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The President speaks

as we approach the festive season i find myself wondering where the last
12 months have gone! Within the institute so much has been achieved and
so many positive changes implemented. elsewhere, there have been some
remarkable acheivements by individual and company members across the
globe, many of these being highlighted in the various journal articles and
reports. There is a great deal to be proud of across the explosives sector
and we are arguably poised for some significant and long-strived for
successes in 2018. 

Much of these successes will be born out of ongoing works such as those
linked to the sssg and education/apprenticeships. equally, the continued
success of the early careers focus group (ecfg), an influential and
important element of the overarching sssg work, should not be
overlooked. Much of the sssg work in 2017 continued to focus on
qualifications and education of employees in explosives, and some recent
news in regards to accreditation and qualification mechanisms will no
doubt result in some changes to the way in which future courses are
certificated. i am hopeful that the institute will be able to play a leading
role in this area.

i am delighted to welcome a new member of our office team, Jessica Ward
has joined us to assist vicki and charlene with some of the administrative
and day-to-day office tasks as they become increasingly involved in many
of the key industry conferences and exhibitions. equally, the scale of daily
operations undertaken by the office team has never been as diverse or
indeed as constant, and it seems to be growing as we move into new areas
and broaden our reach. 

as we look to the early part of 2018 we already have some events in the
calendar including the security expo (scTx18) in March where we will be
exhibiting, and the all new Members’ Weekend and agM scheduled for 28th
and 29th april. i look forward to welcoming you to the member weekend
with your respective partners in the fabulous setting of crewe hall.

finally, may i take this opportunity to wish all our readers, and their loved
ones, a safe and enjoyable festive period.

Dave Welch fcMi Miexpe MiaBTi

president
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New Members:
congratulations and a warm welcome
to our new institute Members and
those transferring grades

Approval date 18th August 2017
andrew Morris
Joshua Winter
richard Thomas
Mark franklin

Approval date 25th August 2017
henry hulme

Approval date 1st September 2017
Kevin Beattie
iain Maxted

Approved date 8th September 2017
Jonathan sowerby
stephane farrell
David graham-Battersby
Jason hill

Approval date 15th September 2017
elizabeth Brown

Approval date 29th September 2017
Kevin sandison
philip cheetham
gareth Wood
William Douglas
andrew Bannister

Email contact list:
president Dave Welch 
davewelch@iexpe.org 

past president John Wolstenholme 
johnwolstenholme@iexpe.org

finance Director ian McKay 
ianmckay@iexpe.org
legal and compliance   Tony slate
tonyslate@iexpe.org

education and Training andy carr
andycarr@iexpe.org

Membership   andy pettitt
andypettitt@iexpe.org

Marketing   charlene firkins 
charlenefirkins@iexpe.org    

affiliations   Ken cross 
kencross@iexpe.org

Journal Diane hall
dianehall@iexpe.org

Approval date 6th October 2017
russell hurst
Thomas Bradford

Approval date 13th October 2017
paul Burns
sam conway
Thomas Murdock

Approval date 20th October 2017
sophia french
Matthew Watkin
Daniel King
Thomas gill
robert parkhouse
andrew gausden
ammar sabha
David holley

Approval date 27th October 2017
steve holland
anthony Wyles
Mourad Bourahla

Inaugural Fellows’
Luncheon
The inaugural fellows’ lunch was held in stafford on 20th
september and was attended by 13 from within the fellows
group, including one fellow from australia.

There are 36 fellows and hon fellows within the institute.

The grey hairs and experience of the fellow community is an
important asset to the membership body as a whole.  it is
therefore hoped with gatherings such as this, and that of the
past presidents’ lunches, new ideas  and experiences can be
discussed for the benefit of the institute going forward.

it is planned to hold a 2019 event and other fellows are invited
and encouraged to attend. 

Past Presidents’ Luncheon
The 2017 past presidents’ luncheon will take place on
Thursday 14th December at the caledonian club, 9
halkin st, Belgravia, london sW1x 7Dr.
further information: please contact vicki hall at
vickihall@iexpe.org

Cranfield University
academic shortlisted for
award
professor Jackie akhavan from cranfield university’s school of
Defence and security, based at the Defence academy of the uK,
shrivenham, was shortlisted in this year’s Women in Defence uK
awards. cranfield was the only university to have staff shortlisted
alongside military personnel and staff from the civil service and
industry organisations. professor akhavan who is professor of
explosive chemistry and head of the centre for Defence chemistry is a
fellow of the institute and was nominated by her colleagues for being
an inspiration for women to enter the defence and explosives field over
a long and continuous career. unfortunately she did not reach the final.
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Professional Registration
professional registration statistics as at 31st October 2017

CEng IEng EngTech
QualifieD 31 7 3
in prOgress 9 4 0
application forms sent but not yet received back - 55

New Registrants
Our congratulations to these members on achieving professional
registration:
Mike Harris ieng

Greg Sugden ceng

Andrew Maber-Jones ceng

Peter Munro-Green ceng

Society of Environmental Engineers 
Members will be aware that our success in professional registration
is facilitated by our relationship with the see. since the new
secretary started, the turmoil we had been experiencing has abated.

PRI Assessor Training. see expects to run a pri assessor refresher
training event in the autumn and i have said that we would like some
slots on that event. i have also remined them that one of our
company Members, spex, has offered the use of its boardroom to
run a pri training event, provided that the timings are mutually
agreeable. Thank you to andy pettitt for making this generous offer.

Continuous Professional Development 
The institute published its requirement for professional registrants
to conduct a minimum of 30 hours cpD per year. This cpD can take
the form of meetings, seminars and events; the single important
criterion is whether the individual has learned something from the
activity. as such, the institute has decided it does not need to issue
attendance certificates but will support these if requested. council
takes the view that a professional explosives engineer will not
breach their own integrity by not maintaining accurate cpD records. 

Auditing & Monitoring. 
at the 2016 professional affiliates’ seminar, we were informed that
the engineering council will impose mandatory recording of cpD
from 1st January 2019 which will allow the imposition of sanctions
from 1st January 2020. This does not mean that members will have
to maintain their cpD records in mycareerpath, especially if they are
required to keep paper records, but if selected for monitoring, we
will require the report to be submitted using mycareerpath.

The see council has yet to confirm the detail of how it will undertake
the auditing and monitoring of professional registrants, but their
concept of operations is that they will probably begin in 2018, using
their own pri assessors as the auditors (possibly seeking advice
from our own assessors if they need a technical opinion) and the
sample size is likely to be 5%. sanctions, should they be necessary,
would begin in 2019 but these have yet to be defined, either by the
engineering council or the see.

We currently have only 75 registered users of mycareerpath and i
encourage members, if they are not required to maintain cpD
records in a corporate format, to:

Registrar report

a. record their own cpD on the system for which we pay an annual
licence fee;

b. promote the use of mycareerpath as a benefit when they talk
about membership with new or non-members;

c. demonstrate the use of mycareerpath for members if
requested.

Engineering Council
Professional Affiliates’ Seminar
The institute attended the 2017 professional affiliates’ seminar,
held at the engineering council offices on 26th september 2017.
The objectives of the seminar were:
• To update professional affiliates on developments at the

engineering council 
• To discuss specific topics of interest
• To identify benefits and possible additional areas of support
• To provide an opportunity to network with other affiliates.

Registration Fees
The Board of engineeringuK has agreed to increase the
registration fees by approximately 3% in 2018. This increase is
based on the funding requirements of both engineeringuK and the
engineering council.

The new fee structure is detailed in the box below:
2018 Annual Fees 2018 Entry Fees

category ceng ieng engTech/ ceng ieng engTech/

icTTech icTTech

full £39.00 £33.00 £19.00 £50.70 £42.80 £17.50

interim £13.90 £13.90 £13.90 £10.40 £10.40 £10.40

reduced £17.60 £14.70 £8.40 - - -

The annual registration fees from chartered engineers, incorporated
engineers, engineering Technicians and icT Technicians allow the
engineering council and engineeringuK to ensure quality in the
profession today and investment in its future for tomorrow.

figure 1.
mycareerpath
usage as at
29th august
2017.



Write on any explosive-related
topic, papers/ articles to be no

more than 3500 words as
Word document.

Competition Prize Categories 
l Members of IExpE 
l Non-Members of IExpE

Be a Winner and have your 
paper/article published
Two cash prizes of £1000 each
Enter the 2018 IExpE Journal Awards
Demonstrate your new ideas, forward vision, perception and
innovation in a paper/article for publication in explosives
engineering, the quarterly journal of The institute of
explosives engineers, supporting the professionals in the
industry and promoting the explosives sector worldwide.

Deadline for submission: 30th November 2018.
Results published in Explosives Engineering March 2019.

Prizes provided by Explosives Engineering Educational and
Research Trust. Winners selected by a panel of judges.

Further information for entry details: www.iexpe.org
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as a result, the see fee structure for 2018 for professional
registrations is: 

Total Fee Route to Registration
CEng
£150 standard route
£150 individual route
£300 Technical report route

IEng
£150 standard route
£150 individual route
£250 Technical report route

Eng Tech
£65 standard route
£65 individual route
nB. the total registration administration fee is now payable in full
on application.

One-off administration fee payable to Engineering Council on
registration
(note. This includes the annual subscription in the year of
registration)
CEng IEng Eng Tech
£50.70 £42.80 £17.50

Engineering Council Annual Subscription retired/hardship rate at
discretion of SEE - to note

CEng IEng Eng Tech
£39 (17.60) £33 (14.70) £19 (8.40)

Annual SEE Subscription for Joint Member registrants
CEng IEng EngTech
£60 £60 £60

Annual SEE handing charge for Non Joint Member registrants  
CEng IEng Eng Tech
£50 £40 £20

in exceptional cases see reserves the right to increase the above
fees where extra administration may be involved with the
assessment process. in such cases the charges would be indicated
to the candidate in advance.

Tomorrow’s Engineers
Over the last year, engineeringuK's activities to inspire a future
generation of engineers have reached over half a million young
people face to face, and over a million young people via the careers
material we provide. The ambition over the next three years is to
reach a million young people each year, something that the
continuing expansion of the Tomorrow's engineers programme
looks set to deliver.

Engineering Council Guidance
The engineering council has issued guidance for institutions and
registrants on these issues:

• security
• risk
• ethics
• Whistle blowing
• Quality (tbd)
• Diversity + inclusion (tbc)
• public Benefit
• codes of conduct
interested members can download extant guidance from
http://www.engc.org.uk/standards-guidance/guidance/ 

Special Registration Events
One of the new ways of working that we have been developing, in
concert with QinetiQ, is the special registration event. The idea is
that we give a presentation about the institute and professional
registration to a group of employees who work with explosive
substances and articles, followed by Q&a and the opportunity to
complete their membership application form and also start their
professional registration application at the same time. The hope is
that their membership application will be approved in good time and
time gap between becoming a member of the institute and their
professional registration will be reduced by running the two
processes in parallel. Thanks to QinetiQ and aWe for hosting some
of these events and we are looking forward to holding more this
year.

Ken Cross MBe ceng Msc Bsc(hons) fiexpe

kencross@iexpe.org
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it has been another busy period since my last entry with lots of
events, forums and seminars, with plenty of bits in between.

OME Symposium
another great OMe symposium, at which, i was proud to present an
update for the sector skills strategy group (sssg).
The presentation, which was well received, gave good insight into
the group’s activities over that last year, and highlighted just some
of what is to come over the coming years, such as:
• incident reports (emphasising on skills gaps)
• a suite of advice on assessing risks and hazards
• an industry recognised training passport
• advice on good practice
• new apprenticeship schemes
• and more…

My, slightly unusual presentation, gave the audience the opportunity
to interact with what was going on on the big screen, or as it did
once the slight technical hitch was sorted out!

They were given this question, and were invited to share their
thoughts by posting responses using their mobile phones:

‘What changes, or future technologies within the energetics sector,
do you think will have the biggest impact on current or future skills
needs?’

The responses were very positive and varied, this is what they came
up with:

response from the OMe 17 audience.

some of the audience’s answers had already been considered by the
sssg, like the changes within manufacturing which highlighted an
increased trend towards autonomy within production, where skills
may shift from a production worker, to the person who will have to
fix or maintain the machine that now does the work of a human.

Overall the symposium was very good, with varied and interesting
presentations, and opportunities to network. We saw lots of
institute members at the event, the iexpe stand gathered lots of
interest!

vicki hall, iexpe Office Manager, at the OMe 17 symposium

Moving out of heythrop park, and into the Oxford Belfry, the early
careers focus group have put on their annual early careers
symposium (ecs) as well. Being supported by the institute, this
year’s symposium saw the usual line-up of quality presentations,
interactive sessions, networking and teambuilding activities. 
a full report is included in industry news (see page 34).

The opening presentation: lt col Ted shine highlighted details of the fenian
brotherhood to the ira/pira.

Team building activities were varied, (myself on the right).

early careers 2017 delegates.

Before the evening dinner the entrants had further opportunity to
showcase a summary of their work in the acclaimed ecs poster
competition. five hundred pounds was donated by The explosives
engineers education & research Trust, and was split amongst the
prize winners.

Winning posters and further details will be published in future
issues of the journal.

Project Coordinator’s report
Early Careers Symposium
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SSSG
The sssg continue with their aims of sustaining
energetics skills within the uK and are working
on a roadmap to show their 3-5-year goals. sssg
chairman, Mark hardman, has this to say:

‘It is one year since I became Chairman of the
SSSG. I would like to thank John Anderson of
QinetiQ, on behalf of all members, for his time in
the post. There have been many notable
successes during John’s tenure, but one particular example that
stands out for me is the development of the Early Careers Group.
This is proving to be a great success.

Already we have come a long way in the last year, but there is still
more to do. We have established closer co-operation with IExpE
such that the SSSG membership is managed on our behalf by the
Institute; all members now benefit from Corporate Membership of
the Institute and Chris Tunstall has been recruited by IExpE to
become the secretary of the SSSG and working groups. We are
slimming down the number of working groups to focus our efforts
on skills, competencies and knowledge management. The Education
& Training (E&T) and Safety Working Groups will continue to act at
the core of our activities, and the Early Careers Focus Group will
continue, with some additional support from the E&T Working
Group.

We must focus on understanding the future needs of the sector and
in support of that, how we then sustain and promote the sector as
an exciting career option for our people. This will be an increasing
focus for us through 2018 and beyond. I am excited by the
opportunities that this brings and really look forward to working
with the Institute and the other members of the SSSG over coming
months and years.’

CSCS
With the withdrawal of the cscs crO (construction related
Occupation) card, the institute of explosives engineers has lifted
this barrier that prevented the eOc engineer from gaining access to
construction sites.

You will find more details on how you can obtain a cscs card via the
institute’s website: http://iexpe.org/information-library/partners-
affiliates/affiliated-organisations/cscs/

as part of my work to introduce an iexpe/cscs card scheme, 
i attended the first annual cscs partner card forum during
October at the Wellcome collection in london. ￼
The forum raised issues of card fraud, and discussed the
introduction of smart technologies for future card holders.

graham Wren, chief executive of cscs, talking at the first partner card
forum.

The first hse ‘helping gB work well’ conference.

another first, for the health & safety executive’s first ‘helping gB
work well’ conference held at the Qeii in Westminster, where the
hse unveiled their 19 workplace sector plans and ‘go home healthy’
campaign. Their plan covering explosives can be found at:
www.hse.gov.uk/aboutus/strategiesandplans/sector-
plans/explosives.htm.

The skills & employability summit.￼
Skills & Employability Summit 2017
There were some interesting talks at this summit, and it was certainly
attended by people with a passion for the education & Training
sector! Ofsted indicated a shift towards their aims for a higher
standard of learning, as opposed to strong qualification results.

With the impending (or not impending!) Brexit, there will be more
need for less qualified people to undertake those essential jobs,
sometimes predominantly filled by foreign workers, indicating that
there is a place for everybody within our society.

The general feel was that the standard education/job routes were,
gcse, a-levels, then university, which is still seen as the ‘gold
standard’. But there are many more ways to get to the same place,
and certainly apprenticeships were highly advocated. This ties into
the good work being done within the sector to introduce the degree
(level 6) OMe apprenticeship, which will lead to the creation of OMe
apprenticeships at other levels, i.e. intermediate (level 2), advanced
(level 3), higher (level 4/5) and masters (level 7). 

so, allow me to tie this into my main body of work, the sssg, to
which i would invite you to answer the same question:

What changes, or future technologies within the energetics sector,
do you think will have the biggest impact on current or future skills
needs?

i look forward to your response!

Chris Tunstall iexpe project coordinator

Further information: christunstall@iexpe.org

HSE Conference
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Obituary – Michael Goodwin MIExpE

Michael goodwin was born in lincolnshire in 1954.  he was one of
three children.  When he was 21 he joined hornsby and goodwin
(now h&g explosives services ltd), the family firm which had been
founded by his grandfather, harold goodwin in 1921 and in which
his father worked.  The firm was intimately involved in the munitions
trade and had been established originally as a foundry. 

Michael set about developing the business of manufacturing and
supplying explosives stores. he succeeded in building the company
into a leader for this product and h&g became eponymous with the
term steel stores. he himself was widely and properly regarded as
an expert in this field and as such was consulted by government, the
police, the institute and many others. his advice has resulted in a
material increase in the safety and security of stored explosives
and our debt to him is therefore a very real one.  

he joined the institute of explosives engineers and became a
member of council.   his time on council was unfortunately curtailed
when diagnosed with pancreatic cancer. With the attitude with
which we characterise him, he made light of this and he did not allow
it to prevent him from enjoying himself. 

Michael’s home life was of great importance to him. he was devoted
to his wife pat, daughter elvina,  grandchildren, nieces and nephews
– who referred to him as “naughty uncle Michael”. 

his family and his wide circle of friends were deeply saddened by
his death on 24th august 2017.  he was generous, humorous and a
true gentleman.   We are all the poorer for his passing and we
remember him not only with sadness but also with the deepest
respect and affection. 

The institute was represented at the service to commemorate
Michael’s life which was held in scunthorpe on 8th september. 

Andrew Smith Msc aiexpe

Michael goodwin
1954 – 2017
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Introduction 
Blasting is used to break up solid rock in quarries and explosives are
necessary in the process. for a successful blast, an appreciable
knowledge and usage of clear-cut design metrics and measurement
is needed. This should also include studying the mining plans and to
be well acquainted with the geology. 

To attain utmost rock-breaking efficiency from any commercial
explosive, having ammonium nitrate as the major ingredient, an
oxygen-balanced mixture is formulated to make certain that
formation of noxious gases upon detonation is minimised.
Thermodynamically, the preferred end product of an ammonium
nitrate based commercial explosive after full decomposition is
nitrogen (aeisg, 2011). however, some factors can prevent the
ammonium nitrate from fully decomposing resulting in the formation
of toxic fumes. This can happen even in perfectly oxygen-balanced
explosives. Depending on these various factors, the blasting process
may either be ideal or non-ideal.  

under ideal conditions, upon detonation, ammonium nitrate-based
explosives will produce nitrogen, water vapour (steam) and carbon
dioxide devoid of oxides of nitrogen (equation 1); 

(1)

apart from steam, dust and rock particulate matter, there will be no
visible gases as the explosive product gases are non-coloured (fig 1).

conditions encountered during quarry blasting are not always ideal.
commercial explosives having ammonium nitrate as the main
component produce fumes under non ideal conditions (equation 2).

(2)

Once in contact with atmospheric oxygen, the nitric oxide swiftly
changes to plumes of nitrogen dioxide.

(3)

The presence of nitrogen dioxide gives post detonation fume its
characteristic reddish-orange coloration and pungent odour (niOsh,
1994). By and large, some factors such as the age and composition
of the explosive, moisture content of the drill hole, velocity of
detonation, charge diameter, initiation type, and most significantly
explosive confinement determine the amount of non-ideal
detonation products formed. research has revealed that the level of
confinement of an explosive charge and the material being blasted
both have a considerable impact on production of post detonation
toxic fumes (persson and persson, 1980).

geology and ground conditions influence the confinement of the
explosives which is a vital requirement to ensuring the explosive
reaction is near ideal. The explosive may flow into fissures, voids and
crevices around the drill hole hence not being able to confine
properly. at this instance it forms below the critical diameter
prompting an incomplete detonation leading to the generation of
toxic fumes (isee, 2015).

Analysing the
role of blast
design on post
detonation toxic
fumes generation
in quarries
By Raleke Ralus Okeke Bsc aiexpe

The potential hazards of fumes from blasting operations in
quarries have long been recognised. The factors that
determine which pattern to adopt during blast designs can
be complicated. Some of these include the rock type being
blasted, its strength and physical properties.
Fragmentation requirement, vibration and air blast
concerns may also have a direct influence on which pattern
to select. All these factors put together will inevitably
determine the hole size and depth, drilling pattern, the
firing pattern to adopt and the type and quantity of
explosives. When commercial explosives that include
ammonium nitrate as the main ingredient detonate,
significant amount of gases are liberated as detonation
products. Some of these design factors may hinder the
ammonium nitrate from attaining full decomposition
therefore generating toxic fumes.   
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3NH4NO3 +    CH2 3N2 +   7H2O    +   CO2

(ammonium                (fuel)           (nitrogen)       (water            (carbon 
nitrate) vapour)          dioxide) 

2NO     +       O2 2NO2

(nitric           (oxygen)          (nitrogen dioxide)
oxide)  

5NH4NO3 +  CH2 4N2 +  2NO   +   CO2 +   11H20
(ammonium        (fuel)            (nitrogen)   (nitric        (carbon         (water 
nitrate) acid)         dioxide)         vapour)            

figure 1.  Blasting under ideal conditions without production of
oxides of nitrogen in Majan limestone quarry.



in quarry blasting, the explosives that produce fumes are normally a
mixture of porous ammonium nitrate prills and fuel oil alongside
other additives. These explosives may be in the form of ammonium
nitrate and fuel oil (anfO), emulsions or water gel containing
ammonium nitrate. Most of the ammonium nitrate blast fume cloud
is composed of dust, water vapour (h2O), carbon dioxide(cO2),carbon
monoxide (cO), nitrogen dioxide (nO2), nitric oxide (nO), soil, and
rock particulate matter that is released by the forces exerted on the
surrounding rock during the blasting operations  (DeeDi, 2011).

Research methodology  
Blasting activities were conducted and closely observed in two
quarries in Oman for the purpose of this study (Tables 1a, & 1b).
The gypsum quarry belonging to Dhofar Mining company is
situated in raweya near Thumrait, while the limestone quarry is
sited  West of Teetam, near salalah, and belongs to Majan Mining
company. Both quarries were productive at the time of the study.
prior to developing the initial blast designs, existing geology and
geologic structures were reviewed while representative rock
samples were collected and analysed. structural discontinuities
and effects of weathering on existing outcrops adjoining the blast
sites were appraised. for each blasting activity, a blasting
specification was drawn up, taking into consideration
• a plan showing the blast location
• drilling plan indicative of proposed hole positions, diameter,

depth, and inclination
• driller’s log having a comprehensive view of geological

anomalies (joints, cavities, and bedding planes)
• survey showing the diameter, angle of inclination, number, and

spacing for each blast hole
• profile and minimum burden around each hole to determine the

burden and the minimum distance between a blast hole and the
face independent from any direction (figure 2, see over page)

• diagram showing the details of explosives, detonators/cords,
decks and stemming in each blast hole

• system of initiation and detailed sequencing pattern.
• plan showing the danger zone and shortfiring position.

alternate blast designs were made using 76 mm and 89 mm
diameter blast holes. The holes used in the study were sometimes
divided into blocks and cautiously monitored. explosives
containing a stoichiometric mix of fuel and oxidizer were carefully
chosen for this study so as to minimise the production of toxic
fumes based on oxygen in-balance. if there is an excess of fuel,
detonation of the explosive will generate increased quantities of
carbon monoxide (cO). conversely, if there is not enough fuel,
detonation of the explosive will generate increased quantities of
nitrogen dioxide (nO2) (rowland and Mainiero, 2000). all
explosives were plant mixed. holes were either primed using
emulsion cartridges or boosters and manually charged using anfO
packaged in 25kg bags and the length measured using
tapes/marked stemming rods while pouring. for the purpose of
this study various drilling patterns were used, the initiation timing
for multiple hole blasting was varied taking into consideration
different scenarios (too short, too long and normal). This enabled
the observation of the effects of burden restriction, and cutoffs
(ripping apart of a network of tie-ins by ground movements before
it has had the chance to initiate all the holes in the firing pattern),
on the production of fumes.

Geological indices of blast design
Blasting performance is influenced more by rock properties than
the properties of the explosive (Bell, 1992). Modeling blast designs
based on the diverse geological conditions peculiar to any quarry
will help in adjusting to changing conditions encountered as mining
activity progresses. The drill log provides data to the blast
designer verifying the rock mass and its blastability. ground water
alteration should also be taking into consideration while gathering
data. 
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Blast number

parameter M1 M2 M3 M4

Burden(m) 3.0 3.2 3.3 3.1

spacing(m) 3.4 3.6 3.8 3.5

stemming length(m) 2.5 2.7 3.0 2.8 

hole Diameter (mm) 76 89 76 89

hole inclination (o) 27 22 27 25

average hole Depth (m) 15 6 9 10.9

number of holes 247 291 230 273

Drill pattern staggered staggered staggered Odd rows

firing pattern row-by-row row-by-row echelon echelon

number of holes/row 11 10 10 10

inter-hole Delays (ms) 25 25 9 25

inter-row Delays (ms) 67 42 17 42

Decking material crushed - - air bag/ 
stone aggregate

explosive Density (gcm-3) 0.82 0.82 0.85 0.82 

explosive vOD (m/sec) 3,700 3,700 3,900 3,700 

explosives Quantity(Kg) 10,000 7,050 10,096 9,875 

powder factor(kgm-3) 0.33 0.34 0.38 0.33 

hole condition wet Dry Dry Dry

stemming Materials Drill cuttings crushed crushed stemming
stone stone plugs/

crushed 
stone

Blast number

parameter Og1 Og2 Og3 Og4

Burden(m) 2.6 2.5 2.5 2.5

spacing(m) 3 3 3 3

stemming length(m) 2.2 1.7 1.6 1.6 

hole Diameter (mm) 76 76 76 76

hole inclination (o) 0 0 0 0

average hole Depth (m) 6 3 3 3

number of holes 196 141 190 200

Drill pattern rectangular square square Odd rows

firing pattern echelon row-by-row row-by-row echelon

number of holes/row 10 12 10 10

inter-hole Delays (ms) 109 25 25 25

inter-row Delays (ms) 17 67 42 17

Decking material -   -   -   -   

explosive Density (gcm-3) 0.82 0.82 0.85 0.82 

explosive vOD (m/sec) 3,700 3,700 3,900 3,700 

explosives Quantity(Kg) 5,045 1,650 2,225 2,475 

powder factor(kgm-3) 0.55 0.54 0.52 0.55 

hole condition Dry Dry Dry Dry

stemming Materials crushed crushed crushed Drill
stone stone stone cuttings/

soil

Table 1a. Blast design details for Majan limetone Quarry.

Table 1b. Blast design details for Dhofar-Mining gypsum Quarry



Structural orientation
generally, a rock mass is perceived to contain structural
discontinuities of different types (figure 3). relevant data such as
orientation, spacing, length, and aperture for visible joints, faults
and bedding plane where possible should be accounted for. it is also
important to document the type of joints, and whether or not the
joints are open. Open joints could facilitate water percolation, and
this will make the hole wet. as observed at the limestone quarry,
conjugate joints sets were mapped in the ne. some drill holes were
noted to be wet as a result of water ingress which emanated after a
low cloud ceiling during the khareef season. Wet holes undoubtedly
facilitate fume formation upon explosive detonation (isee, 2015).
Knowing the condition of individual holes will determine the design
suitable for a fume free blast.
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(a) profile

(b) Minimum burden

(c) profile

(d) Minimum burden

a & b -: hole M1-(20) at Majan limestone Quarry
c & d -: hole Og2-(10) at Dhofar-Mining gypsum Quarry

figure 2. comparison of a profile with the minimum burden diagram of the same blast hole.

figure 3. high wall showing structural discontinuities at
Dhofa- Mining gypsum quarry in raweya.



The orientation of joints is also vital in quarry blast design as it
tends to affect the stability of high walls. smaller diameter
blastholes are more suited to strongly jointed rocks as the
decreased spacing results in fewer joints between holes. Both the
strike and dip values of each visible joint should be noted, and when
designing the blast, joints dipping out of the walls should be avoided
to guide against wall failure and blast hole cut-offs.

from the structural orientation data in the southern pit at the
gypsum quarry, joint sets daylight the quarry wall in a down-dip
direction. geological mapping located a series of minor thrust faults
with dips of 20o-45o to the nW. The throws were mostly less than
1.5m. stereographic plots from the gypsum quarry indicated that
there is a possibility of wedge failure when such thrusts intersect
bedding.

Rock density
The density of any rock is very much connected with its strength. By
increasing the drill hole diameter, reducing the drill pattern and
changing to an explosive having a stronger heave energy, adequate
displacement of higher density rock can be achieved. With a good
knowledge of the rock density (Table 2), the drilling pattern will be
choosen to suit the design and guide against inter-hole explosive
desensitisation which arises when blast holes are drilled too close
together. When commercial explosives are desensitized, a non ideal
scenario occurs resulting in the formation of noxious fumes
(equations 2 and 3).

Discussion
Blast hole layout and loading
using measurement while drilling (MWD) techniques will help in
determining the condition of the hole, bearing in mind that
blastholes are not always perfectly cylindrical, differing internally in
shape and form. This down-the-hole profiling will aid in the selection
of appropriate explosive product to be placed into the holes. a
different product may be required for different holes or even down
the same hole if there is a noticeable strata variance. 

choosing the proper drilling pattern and placing the specific
quantity of explosives which was in consonance with the blasting
specification in Majan limestone quarry, sW bench (pit 1), resulted
in the optimal use of explosives with all undergoing complete
detonation, (Table 1a-M2) consequently giving an ideal situation
(figure 1). however, using the same parameters on the eastern part

of the pit without adjusting the blasting specification during the
next blasting session, it was observed that plume of fumes was
generated upon detonation.

Tables 1a-M4 and 1b-Og4 show the design parameters used in
order to determine the effect of priming and charging on the
production of fumes. Two blocks of four rows each (10holes/row),
were used. at the limestone quarry, the third and fourth rows were
poorly primed. figure 4, shows the plume from the studied block.
also the block containing lots of cavities was charged without
caution, some holes being over charged.  at the gypsum quarry, all
the holes in the first block while charging were contaminated using
drill cuttings and soil. it was observed that the understudied blocks
produced fumes upon detonation.

The unethical practice of indiscriminate charging of blast holes
without caution by the blasting crew, consequently contaminating
the explosive with drill cuttings, proved to be a contributory factor
to fume formation. The blaster while loading a hole should
frequently check the rise of the explosive column to prevent
overloading due to the loss of blasting agents in voids and cracks.
explosive energy tends to vent through the weak zones, and when
undetected voids are loaded, anticipated confinement is not
achieved which in turn leads to fume formation. hole liners could be
used if it becomes apparent that the holes are wet or have cavities.
stemming provides confinement and prevents the escape of high-
pressure gases from the blast hole. insufficient stemming causes
vicious fragmentation of the collar zone resulting in flyrock, airblast
and fumes. The blaster should determine what type of stemming
material best suits his design as no two quarries are the same.
stemming plugs or crushed stones will serve as good stemming
materials.

proper priming of blastholes is an integral part of a successful blast.
using either detonators or detonating cord, blast holes must be
accurately primed by firmly embedding them in either emulsion
cartridges or boosters to avoid being pulled out of place during
loading. The strength of the primer should be known and sufficient
enough to initiate the explosive column.  

Blast timing sequence
The selection of the initiation system is one of the most important
considerations in blast design. Different delay techniques are used
to achieve better fragmentation, control rock movement, and to
reduce ground vibration. Delays are incorporated into the blast
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Quarry Location Rock Type Relative density(g/cm3) Water 
*OD *SSD Apparent Absorption 

(%)

West of Teetam, limestone 2.59 2.61 2.64 0.71
near salalah .Oman 

N 170 02' 38.3"
E 0530 46' 24.4" 

raweya, near gypsum 2.32 2.33 2.34 0.39
Thumrait. Oman

N 170 30' 30.2" 
E 0540 00' 57.1" 

*OD - oven dried

*ssD - saturated surface dry

Table 2.  relative density and water absorption data for rocks from studied
quarries.

figure 4. plume of toxic fume, dust, soil and rock particulate matter
in Majan limestone quarry.



design using detonators (electric, non-electric, electronic), cord relays or delay
connectors with detonating cord (figure 5).  generally the direction of throw
and resulting fragmentation will be determined by the firing system’s
geometry engaged in the blast design emanating either from hole or deck
initiations.

at the gypsum quarry in raweya, for the purpose of this study, the timing
sequence was altered for a block of holes to note the effect of delay pattern
on toxic fume formation (Table 1b-Og1). The inter-hole delays were made to
be too long. upon initiation, due to a long delay period, the protection from
the fired rows disappears thereby disallowing the adequate confinement
leading to adjacent explosives product columns to become desensitized. This
action hindered the complete detonation of the columns leading to fume
formation. figure 6 depicts a hole still emitting fumes about three minutes
after detonation. 

Table 1a-M3 summarises the blast design in Majan limestone quarry used to
analyse the effect of too-short a delay. The inter-hole delays were made to be
too short leading to row burdens being constrained due to not having enough
time to move forward and causing formation of back breaks (figure 7). proper
sequencing of inter-hole and inter-row delay timing is an important
contributor in firing patterns for good blast results (choudhary, 2013).

if inter-hole delays are too long, cutoffs of surface delays resulting from
flyrocks may occur resulting in an incomplete detonation of the explosive
charge leading to fumes being formed.  if the inter-hole delay is too short, the
movement of row burdens is constrained and fragmentation is poor. 

16

feature

figure 5. connecting a 17ms nonel connector to a surface trunk line at the limestone quarry.

figure 6. nitrogen dioxide fume emission from of a 76mm
hole after detonation in Dhofar-Mining gypsum quarry.



high ground vibrations result and back-break along the new wall
may be eminent, affecting the stability of the slope. Back-break
occurs when the stress produced in the rock by the explosion
exceeds the crushing strength of the rock. The crushing strength
is typically two to five times the uniaxial compressive strength
(Workman and calder, 1992). holes drilled behind the back-break
for subsequent blasting may contain voids or cavities resulting
from previous blasting. fractures due to previous blasting should
be accounted for in ensuing blast designs. 

Conclusion and recommendations
The underlying causes of post detonation toxic fumes are fuel-
deficiency in the explosive and or detonation reactions that do not
continue to completion. Blast design no doubt plays a role in the
later. in as much as a blast worked well on one side of a pit, does
not necessarily entail that the same parameters will work in a
different location in the pit. complacency and assumption often
lead to poor blast designs.  it therefore behooves the blaster in
charge to analyse a critical appraisal of the mine during the blast
design so as to adjust where necessary.

continual improvement through evaluating new technology and
alternative blasting methodologies will effectively reduce the
possibility of fume generation. The elimination of fume requires
the concerted effort by all involved in the blasting activity.
professional expertise on the part of the blaster in charge and
good work ethics from other crew members will in no small
measure avert the unnecessary production of post detonation
toxic fumes. 
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figure 7. Back break as observed after bench blasting in Majan limestone quarry.



The article addresses common misconceptions about the
causes of accidents, the typical range of responses of
dutyholders following an incident, and the role of the
prosecutor. By identifying common misconceptions and
unhelpful responses, the article aims to assist dutyholders
to make better decisions in the wake of an incident.

This article is based upon a talk of the same title given at
the 2017 IExpE Conference, and upon 10 years of
experience working as a prosecutor specialising in high
hazard environments on behalf of the Health and Safety
Executive.

The opinions expressed in this article are the sole opinions
of the author and do not represent the views of any
organisation or any government department. This article is
not legal advice, and advice should always be sought from a
qualified legal professional in relation to specific problems.

You are the owner or manager of a high hazard facility and receive a
call at 3am informing you that an accident has occurred at your
site. You leave your home and arrive at what was formerly your
premises to discover a smoking crater in the ground. What is your
first response?

all high hazard sites should have in place an emergency response
protocol which should advise on the steps to be taken in the
aftermath of an accident. accidents frequently occur at
inconvenient moments when the person with the greatest
knowledge and experience is unavailable. it is therefore extremely
important that the emergency protocol can be easily located and
clearly understood by someone without direct personal knowledge
of the site or the likely causes of the incident.  

Your actions in the immediate aftermath of an accident are critical
both in relation to preserving your business as an ongoing operation,
preventing the accident escalating and avoiding litigation.

The response protocol should contain:
• The details of a designated response manager
• up to date maps of critical infrastructure
• a procedure for undertaking a rapid risk assessment of the

current situation
• procedure for logging events
• procedure for notifying relevant authorities
• procedure for securing/preserving evidence
• procedure for notifying affected persons
• procedure for data recovery
• information on the location of other relevant information such

as product inventories.

in the event of an accident staff should be able to react instinctively,
and simply refer to the procedures as guidance. To ensure that staff
can react instinctively regular drills should be held. a debrief at the
end of each drill will ensure that the emergency response protocol
remains up to date and fit for purpose. Too many companies
discover the weaknesses in their emergency response protocol
during the aftermath of an accident.

As the sun rises your fellow directors arrive at the site to survey
the damage. The relevant parties have been notified and steps
have been taken to manage the site. What do you do next?

a meeting should be organised to assess the information collected
so far and plan the next steps and set up your investigation team.
The person who has managed the event during the night should
present his/her findings at the meeting and then be relieved by a
fresh incident manager. at this stage minute by minute logging of
events may no longer be necessary and the focus will shift to
managing the enquiries of interested parties e.g. family members,
workers, journalists, insurance assessors and health and safety
inspectors.

During this initial meeting a summary of the incident to date should
be prepared. a non-confidential factual summary can be used to
brief interested parties. an initial list of evidence should be
prepared and a plan for the collection, preservation and storage of
further evidence. photographic and video evidence of the scene is
also crucial. Keep a careful record of who is doing what at the early
stages of the investigation as they may be required to give evidence
later. Your team should reconvene for progress meetings regularly,
for example at 6, 12 and 24 hours.

an incident such as a fire or explosion will attract press interest,
and journalists and members of the public are likely to quickly arrive
on the scene. a person should be appointed to deal with press
enquiries. This will ensure a consistent message is provided and
hopefully prevent the disclosure of compromising or prejudicial
information. a person should also be appointed as a worker/family
liaison officer. This is especially important if injuries have occurred,
but even if there are no injuries workers will be making enquiries
about their future. uninformed or anxious workers or members of
the public may turn up at the site and risk hampering the
investigation, or start briefing against the organisation.

at this point you may also wish to appoint lawyers. specialist
lawyers can assist with fielding queries but also bring an element of
independent oversight to the investigation. They will also be able to
advise on how the ongoing investigation can be structured. 

How will your organisation respond to the ongoing challenges of
managing a serious incident?

Many organisations that successfully manage the initial incident
and its immediate aftermath, oddly flounder during the later stages.
This is often the point where responsibility for managing the
incident passes from direct managers at the site to senior
management. Typical problems that arise at this stage are as
follows:

• Information gaps 
persons making decisions are not sufficiently well informed, or
lack appropriate specialist knowledge.

• Blame games
some directors may be concerned at being held out as a
scapegoat to protect the organisation, or consider themselves
at risk of personal prosecution. They may therefore be primarily
concerned with protecting themselves rather than the
organisation. alternatively, directors may seek to shift
responsibility to workers or managers, thus alienating persons
who might valuably help with the investigation and rehabilitating
the organisation.

A Prosecutor’s perspective
By Ruth Barber llB (hons) aiexpe
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• Excessive defensiveness 
The organisation engages in a hostile manner with outside
agencies and seeks first and foremost to deny all responsibility in
the face of clear breaches. This approach tends to have the exact
opposite effect than is intended and merely stokes suspicion and
provokes a more aggressive investigation by outside agencies.
investigating authorities have a duty to act fairly and in
accordance with published guidelines. if you feel that an
investigating authority is not acting fairly you have a right either
to lodge a complaint or make a legal challenge to their decisions. 

• Shock, denial and chaos 
This outcome tends to afflict organisations which lack an
adequate disaster recovery plan. Bizarrely some organisations
fail to adequately prepare for emergencies because to do so
would draw attention to potential failings.  such organisations
have a perfectionist rather than a realistic worldview. When
disaster strikes it hits such organisations particularly hard, and
the management board can descend into a spiral of blame and
acrimony.  The organisation is then unable to engage with
investigating authorities, and may obtain the worst possible
resolution after a protracted investigation. such organisations
frequently never recover from incidents that better prepared
organisations weather with relative ease.

it is helpful to have someone with first-hand knowledge of the
incident present at all key post incident management meetings.
external experts should be drafted in to assist as soon as possible:
they provide both useful technical information and an element of
independent oversight.

it is unhelpful to seek to blame individuals, especially in the early
stages of an investigation. high hazard incidents are rarely the result
of the actions of one individual, but rather the outcome of numerous
disparate failings. Blaming individuals will seriously hamper your
investigation by alienating those individuals, and will also have a
chilling effect on the free flow of information from others. show
support for your workforce by offering an information amnesty and
providing, where necessary, independent legal advice for workers.
prosecuting authorities take a dim view of attempts by corporate
entities to offload responsibility. unless the incident is clearly the
consequence of a wholly reckless and unforeseeable act by one
individual, attempting to offload corporate responsibility is unlikely
to be successful.

Mitigating a disaster is usually by far the most successful strategy.
engaging promptly and proactively with investigating/prosecuting
authorities is likely to speed up the investigation, saving time and
money. for most organisations resolving the investigation and
resuming normal operations is likely to be the priority. an ongoing
investigation is expensive in terms of staff time, legal costs and
ongoing negative publicity. each organisation should take advice, but
the costs of even a successful trial may well exceed the costs of an
early guilty plea with good mitigation. The ultimate financial penalty
imposed by the court is often the least of the financial burdens on an
organisation after an accident. Organisations should also be aware
that trial proceedings frequently expose commercial details of the
organisation’s operation which the organisation might prefer to keep
confidential. strong court mitigation after a guilty plea can also help
to turn around an organisation’s reputation. The organisation has far
greater latitude with the content of a mitigation speech following a
guilty plea, than following a conviction after trial when a Judge may
also quote unfavourable witnesses when sentencing.

early engagement with the investigation authorities may help to
avoid an investigation turning into a prosecution. in the event a
prosecution decision is made, carefully agreed terms for a guilty
plea may assist in restricting the organisation’s wider liabilities. 

Why do accidents happen?
There remain persistent myths about the causes of accidents.
These myths persist in part from a lack of understanding and in part
because some organisations prefer to avoid addressing corporate
failings.

• Inexperience
accidents are rarely caused solely by inexperienced people, as
inexperienced people tend to be risk averse, and where
permitted, will seek assistance with tasks with which they are
unfamiliar. accidents are usually only caused by inexperienced
people when they are forced to work on tasks beyond their
competence.

• Absence of written procedures 
The presence or absence of written procedures is rarely a cause
of accidents. an absence of written procedures may be
indicative of a poor safety culture, but equally indicative is a set
of proforma rules not tailored to the organisation and never
read. The best organisations have a set of procedures drawn up
by the workers based on their own risk assessments of the
workplace. such workers will have an inherent understanding of
good practice and will therefore not need to rely on constantly
reading procedures.

• Laziness 
laziness is rarely the cause of accidents; however, complacency
is frequently a cause. persons undertaking high risk roles for
long periods become de-sensitised to the risks, and over time
skimp on protective measures. complacency can be avoided by
regularly moving people undertaking high risk tasks into
different roles. This management strategy has many additional
benefits – staff become multi-skilled and have a better
understanding of the work being undertaken by their colleagues.
They can spot errors made by colleagues and cover for un-
expected absences. a fresh perspective may uncover a more
effective method of undertaking a task, and greater
understanding of staff of the operation may lead to a more
efficient team.

• Staff absence 
Whilst unexpected absences will put pressure on a team, there
should be sufficient latency and experience within a team to
cope, at least in the short term. frequent staff absence is often
a symptom of larger management and organisational problems. 

• Lack of task specific knowledge
similarly to the inexperienced, the unskilled will usually resist
undertaking tasks that are outside their competence, or will
seek advice from other colleagues. problems arise when
workers are forced to undertake tasks outside their
competence.

• Exhaustion 
The mental reasoning capacity of even highly skilled
professionals diminishes rapidly under the effects of stress and
lack of sleep. Whilst there is clearly a profit incentive to keep a
business running, the cost of the consequence of poor decisions
in a high-risk environment may be higher. 
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• Short term profits 
The long term cost of keeping an inefficient, or poorly
maintained operating system running is likely to exceed the short
term profits. Middle managers should have the freedom to shut
down operations for maintenance or when they deem their staff
are unable to make safe decisions, even in the face of short term
losses.

• Contractors
a common cause of health and safety system breakdown is an
ineffective interface between contractors and employees on a
site. Both organisations may independently have robust and
effective health and safety arrangements, and the contractors
may have been properly vetted. problems arise because the two
systems do not easily mesh and important checks may fall
through the gaps: each organisation thinks the check has been
undertaken by the other.

When contractors are working closely alongside established
employees, the hiring organisation should be careful to check
how safety systems are working across the two organisations. it
is not sufficient simply to vet a contractor before work
commences; an audit shortly after work has commenced will
more accurately assess how arrangements have bedded in.

• Tick box risk assessments
pro-forma risk assessments can be useful for basic tasks or as a
starting point, however in themselves they are rarely sufficient
for even simple tasks in high-risk environments. The danger with
a tick box risk assessment is that its generic nature means that
obvious, but specific risks linked to a particular task may be
missed. The worker believes that once the tick list is complete
the risk assessment is complete and fails to think about
additional hazards. every tick list should be clear that it is not
exhaustive and require some narrative input which will force the
worker to think about further potential risks.

• Toxic culture 
every workplace has either a positive or negative safety culture,
usually a product of explicit or implicit messages from
management, or a culture cultivated by key individuals on the
shop floor and not challenged by management. Workers are
either encouraged to embrace safety policies or encouraged to
disregard them. The difference is usually one of perception;
where policies are simply imposed on workers with no input from
them and no consideration of how the policies will operate in
practice, the policies are likely to be shirked and disregarded.
policies are likely to be disregarded by workers where
management gives the impression that the organisation regards
the requirement to undertake health and safety assessments as
simply an annoying and unnecessary legislative burden. 

employees should be encouraged to undertake their own risk
assessments. This process of employees analysing how their
work is undertaken can also help employees provide more
general feedback to employers on how their task could be made
more efficient. 

risk assessments and safety systems that have been drafted by
employees undertaking the relevant tasks are more likely to be
fit for purpose. since these policies are drafted by employees
and not imposed by management there is likely to be less
resistance to compliance since the employees are themselves
stakeholders in the process. 

in working cultures where risk taking is valued, health and safety
can be viewed as a peculiar form of cowardice. in such cultures it
can be helpful to focus not on the effect of incidents on the
workers themselves, but the potential effect of an incident on
their dependents. This also helps to promote a culture of looking
after others: some workers find it more socially acceptable to
look after their colleagues than to look after themselves.

• Disconnection between safety and management systems
in some organisations health and safety is simply seen as a set of
unnecessary and burdensome regulations. consequently, the task
of undertaking necessary risk assessments is often delegated to
the least competent person who then receives little support. The
assessments that are created fulfil the statutory minimum
requirements but fail to identify potential problems or provide
useful solutions. some companies outsource their health and
safety duties to providers of questionable quality, or fail to act
upon the recommendations received from competent providers.
Outsourcing health and safety assessments does not absolve the
organisation from responsibility in the event of an incident. 

These approaches cause the risk assessment to be disconnected
from the organisation’s management systems. for health and
safety measures to be useful, safety risk assessment needs to be
integral to system management. strangely, some organisations
that routinely undertake, for example, financial risk assessments
balk at undertaking routine safety risk assessments. The grounds
for undertaking a safety risk assessment are no different than
the grounds underpinning a financial risk assessment: a desire to
identify potential problems to the business in advance to allow
the business to take steps to prevent the problems from
occurring, or mitigating their effects in the event of the worst. 

Conclusion
all organisations must accept that failure on some level at some
point is inevitable. complex and high risk environments have a
greater potential for catastrophic failure. a realistic approach to risk
management is not to try and avoid failure but instead put in place
layers of latency and checks and balances within a system. These help
to prevent failure and help to prevent a minor failure becoming a
catastrophe.

a sound emergency response protocol combined with regular drills
should ensure that any incident is managed effectively and negative
fallout is minimised. 

co-operation with the investigating authorities will usually secure the
best outcome for the organisation either in terms of preventing a
prosecution or by mitigating liability. 

health and safety should be integral to management systems, and a
culture of taking care should be promoted within the organisation.
employees should be encouraged to take responsibility for the
welfare of themselves and others and supported to report near
misses. This approach is likely to have benefits not only in a reduction
in accidents but will promote the development of more efficient
communication and management systems within the organisation
generally.

Ruth Barber LLB (Hons) was called to the bar in 1996 and admitted
to the roll of solicitors in 1998. She was a member of the Attorney
General’s list of advocates and a specialist Health and Safety
Prosecutor. She currently works as a consultant and is available to
provide training to companies on risk analysis.
ruth.barber@ruthbarberconsulting.co.uk
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Salterforth ammunition
depot
By Ian McKay fiexpe
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When gavrilo princip shot the archduke franz ferdinand, heir to the
throne of austria, in sarajevo on 28th June 1914, it brought to a
head matters which had been exercising the minds of the great
powers for 20 years and more. it is doubtful if he anticipated the
scale of the war which would result. presently, in the first few days
of august, germany declared war on russia, then france and
germany declared war on each other, followed by germany
declaring war on Belgium  - immediately crossing her frontier - and
then great Britain joining in  to aid “little Belgium”. There was no
obvious need for haste. The might of the allied powers, immensely
supported by British jingoism and her valiant navy, would soon show
the hun what was what, and our gallant Tommies, even then
embarking for france with cheery wave and song, would be home for
christmas. 

By the time the first six months had passed it was shockingly and
abundantly clear that being home for this, or even for next,
christmas was looking like a pious hope. The main protagonists
continued to dig themselves into deeper and deeper trenches which
stretched eventually from the flanders coast near Dunkirk,
something like 470 miles to the swiss border.  

Map of trench system near Beaumont (Thiepval) on 14 Oct 1916.

The last years of the 18th century had seen huge strides in
improvements of guns, arms and ammunition of all types. These
advances and the difference in the tactics of warfare from the fast-
moving and gallant cavalry charges of the crimea to the squalid
trenches of flanders, where a major victory was measurable in
movements of a few yards, meant that there were massive changes
to be assimilated by the armies on both sides.

WW1  17-inch howitzer 

eventually the multiplicity of trenches supported in the rear by guns
of inordinate calibre and vast range, lead to munitions output
expanding in the first six months of the War by nineteen times in
great Britain alone. shell deliveries in the first half of 1915 were
2,278,105 and were to rise to 13,995,360 in the first half of 1916
and to 33,407,193 by the end of 1916. The enormous number of
23 million shells were fired at verdun by the french and germans
between february and July 1916: eventually there was to be one
large artillery piece for every 5¼  yards of the flanders front.
.  
By mid-1915, the lack of supplies of shells to maintain these
prodigious feats of consumption at the front line lead to a political
scandal known as the shell crisis.  The British shell production was
neither maintained at its highest efficiency in terms of numbers of
output nor of their quality.  heads rolled. The munitions factories
were thrashed into overdrive. almost imperceptibly at first, the
supply of shells and munitions improved. But the raw materials for
these had to be stockpiled somewhere so that they could be sent
out to the shell filling factories. 

part of a large cordite store of WW1 date
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up to september 1915 the Ministry of Munitions of War (War
Office) only had suitable magazines (a magazine is a building used
for explosives storage) at Woolwich arsenal, purfleet and Weedon.
These were just about sufficient for the supplies of home-produced
cordite but were totally inadequate for dealing with propellants
from overseas in addition.  it was estimated that storage for twenty
thousand tons would need to be found. 

initially caves and quarries were used as shell storage space but this
proved to be insufficient for the huge quantities involved.  a study
of potential storage sites was made. sites were selected on the
basis of a number of criteria which were specified as being
appropriate for a storage site for such hazardous and strategically
important materials. These criteria were :
• isolation from other buildings
• expenditure in adaption
• suitability from a military point of view
• Outside the area of air raid attack
• capacity about 2,000 tons 
• suitability for traffic
• cheap handling on site
• Distribution to (shell) filling factories (like leeds, for example)

in October 1915 therefore it was decided that two large propellant
storage depots would be built, one in gloucestershire at slimbridge
(hM Magazine 23)  and the other on the lancashire/Yorkshire
border  at salterforth, between Burnley and skipton. in 1916, the
depot at salterforth came into use. it consisted of seven storage
buildings for cordite, which is a propellant explosive used in shells.
The reference to the site as his Majesty’s Magazine is proof that it
was for storage alone and that it was not a place in which munitions
were made or filled, which would be referred to as a “factory”, a
“filling factory” or an “ordnance factory”.   

The Midland railway main skipton-colne line had its junction to
Barnoldswick about a mile south of earby station. The branch was a
single track line which had been opened by Midland railway on 8th

february 1871 and was closed to passengers on 27th september
1965. The company identified the 'earby ammunition Works
sidings' as coming off the branch line 13 chains (about 300 yards)
from the Barnoldswick Junction by a single track line. Both of these
are shown in the Os map extracts and sketch plan. There is
contradiction in detail however between the 1931 Os map the
1923 edition. There was also access to the depot from the leeds &
liverpool canal.

some of the details known about salterforth depot are: 

Magazine reference number 
(for administrative purposes only) 22
location according to skipton, Yorks
War Office listing
consignment address hM Magazine, earby, Yorks.,

Midland rly, skipton to colne line
postal address The superintendent, 

hM Magazine, 
salterforth via colne, lancs.

Telegraphic address Magazine, Barnoldswick
Telephone number Barnoldswick 41
name of superintendent in 1917 W.currie
superintendent’s salary £400 per annum

The depot appears to have finally closed in 1923, though there is no
record known of it being in active use after the end of hostilities.
even by 18th June 1927 the sidings themselves had not been listed
as having been removed: the date of them being lifted is not known
with certainty.  part of the line of the railway itself was obliterated
when the new road from Kelbrook to Barnoldswick was built. Work
on this road began in 1922 but it was not opened to Kelbrook until
1934.  There can still be seen in the fields some vague outlines of
buildings now demolished and part of the canal wharf is also still
visible a few hundred yards from the anchor public house at
salterforth. 

a railway

gunpowder van,

built in 1915 and

out of service by

1922.



24

feature

Did you know?
1. in 1915 there were over 43,000 persons

employed in explosives factories owned by
commercial enterprise (i.e., not under government
control) and that this was an increase from a
figure of 14.500 in 1910 and about the same in
1905. at these factories or associated with them
there were 461 magazines in use in 1915. in
1915 there were 29 accidents which involved
either cordite exploding or burning during
production. 

2. schoolchildren were actively encouraged by the
Minister of Munitions acting through the Board of
education, to collect conkers and send them to
the War Office. This was not so that the conkers
could be thrown at the enemy soldiers but so that
they could be used to manufacturer acetone
which was a critical ingredient in making cordite
for shells. 

3. Due to the proximity of the salterforth cordite
storage depot, the old foulridge Methodist
chapel on county Brook lane (Os grid ref
881433) had the unusual and curious distinction
of carrying insurance against damage from
Zeppelin raids, one of only a few buildings to do
so.

This article was submitted to the Journal Awards
Competition 2016

Further information: ipmckay@btinternet.com

1923 Os map (part)                                              1931 Os map (part)

sketch plan showing

location of cordite stores 

part of modern map

showing approximate

boundary of site and

location of foulridge

chapel
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Blast injury patterns
analysis of prospectively collected military trauma databases, such
as the uK’s Joint Theatre Trauma registry2, combined with
radiological data and clinical outcomes, has been the methodology
used in recent research efforts to deconstruct complex battlefield
injuries into component elements, thereby enabling injury
characterisation and prognostication. The injury profile of mounted
(in vehicle) and dismounted (on foot) casualties has been shown to
be different3; specifically, a greater number of body regions were
injured within the mounted group. 

Dismounted
Within the dismounted group, extremity and junctional
haemorrhage was the predominant cause of death. as the majority
of the dismounted fatalities died of uncontrolled haemorrhage
before they could be treated, improvements in medical care are
unlikely to yield future survivors. With future conflicts likely seeing
prolonged evacuation times compared to what was achieved in the
afghanistan conflict, increase in survivability can only result from
injury prevention at the point of wounding. 

Mounted
Within the mounted group, head injury (50%) and intra-cavity
haemorrhage (20%) were the leading causes of death3,4.  lower
extremity injury is the most common injury due to explosions5;
specifically in survivors the characteristic injury that has been
shown to have poor clinical outcomes has been the ‘blast foot’6.
approximately one third of casualties with a foot and ankle injury

figure 1: research strategy for addressing blast injury.

Application of
blast injury
research
By Dr Spyros Masouros ceng phD

Explosive devices were the insurgents’ weapon of choice
in recent conflicts. Improvements in personal protection,
evacuation logistics and medical care resulted in
increasing numbers of battlefield casualties surviving
with complex, multi-trauma injuries, often leading to
long-term disability. The socio-economic burden of the
long-term clinical sequelae of injury caused by
explosions is substantial, yet largely unknown. For
example, a recent study examining trauma care,
rehabilitation and prosthetics estimates the total 40-
year cost of the UK Afghanistan lower limb amputee
cohort, some 265 individuals, at almost £300 million1.
Improving and extending the means of preventing and
managing such devastating injuries should therefore be
continually sought.

One of the most significant deficits in improving
protection from explosive weapons has been the dearth
of clinical information of blast casualties. Central to the
success of any mitigation system is the ability to protect
the soldier not only from lethal injuries, but also to
reduce the possibility of long-term harm. In order to
achieve this aim, a fundamental requirement is to define
as accurately as possible the injury profile that is likely
to result in fatality and in disability in our young, highly
active military population (Figure 1). In addition,
scientific and engineering tools and technologies must
be developed and used in order to model –
computationally or experimentally – the insult and its
effects on the human body, in other words replicate the
appropriate injury mechanism. Defence organisations
have, in the past, extrapolated injury data from the
automotive industry to address blast injury. The
shortcoming of this approach, however, have since been
recognised and the landscape of blast injury protection
is changing. 

The Centre for Blast Injury Studies at Imperial College
London exists to further the understanding of blast
injury. Hosted by the UKs leading Department of
Bioengineering, it boasts a full time membership of
scientists, engineers and military medical personnel
whose sole remit is to undertake the clinical and
experimental analysis of blast injury, in order to
influence protection and treatment. This article
summarises some of the Centre’s recent efforts and
highlights additional work, available in the public
domain, to demonstrate how these might lead to
improvements in mitigation strategies.



anthropomorphic test devices (aTD) placed in the vehicles –
suggests that the injuries are far more likely to occur at the initial
phase due to the local effects of blast rather than the rebound
phase. injury severity depends on the posture of the occupant at the
time of detonation and on the location of the occupant in the vehicle
relative to the site of the explosion. in addition, there are, of course,
many variables that might affect the injury profile; vehicle-hull
design, foot rests, seat design, harness, and personal protection
equipment such as body armour, combat boots, and helmet to name
but a few. They are, however, the variables which, based on our
current understanding, protection experts can optimise to influence
the location and severity of injury to the occupants for a given,
under-vehicle threat. it is not yet fully clear how these variables
affect load transmission and body movement, therefore location
and severity of individual injury. 

Blast-resistant vehicle-hull design practices have been analysed
from historical wars and have been largely implemented in modern
military vehicle platforms in recent years. The v-shaped hull,
increased ground clearance, increased total mass, and a long wheel
axle base with the wheels being away from the cab have all been
shown to decrease the effect of an explosive threat on the risk of
occupant injury8. false floors, blast mats, foot rests, and blast-
resistant seats are also being implemented in modern vehicle
platforms in an attempt to reduce the load transmission to the
occupant and therefore the risk of injury. The efficacy of such
solutions, however, remains largely empirical rather than evidence-
based, the main reason being that defence research often resorts to
extrapolate injury criteria from automotive industry data. it is well
accepted now that military blast injuries are not similar to road-
traffic accidents and efforts are being undertaken internationally to
remedy that. in addition, one of the main challenges in vehicle
design is survivability versus mobility; the vehicle needs to be safe
enough but also compact and agile enough to accomplish the
mission objectives. accurate models of human blast injury have a
great role to play in future decision making of vehicle platform
design. 

Biomechanical blast injury research
experimental and computational models of human injury and of
mitigation technologies are necessary in order to understand the
physical mechanisms involved and to allow for developing new and
improved evaluation criteria, techniques, materials and designs in a
cost-efficient manner. full scale experiments (e.g. the combat boot,
the vehicle, the human leg) give us an understanding of the whole
‘structure’ under controlled, repeatable conditions. These
experiments, however, are expensive, time consuming and labour
intensive, albeit invaluable. individual-component experiments (e.g.
materials testing of combat boot components, of vehicle
components, of soft and skeletal human components) are well
controlled and repeatable, allowing us to understand component
behaviour, and therefore to build accurate computational models
able to predict the behaviour of the ‘structure’ based on the
interaction of its components. computational models that have
been validated against relevant experiments allow for multiple
virtual experiments to be conducted in a cost-efficient, repeatable,
well-controlled manner. They allow us to alter certain parameters
related to geometry, materials, and environment inexpensively, thus
enabling the examination of their effect on overall behaviour. in
essence, computational models allow us to experiment with
innovative designs and material combinations that could potentially
result in novel and better mitigation strategies.
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require amputation within three years and 75% have ongoing
clinical symptoms (such as infection or osteoarthritis) at three
years. spinal injuries in survivors occur predominantly in the lumbar
spine and are mostly burst and wedge compression fractures,
suggesting axial and bending injury mechanisms7. cervical spine
injuries are not common in survivors, but are a significant cause of
death in fatalities. pelvic injuries occur at the sacrum and the pubic
rami also suggesting a predominantly axial loading mechanism
directly through the seat.

Blast injury mechanism and current protection
Dismounted
The dismounted blast injury pattern features devastating
abdominal, pelvic, perineal, and genitourinary injuries along with
proximal traumatic amputation; it also features significant
contamination from high velocity fragments, soil and grit. The
mechanism of dismounted injury has not been described previously
in detail. Based on the injury profiles seen, our current
understanding is that the main culprit, responsible for the most
severe of the dismounted injuries, appears to be the blast wind
carrying soil ejecta (secondary blast injury mechanism) whose
energy appears sufficient to devastate the foot, shred skin, flail the
lower extremity violently, and therefore cause significant disruption
at the pelvic region. protection of the groin, perineum and buttocks
from soil ejecta was offered at the latter parts of the afghanistan
conflict through the introduction of ‘armour’ in the form of silk
underwear and Kevlar lining around the groin; this was successful
anecdotally in reducing contamination and soft tissue injury.
protection from traumatic amputation, pelvic fracture, and vascular
injury that might be lethal, however, through personal protection
equipment is yet to be attempted, and this is where the focus
should now turn to.

Mounted
The mounted blast injury pattern is due to the interaction of the
explosion-struck vehicle structure and the occupant. an explosion
underneath a vehicle causes dynamic deformation of the vehicle’s
structure due to the transmitted shockwave and the soil ejecta. The
shockwave hits the vehicle structure in 0.5 – 1ms followed by the
soil ejecta. The resulting local accelerations cause deformation –
elastic and possibly plastic – of the hull and the structures mounted
on it in approximately 2 – 20 ms depending on relative location to
the detonation and vehicle type. The local deformations and
intrusion of the hull and its mounted structures result in
transmission of load to the occupants. The injury profiles of the
lower extremities and of the upper body suggest a primarily axial
loading mechanism, and so the main transmission interfaces appear
to be the floor, causing injuries to the lower extremities, and the
seat causing injuries to the pelvis, spine, torso, and head. Data from
uK casualties over the period of the recent conflict (2003-2014)
suggest that these injurious mechanisms - floor and seat - are
distinct, as there is no statistical correlation between occurrence of
lower extremity and upper body injury, whereas there is statistical
correlation between pelvic, spinal, torso and head injury. following
the local effects of blast there is a global, inertial movement of the
vehicle whose extent depends on the mass of the vehicle, followed
by a rebound phase whereby the vehicle returns to the ground. The
return to the ground also causes axial load transmission through the
vehicle structure to the occupants, however, experience with vehicle
testing – albeit extrapolating from  data recorded on



27

feature

prior to 2010 there was very little
published work related to understanding
blast injury. in 2004, the naTO standard
for qualifying military vehicles against
explosive devices (sTanag-4569) based
injury assessment on injury criteria
developed for the automotive industry. it
suggested the use of the hybrid iii
instrumented anthropomorphic test
device (aTD) as the human surrogate,
which was developed to simulate the
behaviour of an average motor-vehicle
passenger under frontal impact. The risk
of injury of a particular body region of an
occupant in a military vehicle is evaluated
based on recordings of the instrumented
aTD used in a blast test. for example, the
risk of injury to the leg is assessed by the
axial force recorded in the lower tibia
load cell of the hybrid iii aTD. The risk of
injury of a specific severity is developed
by applying relevant loading conditions to
post mortem human subjects (pMhss)
and measuring their response with
instrumentation that can then be
translated into respective
instrumentation in the aTD (figure 2).

it is now recognised that both the injury
assessment criteria and the aTD itself
have significant shortcomings when
assessing blast injury as the loading rates
involved and the injury mechanisms that
result from automotive frontal impact
are substantially different to those
associated with blast injury. There is a
substantial, ongoing, international effort
in obtaining injury risk curves specifically

figure 2: exemplar injury risk
curves. The y axis is the
probability of injury and the x
axis is the predictive quantity
that can be derived from
experimental measurements. for
example, 6kn of force would
mean a ~10% probability of a
high severity injury and ~50%
probability of low severity injury.
The predictive quantity can then
be correlated with a sensor in an
anthropomorphic test device
that is used in vehicle blast tests. 

figure 3: (a) under-vehicle blast test rig used to compare human cadaveric (left) response with that of the
hybrid-iii anthropomorphic test device (right)12. (b) laboratory test rig that simulates the encroaching of
the floor of the vehicle onto the legs of the occupants11. The insert shows a skeletal representation of a leg
resting on that accelerating plate. (c) probability of injury to the leg derived by loading human cadaveric legs
at loading rates that simulate what a vehicle occupant experiences after an explosion19. (d) The Mil-lx
anthropomorphic test device leg has a compliant element in its tibial shaft that was tuned so as to respond
similarly to a human leg under simulated under-vehicle blast loading. (e) a finite element model of the lower
extremity using tissue material properties appropriate for the loading rates seen in under-vehicle blast and
validated against blast-injury laboratory experiments.

(a)
(b)

(c) (d) (e)
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for mounted blast, in recreating the injury mechanisms seen in
mounted blast, and in developing an aTD whose response is
validated for mounted blast9. This effort is expected to focus the
design of protective equipment and vehicle internal – and external
– modifications, but also allow for their accurate evaluation.

The lower extremity is the only body region at the time of writing
for the mounted blast injury of which our understanding is
somewhat mature, and so is used herein as an example of where
the research and its application currently lie (figure 3). 

experimental10–12 and computational13,14 models of the lower
extremity under mounted blast loading have been developed, which
have resulted in understanding subtleties of the injury mechanism -
as well as permutations in, for example, the effect of posture on
injury severity - and in risk curves15,16 using injury severity scoring
systems with appropriate resolution16,17. under-vehicle blast
specific aTD legs such as the Mil-lx (humanetics) and generation 1
of the WiaMan leg have been produced; computational
representations of both aTDs have been developed too18 that will
allow an inexpensive virtual test bed for design of mitigation and
evaluation of threats. Therefore, with regards to mounted blast
injury of the lower extremity, we now have a significant
understanding of the injury mechanism, the blast loading required
to induce different severities of injury, and advanced technologies
to evaluate protective strategies. This research paradigm is being
implemented on other body regions, and indeed on the whole body
as an entity, under mounted blast loading. This work provides the
basis for designing and procuring the next generation of protective
equipment and platforms, and will inform the decision-making
process of future missions with regard to injury-risk taking.

Concluding remarks
The recent conflicts have, unfortunately, provided us with a wealth
of clinical and incident data. We, at the royal British legion centre
for Blast injury studies at imperial college london, have adopted a
collaborative approach between clinicians, scientists and engineers
to explore these data, in order to inform surgical reconstruction,
improve injury outcome, and enhance mitigation technologies. This
is being achieved by combining analysis of clinical information with
the development of physical and computational models of blast
injury. This article gave an overview of research efforts in
addressing blast injury and in developing new or improving current
tools and technologies for designing and assessing mitigation
systems. We believe that our collaborative approach and our work
in combining physical and computational modelling tools with
experimentally derived data from models of blast injury, can form
the basis in mitigating the injury burden suffered by the combat
casualty. Our mission is simple; to improve the mitigation of injury
and advance treatment, rehabilitation and recovery, thus increasing
lifelong health and quality of life after blast injury.

all research output from the centre is available in the public
domain. Our annual report is published in Q1 of each year. To
request a hard copy please contact cbis@imperial.ac.uk or for
previous editions, please visit http://www.imperial.ac.uk/blast-
injury/research/.
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estimating the level of contamination on live-fire training ranges is
very difficult, and usually requires characterisation of the area by
soil sampling. historically, the explosive residue from live-fire
munitions has been considered minimal; however, explosives such as
rDx, trinitrotoluene (TnT) and nitroguanidine (ng) are frequently
detected in soils at heavily used firing and impact areas (pennington
et al., 2003). With the increasing drive to reduce or manage the
environmental impact of explosives, it is becoming increasingly
important to identify the risk of exposure presented by
contamination from explosive activities e.g. training with live-fire,
open-burning for disposal and manufacture. The cold regions
research and engineering laboratory (crrel) have developed a
method to quantify the average concentration of energetic material
in residues resulting from military activities using multi-increment
sampling on snow (Walsh et al., 2012). Multi-increment sampling is a
systematic sampling method that can determine the average
concentration of a contaminant in a defined area. Detonating
munitions on fresh snow-fall makes it easy to establish a sampling
area due to the dark-coloured residue, and ensures that the
collected sample only contains residues from the one recently
detonated munition.

With the increasing drive to reduce 
or manage the environmental impact of 

explosives, it is becoming increasingly
important to identify the risk....

in february 2017, staff from the environmental science group at
cranfield university were invited to participate in Multi-increment
sampling on snow in alaska by Michael Walsh from crrel. We joined
a team from crrel, and fellow observers from collaborating partner
organisations on an explosive testing site near anchorage. The aim
of the field-work was to sample detonation residues from planned
detonations, and to prepare the samples for chemical analysis. The
results of the work will be published in the open forum when all
analysis is completed.

Preparation of sampling areas
alaska is an ideal location to conduct explosive residue experiments
that require a clean sampling area as in the winter months frequent
and heavy snowfall is common. fifteen days of snow were recorded
in february 2017, with some days recording up to 10 centimetres
of snowfall.  The fresh snowfall makes it possible to use the same
area for explosive detonations for several sets of experiments as
only the first 1-5 centimetres of snow are removed by sampling.
The detonation residue tends to remain on the surface of the snow,
which is packed down before detonations to ensure any larger
pieces of residue do not pierce the surface. The munitions
themselves are placed on platforms of ice to keep them vertical
until detonation, and to prevent deep craters forming and causing
cross contamination with deeper layers of snow, ice and soil. The
detonations were carried out by the us army while the research
team, and guests, retreated to a safe distance. Munitions were
detonated three at a time, allowing three replicate detonations to
be carried out at one time. 

Multi-increment sampling on snow
setting up, and detonating the munitions took far longer than
sampling the remaining residue. Once it was safe to return, the
detonation areas known as plumes- defined by the dark coloured
residue, were outlined with flags.  The defined area (approximately
10 meter diameter) was then sampled using a multi-increment
sampling method by collecting approximately 100 increments of
snow evenly across the plume area. The main benefits of the multi-
increment sampling method are the speed at which increments are
taken, and the relatively small number of samples compared to
discrete sampling across the same area. it took approximately 60
minutes to completely sample a plume, which included taking three
replicate samples. The combined samples provide an average
concentration of the explosive residue deposited over the plume
area, with only three samples to analyse significantly minimising the
cost compared to discrete sampling. 

Estimating explosive contamination from 
live-fire munitions using multi-increment

sampling in Alaska

By Dr Melissa Ladyman phD, Dr Nathalie Mai phD and Tracey Temple Msc
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in order to ensure an accurate average concentration is obtained, it
is important to sample systematically across a plume area. for
example, a plume was traversed from side to side by collecting a
sample at set distances determined by the size of the sampling
area. There may be a temptation to collect more samples from
seemingly more contaminated areas, but it was crucial to make sure
each increment was equal, and that sampling was even across the
entire plume. 

To ensure that the plume area was defined accurately, the area
outside the plume was also sampled as a control. in similar
experiments, these samples have been free of explosive, confirming
that the plume area can be accurately defined by the edge of the
dark residue. sampling is faster when carried out in a pair, but
sampling an area alone is possible. 

Samples could contain up 
to several litres of water...

Field-laboratory sample processing
The field-laboratory in alaska did not have the analytical equipment
required to identify and quantify the explosive content of the
detonation residue. however, much of the preparatory work could
be carried out on-site to minimise the cost of shipping the samples
to an analytical lab. an added benefit of using snow as the sampling
matrix was that when thawed the water could be filtered separating
the solid residue from any dissolved explosive.  samples could
contain up to several litres of water, but only 1 litre was required for
analysis. some of the remaining water was passed over solid phase
extraction resin and extracted into solvent to increase the
concentration of explosive, ensuring that even very small
concentrations of explosives were recorded. The detonated
munitions contained a variety of explosive fills and would be tested
for common explosives such as TnT and rDx, as well as insensitive
high explosive constituents such as 2,4-Dinitroanisole (Dnan) and
nitrotriazolone (nTO). 

Summary
The multi-increment method developed by Michael Walsh and the
crrel team is well documented in the literature, and has had a

great impact on the research and understanding of explosively
contaminated land. The opportunity to participate in residue
deposition studies in alaska was incredibly rewarding, and
specifically enabled us to gain this first-hand experience.  The multi-
increment method is a time and cost-effective way of
characterising large areas of land to understand the risk of
exposure to harmful levels of explosive contamination. although the
actual sampling in snow was quite onerous; mainly adapting to the
low temperatures and walking through knee high snow, it was
rewarding to take part in the whole process from preparing the
detonation areas, to processing the samples in the field-laboratory.
Melting-out explosives residue from snow is an innovative method
as it simplifies analysis of the explosive residue by providing a non-
contaminated matrix that does not interfere with analytical results.
Overall, being able to put the theory of the multi-increment method
into practice on snow was a great opportunity, and has assisted the
research that the environmental science group undertake.  The
environmental science group at shrivenham now have valuable
experience in multi-increment sampling and this has further
supported the ongoing research into the fate and transport of
explosives residues in the environment.

The results of the alaska field-tests in 2017 have not yet been
published, but will be communicated in the open literature later this
year.
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The plume- sampling area defined by the detonation residue- outlined by
marker-flags. a team of two samples the plume area, while the outside
control area is sampled independently.  processing samples in the laboratory from collection bags to filtration.
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The views expressed are those of the author:
Columnist Sidney Alford OBE MSc PhD reports on plastic explosives – a temporary solution

of petrol added. This dissolves
the binder of the surface layer
and the liberation of a fine white
powder – the rDx – is
immediately apparent (fig.2). 

•    The process may be hastened
by prodding the lump of
explosive with a wooden or
plastic rod in order to expose
continuously a fresh surface.
glass and metal should not be used in order to
avoid friction between the rod and the inside of
the glass. 

•    When the entire mass has been converted to
a homogeneous, mobile paste, it is poured into
a filter paper in a polyethylene funnel. note
that a coffee filter is robust enough to serve
the purpose well (fig.3). When there is no liquid
remaining on the surface of the powdered solid,
a further 25ml of petrol is poured onto the
contents of the paper.

•     as soon as the liquid has stopped dripping from the funnel, the
paper and its contents are laid out to dry. Warming on a radiator or in
the sun hastens the process.     

•     When most of the petrol extract has migrated out of the solid
residue, this may be spread out on a flat surface and laid on a
radiator or placed in the sun until dry.

This procedure yielded 60g of a slightly coherent white powder
which consolidated well and did not stick to plastic loading tools. it
also removed DMDnB taggant so gloves need not be worn when
handling the product. approximately 5mg were placed on a 10mm
steel plate and struck repeatedly with a 150g hammer. no evidence
of detonation was seen or heard.     

a vulcan was loaded with a Magnesium cone and 37.5g of recovered
rDx. The charge penetrated stacked 1cm steel plates to a depth of
22.5mm. (had the third plate not been backed by steel this would
have been significantly deeper.) This demonstrates its ability to
penetrate the cases of all but the largest shells and aircraft bombs
(figs.4 & 5). 

i have to admit defeat. search as i may i have failed to find any
individual with experience of working with the excellent imported
french plastic explosive, which went into British service as pe71, and
had experienced the rumoured tendency to go hard after prolonged
storage in very inappropriately hot places. such rumours seem to
have provided the purported justification for the acceptance of
chemring’s kind offer to substitute their own alternative explosive,
which had previously been judged as unfit for purpose in a
comparative trial when a substitute for pe4 was needed. Whoever in
the MoD decides such matters clearly did not know very much about
the subject when accepting chemring’s kind offer to provide their
previously failed product which was duly accorded the appellation
pe8. 

reports began to fall on my ears that a couple of my company’s long-
established products, consisting of shaped charge cases designed to
be loaded with plastic explosive by the operator, were not working as
well as they had been for the previous ten years or so and users
enquired whether we had introduced subtle changes of design. no,
we replied, the tooling is the very same and it has suffered no
perceptible wear. The answer was clearly in the pe8 with which they
were now being supplied.

i enquired of chemring whether they would be kind enough to sell me
a small amount – a kilo or so perhaps. The next day a clearly
disconcerted junior employee rang me with the message that they
would be pleased to sell me some but - his voice displayed some
embarrassment - a tonne or so would be the minimal order size.  

i have no idea what inducements persuaded the MoD to accept pe8
as the standard plastic explosive to be issued to users whose lives
depend upon properly functioning tools. The users themselves seem
not to have an effective means available for requesting that they be
issued with something better and the higher ranks of the armed
forces are probably too preoccupied with their diminishing
personnel numbers and sparse equipment to be up to date on the
subject. The Ministry of Defence seems to be too concerned with
billions of pounds worth of ships and aircraft to be able to allocate a
little time to the consideration of unusable sticky stuff that clings
both to rubber gloves and fingers2.

i now realise that, until the day comes when the British armed forces
are issued with a plastic explosive which is suitable for precise
applications, they should be made aware of a simple method for
modifying the rubbish with which they are presently issued to render
it usable in the field for more than simply making a loud bang. With
this intention i devised a simple and safe technique for transforming
a plastic explosive which shares with pe8 and with the american c4
the same awful poly-isobutylene binder (fig.1). This converts such a
sticky explosive into a sufficiently user-friendly material to enable it
to be easily loaded into, for example, vulcan charge cases so that
they were suitable for the disruption of a wide range of target
munitions. The method lends itself readily to scaling up.

•    One hundred grams of sticky
plastic explosive are placed in a
glass container, such as a 250ml
tumbler, and one hundred millilitres

1  vide pe7 rhymes with heaven ibid December 2013 
2  The on-line address “chemring energetics.co.uk/demolition stores” yields the curious
message “it is mouldable by hand to form demolition charges of various shapes and
weights without leaving any residue on the hands”. can they really have forgotten the
requirement to incorporate a little taggant? fig.1    plastic explosive showing

adhesion to plastic loading tool.

fig.2    Disintegration and partial
dissolution of explosive in petrol.

fig.3    separation of rDx
and plasticiser solution.

fig.4    a vulcan loaded with
a Magnesium cone and 37.5g

of recovered rDx 
fig.5

penetration of
steel target

plates
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Bomb ingredients sold together
on Amazon 
amazon has been accused of aiding bomb
makers as the former head of the cia said
that social media companies must take a
share of the blame for the london
underground bucket bomb which was
placed on the train near parsons green
station in september The online retail
giant was found to group together key
components needed to create explosives
under the “frequently bought together” tab. Whilst many of the
ingredients are innocent on their own, together they can be used to
create explosives or devices. When buying a certain chemical on
amazon the ingredients are offered to make black powder. The
“customers also bought tab” also offered steel ball bearings, push
button switches and battery connectors and cables. ignition
systems and remote detonators are also available on the website,
the channel 4 news investigation found which questioned why
amazon should be making bomb components available,  general
David petraeus said that google, Twitter and facebook were failing
to tackle online extremism as it emerged jihadist content gets more
traffic in Britain than any other european country.

www.telegraph.co.uk/news/2017/09/19

Awards for Alford Technologies
The construction news awards 2017 – Business innovation of the
Year has been awarded to alford Technologies for explosives
Demolition using remote Methods. The judges commented that
they encompassed technology transfer ideas including the invention
of a unique magnetic bunch connector and the project comprised a
sensitive demolition solution.  They have also been awarded the
British construction industry awards
2017 – health, safety & Wellbeing
initiative of the Year for their work
which will ensure the demolition
industry is safer for future
generations according to the judges.

Further information:
Christine.Parsons@explosives.net

roland alford accepting the award
on behalf of alford Technologies.

Australian explosives amnesty is a big success
explosives, gunpowder and detonators have been handed to police
under an amnesty in australia, as authorities work to remove illicit
weapons from the streets. an amnesty was introduced by new
south Wales  in March, allowing people to turn over any
commercial explosives with no questions asked to stop them
falling into the hands of criminals and home-grown jihadists. More
than five months into the amnesty, 146kgs of explosives, over
20kgs of gunpowder and thousands of detonators and safety
fuses were surrendered. people who had explosives, including gun
powder and nitroglycerine were asked not to move them as they
become unpredictable with age. a national firearms amnesty has
also proved a success, with 25,999 guns surrendered since June.

The Daily Telegraph, 9th September 2017.

New York bridge demolished 
new York’s old Kosciuszko Bridge was demolished in October after
78 years of serving the city commuters having been built to
accommodate 10,000 cars a day but ending up taking 180,000
vehicles a day. after the main part of the bridge was dismantled, it
was wired with 944 small 12-pound charges and the ground was
piled with shock-absorbing sand ahead of the demolition according
to the new York Times. The bridge will be opened finally in 2019.

Magnet'fishing hobby hooks WW2 bomb on canal
a woman using magnets to fish for underwater treasure ended up
pulling an unexploded World War 2 shell from the Trevor Basin in
Wrexham county in november. The location during the war had
been home to a nearby munitions factory.  she took the corroded
mortar home and only realised what she had after posting pictures
on social media. she subsequently called the police who alerted
bomb disposal teams in chester and her home and surrounding
properties were evacuated.

www.bbc.co.uk/news/uk-wales

Centre of Excellence in Energetic Materials (CoEEM)
website launched at the OME Symposium
government-led initiative, the centre of excellence in energetic
Materials (coeeM), announced the launch of its website at the
recent Ordnance, Munitions and explosives symposium in
swindon. 
The launch of phase one of the secure website is aimed at
championing the sharing of facilities, data and other resources,
with further additional functionality planned in the coming months
to allow access to publications, specialist resources, cpD,
education, training and more.

The site has been developed by cranfield’s Technology enabled
Business solutions (TeBs) team and is already compliant with the
general Data protection regulation (gDpr), which will come into
force in May 2018. 

The collective member data will contribute towards building a
national energetics sQep capability landscape, so coeeM invites
uK organisations and their staff who work with energetic
materials to apply for membership by visiting www.coeem.org. 

For more information contact
enquiries@coeem.org.

The parsons green bomb.
credit: Twitter. 
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Update from HSE
in my last article (June 2017) i provided an overview of the direction
of travel for the next few years for the health and safety system in
great Britain.  i thought that you might like to hear what has
happened since then. 

given the lead time for writing an article and to getting it published,
unexpected things can crop up. at the time of writing my previous
article i certainly didn’t foresee a general election being called on 8
June and the consequential changes to the political environment.
nor were the impacts of the triggering of article 50 for the uK to
leave the european union clear at that time.  

as a consequence of the general election, hse’s first annual health
and safety conference was postponed (from June) to 18
september. hundreds of organisations from all parts of British
industry came together at the Qeii conference centre in london to
focus on the collective mission to “help great Britain Work Well”.
The conference keynote speakers were penny Mordaunt, The
Minister of state for Department for Work and pensions and Martin
Temple, hse chair. 

Delegates heard about hse’s priorities, had the opportunity to
understand hse’s role within the health and safety system and
workshopped solutions to key health and safety issues. i had the
pleasure to invite a number of representatives from across the
explosives industry including chris Tunstall who stood in for your
president as, unfortunately, he had other prior commitments. 
hse’s new ‘go home healthy’ campaign was launched and our sector
plans (including that for the explosives sector) and cross cutting
health priorities were showcased. as a reminder the explosives
sector strategy can be found at
http://www.hse.gov.uk/aboutus/strategiesandplans/sector-
plans/explosives.htm

hot on the heels of the annual health and safety conference, on
25th October, the Trades union congress launched a campaign to
mark the 40th anniversary of trade union health and safety
representatives receiving the legal right, under The safety
representatives and safety committees regulations 1977, to
improve health and safety in the workplace. 

hse places great importance on worker involvement and
consultation, which has proved to be a key factor to improving
health and safety in the workplace. a competent workforce, actively
engaged by employers can make significant impact on maintaining
and improving health and safety standards. individuals directly
engaged in undertaking work activities can be those best placed to
develop safe working practices. To mark the 40th anniversary, a
series of cases studies were produced by safety representatives,
hse inspectors and others and have been hosted on hse’s Worker
involvement webpages (see http://www.hse.gov.uk/aboutus/safety-
reps-case-study.htm)

hse is inviting all employers (and others) to view these case studies
and the material that can be found on the Tuc website
(https://www.tuc.org.uk/celebrating-40-years-union-safety-reps)
and reflect on the valuable work undertaken by safety
representatives and safety committees over the last 40 years. 

in early november hse published the latest annual ill-health and
injury statistics for great Britain.  it shows that the level of injury
and ill health and the associated costs (including the personal

impact of being harmed at work and/or the effects on family and
friends) is still largely unchanged.

Key figures for Great Britain (2016/17)
• 1.3 million working people suffering from a work-related illness 
• 2,542 mesothelioma deaths due to past asbestos exposures

(2015)
• 137 workers killed at work
• 609,000 injuries occurred at work according to the labour

force survey
• 70,116 injuries to employees reported under riDDOr
• 31.2 million working days lost due to work-related illness and

workplace injury 
• £14.9 billion estimated cost of injuries and ill health from

current working conditions (2015/16)

These figures should give us all cause to pause and reflect on our
day to day activity. Thankfully incidents in the explosives sector are
relatively rare, but as we all know if things go wrong then the results
can be catastrophic – and life changing. so we cannot and must not
become complacent within the industry – particularly given the
challenges of an aging workforce and a decline in the core skills and
competency across the sector. hse continues to support the work
of the sector skills strategy group (under the chairmanship of
Mark hardman) and associated initiatives as being one of the key
workstreams to tackle the current (and future) competency gap in
many areas of the industry.

closer to home in hse, following our fundamental review of
explosives licensing, our inspectors are now issuing explosives
licences in a new format, with in built flexibility for future business
developments  wherever this is possible and safe.  Organisations
should start to notice a different approach and discussions with our
inspectors when applying for licences or variations to them. i would
be pleased to receive feedback on how this revised approach is
working in practice from your perspective.
(richard.daniels@hse.gov.uk). 

i fully expect 2018 to be a very busy year for the inspectorate with
many challenges ahead. One of the biggest will, no doubt, continue
to be BrexiT related which will impact on us all in many different
ways. 

Dr Richard Daniels Bsc (hons). pgDip(physics) 

pgDip(heath and safety) phD

HM Chief Inspector of Explosives
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Early Careers Symposium 2017
now into its third year, the early careers symposium has become a
well-established event in the explosive sector’s calendar. This year it
was hosted at the Oxford Belfry hotel on the 13th – 14th
september and with over 120 delegates was the biggest event thus
far. attendees came from across the defence sector including aWe,
Bae systems, chemring energetics, De&s, Dstl, MBDa, roxel uK,
iexpe and QinetiQ.

having retired only a fortnight before, lt. col. Ted shine opened the
symposium, sharing a wealth of knowledge on the provisional ira
from his long career as an ammunition Technical Officer. following
this, five of the delegates showcased the exciting work they were
delivering early on in their careers. Before breaking for lunch,
presentations related to health and safety in the explosives
industry were given, covering a variety of topics from range safety
to hearing loss associated with mortar systems. 

The afternoon took a much more relaxed feel as the teambuilding
challenges began. Balance, agility and problem solving was put to
test through outdoor activities such as navigating through
minefields blindfolded and code breaking against the clock. Teams
became particularly competitive whilst building and launching their
own rockets! Misjudging the British weather, the day concluded with
an outdoor demonstration of the raM mixer from Daniel Judd of
the falcon project. The rain bouncing from the equipment only
added to the display!  

as pre-dinner drinks were served, the poster competition was
underway. These further displayed the interesting and relevant work
early careers personnel are involved in. congratulations to the
winner, rhys francis. Throughout dinner richard smart (Director
Weapons, De&s), Mark hardman (MD, roxel uK) and Dave holley
(Design authority, energetic Materials, Bae systems) gave inspiring
speeches, reiterating the value of retaining young people in the
industry and the importance of these events to bring people
together. 

The next day opened with talks from Dstl on detection and analysis
of explosives. Jane n from cpni also gave a wider look into the
security of national infrastructure across the uK. We were also very
happy to welcome back the 11 eOD regiment rlc, although the
arrival of their Bomb Disposal vehicle probably concerned a few
hotel guests. This was a great opportunity to see the equipment
first-hand and have a play too!  

after lunch there were further presentations on materials advances
within the industry. Work by MBDa into reactive materials and by
Bae systems into pBx additives was presented. sara french also
gave an insight into the work of the explosive Materials and
initiation science (exMis) group at aWe. Before entering the final
session, selena Wright gave an overview of one scheme particularly
aimed at developing young engineers and scientists in the sector,
sTeM futures. This highlighted some of the opportunities open to
the younger delegates and also reiterated the value that the
industry is putting on them.

The event concluded with talks on some key emerging technologies
in the industry, including 3D printing of explosives and the use of
gcxgc in the laboratory to enhance explosive detection. having
seen a small-scale demonstration of the raM mixer the day before,
andy Burn presented the work Bae systems are doing to scale-up
the technology for use in industry. 

Overall the event was a huge success, showcasing to the next
generation the exciting range of developments and research areas
within the explosive sector. Moreover the delegates have had a
great opportunity to network and build long-lasting contacts. The
early careers focus group looks forward to grow this event further
in 2018!

The event was hosted by the early careers focus group (ecfg),
which is a sub group of the sector skills strategy group, itself a
conglomerate of defence sector companies and related industries
focused on sustaining explosive skills. The ecfg focuses on
furthering the knowledge of explosives workers within the first ten
years of their career, holding an annual symposium to build the
young persons’ network and arranging visits to sites of interest such
as ranges and manufacturing facilities. visits will be open to all early
careers staff to expand their awareness and knowledge of the
explosives sector. 

For further information, or to join the mailing list to be informed
regarding future events held by the ECFG, please email
earlycareerssymposium@gmail.com.

Rebecca Millar ceng MiMeche Tiexpe 

all delegates got stuck into the team building exercises.

11 eOD regiment rlc showcase their equipment.

The early careers delegates showing their competitive sides.
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Gunpowder plot revisited
The BBc ‘s recent television production “gunpowder” takes a new
look at the conspirators who attempted to blow up the house of
lords when it was known that King James 1 (James v1 of scotland)
would be in attendance on the opening session of parliament on 5th
november 1605. although it is generally remembered that guy
(guido)fawkes (played by Tom cullen) was the leader, the
programme instead promotes robert gatesby (played by Kit
harington) as the mastermind behind the plot.  he was born into a
catholic family in 1572 and after his family and friends were
persecuted and tortured for their faith, he wanted to return newly-
protestant england back to catholic rule. King James 1 came to the
throne after the death of protestant elizabeth 1 in 1603.

The plotters initially rented a house on one side of the house of
lords and tried to dig a tunnel to plant explosives under the
parliament building.  This proved to be too difficult and they instead
rented a basement directly beneath the house of lords. With just
days to go before the plan was due to go ahead, the government
received an anonymous tip-off. catholic guy fawkes who had
recently returned from holland and was enlisted by the conspirators,
was discovered in the cellar next to 36 barrels of gunpowder on
november 4th while most of the other plotters fled. gatesby
escaped and continued with his plan to rally english catholics but
without success. he was tracked down and killed in a shoot-out on
the morning of november 8th. The captured plotters were hung,
drawn and quartered for high treason as was the practice at that
time.

The BBc received complaints about excessive violence in the three-
part series, the merging of events from different periods in history
and poor sound quality. it defended the violence saying that “it was
grounded in historical fact”.

'Modern Guy Fawkes'
More than 130 years ago a Birmingham bomber dubbed the ‘Modern
guy fawkes’ and his gang were thwarted. an audacious plot in 1883
during the ‘irish troubles’ was discovered when albert Whitehead of
Birmingham  was arrested and a cache of substantial bomb-making
materials was found in a painter’s workshop in ledsam street,

ladywood, a poor and densely populated area west of the city at
the time. The plan was that of the irish fenians and the bombs
themselves were intended to blow up the houses of parliament in
london. The bomb-making materials included carboys of acid, an
unstable vat of nitroglycerine, 170lbs of explosives and a bath full
of ‘liquid nitro’. The lethal haul was in an extremely dangerous
condition and could have exploded at any time, destroying a huge
swathe of the neighbourhood. some two hundredweight of
explosive had already been shipped to london in readiness to
target parliament.

an article at the time, recently unearthed by his great grandson
David Mccreadie read: “The home Office man recommended to
Birmingham police that the job of rendering the explosives safe
would have to be done by an expert and told them to ask nobel
exposives co ltd, at ardreer, to send down robert Mccreadie, who
had made a name for himself for his skill in handling dangerous
explosives”. David explained: “nitro glycerine is usually stabilised
with keiselguhr, a diatomaceous algae found in german lakes, but
was later replaced with wood flour. so when the police alert came
to ardeer, and alfred nobel was out of the country, my great
granddad was sent down with a sack of wood-flour and a wooden
spoon – this would make dynamite stable and then require a
detonator to explode it.”

an obituary upon robert Mccreadie’s death revealed what
unfolded: “he went on to his knees, rolled up his sleeves above his
elbows and, adding ladlefuls of earth, worked it (the wood –flour)
into the mixture like a baker would kneed a huge mass of bread
dough.” an article from the ardrossan and saltcoats herald
revealed: “ he worked all through on saturday night and on sunday
morning, the new batch of dynamite was loaded into a police van
and taken to a sewage farm where it was burned. robert
Mccreadie was taken on a tour of the city and hailed as the ‘hero of
Birmingham’.

a report at the time said: “Birmingham Watch committee
expressed their thanks to nobel’s explosives company and the
thanks of the townspeople of Birmingham to Mccreadie.  after due
deliberation they voted him an honorarium of 10 guineas . nobel’s
intimated to the Birmingham corporation that they would only need
to reimburse him his travelling expenses and were happy to put at
their services an employee who undoubtedly had run serious risk in
performing a public duty.” Mccreadie received a gold pocket watch
on his retirement from alfred nobel himself which his great
grandson David, of north Yorkshire, later inherited.

as for the parliament plot, the accused would-be bomber albert
Whitehead and his accomplices – 20 in all – were all arrested in
Birmingham, and tried in london. They escaped the fate of guy
fawkes but were sentenced to life penal servitude in a victorian
gaol and some were believed to go insane, a sorry end to a plot that
could so easily have changed British history for ever. David added;
“nobel originally developed high explosives in scotland for
peaceful reasons – mainly for coal mining -  and must have felt
concerned after its use in the first World War and went on to
create the nobel peace prize, leaving his fortune to fund this to this
day.”

Extract from the Sunday Mercury, October 29th 2017.

If readers have more information about this story please email the
Editor at dianehall@iexpe.org

chemist robert Mccreadie,
who rendered the explosives

safe, and below, the watch
given to him by the nobel

company on his retirement.
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In a Flash
Dr Andrew Barr Meng phD aiexpe

IExpE PAST PRESIDENTS’ LUNCHEON
Caledonian Club, London, 14th December 2017
further information: vickihall@ixpe.org

44TH ANNUAL CONFERENCE ON ExPLOSIvES AND
BLASTING TECHNIQUE
San Antonio, Texas, USA, 28th to 31st January, 2018
further information: www.isee.org

SCTx SECURITY & COUNTER TERROR ExP0
Olympia, London, 6th to 7th March 2018
Meet with over 9,5000 security professionals and
connect with key decision makers across 114 different
countries.
visit iexpe on our stand
further information: www.sctx.co.uk/explosive

IExpE MEMBERS’ WEEKEND & AGM
Crewe Hall, Cheshire, 28th to 29th April 2018
event will include presentations and practical
demonstrations from iexpe members involved in
explosives special effects, bomb disposal and explosives
detections dogs. gala dinner and fireworks display. The
agM will take place during the morning of sunday 29th
april 2018. 
further information: www.iexpe.org/events

HILLHEAD 2018
Hillhead Quarry
Buxton, Derbyshire, 
26th to 28th June
2018
The biennial
showcase for the
quarrying and
construction industry
last year featured 476 exhibitors and an aBc-audited
attendance of 18,601.
further information: 
harvey.sugden@qmj.co.uk, www.hillhead.com

IExpE CONFERENCE 2018
Telford Golf Resort & Hotel, Telford,
26th to 27th September 2018
further information: www.iexpe.org

Your age: 
27

Occupation: 
engineer @sheffieldBlast

Current position: 
research associate, Blast and impact Dynamics, 
Department of civil and structural engineering, The university of
sheffield

Responsibilities in job/work activities
a significant part of the group’s research involves characterising the
loading from high-explosive blasts, including buried events, for the
development of protective systems. as part of this i investigate the
behaviour of soils under extreme loadings to inform models of buried
ieDs and fragment penetration in protective structures. 

Why are you involved in IExpE? 
as well as being the professional body most closely aligned with my work,
the institute’s affiliation with The engineering council also provides
opportunities for professional development and accreditation.

What are the benefits for you of the IExpE? 
Besides professional development, the Journal is a great way to keep up
to date with developments in the wider explosives industry.

What alternative career might you have followed? 
i couldn’t decide between engineering and architecture for a long time: it
wasn’t until during my dual structural engineering and architecture
undergraduate degree that i decided i definitely wanted to be an
engineer.

Who do you most admire on the current world stage and why? 
i’d have to say modern-day polymath elon Musk – what’s not to like about
a guy who can be nerdy about electric cars, ai, space travel and tunnel
boring all at the same time?

Who would you most like to meet from any century and why? 
in terms of great dinner conversation it would be hard to beat sir David
attenborough!

What are your favourite activities/hobbies? 
i enjoy cooking (mostly for the eating that follows), and weekend jaunts
into the peak District by bike. 

What is your ideal holiday? 
My complexion isn't well suited to lying around on beaches, you're more
likely to find me somewhere with an interesting history, great
architecture and exciting food. 

What is your favourite type of food? 
probably the hardest question here - you can't go wrong with indian food.
Maybe a rich lamb curry paired with a big hoppy ipa.

Conferences/Exhibition Diary



iexpe Journal calls for papers
deadline for march 2018 issue is January 31st 2018.

1500 - 3000 word articles and papers will be considered
for publication and should be accompanied by digital

illustrations eg. photographs, drawings and tables. 
E mail the Editor: dianehall@iexpe.org

R J Blasting 
(Scotland) Ltd

Tel 01290 552121
Fax 01290 552930

E-mail:enquiries@rjblasting.co.uk
Drilling and Blasting for
Quarrying, Open Cast and 
Civil Engineering projects

To advertise your 
company's products and

services in the Journal
please 

contact gordon Hunt 
Telephone:  +44 (0)1726

832594 
Email: design@

gordon-hunt.co.uk

A  JOHNSTONE
Tel: 01461 500 567

Email:
johnstone3611@btinternet.com

Rock Drilling and 
Blasting Contractor
Quarries, Opencast Mines,

Controlled Blasting, Presplitting,
Civil Engineering Projects

the trust was formed in 1982 to advance the theoretical and
practical education and training of persons engaged in the
explosives engineering industry by the provision of training
courses and the publication of technical, educational and
informative material together with the financing of research
and the provision of scholarships to assist with courses of
study in the field of explosives engineering.

For more information and how to apply for a grant visit:
info@explosivesengineerstrust.com

Explosives Engineers Educational
and Research Trust

Boskalis Rock Fall
Co. Ltd

Telephone: 01563 851302
Email:

colin.fergusson@boskalis.com

Drilling and Blasting Contractor

specialising in executing harbour

and channel deepening, 
foreshore trenching and 

marine drilling and blasting 

works throughout the world.




