deep people
will not attempt to cross (later shown to be mistaken).
Using data from Barclay and colleagues1 up to 2004, there were, on average, eight
days per year in which mudflows descended the Belham River and thus the
probability of a random single arrival encountering an unsafe mudflow was about
0.002 for any one hour on any one day. At that time, there were typically 60
crossings per day according to police records and so, on a day when a mudflow
occurs, the probability of at least one vehicle arriving to cross in the hour in which the
mudflow is dangerous was about 0.11 (assuming the timings of vehicle crossings and
mudflows are independent events). At this hit rate, the probability of at least one
vehicle encountering a risky crossing over the course of a year (in which 8 such flows
occur) was estimated to be about 0.4. We noted we had no way of knowing how
often people might misjudge the conditions for crossing, but assumed it was about 1
in 50 times, meaning that the annual probability of an accident would be about 0.01
(that is, a 1% chance in a year). If bad weather influence peoples’ movements (e.g.
they wish to get home) then a poor decision to cross may occur more frequently than
was assumed.
With the benefit of experience, the probability of misjudging when to make a crossing
could be somewhat higher than assumed above. In addition, the collapse of 20 May
2006 has provided a significantly increased volume of ash with which to load
mudflows, and thus both the frequency and intensity of mudflows are likely to be
greater in the near future, though it is the number of rainfall events with magnitudes
greater than 20 mm of rain which mainly control this.
There is also the threat of mudflows in Plymouth, for which we have no useful
statistical data. We assume the same rate of hazard in Plymouth as Belham. However,
the risk to drivers of large trucks as would be the case around Plymouth Jetty is less
than those in smaller vehicles. So the combined threat will be less than double that at
Belham,
If other aspects remain the same (e.g. number of crossings of Belham per day), the
combination of these factors suggests that the chance of a dangerous incident

1

Barclay, J., Alexander, J., Matthews, A., Johnstone, J., Chivers, C.,Jolly, A. and Norton, G. Rainfallinduced lahar activity in the BelhamValley. Report for the SAC. 36 pp, 2004.
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involving vehicles or pedestrians in mudflows might be estimated on the order of 5%
over the next year.
Hazard and Risk Assessment
By September 2006 the SAC will have met formally and a full new assessment will
be available. The current vigour of growth and the size of the dome means that there
will be a significant increase in the hazard over the three months before then. This
current assessment therefore is necessarily interim in nature and less comprehensive
than will be available in September. Our quantitative assessment methods produce
values giving the probability of life-threatening risk over a year. This helps compare
with annualised rates for previous analyses and with other hazardous occupations,
which are treated like this. Given the increasing trend of hazard, that means these
annualised risk estimates are conservative in that they are higher than would be
calculated solely for the next three-month period.
The hazard from the dome remnant(s) above Gage’s can be neglected, as far as
Plymouth is concerned.
The probability of a failure of Gage’s Wall and flow into Plymouth is very low at the
moment but will rise over the next three months as the dome starts to build against it.
Our previous annual probability for any non-dome collapse from Gage’s was 11%,
with a lower bound of 1%.
Until the dome becomes large enough, dome collapse pyroclastic flows cannot affect
Gage’s Valley and Plymouth – which may take about another month, perhaps two
months. For this period the probability is zero. Between one and two months from
now that probability rises to the level reported previously (18% per year). This is also
contingent on which direction growth occurs, during that period, which may reduce
this still further.
Explosive and column collapse probabilities are kept, proportionally, the same as
before.
Ground-level HCl and SO2 amounts will be elevated whilst the dome is relatively
small, but this is not a lethal hazard.
On this basis, interim updates of volcanic risk levels have been made for individual
risk exposures for workers at the Plymouth jetty, and also for the Lower Belham
Valley and of societal risk for the whole population. For this exercise, minimal
changes have been made to the quantitative risk model used for the last SAC meeting
(March 2006), and the assumptions and parameters used have not had the benefit of
the consideration of the full SAC. The findings must be regarded as provisional,
therefore, and because associated uncertainties can be large also, care needs to be
taken in using the results provided.
Risks to workers on Plymouth jetty
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The risk exposure for workers on the jetty depends upon several factors involving
operational circumstances, as well as volcanic activity. Using the same assumptions
adopted at para. 58 (SAC6 Report), the annualised risk level associated with working
one barge a day is currently assessed in the middle of the LOW category (it was close
to MODERATE at the last assessment). For three barges per week the level is LOW,
also. For one barge per week only, the risk exposure for an individual worker would
be VERY LOW.
In numerical risk terms, the first two of these exposure levels (1 in 4000, 1 in 6700
per annum, respectively) remain significantly higher than the most hazardous industry
sectors in the UK, whilst at 1 in 21,000 the third scenario (one barge per week) is
comparable to many UK industries with substantial risk (e.g. construction, extractive
and utility supply industries, etc). To give further context, such risk levels are
significantly greater than the general UK occupational fatality risk, which is said to be
1 in 125,000 per annum.
Risks in the Lower Belham Valley
At the last SAC meeting, the individual risk exposure for a person residing in the
Friths/Happy Hill/Old Towne south area was assessed LOW on the Chief Medical
Officer’s scale. Under present conditions (i.e. with a new dome growing), it is likely
that the risk would now be categorised VERY LOW, and this assessment can be
expected to remain the same for the next three months.
Societal risk levels
Again, with only minor changes to the basic volcanic hazard and risk model details,
the overall societal risk estimate for the whole population of Montserrat has been
provisionally updated here. The results are shown on the accompanying probability
of exceedance graph for numbers of fatalities (F-N curve).
There is some reduction in the likelihood of suffering a few casualties under present
conditions, compared to March 2006. However, there is also a slight offsetting
increase in the probability of significant numbers (i.e. 5 or more) being affected: this
arises because the SAC has always considered there to be an increased likelihood of
explosive eruptive activity when flux rates are high, as they have been since this new
dome started growing. The basis for this correlation is one topic that may be reviewed
at the next SAC.
Summary
(xi)
(xii)

The threat to Plymouth from the remnant dome above Gage’s has gone
The threat from Gage’s wall collapse is low now but could increase as the
dome grows in size over the next 1-2 months.
(xiii) The threat from dome collapse pyroclastic flows into Plymouth is currently
zero but may increase rapidly in 1-2 months if the current rate of dome growth
continues without intervening collapses
(xiv) The overall risk to workers at Plymouth jetty over the next year has fallen by a
factor of three since the pre-20 May collapse assessment. For a scenario of one
barge per day it is in the LOW category, VERY LOW for one barge per week.
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This latter rate is comparable with hazardous UK industry exposures (e.g.
extraction, construction).
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Societal risk for the population of Montserrat, updated 30 June 2006.
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Appendix 7: 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.
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 8: Chief Medical Officer’s Risk Scale
Negligible: 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: 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: 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: 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: 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: 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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Appendix 9: Comparative Individual Risk Measures

SAC7 Individual
Risk by Region

CMO Risk
Scale

Probability of
Death

Risk Increase
Factor

HIGH

Soldier at war
1 in 100

36

MODERATE

Deep sea fishing
1 in 1000

fDTEZ

4.6

LOW

Quarrying
1 in 10000

1.35
Construction
Forestry

VERY LOW
1 in 100000
North of Nantes River

1.03

MINIMAL

Services
1 in 1000000

N. Montserrat

Occupations

1.003

NEGLIGIBLE

See Part II, paragraphs 68-72 of Report for a discussion of this table.
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