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Introduction

As part of the upgrade to the Rothera Wharf for the British Antarctic Survey (BAS), it may be necessary to
remove rock both directly adjacent to the sea, and on the seabed, to allow construction of the new wharf.
Although subject to rock conditions at this location, it is anticipated that pre-treatment by drilling and
blasting with explosives will be necessary to allow rock excavation to the design level.

This document describes the methods to be used to undertake this work and how the use of explosives
will be controlled to prevent harm to the marine environment. However it is vital that it is read in
conjunction with the ‘Quarrying, Drilling & Blasting Management Plan’ as that document describes in
detail how blasting will be undertaken, whilst this document details additional information affecting
blasting underwater, or directly adjacent to the water.

South Cove

ROTHERA RESEARCH STATION

o Scale 1: 2 000 250

metres

Figure 1 — Rothera Research Station showing the proposed blasting area.

This drilling and blasting process will be strictly controlled following BAM Ritchies blasting procedures and
following the requirements of the UK Quarries Regulations 1999 as far as they can be applied to
underwater blasting. The Quarries Regulations 1999 provide the strictest requirements currently in place
and also ensure compliance with BS5607:1998 Code of practice for the safe use of explosives in the
construction industry. In addition, the use of explosives will comply with British Antarctic Survey Code of
Practice: Explosives, 3™ edition, 2007.

1 Design and Quantities
The rock to be removed by drilling and blasting for the wharf consists of three distinct parts, as follows:

1. Rock that can be drilled and charged from above the water, with a design level above the low
water level. This is the same as land blasting, but is in close proximity to the marine environment.
This is represented in orange in figure 2 and consists of approximately 300m2, 1300m3 of rock
between +5.0 to +1.0mCD. These blasts also include the blasting of a trench down to -1.0mCD
not directly adjacent to the water — see figure 3.

2. Rock that can be drilled and charged from above water, but has a free face in the water and a
design level below the low water level. This consists of the lower slopes shown in orange and the
upper slopes shown in beige on figure 2 and consists of approximately 200m2, 300m? of rock
between +1.0 to c. -3.0mCD.

3. Rock that is entirely below water. This consists of the lower slopes shown in beige on figure 2,
some 60m2, 100m3. The requirement to blast the area shown in green on figure 2 has been
removed during the wharf design process, avoiding damage to the bedrock close to the wharf
face line and also the need for extensive temporary works.
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For the purpose of drilling and charging, the methodology used for types 1 and 2 is the same as that used
when blasting on land and is not repeated in this document (reference should be made to document
‘Quarrying, Drilling and Blasting Management Plan’), however due to the very close proximity to the
marine environment additional mitigation measures are required as discussed in section 5 of this
document.
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Figure 2 — 3D image showing areas to be blasted underwater and adjacent to the water shown in beige
and orange.
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Figure 3 — Indicative cross-sections showing the rock to be blasted.
2 Drilling and Blasting Method

As drilling and blasting is only required in close proximity to the shore and in relatively shallow water
depths, the following method will be used:

1. Arock back-fill platform will be constructed over the blast area to a level of approximately 1m
above high tide level, allowing safe access for the drill rig without using a barge or cantilever
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temporary works platform. This material should not contain a high proportion of large material and
will ideally be constructed using recovered material from the existing wharf.

2. The surveyor marks the areas to be drilled with paint on the ground, allowing the shotfirer to mark
the actual hole positions for the driller. The surveyor can then confirm the required design depth
for each location.

3. The geotechnical drill rig is used to drill a casing trough the rock backfill to the rock-head level. If
necessary this can be collared a short distance into the rock. The drill string is then removed
leaving the casing in place.

4. The shot-hole drill string is lowered through the casing and the shot-hole drilled to the desired
depth including any sub-drill below design level. This part can be achieved using either the
geotechnical or quarry drill rig. Once completed, the drill string is removed and the shot-hole
depth is confirmed using calibrated stemming rods or tape measure.

5. A pvc pipe is inserted into the shot-hole collar allowing the casing to be removed and used for the
next hole.

6. Once sufficient holes have been completed, the Shotfirer charges the shot-hole by lowering the
charges on their detonator shock tubes into the top of the pvc pipe down into the shot-hole. The
shotfirer then checks the rise of the explosives in the hole. The shotfirer may use the stemming
rods to push the charges gently into the hole if required. Further charges are then added,
checking the rise each time.

e A minimum of two detonators should be used in any one shot-hole.

e Arecord of the number of charges and detonators in each hole must be recorded by the
shotfirer.

e Any anomaly in the charging must be recorded.

7. Stemming (angular aggregate) is then poured into the hole to prevent the explosives floating free
and to effectively confine the charge. The rise of this stemming should be confirmed. The pvc
casing can be removed if this is possible without risk of damaging to the detonator leads. If not
this can be left in-situ and stemmed to the desired depth. Care should be taken to ensure that the
annulus between the pvc pipe and hole wall does not pose a flyrock risk.

8. The shot is connected, the danger zone cleared and the shot fired.

9. After blasting, the platform and the newly blasted rock are recovered with an excavator.

Figure 4 - The above image shows a drill rig working through a rock-fill platform constructed over a near-
shore area. The insert shows a hole lined with a pvc pipe. The rig shown in the image is much larger than
required at Rothera.
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2.1 Blast Design

Blasting is required to reduce an area of the seabed of approximately 60m?, with 2100m3to be removed.
This is the lower slopes shown in beige on figure 2.

The actual blasting parameters used during operations will be determined by environmental limitations,
ground conditions, and experienced gained from previous blasts. An outline blasting specification will be
prepared for each blast by the Shotfirer, and will include any maximum charge weights allowed for
environmental mitigation measures. For marine blasting the actual charging is only known once drilling
has been completed, but will be constrained by the outline specification limits.

In principle the blasting of the area will be carried out using a square / rectangular pattern of vertical holes
over the design area. The actual design excavation location will be determined on-site in consultation with

the Construction Manager and taking

into account geological conditions.

Trial excavation should ideally be undertaken after the first blasts and at regular intervals afterwards to
confirm the results of blasting and allow feedback to the blast design. Considering the small extent of the
area involved this may not be possible.

1 &8
\ i

—ty

Figure 5 — Indicative 3D image of shot-holes on a 30 degree slope.

The following indicative blast parameters will be fine-tuned to meet the requirements of each blast.

Hole diameter 89/92mm
Burden (including spacing 15m
between rows)
Spacing (between holes in the

1.5m
same row)
Sub-grade drilling 1.5m
Drilling pattern Square

Number of holes per blast

Typically 10-20

Net rock depth above design

Variable 0 to 3.0m

Stemming

Minimum of 0.3m, though greater where water cover is less
than 3m at the time of firing.

Type of explosive

60mm Packaged Emulsion cartridges and cast boosters

Detonators

Non-electric 475/500ms delays

Surface Delays

non-electric connector detonators
(eg.25ms and 42ms delays)

Maximum Instantaneous Charge
(M.I.C.) - proposed

10 kg
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It is anticipated that the total the work will result in approximately 2-3 blasting events taking place over a
one or two weeks (subject to weather and sea ice conditions). This does not include the blasting of land
adjacent to the shore.

The entire working area is considered a restricted area during charging operations with no-smoking or hot
works permitted. Only personnel involved in the process may be present in the area.

2.2 Blast Specification

A blasting specification will be prepared for each blast. As a minimum this will include details of:
e All hole co-ordinates.

Hole depths.

Actual explosives, detonators and stemming used in each hole.

Surface initiation timing diagram.

Blasting Checklist completed during firing.

Environmental monitoring results.

The blast specification will be signed as approved by the Shotfirer and Explosives Supervisor — roles as
defined in the Quarries Regulations 1999.

QuarryDetonator Projct MM Bt
Site Rothera

Sqnat

Figure 6 — Indicative charging diagram for a 2m rock thickness, with 1m sub-grade drilling, a 2.5m charge
and 0.5m of stemming.

& Hole
® Hor Hole

Figure 7 — Indicative initiation plan for 20 holes. The connector detonators would be on the surface with
the in-hole detonator signal tubes leading into the shot-holes on the seabed. The times shown are in
milliseconds with two detonators per hole.
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2.3 Explosives

The following explosives types will be used:
e Packaged emulsion explosives (eg. Orica’s Senatel Powerfrag, or similar) will form the main
explosive charge.

e Cast boosters (primers) will be used to initiate/boost the packaged emulsion explosives.

Senatel Powerfrag A4,

DANGER EXPLOSIVE
o ot UL o T +377 33 8aR1 1

Senatel Fowerfrag ! 4.'; !j
_—-3. gt
A

DANGER EXPLOSIVE
i i 0. s, 4372 2 |

Figure 8 - A packaged emulsion explosive and cast boosters.

These explosives have been selected for a number of reasons to minimise impact to the environment:

1. The explosives have been manufactured to a high standard of quality control in an explosives
factory to have a good oxygen balance, minimising the production of harmful toxic emissions of
NOx and excessive CO, CO2. Some CO: will be released to the atmosphere.

2. These explosives contain no nitro-glycerine and deteriorate to a greater state of safety in the
unlikely event of a misfire.

3. They are relatively insensitive during handling in relation to other explosives types, and are
suitable for cold conditions.

4. They are waterproof and are available for use in underwater blasting.

Although most packaged emulsion explosives are detonator sensitive, cast boosters can be used to avoid
pressure desensitisation in the underwater environment.

Non-electric detonators have been selected to initiate the explosives and to control the initiation
sequence. These detonators are not affected by radio frequency hazards and are sufficiently robust for
use in the process described below.

Figure 9 - Examples of non-electric detonators

Waste packaging from explosives must be burned on site in a controlled manner as this is the best means
of disposal of potentially contaminated packaging in a safe manner. This is as per the HSE / CBI
Guidance for the Safe Management of the Disposal of Explosives 2007 s11.2.3.5, as referenced in the
UK Explosives Regulations 2014. This process is anticipated to have a minimal impact with the small size
of the blasting operations. No other waste will be burnt during this process.

2.4 Initiation system

A system of advanced initiation will be used, where in-hole detonators have the same delay (eg. 500ms).

The detonators tubes are then connected in sequence on-shore using connector detonator assemblies to
control the initiation timing and ensure each hole is fired on a separate delay. This system ensures that all
in-hole detonators are ‘burning’ through their delay element prior to the detonation of the first detonator in
the sequence, preventing premature ground movement and misfire due to cut-offs. This control of the
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initiation timing ensures that the maximum instantaneous charge weight fired in any delay, and
consequently the environmental impact, is kept to the minimum.

The first hole in the initiation sequence is connected to a firing line leading to a safe location. Surface
delay detonators will be either laid on the wharf and covered with sand, or similar material, or placed on a
firing board.

2.5 Blasting Protocol

The ‘blasting protocol’ refers to the actions undertaken to allow the shot to be charged and fired in such a
way as not to harm personnel, marine fauna, equipment, air traffic, marine vessels and infrastructure.
This protocol will be developed between BAM and BAS on-site to ensure all the necessary control
measures and communications are in place to allow the blast to be charged and initiated safely. The
blasting protocol is controlled by the ‘Blast Controller’, generally a supervisor who is appointed to that role
and who controls all communications during the operations, and especially when firing the shot. Once all
checks have been made, and it is safe to do so, the Blast Controller gives the Shotfirer permission to fire.
Anyone can stop a blast by informing the Blast Controller, or in an emergency calling STOP, STOP,
STOP on the radio channel. Only the Blast Controller can re-commence operations.

The Blast Controller records all actions during the firing procedure on a blast checklist. All personnel
involved will receive instructions and training in their role in the firing procedure.

Appendix A gives an example of a blast checklist and the actions, checks and warnings to be undertaken
at various times.

2.6 Blasting Danger Zone

The Danger Zone is that described in the Quarries Regulations 1999. No personnel are allowed to be in
areas demarcated as the danger zone at the time of firing the shot, except within a suitably located and
constructed blasting shelter capable of offering protection from projected rock. The danger zone is
determined by the explosives supervisor and shotfirer as detailed in the Quarrying drilling and blasting
management plan and the same requirements still apply, though additional measures are required to
specifically protect the marine environment. Figure 10 shows the intended land side danger zone from
that plan and principal sentry requirements. Further measures are shown in section 5.4 below.

South Cove

ROTHERA RESEARC

Scale 1: 2 000

0

metres

Figure 10 — Blasting Danger Zone
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Specific sentry duties:

e Sentry 1 — This sentry walks from the Briscoe wharf and makes a final visual check of the Boat shed,
Bonner laboratory and Gerritsz laboratory for personnel. They then take up position near the foot of
the ramp below Giant's house preventing access from the direction of Giant's or Admiral’s house.

e Sentry 2 — This sentry walks from the Optical hut and checks that the areas are clear of personnel.
They then walk to the MET tower from where they can observe the slopes down to East Beach.

e Shotfirer — The Shotfirer makes a final check of the blast area and sea in front of the wharf before
walking to the firing position. The Blast Controller will normally occupy this same location.

2.7 Communication of Blasting Times

This is undertaken as per the Quarrying, drilling and blasting management plan, though the checkilist in
Appendix A should be used and the additional measures shown in the checklist undertaken.

2.8 Firing Procedure

This is undertaken as per the Quarrying, drilling and blasting management plan, though the checklist in
Appendix A should be used and the additional measures shown in the checklist undertaken.

2.9 Explosives Storage and Transport

Explosives will be stored and transported as described in document ‘Quarrying, Drilling and Blasting
Management Plan’.

3 Blasting Control Measures

3.1 Prevention of rock projection

Flyrock is in general caused by having excessive energy projecting the rock rather than producing
fragmentation and heave. Despite a high ratio of explosives to rock being used for underwater blasting,

there will be no rock ejection from the water where a minimum of 3m of water cover is in place.

Where blasting is expected in shallower water depths, stemming levels are progressively increased to
prevent ejection from the blast.

3.2 Preventing re-drilling into charged holes

As holes will be drilled through the rock fill and only charged once drilling is completed, or the drilling is a
minimum of 10m from the closest charged hole.

3.3 Prevention of misfires

The following measures will be used to prevent misfires and the potential for leaving unexploded material

in the marine environment:

e Two detonators per hole will be used, the second being a backup in case of failure. This is action
considerably reduces the risk of misfire due to detonator failure (BS5607: Code of Practice for the
Use of Explosives in the Construction Industry).

e Careful measurement of the rise of explosives in the blast hole during charging using a tape measure
or calibrated stemming rods will ensure there is no decoupling between charges.

e Extra detonators and primers will be used where ground conditions are very poor and there is a risk
of separation between charges.

e Explosive products have been selected that are resistant to dynamic pressure desensitisation.

e Appropriate initiation sequencing and advanced in-hole initiation will be used to avoid ground
movement cutting detonator leads prior to initiation.

e Double checks of the surface system prior to firing.

Rothera — Marine D&B March 2018 Page 10 of 20
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4  Environmental
There are a number of potential effects that blasting in the marine environment may have.

These are:
e Ground vibrations from the blasting affecting structures adjacent to the blast area.
e Peak pressure pulse in the water from the detonation of confined explosives charges have the
potential to harm divers, marine fauna or diving birds. This may be caused when blasting under
the water, or in close proximity to the water.

4.1 Vibration

For any specific site, the intensity of blast vibrations are related to the size of the charge fired, the
distance from the blast site to the receiver, and the geological and topographical conditions at that
location. Although the effect that specific geological and topographical conditions at Rothera will have on
vibration attenuation is not known, it is possible to make outline predictions of the intensity of vibration
levels at different distances for a given charge weight and use these predictions to guide the decision
process.

At very close proximity to the blast - a few metres - it is permanent displacement rather than ground
vibration that will have the controlling influence on structures. Beyond a few metres of the blast site the
vibrations are transient with a small proportion of the explosive energy is transmitted into the rock mass
as seismic waves.

It is possible to make predictions of the likely intensity of the vibrations at each location based on an
empirical relationship derived by the US Bureau of Mines relating ground vibration to distance and charge
weight, taking into account local geological factors, as follows:

b

PPV = a (SD)

Where:
PPV = peak particle velocity (mm/s)

1/2
SD = scaled distance = Distance (D in metres) / maximum instantaneous charge (MIC in kQg)
a and b are dimensionless site factors,
The peak particle velocity predictions shown in the table below use site factors from the ISEE Blaster’s

Handbook 18™ Edition for predicting upper boundary limits for construction blasting. Values are given for
anticipated maximum instantaneous charge weights for various sensitive receptors.
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Indicative Blast Vibration Prediction
PPV = a(D/MIC*0.5)"b
where PPV = Peak Particle Velocity (mnvs)
D = Distance from blast to sensitive location (m)
MIC = Maximum instantaneous charge (kg)
aand b = Site factors
ISEE Blaster's Handbook values Construction Upper
All distances are approximate Boundary
K 1730
B -1.6
Sensitive Receptor Description Limit |Limit Source M.1.C (kg) 10 15
PPV (mmy/s) Distance (m) |PPV (mm/s) [PPV (mm/s)
NDB antenna Planned to be moved N/A
DME antenna (to be moved) Planned to be moved N/A
DORIS Planned to be moved N/A
Sun Photometer Can be removed if required dur| N/A BAS MET & Science Co-ordinator
GPS Receiver N/A Newcastle University 165 3.1 4.3
Optical Hut SAOZ, Sun photometer logger N/A BAS MET & Science Co-ordinator 140 4.0 5.6
AG spectrometer, OH imager,
Optical Hut All sky cam, IR all sky cam N/A BAS Electrical Engineer 140 4.0 5.6
Memorial for SE Black and others 15-50 [BS7385-2:1993 for buildings assumed 110 5.9 8.2
Memorial cross 15-50 [BS7385-2:1993 for buildings assumed 110 5.9 8.2
Memorial KM Brown 15-50 [BS7385-2:1993 for buildings assumed 110 5.9 8.2
Memorial NJ Armstrong and others 15-50 [BS7385-2:1993 for buildings assumed 110 5.9 8.2
Memorial for sledge dogs 15-50 [BS7385-2:1993 for buildings assumed 110 5.9 8.2
Memorial cairn ASPA 15-50 [BS7385-2:1993 for buildings assumed 810 0.2 0.3
UKHO survey pillar 15-50 |BS7385-2:1993 for buildings assumed 170 2.9 4.1
Flagpole 50 BS7385-2:1993 for buildings assumed 170 2.9 4.1
Explosives Magazine N/A Mobile steel structure 185 2.6 3.6
E-W wide band array N/A BAS Comms. Manager 190 25 3.4
ARIES Dome N/A BAS MET & Science Co-ordinator 225 1.9 2.6
RLPA tower N/A BAS Comms. Manager 275 1.4] 1.9
CODIS dome N/A BAS Comms. Manager 270 1.4 1.9
MET tower N/A BAS MET & Science Co-ordinator 325 1.0 1.4
Cloud-base recorder N/A BAS MET & Science Co-ordinator 325 1.0 1.4
AWS N/A BAS MET & Science Co-ordinator 430 0.7 0.9
Small N-S dipole N/A BAS Comms. Manager 390 0.8 1.1
N-S wide band array N/A BAS Electrical Engineer 470 0.6 0.8
MF radar receiver (east beach) N/A BAS Electrical Engineer 475 0.6 0.8
MF radar receiver (Bransfield Hse) N/A BAS Electrical Engineer 540 0.5 0.6
MF radar transmitter (closest) N/A BAS Electrical Engineer 580 0.4 0.6
SkiYMet transmitter N/A BAS Electrical Engineer 620 0.4 0.5
SkiYMet radar masts N/A BAS Electrical Engineer 670 0.3 0.5
ASPA No.129 NA Very remote to blast location 680 0.3 0.4
Tide gauge N/A BAS MET & Science Co-ordinator 90 8.2 11.3
Boatshed 15-50 |BS7385-2:1993 for buildings 100 6.9 9.5
Bonnar Laboratory 15-50 | BS7385-2:1993 for buildings 155 3.4 4.7
Bonner Lab. Science N/A BAS Science Leader 155] 3.4 4.7
Gerritsz Laboratory 15-50 |BS7385-2:1993 for buildings 150 3.6 5.0
Gerritsz Lab. Science N/A BAS Science Leader 150] 3.6 5.0
Giants House 15-50 | BS7385-2:1993 for buildings 300 1.2] 1.6]
Old Bransfield House 15-50 | BS7385-2:1993 for buildings 350 0.9 1.3
Admirals House 15-50 | BS7385-2:1993 for buildings 390 0.8 1.1]
Bransfield House 15-50 | BS7385-2:1993 for buildings 530 0.5 0.7
Fuel Tanks NA Very remote to blast location 560 0.4 0.6

Figure 11 — Predicted blast vibration levels at sensitive receptors

The relative sensitivity of structures and instrumentation has been discussed with the owners / managers
of the sensitive receptors, but will be reconfirmed prior to blasting. The values in the table above show low
predicted levels of vibration in relation to limit values. Blasting may need to be controlled if it coincides
with sensitive construction activities, though this is currently not envisaged.

By monitoring blast vibration on-site, it is possible to check predictions against actual results and confirm
compliance with agreed limits. Blast vibration monitoring will be undertaken for the purpose of both
compliance and for later refinement of predictions once sufficient data has been gathered.
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4.2 Pressure pulsein the water

Where explosives are fired in water, a pressure pulse is generated which attenuates with time and
distance in a similar way to sound waves in air. In addition, gases are released into the water causing
bubbles to form which oscillate and collapse and may cause negative pressures.

For charges suspended directly in a body of water a relationship exists between the peak pressure pulse,
distance and charge weight as follows:

Peak pressure pulse P =55x103 (D/W3)-1.13

unconfined

where W is the charge weight in kg, D the distance in metres and P the pressure in kpa.

For the Rothera project the explosives will be placed in holes drilled in the seabed and confined with
stemming. Confining the explosives in this way has the effect of reducing the pressure pulse transmitted
to the water. The level of the peak pressure pulse transmitted to the water is site specific and depends on
factors such as geology and seabed topography, however there are reduction factors for confined
explosives which can be applied following experience or published texts:

e Langefors & Kihlstrom 1963 suggests levels of 0.10 to 0.14 of the unconfined pressure pulse.

e Oriard 2005 suggests levels of 0.1 to 0.33 of the unconfined value.

e Actual project data from two projects gave measured average peak pressure of 0.08 (maximum

0.26) of that predicted for unconfined values (from 210 blasts).

Using the maximum value recorded by BAM Ritchies from 210 blasts and 326 measurements of
0.26*Punconfined When the average value was 0.08*Punconfined iS cOnsidered conservative and comparative to
the published texts.

Therefore Peak pressure pulse P =14.3x10°% (D/W*3) 113

nfin

Peak pressure in Kilopascals for different distances have been converted to dB using a reference level of
1uPa and are shown below.

P=H(D/W’ P=Peak pressure (kpa)
D=distance (m)
W= charge weight (kg)
H=55000*0.26 for confined

ke | 10]
m Peak Pulse (Kpa) |Peak Pressure
(dB) - ref 1x107-6
Pa
100 187 225
200 85 219
300 54 215
400 39 212
500 30 210
600 25 208
700 21 206
800 18 205
900 16 204
1000 14 203
1100 12 202
1200 11 201
1300 10 200
1400 9 200
1500 9 199
1600 8 198
1700 8 198
1800 7 197
1900 7 197
2000 6 196
2100 6 196
2200 6 195
2300 5 195
2400 5 194

Figure 12 — Predicted pressure peak pressure pulse for underwater blasting.
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1 Introduction

As part of the upgrade to the Rothera Wharf and other Rothera projects for the British Antarctic Survey
(BAS), it will be necessary to source quarried rock materials locally at the Rothera base for use during the
construction process. These quarried rock materials, principally for bulk fill and surface dressing material,
will be sourced from a borrow pit within the footprint of the existing Rothera base. This process will involve
drilling and blasting, load and haul, and rock processing, crushing and screening.

This document describes the methods to be used to undertake this quarrying work and how the use of
explosives will be controlled to prevent harm to people and the environment. It is anticipated that in
addition to quarry blasting, other minor blasting works may be required outside the quarry area, and that
these works will follow the same rules and controls contained within this plan. Additional measures
required for underwater blasting are contained in document ‘Rothera Wharf — Marine Drilling and Blasting
Management Plan’.

1 -daratenis

[ L
¢ MNorth Cove .

y o I/ - o 1

/ / : ? 4 3 }’a .

South Cove & AR F .. i . e
Firs ks ¥ & B2 ' e ﬁ

ROTHERA RESEARCH STATION

I_:igure 1 — Rothera Research Station showing the proposed blasting area.
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2 Project Rock Requirements

It is anticipated that approximately 26,000m3, 52,000t of rock backfill will be required for the proposed
wharf construction design — option H. The total anticipated requirements are shown in the table below.

Item | Project Requirement Type Grading Net Comments

Quantity

(tonnes)
1 Wharf Rock Backfill 30-80mm 50,969 Includes surface material
2 Wharf Rock for ice shield 10-60kg 555

Recycling / re-processing of fill materials recovered from the existing wharf can be undertaken to reduce
the volume of rock extracted from the quarry. Although the extent of this recycling will be dependent on
the grading of the existing rock backfill material available, an outline estimate indicates that ¢.15,000m3,
or 27,000t of recovered material can be reprocessed through the quarry plant along with quarried
materials. The estimated yield from this process is 16,200t of rock-backfill. This quantity can be removed
from the quarrying extraction requirement, both reducing the size of the excavation and use of explosives,
though this material will still require processing.

For the products and quantities detailed above, the total anticipated extraction from the quarry is as
follows:

Total from above 51,524t
Less material re-cycled material re-processed 16,200
Net quantity required from quarrying of 35,324t

In the event that it is possible to obtain larger rock of 400mm cubic or greater, the yield of this product will
be maximised as far possible within the constraints of the rock-fill production schedule and this material
should be set aside for storage and later use for stabilisation in the cove commonly known as
‘Honeybucket cove’.

Provision has also been made to allow the blasting and screening of a small quantity (c.200m3) of 100-
200mm material should this be required. This falls outside the planning at present.

3 Quarry Design

In order to produce the required quarried rock products shown in section 2, it is anticipated that a gross
guantity of approximately 65,000 — 80,000 tonnes of in-situ rock will be required from the quarry, though
as this quantity is based on estimated yields of rock products from the blasted rock-pile, it may be
necessary for rock extraction to be extended up to the quarry boundary shown in this document, or
reduced in extent. Detailed processing is shown in section 5 of this document.

The choice of the quarry location has been made to minimise the environmental impact of the excavation
by keeping it within the existing developed Rothera base area, and also to maximise the utility of the extra
level ground created by the rock extraction by locating it close to the wharf area. Locating the quarry close
to the wharf area will also minimise haulage distances and keep potential dust creating activities at the
maximum possible distance from the glacier and residential buildings.

The extraction area is limited to the west by the existing face and the east by a valley between the
extraction outcrop and the higher outcrop to the east — see figure 2. To the north the area is limited by a
valley just north of the DME/NDB location. Extraction will be in two benches (split approximately 10m
above the existing working level) working north as far as required within the area defined to extract the
required quantity. The top bench would advance ahead of the bottom allowing sufficient space for
excavation and loading.
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Figure 2 — Plan view of quarry extraction area.

—— ————— —— =

== = = - — =
Figure 3 — Quarry extraction area from the south — the red line shows the approximate quarry extraction
limits.
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3.1 Quarry Development Plan
The quarry will be developed in the following stages as outlined below:
Stage 1 - The lower area close to the wharf will be removed in one bench to create working space near

the wharf. The blue line in figure 4 represents the face position after a few blasts and this face will be at
approximately 80 degrees from horizontal.

AR
\\‘.
LA \

Wl

one isometric view.
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Stage 2 - Production continues on the upper bench with the working floor at +10m above the wharf level.
This is worked north blast by blast. A temporary ramp will be created to access the upper bench from the
wharf level using material blasted for this purpose. Ideally this material should be blasted adjacent to the
proposed ramp location so as to minimize the excavation and transport requirements. This ramp will run
north to south from the processing area and will be constructed so as to be shallower than 30 degrees,
preferably 1 in 4, will have a useable road width of 7m and will have an edge protection bund not less
than 1.5m high, or the radius of the largest vehicles wheel, whichever is greater. An assessment will be
made by the quarry manager to determine if an additional bund is required to protect from rock-fall above.

AN, NN
Figure 7 — Quarry stage two isometric view.
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Stage 3 — Once the upper bench has been fully worked out the final face is dressed to a more natural
angle of approximately 50 degrees from horizontal. Rock extraction continues on the lower bench. Access
for drilling and blasting will be made to the upper bench level from above, whilst the lower ramp is
removed during processing.

Figure 8 —uarry stage 3 showing the upper bench worked out and production continuing on the lower
bench.

N1 W -
Figure 9 — Quarry stage three isometric view.
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Stage 4 - Final Profile

Working production faces will be inclined at approximately 10 degrees from the vertical. Final faces will be
dressed back to around 50 degrees from horizontal to create stable and more natural looking slopes
similar to existing slopes adjacent to the Gerritsz laboratory — see figure 10. Exact final face positions can
only be determined during processing, though should not exceed those shown in figure 2.

\ AN \ \ /
Figure 10 - Final extraction outline — isometric view. The final back-wall
from horizontal, though it appears steeper in the image.

has been dressed to 50 degrees

Snow accumulation modelling may be undertaken to determine if it is possible to further optimise the final
profile to minimise future snow accumulation.

Face heights will be approximately 10m high, though will vary with the variable surface topography.
During rock extraction, the ice cliff adjacent to the quarry will be removed by mechanical excavation from
the land, or if necessary with the minimal use of explosive charges. Care will be taken to minimise
disturbance to the ice cliff beyond the extraction area. Any other snow will be removed prior to drilling.
The west facing open face is currently inclined at approximately 50 degrees from horizontal, so splitting
the outcrop into two benches will allow access to the lower slope areas from above sufficient to obtain
reasonable burdens during blasting. To the north and east the area is bounded by snow gullies, except at
the NE corner where access for the drill rig would be made.

Quarry processing will be undertaken on the flat ground adjacent to the quarry extraction area as shown
in the schematic processing diagram figure 11.
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Figure 11 - Schematic Quarry processing diagram — set up for backfill production.

3.2 Access and Egress to the Drill and Blast Area

Access to the quarry will be extended from the existing access route to the explosives storage location
and other installations, and additionally directly from the floor adjacent to the wharf by constructing a
ramp. These routes minimise the need for additional disruption to the environment for access and egress
purposes as they are contained in the existing disturbed area.

Access for the drill rig onto the area will be created using an excavator, either to clear snow or loose
rocks, and to make access ramps to drilling areas. Loose rocks will be used initially for the construction of
these access ramps and later for processing as there is very little overburden material. Clean snow will be
pushed into the sea.

South Cove
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Figure 12 - Access route to the quarry from above shown in red.
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4  Drilling and Blasting

Primary rock extraction from the quarry will be undertaken using drilling and blasting with explosives. This
will involve the drilling of vertical, or near vertical holes, in the range of 64mm to 102mm diameter, with a
tracked drill rig. These holes will be drilled in rows parallel and adjacent to an open face, or in a pattern to
develop an open face. These holes will then be charged with explosives and stemmed with angular
aggregates (see images and sketch below).

It is anticipated that the majority of blasting will be undertaken during the 2018-2019 austral summer, with
approximately 20 — 25 individual blasts. The duration of each blast will typically be less than 0.5 seconds.
Drilling will continue during working hours on most of the working days during this period.

This drilling and blasting process will be strictly controlled following BAM Ritchies blasting procedures and
following the requirements of the UK Quarries Regulations 1999. The Quarries Regulations 1999 provide
the strictest requirements currently in place and also ensure compliance with BS5607:1998 Code of
practice for the safe use of explosives in the construction industry. In addition the use of explosives will
comply with British Antarctic Survey Code of Practice: Explosives, 3 edition, 2007. This management
plan also forms the shotfiring rules as described in the legislation.

Figure 14 - Drilling and blasting terminology

Rothera — D&B Management Plan July 2018 Page 13 of 72



BAS Rothera Wharf Construction ﬂ bam

Quarrying, Drilling and Blasting Management Plan iRkt
Term Definition
Burden The rock thickness between a hole and the rock face, or hole in front (metres).
Spacing The distance between holes within the same row (metres)
Sub-grade drilling The distance shot-holes are drilled below the design floor level to ensure the floor

breaks to design (metres)

Stemming Non-explosive material placed in the top of the hole to confine the explosive and
prevent ejection. For surface blasting this is normally aggregate chippings of
approx 0.1 to 0.15x the hole diameter

Powder factor or blast | The quantity of explosive used to blast a unit volume of rock kg/m?3 (sometimes

ratio expressed as a ratio - tonnes of rock per kg of explosive)

MIC Maximum Instantaneous Charge — the charge weight fired in any one delay
period, separated from other charges typically by a minimum of 8 milliseconds
(ms)

4.1 Drilling and Blasting Management

Within the drill and blast department, BAM Ritchies control blasting activities at a number of levels, as
follows:

e Atan overall company level, operations are controlled by the Manager, Drill & Blast, supported
by Contracts Managers, Project Managers and Engineers. The main documents detailing this
are the ‘Operational Management Plan’, ‘Drill and Blast Procedures’ and ‘Drill and Blast
Guidance’.

e Ata quarry/ site / project level, operations are controlled by the Site Supervisor, Explosives
Supervisor and site management following this ‘Operational Management Plan’, ‘Drill and Blast
Procedures’ and ‘Drill and Blast Guidance’, along with site documents — Site Rules, this Drill and
Blast Management Plan and ‘Risk Assessments’.

e At an individual blast level, controlled by the Explosives Supervisor and Shotfirer, using the
‘Blasting Specification’ and any blast specific risk assessments.

Above all, by following this system of control meets the requirements of legislation, in particular the
Quarries Regulations 1999.

The following sections provide more detail of the overall system of control and the role of this document.
411 Control at the Company level - BAM Ritchies

The 'Drilling and Blasting Operational Management Plan’ describes how the company manages health &
safety and environment activities within the drill and blast department. This overriding management plan
can used at site level in conjunction with site specific documents to form a complete site drilling and
blasting management folder.

In addition, a number of other company standard documents provide instruction, or guidance, on more
specific tasks. These are BAM Nuttall procedures and guidance, and BAM Ritchies procedures and
guidance.

4.1.2 Control at a Quarry / Project level.

At each site, quarry or project, the supervisor in charge will prepare and maintain a 'Site Drilling and
Blasting Management Folder' which should detail how drilling and blasting operations are managed at
that site. A minimum contents is set out below, but additional information relevant to drilling and blasting
operations should be included where relevant.
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‘Drilling and Blasting Management Folder’ Contents:

Site emergency procedures.

Site drill and blast organisation chart and contact details.

Drilling and Blasting Operational Management Plan.

This Drill and Blast Management Plan.

Other site rules.

Site specific environmental requirements if not included in this plan.

Departmental and Operational Procedures (BAM Ritchies).

Site Specific Risk Assessment.

. Copy of appointments (including Explosive Supervisor Register if not displayed elsewhere).

10. COSHH assessments.

11. Guidance:

e BAM Ritchies Drill & Blast Guidance Series.

e Other legislation and guidance eg Quarries Regulations 1999, British Standards, BAS
Explosives ACOP.

e Product information - Material Safety Data Sheets, Technical Data Sheets.

©CoNoOOAMLWNE

Site drilling and blasting activities will be carried out following the ‘Drill and Blast Management Plan, ‘Risk
Assessment’, ‘Drill and Blast Procedures’ and ‘Drill and Blast Guidance’.

Generally, one site specific risk assessment will be prepared to assess the risks involved when
undertaking work following the ‘Drill and Blast Management Plan, the ‘Operational Management Plan’ and
BAM Ritchies standard procedures. This should be prepared by the Supervisor, in conjunction with other
members of the team, but always including the Explosives Supervisor and Shotfirer. It should be reviewed
at a minimum every six months, or sooner if conditions change. Other additional task specific risk
assessments may be required.

4.1.3 Control at the blast level

This is principally controlled by the 'Blasting Specification' as defined in the Quarries Regulations 1999.
Further documents may be required eg. additional risk assessments for blast specific conditions - for
weather conditions, or working under faces.

4.2 Appointments and Responsibilities

Quarrying operations including drilling and blasting operations are carried out by BAM Ritchies a division
of BAM Nuttall for The British Antarctic Survey (BAS) as part of a construction partnership between BAM
and BAS. In order to safely control blasting operations a number key appointments are required as a
minimum. Full duties of each role are described below and in individual appointments.

The person appointed to organise and supervise all work at the quarry involving the use of explosives is
the Explosives Supervisor. The Explosive Supervisor will be appointed in writing by the Project Manager.

All other appointments listed below will be appointed in writing by the Explosives Supervisor:
e Shotfirer
e Explosives Storekeeper

Blast Controller

Sentries

Laser Surveyor

Driller

Written appointment records will be kept during the term of the appointment and for 3 years after
completion of the project.

It is the responsibility of the appointor to ensure that the appointees have suitable training, qualifications
and experience to competently undertake that role and check that they are not a prohibited person.
Records of these checks must be kept with the appointment — these may be in the form of training
records, competency assessment forms, or copies of a CV and certificates.
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The duties and responsibilities of each role must be included in the written appointment. Individuals may
be appointed to several roles, but must follow the rules relating to the role they are undertaking irrespective
of their employment job title.

4.21 Explosives Supervisor (ES)
The person appointed to organise and supervise all work at the quarry involving the use of explosives.

Although more than one person may be appointed as Explosives Supervisor, only one may act in this role
at any time. This is controlled by completion of the ‘Explosives Supervisor Register’ which will be on
display in the project office. This must be completed and then signed by the acting Explosives Supervisor
and Project Manager. On transfer to another Explosive Supervisor the end date must be completed for
the outgoing ES and a new line completed for the incoming ES. The Explosives Supervisor should ensure
that a handover is undertaken to pass any new relevant information or changes.

Key Responsibilities:

e To ensure that explosives are handled and used in a manner that is without risk to the health and
safety of personnel in the vicinity, and bring anything which may adversely affect this to the Project
Manager's attention immediately.

e The Quarries Regulations 1999, Part V Explosives are complied with as far as possible at this
location.

¢ An adequate written blast specification is produced for each blast - prepared by themselves or the

Shotfirer. This is evidenced by the Explosive Supervisor signing at least the cover sheet and

proposed explosives loading sheets prior to charging operations commencing.

Making all explosives appointments on site (except Explosives Supervisors).

Equipment used for shotfiring is suitable and safe.

Site conditions are in line with the blast specification before work with explosives begins.

Explosives are only kept in the approved storage areas unless they are being transported or are

being used and accurate records are maintained.

Implementation of the misfire procedure in conjunction with the Shotfirer.

¢ Defining the danger zone required. This may be a standard danger zone for blasting, but must be
reconsidered for every blast when approving the blasting specification, or if notified of any change
during charging notified by the Shotfirer. The extent of the danger zone and position of any safe areas
must be notified to the Blast Controller before charging commences and prior to clearing the danger
zone in the event of changes in conditions as a result of actual charging.

e Ensuring that all personnel upon which this ‘Drilling and Blasting Management Plan’ imposes duties
have received the latest copy and have understood, accepted and signed their copy. A copy of the
signed acceptance should be kept.

e Ensuring that risk assessments are in place for all blasting activities, even though they may be
assessed by others.

4.2.2 Shotfirers

Key Responsibilities:

e Marking out shots prior to drilling.

e Surveying shots, or ensuring information provided by a separate surveyor is adequate for use

preparing the blasting specification.

Preparing an adequate blast specification as defined in the Quarries Regulations 1999.

To prepare, or mix explosives for immediate use.

Supervising transport of explosives on-site.

Prepare primers with detonators.

Charge and stem holes as per the blasting specification, or within the allowable variation shown on

the specification. They must notify the Explosives Supervisor of any changes outside the allowable

variation, or changes to any conditions since the approval of the specification.

e Link, connect or otherwise prepare the initiation system ready for firing.

e Inspect and test the initiation system as appropriate for the type being used.

e Liaise with the Blast Controller to ensure that the danger zone is clear before testing any live initiation
system.

e Fire the shot from a safe designated location.

e Carryout post-blast inspections to check for misfires.
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e Comply with The Quarries Regulations 1999, Part V Explosives, and this management plan relating
to the storage, handling & use of explosives and instructions from the Explosives Supervisor.

e Check that equipment used for shotfiring is suitable and safe and site conditions are in line with the
blasting specification before work with explosives begin.

e Maintaining security of explosives and control of the blast site as a restricted area.

4.2.3 Explosives Storekeeper

The Shotfirer will act in this role. Key responsibilities:

e The security and safe storage of explosives, including detonators.

e Keys to the store are kept in a secure location at all times.

e Check and maintain the field storage location and ensure that the explosives are not exposed to

weather and deterioration.

Keeping accurate records.

The issue and receipt of explosives only to authorised persons.

Immediately reporting any loss or theft of explosives to the Project Manager.

Exercise good stock rotation practice. Conduct regular checks of the condition of explosives being

stored.

e Ensuring that the inside of the store is kept clean and free from grit at all times and nothing but
explosives shall be stored in the magazine, except essential non-ferrous items eg. a broom.

e Keeping the area surrounding the explosives store clear of grass, shrubbery, spilled fuel oil, or other
organic material in order to minimise the risk of fire.

e Stock is checked to ensure that the totals of items that have been used on that day are correct. Total
stock checks are done and recorded in the book on a regular basis.

4.2.4 Blast Controller

The Blast Controller's primary role is to ensure that the blasting danger zone is clear of personnel,
secured against entry from outside, and to communicate directly with the Shotfirer as per the blasting
procedure to allow the safe firing of shots without risk to personnel. It is not the role of the Blast Controller
to determine the extent of the danger zone. The Blast Controller does not need blasting experience and
could be for instance a construction supervisor.

Blast Controller key responsibilities:

e To make any ‘public - BAS' notifications, internal quarry notifications and to place any signs as
required in this document. If this is delegated, they must ensure that it has been done.

e For each blast, to select sentries (previously appointed) and brief them of their location and
specific duties for that blast. Ensure that they have a radio, and understand their specific duties.
At this point ensure that the sentries understand who is acting as Blast Controller.

e Ensure that they are able to communicate with all the sentries and the shotfirer.

e To ensure that no person is left in the danger zone once sentries are in position. Only the
shotfirer and those personnel with specific duties in the clearance procedure enter the danger
zone at this time.

e To only give the instruction to the Shotfirer that they may fire the shot when the danger zone is
secure and clear as per the procedure in these rules. The acting shotfirer and trainee shotfirers
under their control are the only people allowed to enter the danger zone from this instruction until
the 'all clear' is given by the shotfirer.

e Only communicate to the shotfirer when he may fire the blast, when there is no doubt in
communications, or interference in communications of any sort.

e If anyone gives the STOP, STOP, STOP notice, ensure that the Shotfirer confirms this. If not,
repeat the notice until the Shotfirer confirms. Once confirmed, investigate the cause and only
recommence the procedure once safe.

4.2.5 Sentries

The primary role of sentries is to guard a position so as to prevent access to the blasting danger zone
from the time they are positioned until relieved by the ‘all clear’. Sentries may have additional roles prior
to taking up their position eg. checking an area is clear of personnel then working outwards to the
entrance before blocking access to it.
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Sentries will be instructed by the Blast Controller and must only follow instructions from the Blast
Controller, or the Shotfirer directly.

Sentries will be briefed on their specific role for each blast by the Blast Controller. They will be given clear
instructions, informing them of their duties and responsibilities and where they must position themselves
for the blast.

e They must ensure that they are in position in sufficient time to clear their area of responsibility, take
up position and bar entry to the danger zone.

e They must ensure that they understand the method of communication.

e They must be in contact with the Blast Controller and Shotfirer and when asked to do so, report that
they are in position and that there area of responsibility is secure, or not.

e Immediately report to the shotfirer, if at any stage the danger zone is breached, or there is some other
matter affecting the safety of the blast. Call STOP, STOP, STOP at any time to postpone firing -
explanation can be made after.

e Stay in position when the shot is fired and bar all entry to the danger zone until the ‘all clear’ signal is
sounded and you are relieved by the Blast Controller by radio. If in doubt stay in position and
contact the Blast Controller.

4.2.6 Laser Surveyor

The laser surveyor is responsible for carrying out face profiling using laser profiling equipment, and hole
surveying using either a manual method or an electronic probe. In addition the surveyor is responsible for
preparing face profiles, sections, plans and elevations as required by the Shotfirer or Explosives
Supervisor.

They must only use equipment that is within calibration and when conditions are suitable to allow a survey
to be carried out and used as part of a compliant blast specification as required by the Quarries
Regulations 1999.

4,27 Drillers

Drillers are responsible for drilling holes as per the driller's log instruction and within limits of allowable

variations. They must:

e Report to the Explosive Supervisor should they be unable to drill any shot hole as indicated on the
drill log, or within the allowable variation allowable.

e Ensure that all cavities, obstructions, clay bands, basalt and other geological features that may affect
the shot encountered during drilling are recorded on the drill log.

e Securely anchor the drill rig if drilling on steeply inclined ground.

e Do not leave the rig unattended during drilling operations. Lock and isolate the rig when it is
unattended.

e If there is not adequate lighting then all operations will cease during poor visibility and darkness.

4.3 General Rules
No person shall carry out any operation unless they are qualified and appointed to do so.

Everyone must report to their supervisor any accident or injury, defects in plant or equipment, hazards in
their workplace.

All personnel will undergo a site induction as required by that individual site and sign-in / clock-in and out
at the appropriate place at all times.

All personnel must follow site rules and wear appropriate PPE at all times.

All personnel should ensure that they are aware of the contents of the site specific risk assessment for
drill and blast operations - maintained by the Explosives Supervisor.
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4.4 Restricted Working Area

The area where explosives are being used will be controlled as a restricted area and be under the
constant supervision of either the Shotfirer, or another appropriate person if no charging is being
undertaken. Access to this area should be restricted to those personnel directly involved in the operations
and with the permission of the Shotfirer (verbal permission is adequate). The Shotfirer may prohibit
anyone from accessing the charging area.

Signs and / or cones must be placed at the entrance to the top of the shot and on the quarry bench below
to warn people and prevent access to the blast site by unauthorised personnel and general quarry traffic.

4.5 Working under faces

Extra caution is required when work needs to be undertaken below a quarry face. This includes toe holes
and production holes which might be at risk from material falling from above. The procedure for this will
involve the Driller and the Shotfirer assessing each individual blast with the Quarry Supervisor and
completing a risk assessment that will form part of the documentation for that blast (eg. BAM Ritchies DB
RAO03 Risk Assessment for drilling below faces).

The conditions must be re-assessed each day and any changes reported to the Quarry Supervisor. Any
instructions arising from the risk assessment must be adhered to before work continues.

4.6 Edge Protection

On commencing works, the Explosives Supervisor will undertake a risk assessment to determine the
most suitable form of edge protection following the hierarchal approach and risk assessment as per drill
and blast guidance DB G12 Selection of Edge Protection.

4.7 Explosives Custody

Explosives will be either in the locked explosives magazine, designated field storage location, or under
the constant supervision of an appointed person. Supervision does not imply use and the explosives may
be supervised by any of the persons with explosives appointments when verbally instructed by the
Shotfirer.

Explosives deliveries will only be received by the Explosives Storekeeper or Shotfirer.
Explosives types and quantities supplied must be checked against the order and delivery note by the
appointed person, before taking control of the delivery. This should include a check that the boxes are

sealed and labelled.

Explosives and detonators must be transferred as soon as practical to the approved magazines or
designated storage area.

The delivery shall be recorded in the Explosives Record book as soon as practicable. This must be done
at the latest by the end of the shift

Explosives being transported will be transferred to a suitable vehicle and remain under constant
supervision of at all times.

The shotfirer will ensure that:
e Manufacturers’ containers or other suitable robust containers are used for transportation.

e Detonators will be carried within the manufacturers’ containers or a lockable container lined
with shock absorbing, antistatic material, kept clean and used only for detonators.

Detonators and explosives materials will only be removed from the manufacturers’ container immediately
before use.

Unused detonators, primers or explosives will remain within a manufacturer’'s containers and under the
constant supervision of the shotfirer at all times until returned to the magazine or storage area.
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Detonators, primers and explosives cartridges can be laid out at each blast hole as per the blast
specification, with no more laid out that would compromise the requirement for constant supervision.
Excess cartridges from a previous hole may be moved onto the next hole to avoid being used by mistake.
The loose cartridges must remain in the box at the next hole until used.

All boxes will be checked to ensure they contain no explosives residue and stored of the immediate blast
area before disposal.

4.8 Explosive Deliveries, transport and storage at BAS Rothera

Explosives will arrive at Rothera by sea on a chartered vessel and be off-loaded at the existing Briscoe
wharf. These explosives will be carried in 20ft shipping containers and will have mixed loads of class 1.1D
packaged explosives and 1.4S packaged detonators. These containers will be unloaded from the vessel
in their containers and taken to a temporary lay-down location for transfer to other vehicles to be taken to
the project storage areas. In addition to the explosives being delivered, there is currently approximately
500kg of BAS explosives and detonators in the existing storage magazines.

In outline, this process will involve the following activities:

e Preparation of the ski-way storage depot.

o Preparation of the on-station storage magazines, involving a new location with one storage
magazine and an additional detonator magazine at the existing storage location.

o 250kg of BAS explosives will be removed by the Ernest Shackleton first call, the remaining BAS
class 1.1D explosives (mainly boosters) will be removed from the on-station magazine and
transferred to the ski-way storage. BAS class 1.1B detonators will remain in the existing on-site
magazine.

o All of the BAM detonators will be transferred to the new on-site detonator magazine.

o Approximately 800kg and 100 boosters from the BAM stock should be transferred to the new on-
station magazine.

e The remainder of the BAM class 1.1D explosives should be transferred to the ski-way storage.
This consists of Senatel Powerfrag and boosters.

Also - see document BAS Explosives Plan Rothera 2018/19 v7.
4.81 Explosives Storage — Ski-way

Due to the large explosives requirement for the quarry operation it will not be possible to store the project
explosives at the current BAS station storage location and instead these explosives will be stored on the
glacier as shown in figure 15. Note: For 10,000 — 20,000kg of explosives, the Explosives Regulations
2014, do not suggest separation distances for exposed explosives, however they do suggest 554 — 606m
for metal or brick unmounded stores. Further to this, document ‘CFRA Fire and rescue service operational
guidance: incidents involving hazardous materials’ suggests an exclusion zone of 1000m for in excess of
2000kg of explosives. The BAS Explosives ACOP suggests 500m for 5000kg of field storage.

The ski-way depot will hold roughly the following: 720 boxes of Senatel power frag 60mm (24kg per box),
164 boxes of Dunarit boosters. The depot will be laid on the snow surface, due to low snow accumulation
levels at the ski-way and potential manual handling/depot footprint issues with raising the depot onto
empty drums.

Access will only be by BAM shotfirer or appointed persons. The local travel area will be amended, with
the northern section cut off as per the local area diagram. The amended flagline should provide roughly
1000m separation from the explosives depot and local area traffic — this is to be overseen by the Station
Leader and carried out by the BAM assigned field assistant before the explosives arrive on station.

The format will be 1.22 x 2.44 x 0.18m marine plywood boards laid on the snow surface, then with the
fibreboard explosives boxes on top — stacked to 6 or 7 high. The depot will run parallel to the skiway,
1.2m wide and up to 24m long — a max surface area of 30m2. Two lengths of dunnage running lengthwise
will stabilise the depot base. The Powerfrag fibreboard boxes (600mm x 257mm) should be stacked
length ways across the 2.44m side of the plyboard, 4 boxes will fit side by side (see figure 16), with new
rows started immediately behind the previous — the boxes will overlap plybooards as the rows move down
the depot. The boxes of Pentex boosters must be stored on a separate board at one end of the depot to
allow ease of access.
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The tarpaulin will be laid on the snow surface (with the ratchet straps underneath), the plyboards placed
on top of the tarp and explosive boxes stacked as high as practical. Boxes must be wrapped in heavy
duty plastic to protect against snow ingress, the bottom boxes should be individually wrapped and the
stacks can be wrapped together afterwards in sections.

EXPLOSIVES DEPOT (ON
THE SURFACE)

Figure 15 - Ski-way explosives storage location.

The tarp must then be folded back over the top and significantly overlapped — giving side to side cover
and adequate protection from snow ingress. The end tarpaulin will need to be positioned to allow
complete coverage of the depot ends. Spare shipping pallets from relief will be placed against the edges
and on top of the depot, to spread any ratchet strap force and to provide a solid buffer if any digging is
required. Ratchet straps will be spaced sensibly to provide enough stability to the structure. Polyprop rope
will be used to further secure the tarpaulins.

A BAS Field Guide will supervise the location and construction of the store and check the area for
potential crevassing.

Materials required:
e 10x marine plywood boards — Size: 1.2m x 2.44m (Provided by BAS)
e 32xratchet straps — 8m tail (Provided by BAM)
e 10x tarpaulins 7m x 11m (Provided by BAM)
e 100m Polyprop rope (Provided by BAM)
e 40m dunnage (Provided by BAS)
¢ Maximum of 30 pallets salvaged from station relief operations (BAS & BAM)
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Figure 16 - Diagram showing style of depot.
4.8.2 Explosives Storage — On-Station

In addition to the glacier storage, it is possible to store up to a maximum of 1000kg at the Rothera station
using both the existing BAS storage magazines and two new magazines. The 1000kg is split between two
locations 24m apart as shown in figure 17, and capacity is subject to checking the distances on-site with
reference to ‘Table 3, Hazard type 1 explosives in a metal-built bunded store, Explosives Regulations
2014: Safety Provisions'.

e The northerly storage location is separated by a minimum of 107m from both Giants House and
Gerritsz laboratory. This location consists of the new 1.5m x 1.5m x 1.5m magazine surrounded
on three sides with a bund wall. Maximum capacity 550kg.

e The southerly storage location is separated by 24m from the northerly magazine and 97m from
Gerritsz laboratory and consists of the existing BAS magazines and the new detonator magazine.
The main BAS magazine will be surrounded on two sides with a bund wall. Maximum capacity
450kg for both magazines at this location combined, including detonators.

The bund wall shall be 1.0m thick, and 2.0m high with no explosives stacked in the magazine greater than
1.4m high to ensure that the bund overtops the explosives by 0.6m. The bund shall be separated from the
magazine by 0.6m to 1.0m and extend laterally 1.0m beyond the end of the magazine on any side facing
buildings or the other magazine. The bund need not be built right around the magazines, but must cover
the sides facing the other magazine and the closest buildings as shown in figure 17. The bund shall be
constructed of sand in bulk bags. The construction of the storage location, maximum storage capacity
(once distances are confirmed) and the suitability of the bund walls will be approved by the quarry
manager.

Care should be taken to protect the store locations from water ingress from the lake close to this location
as flooding has previously occurred. It may be possible to raise the ground level using material at the site
subject to approval by the station leader.

Once explosives and detonators are removed from the storage areas they will remain under the close
control of the Shotfirer in a restricted working area. No smoking or hot works will be permitted in the
vicinity of explosives.

Records of explosives stored and used will be kept by the Explosives Storekeeper. Care BAS detonators
are electrically fired and are therefore subject to radio frequency control measures.
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Figure 17 — Detail of new arrangements for magazines.

4.8.3 Receipt of Explosives at Rothera

Coordination between ship and shore is of the utmost importance when discharging explosives at BAS
Rothera. It is essential that the Shotfirer is on site and in charge on the shore side during the operation
and has good communication between ship and shore as to when in the sequence of the unloading the
explosives will be discharged, so that the necessary people can be on site with suitable vehicles to
remove the explosives to the magazines or field dumps with the minimum of delay.

1. All personnel involved in the transfer must be briefed by the shotfirer and BAS project support
coordinator and understand their duties in the operation. There should be sufficient personnel to
ensure that custody of the explosives is preserved.

2. The explosives will arrive in 20ft shipping containers. These containers should be transferred to
the north-west side of the runway to a temporary lay-down area for transfer to air-transport, or on-
site transport vehicles — see figure 18 for suggested sites. The final location will be determined by
the BAS Station Leader. Transport to this lay-down area will be undertaken using either the BAS
container handler, or the containers will be loaded directly from the ship to a tractor drawn trailer
and then be unloaded from the trailer using a mobile crane at the temporary lay-down location.
The chosen method must be briefed to all involves prior to the ships arrival and all equipment
ready. Crane operators and slingers should be available if this method is used.

3. The designated lay-down area shall be cordoned off using cones and rope for this purpose and
no fuel shall be stored within 25m of this location.

4. The explosives storage area on the glacier must have been pre-prepared prior to the delivery to
avoid delay — see s4.8.1.

5. The air-craft or vehicles required for the safe and prompt transfer of explosives shall be pre-
arranged for the transport operation.

6. The two magazines will arrive on the same ship as the explosives, so these must be identified as
soon as possible and taken to the Rothera base magazine location and made ready for use as
described below in see s4.8.2.

7. The shotfirer should open the containers as soon as possible at the lay-down area and check the
contents for damage. It may not be possible to count the contents immediately, so a strict count
of the contents being removed must be kept to allow a stock check at the earliest possible
moment.
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Once the containers are in the temporary storage location, the detonators should be removed first and
taken the short transfer to the BAS Rothera storage location. The main explosives should be supervised
by the Shotfirer, or appointed person until all loads have been transferred to the field storage location,
except for a reserve stock which can be kept in the Rothera base magazines. This activity is likely to take
some time. In the event that the transfer to the glacier storage is not completed in one day, the containers
should be locked and the cones and rope cordon preserved. The explosives supervisor and station leader
may then determine if the explosives can be left unguarded overnight, provided that no activities are
being undertaken in that area. Every effort should be made to remove the explosives to the glacier
storage at the earliest opportunity.

one 4: Offstation local '

pilation details
o proiegraphy (Dse

SUGGESTED STAGING

South Cove

zoNE4
DETONATORS AND

Figure 18 — Suggested transfer areas. ‘
4.8.4 Transport of Explosives at Rothera

Transport at Rothera is split between transport on station and to and from the glacier storage depot, with
a transfer location to the NW of the Rothera station runway.

The transport routes to be used are shown on figures 19 and 20.

Transport between Rothera station and the Rothera ice-runway storage depot:

e The BAS preferred method of transport between the Rothera station transfer point and the ice-
runway storage location is by air using Twin Otter aircraft. Each aircraft has a 3000Ib (1363kg)
payload. Loading of aircraft will be undertaken as per s5.4.3 BAS Explosives COP 2007. BAS wiill
ensure suitable licences are in place and have been provided with explosives technical data
sheets for this purpose.

e Blast planning will aim to minimise the number of journeys by planning explosive usage to match
full loads. A buffer stock can be maintained on station using the magazines available — both
existing BAS magazines and new project magazines.
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As a back-up, and subject to approval by BAS station management, transport may be undertaken
using the BAS owned Tucker snow-cat and a sledge trailer, or skidoo and trailer. These can carry
up to 1250kg and 200kg respectively.

Transport on the base:

This should be undertaken as per BAS Explosives COP 2007.

This should preferably be undertaken using a tractor and trailer, with a net or tarpaulin used to
secure the explosives.

NEVER load explosives and detonators on the same vehicle or trailer.

No spark producing metal, spark producing tools, oils, matches, firearms, electric storage
batteries, flammable substances, acid, oxidising materials or corrosive compounds may be
carried in the body of a vehicle transporting explosive materials. The vehicle should not be used
to carry other equipment except essential shotfiring equipment and fire-fighting equipment.
Display warning signs front, back and sides either saying “EXPLOSIVES”, or an explosives
hazard diamond.

Carry a minimum of two dry powder fire extinguishers of 2kg or more.

Be kept clean and free of grit.

In the event of fire the trailer should be separated if possible. Only fires on the tractor itself should
be fought.

As a back-up explosives may be transferred by BAS John Deere Gators that can carry
approximately 200kg each per journey. The route and transfer location is shown in red on Figure
16.

Once loaded the transport should go directly from the loading location to the destination location.
The transport journey should not commence if it cannot be completed e.g. due to aircraft
operations.

Vehicles carrying explosives must not enter, pass closely or wait next to offices, workshops or
fuel storage areas.

Transfer at the foot of the ramp:

Where explosives are going to, or from the runway to the blast site, it is necessary to transfer
them from the tractor and trailer to the Twin Otter, or vice versa. This should be undertaken at a
designated location well clear of the fuel storage facility. The exact location may vary due to snow
conditions, but should be as flat as possible to avoid slips, trips and falls during manual handling.
No explosives shall be stored at this location.

Transport general:

Where it is possible to transport explosives in full pallets of 1250kg, these should be loaded using
equipment fitted with a fork-lift in preference to manual handling.

Storage location - indicative

Transport by Twin
Ofter

5 o

Figure 19 — Explosives transport route to storage location on the glacier - indicative.
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Figure 20 — Explosive transport routes and transfer areas.
4.8.5 Control of keys

The keys to the explosives stores will be kept by the Station Leader in a secure place. The keys must only
be released to a recognised Explosives Storekeeper or Shotfirer. During the day the keys must be held
kept on the person and be returned to the secure place at the end of the day.

Keys may not be passed from BAM personnel directly to other BAS staff without the explicit approval of
the Station Leader.

4.8.6 Explosives stock records

A permanent record must be kept of the contents of all explosives stores. All movements of materials in
and out of the stores must be recorded. The primary record will reside with the station leader unless
otherwise agreed on site.

4.8.7 Storage procedure

Care must be taken to ensure that, during delivery of explosives to a storage place or during the removal

of material from it, no grit is allowed to contaminate the cases or the store and the floor of the magazine
must be thoroughly swept after any delivery or withdrawal of explosives.
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All cases of explosives should be stored flat with their top sides uppermost and in such a way as to allow
the name of the explosive and of its manufacturer and the date of manufacture to be clearly visible. If this
is not possible in the confines of the small storage space available, then the boxes must be marked up
with the relevant information on the face which is visible on entry to the store. Cases of explosive must be
so stacked that any pile is stable and so as to allow all-round ventilation.

Only persons who are appointed may enter the explosives store / storage area (Explosives Supervisor,
Shotfirer, and Explosives Storekeeper). Before entering the explosives store, personnel must ensure
footwear is clean and free from grit.

Footwear with exposed metal parts (exposed steel toe-caps, steel tips or studs) must not be worn in the
explosives store.

The Shotfirer must ensure that any surplus explosives are returned to the explosives store / storage area
at the earliest opportunity and the records amended accordingly; no attempt to fire the shot takes place
until surplus explosives (including detonators) have been removed from the blast area.

Stock record books must be completed at the time of adding or removing stock from the magazine.
Copies of material safety data sheets and technical data sheets should also be available for every
product held — these records may be kept electronically or as hard copies in the office. When explosives
are added or removed, the storekeeper must check that the resulting stock matches the record book for
that type of explosive.

A total stock check must be undertaken at least once per week and the magazine book signed as a full
check. Ideally this should be undertaken by a separate authorised person eg. Shotfirer or Explosives
Supervisor.

Any discrepancy must be immediately investigated eg. re-check the quantities written down in the record
book against the delivery note, specification or other document. If the difference is not immediately found,
or does not relate to the current entry for that day, it must be reported to the Project Manager and
Explosives Supervisor. The Explosives Supervisor must then ensure that the difference is investigated by
checking the record book against delivery notes and blasting specifications and either rectify the error in
the record book, or when there is any evidence of theft, or when missing explosives cannot be accounted
for, this must be reported to the Station Leader.

Other requirements:

e Stacks should not exceed a height of 1.4m and a 10cm ventilation gap should be maintained between
the explosives and the wall and between stacks.

e All excess packaging shall be removed.

e Only one box shall be opened of each type at a time. Any part boxes shall be labelled with the actual
contents.

e The magazine must be earthed.

e No dragging boxes across the floor of the store.

e No tools or equipment should be kept in an explosives store except such as are required for keeping
the store clean. Cleaning equipment must not incorporate parts made of iron or steel.

4.8.8 Fire Prevention

It is essential that smoking materials, matches, lighters or any other sources of ignition are not taken in to
an explosives storage area. Fires, naked lights or lighted cigarettes are not permitted within 25m of any
explosives store. No petrol, oil, flammable solvents, wastepaper or similar material whose ignition might
imperil the explosives store is permitted within 25m of any place where explosives are stored.

4.9 Shotfiring Equipment

The Explosives Supervisor is responsible for ensuring that equipment provided is suitable and safe and to
take out of use anything that is not. Equipment must be tested / checked and assessed as outlined below.

1. Exploders for non-electric exploders will be tested every 6 months by BAM Ritchies on-site.
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2. Equipment used with electronic detonation systems, however named eg. loggers, blasters, will be
tested by an external tester approved by the supplier. This will be undertaken prior to the project and
then as advised by the supplier during the project. If necessary these small items can be taken back
to the UK between seasons for this purpose.

3. Laser profiling equipment and electronic hole probes, will be tested every 12 months as advised by
the supplier. If necessary these small items can be taken back to the UK between seasons for this
purpose.

4. Other equipment — including measuring tapes, prickers, stemming rods, shovels, torches,
inclinometers — will be field checked by the user prior to use and checked monthly by the Explosives
Supervisor. This will be evidenced by completion of BAM Ritchies checklist DB PPEa or b and will be
kept on-site and available for inspection.

All equipment will be tested following any major repair or failure, or for exploders, following an
unexplained misfire.

Any equipment not safe or suitable will be removed from site, or labelled ‘out of service’.

Exploders will either have a removable key (or other devise that renders it inactive), or be small enough
that they can be kept on the shotfirers person (some types of non-electric starters have no key, but are
small enough to keep in a pocket — removal of key below means removal of the entire exploder for these
types).

The Shotfirer will only fit the key once he is ready to fire the shot and will inmediately remove the key
after firing. The Shotfirer will keep the removable key in a safe place during the charging of the shot. Any
duplicate keys must to be kept in a secure place.

410 Explosive Products

Although explosives are only used by trained and competent users, there are a great number of
alternative explosive products available from different manufacturers and suppliers, and whether they are
packaged explosives, boosters or initiation products, Explosives Supervisors and Shotfirers must ensure
that they understand the nature and safe use of each product prior to its use.

As a minimum users should have read the product information provided eg Technical Data Sheets and
Material Safety Data Sheets from the supplier. Some products may require more specific training eg
electronic initiation systems. If in doubt contact the Explosives Supervisor. The Explosive Supervisor may
contact the manufacturer, or the BAM Ritchies Manager, Drill and Blast for additional information.

The following explosives types will be used:
e Packaged emulsion explosives (eg. Orica’s Senatel Powerfrag, or similar) will form the main
explosive charge.

e Cast boosters (primers) will be used to initiate/boost the packaged emulsion explosives.

W

Senatel Fowerfrag o 4-,_ !i

S
== DANGER EXPLOSIVE

Senatel Povwerfrag |
%‘- v o

DANGER EXPLOSIVE

Figure 21 - A packaged emulsion explosive and cast boosters.

These explosives have been selected for a number of reasons to minimise impact to the environment:

1. The explosives have been manufactured to a high standard of quality control in an explosives
factory to have a good oxygen balance, minimising the production of harmful toxic emissions of
NOx and excessive CO, CO2. Some emissions will be released to the atmosphere as indicated in
product ‘material safety data sheets’.

2. These explosives contain no nitro-glycerine and deteriorate to a greater state of safety in the
unlikely event of a misfire.

3. They are relatively insensitive during handling in relation to other explosives types, and are
suitable for cold conditions.
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4. They are waterproof.

Although most packaged emulsion explosives are detonator sensitive, cast boosters can be used to avoid
desensitisation in difficult conditions.

Non-electric have been selected to initiate the explosives and to control the initiation sequence. These
detonators are not affected by radio frequency hazards and are sufficiently robust for use in the process
described below.

Figure 22 - Examples of non-electric detonators

Waste packaging from explosives must be burned on site in a controlled manner as this is the best means
of disposal of potentially contaminated packaging in a safe manner. This is as per the HSE / CBI
Guidance for the Safe Management of the Disposal of Explosives 2007 s11.2.3.5, as referenced in the
UK Explosives Regulations 2014. This process is anticipated to have a minimal impact with the small size
of the blasting operations. No other waste will be burnt during this process.

411 Blasting Times
Blasting will be permitted 6 days per week Mon - Sat during daylight hours.

The Explosives Supervisor will check the local weather condition and weather forecast with the Station
Leader prior to commencing charging to identify any adverse weather conditions that may either affect
safety in, as follows:

e Conditions that may restrict visibility eg. snow, fog, low cloud.

e Risk of electrical storms.

e High winds.

e Any other adverse weather.

Conditions will be discussed with the Project Manager, or his deputy, to determine if charging should
commence. Both must agree if the decision is to start charging, though either one alone may postpone
the shot.

Prior to commencing the blasting procedure (including clearance and securing of the danger zone), the
Shotfirer and Blast Controller will assess the conditions once again to ensure that there is sufficient
visibility to safely clear and secure the danger zone and fire the shot, including allowing time to carry out
the post-blast inspection. Both must agree if the decision is to fire the shot, though either one alone may
postpone the shot. In the event of doubt (marginal conditions) the Explosives Supervisor should be
consulted for advice. The Shotfirer and Blast Controller still retain the right to postpone.

4.12 Blasting Constraints

The following are not permitted:
e Blasting methods prohibited in the Quarries Regulations 1999 Reg.29 4(b) and (c)
e Initiating explosives except those confined in a shot-hole, or as part of an initiation system, or
when destroying detonators unless approved in writing and an additional activity plan and risk
assessment carried out (eg. blasting snow).
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e Use of Safety fuse unless approved in writing by the Explosives Supervisor and additional
misfire provisions made.

The table below details the required blast parameters for each given hole diameter and should form the
basis of all design. This will be completed on-site by the Explosives Supervisor after inspection of the
blast site but prior to the blasting works. Shotfirers must work within these constraints, or refer to the
Explosives Supervisor if they consider it necessary to work outside these limits.

Should the Explosives Supervisor have to either design a blast, or approve a specification where the
values are below the required minimum shown below in 3 and 5 and, or outside the allowable variation,
then the reasons must be annotated on the given blast specification and the Project Manager notified.

If the Explosives Supervisor wishes to impose greater restrictions for a specific blast then these should be
communicated directly to the Shotfirer ideally before the shot is marked, but at least prior to approval of
the blast specification. In addition restrictions should be written on the specification.

Hole Diameter
No ltem

76mm 89mm
1 Maximum allowable variance from the design charge before +10% +10%

discussing with Explosives Supervisor. Per hole. -100% -100%

2 Design Stemming Depths 2.8m 3.0m
3 Absolute Minimum Stemming Depths 2.2m 2.4m
4 Design Burden based on desired pattern 2.2m 2.6m
5 Minimum front row burden to be charged 2.0m 2.4m
6 Minimum front row spacing to be charged 2.0m 2.2m
7 Design Sub Drill 0.6m 1.0m
8 Required Burden to be Reported by Burden Master 2.2m 2.6m

The Explosives Supervisor must be notified if two adjacent holes (in any direction) cannot be charged, to
allow them to determine the best course of action (eg re-drill at a different location).

413 Environmental

There are a number of potential environmental effects that blasting at Rothera may have on receptors.
1. Removal of ground currently occupied by structures, science or communications equipment.
2. Permanent ground displacement in the immediate vicinity of the blasting that may affect the
integrity of a structure or its foundations.

3. Rock projection from the blast site, or displacement from adjacent faces may affect anything
within this region.

4. Ground vibrations from the blasting affecting structures, fauna or science adjacent to the blast
area.

5. Sound pressure waves in the water from transmission from blasting on adjacent land may cause
disturbance to marine fauna.

6. Air-overpressure (noise) affecting fauna in the vicinity.

These aspects and mitigation measures are discussed in the following sections.
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4.13.1 Removal of ground currently occupied.

There are currently three pieces of equipment occupying the land where blasting is proposed, as follows:
e NDB antenna
e DME antenna
e DORIS beacon

For blasting is to be undertaken at this location, this equipment will need to be removed. Any blasting in

the quarry area, prior to this relocation must consider the effects of blasting on these sensitive receptors
and may be restricted and limited in scope prior to their removal.

-

-

Figure 23 - DME, NDB and DORIS
4.13.2 Permanent ground displacement

Disturbance due to permanent ground displacement beyond the blast area will only affect a very small
distance of a few meters beyond the extraction area. This will be controlled through the blast design
process to minimise back-break. With current rock extraction requirements it is not anticipated that this
will adversely affect any activities in any way. Geological and geotechnical conditions will be taken into
consideration to avoid ground failure that might extend beyond the blast area.

4.13.3 Rock throw and rock fall from adjacent faces

Rock throw is strictly controlled through the blast design process, which involves laser surveys of the
face, hole surveys and the production of a 3D model of the blast to allow carefully considered explosive
placement. Rock throw is therefore contained in the working area in front of the face, with minimal
ejection behind the blast beyond a few meters. The size of the exclusion zone beyond the blast area is a
safety measure and does not represent the extent of expected rock projection.

Rock throw will be contained within the quarry footprint and directly in front e.g. within lay down area 3
and the adjacent access road. Rock throw or roll on the access road will be cleaned up using a loading
shovel immediately after the blast.

To prevent damage to the Gerritsz Laboratory from rock fall/roll from the adjacent un-blasted face a rock
bund can be created between the building and face.

4.13.4 Vibration

For any specific site, the intensity of blast vibrations are related to the size of the charge fired, the
distance from the blast site to the receiver, and the geological and topographical conditions at that
location. Although the effect that specific geological and topographical conditions at Rothera will have on
vibration attenuation is not known, it is possible to make outline predictions of the intensity of vibration
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levels at different distances for a given charge weight and use these predictions to guide the decision
process.

At very close proximity to the blast - a few metres - it is permanent displacement rather than ground
vibration that will have the controlling influence on structures. Beyond a few metres of the blast site the
vibrations are transient with a small proportion of the explosive energy is transmitted into the rock mass
as seismic waves.

It is possible to make prediction of the likely intensity of the vibrations at each location based on an
empirical relationship derived by the US Bureau of Mines relating ground vibration to distance and charge
weight, taking into account local geological factors, as follows:

b

PPV = a (SD)

Where:
PPV = peak particle velocity (mm/s)

1/2
SD = scaled distance = Distance (D in meters) / maximum instantaneous charge (MIC in kg)
a and b are dimensionless site factors,

Appendix B lists the sensitive receptors identified at Rothera, their distance from the quarry area and
predicted peak particle velocity values for each. The predictions shown use site factors from the ISEE
Blaster’'s Handbook 18" Edition for predicting upper boundary limits for construction blasting. Values are
given for various maximum instantaneous charge weights (MIC) at various distances — the actual charge
weights will be determined by the Explosives Supervisor and Shotfirer during the blast design process.

The relative sensitivity of structures and instrumentation has been discussed with the owners / managers
of the sensitive receptors.

The specific requirements relating to each sensitive receptor are shown in appendix B and are discussed
briefly below:

e POM Sun Photometer — this can easily be removed and must be removed during blasting.

¢ Newcastle University GPS receiver — this has been reported as not adversely affected, however
notification of blast times required to remove anomalies from results.

e The search coil magnetometer has been reported as not adversely affected by blasting, however
notification of blast times is required to remove anomalies from results.

¢ Other meteorological, science and communications equipment has been reported as unaffected
by blasting vibration.

e The optical hut air ventilation may need to be covered during blasting and this should be
discussed with the science coordinator.

e The air-intake to the scuba filling station may need covering during blasting.

e It has been reported that no science being undertaken in the Bonner and Gerritsz laboratories will
be affected by blasting vibration.

¢ No buildings have any specific sensitivity to blasting vibration. Vibration will therefore be
controlled as per the requirements of BS7385-2:1993 Evaluation and measurement for vibration
in buildings.

e There are five memorials in close proximity to the quarry location and vibration levels cannot
practically be controlled to the levels for structures in BS7385-2 without excessive cost, however
the bases to these memorials are simple structures that can easily be repaired in the event of
damage by cracking, whilst the plaques themselves are robust.

e A survey cairn in the ASPA area is not considered to be at risk due to the considerable separation
from the blast area.

e Briscoe wharf is shown in close proximity to the quarry area and despite being demolished,
vibration levels should be monitored and charge weights limited at the closest proximity.

4.13.5 Blasting adjacent to the marine environment

Where land blasting is undertaken in close proximity to a water body, some of the ground vibration will be
transmitted across the land / water boundary into the water. Within the water this energy is transmitted as
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a pressure pulse similar to noise in the air and may cause harm or disturbance to marine fauna at very
close proximities.

The following calculation has been made to predict the level of transmission into the water body based in
part on Guidelines for the use of explosives in, or near Canadian Fisheries Waters — Wright and Hopky
1998 and the ISEE Blaster's Handbook 18t Edition. These assume a perpendicular single boundary
between the rock and water with no intermediate broken or weathered layers and as such can be
considered conservative.

It is not anticipated that the level of blast vibration transmitted to the water will be sufficiently high to cause
harm to the marine environment, however predictions will be made during the project using this method
where blasting is in close proximity to the marine environment (less than 20m), and discussed with the
BAM Environmental Manager. Where these predictions are sufficiently high that the possibility of harm or
disturbance to marine fauna may be caused, then action must be taken, which may include the following:
e Monitor actual peak pressure in the water with a hydrophone when blasting at greater distances
(before reaching the potentially harmful locations) to obtain real values of peak pressure levels to
inform predictions. It is anticipated that they will be lower than those calculated above.
¢ Reduce explosive charge weights, or otherwise alter the blast design to reduce intensity.
¢ Implement a marine fauna watch to ensure that no marine mammals are in the vicinity at the time

of blasting.
Equations from: Guidelines for the Use of Explosives In or Near Canadian Fisheries Waters - Wright and Hopky 1998
Step 1 Zw=DwCw Zr=DrCr
Equation B
Dw= Density of water 1.0 gcm'3
Dr= Density of rock# 2.70 gcm'3 assumed
Cw= Compressional wave vel in water 146300|cms™
Cr= Compressional wave vel in rock# 457200|cms™ assumed for granite
Zw= 146300 # estimate from Wright and Hopky
Zr= 1234440
2wizZr= 0.1185]
Step 2 Pw = 2(2wW/Zr)Pr/(1+(2wiZr))
Equation A
Pw= Pressure in water kPa
Zw=DwCw 0.1185
Zw= Accoustic impedance water 146300
Zr= Accoustic impedance rock 1234440
Pw= 0.212 *Pr
Step 3 Indicative Blast Vibration Prediction
ISEE Blasters PPV = a(D/MIC"0.5)"b

where

PPV = Peak Particle Velocity (mmv/s)

D = Distance from blast to sensitive location (m)
MIC = Maximum instantaneous charge (kg)
aand b = Site factors

ISEE Blaster's Handbook values

Construction Upper Boundary
a 1730
b -1.6
M.I.C (kg) 20] 35] 50)
Distance
PPV (mnvs;
m (mm/s)
10 477.4] I
20 [ 246.4]
convert to crm/s 47.74 24.64
Step 4 Vr=2Pr/DrCr

therefore Pr=VrDrCr/2

10m 20kg Pressure rock= 29466083 gcms2 2947 kpa
20m 35kg Pressure rock= 15208301 gcms2 1521 kpa
Pw= 0.216 *Pr

10m 20kg Pressure water= 636 kpa

20m 35kg Pressure water= 328 kpa

Step 5

Peak Pressure (dB)= 20 x log(P/Po)

P, reference level 0.000001 Pa or 1pPa

For 10m 20kg 176 dB

For 20m 35kg 170 dB

Figure 24 - Calculations relating to blasting adjacent to water
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4.13.6 Air Overpressure and noise from blasting

When an explosive is detonated, transient airborne pressure waves are generated. As these pressure
waves pass a given position, the pressure of the air rises very rapidly to a value above the ambient
pressure, then falls more slowly to a value below atmospheric pressure, before returning to the ambient
value after a series of oscillations. The maximum pressure reached is the peak air overpressure.

These pressure waves comprise of energy over a wide frequency range, with above 20 Hz audible to the
human ear as sound, whilst that below 20 Hz is in the form of concussion. The sound and concussion
together is known as air overpressure and is usually measured in decibels (dB) with no frequency filtering
applied.

In a blast, these airborne pressure waves are produced from five main sources:
¢ Rock displacement from the face.

Ground induced airborne vibration.

Release of gases through natural fissures.

Release of gases through stemming.

¢ Insufficiently confined explosive charges.

Although it is possible to make predictions of the attenuation of air-overpressure, it is considered
unrealistic to do so due to the affect that meteorological factors and surface topography have on the
transmission of this energy. UK guidance contained within mineral planning guidance MPG 9:1992 and
MPG 14:1995, MTAN1 (Wales) and the DETR report: The environmental effects of production blasting
from surface mineral workings 1998 recommend that air-overpressure should be controlled at source
rather than setting a specific limit. These control measures are discussed below in s4.13.7.

It is not anticipated that any structural damage, even cosmetic damage, will be caused by air-
overpressure due to the nature of the controlled blasting that will be undertaken for these works.

The only terrestrial fauna identified in close proximity to the blasting location are nesting Skuas as shown
in figure 25 below. This plan shows the location of one nest site to the north-west of the blast site, though
BAS staff at Rothera have confirmed that this location has not been occupied for two years. Further
nesting sites are located at a considerable distance to the proposed quarry location. BAS staff have
confirmed that in their opinion blasting air-overpressure should not adversely affect terrestrial fauna. Prior
to blasting the Shotfirer will check the blast site to ensure that it is clear of any birds and will report any
disturbance.

T3 T T
68°8'0°W| 68°7'30°W 68°7'0°'W

@®  Skua nest locations
- Buildings
Hangar Cove / | Runway and apron
‘ [ Permanent ice/snow
| Ice-free ground

~67°34'0°S 67°34'0°S+

[F67°34'15"S 67°34'15"S

68°8'0"W 68°7'30"W 6870w
1 1 1

Figure 25 - Potential Skua nesting sites
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4.13.7 Blast Design Control Measures

The following measures will be considered during the blast design process to minimise the effects of
blasting vibration, air-overpressure and rock projection.

Blast design measures to reduce blast vibration:

e Reduce the maximum instantaneous charge by reducing the face height, reducing the hole
diameter, or introducing decks of explosives in the hole. The ratio of explosives to rock must be
maintained to avoid increased vibration.

e Strict control of drilling deviation, burdens and spacings to ensure even and appropriate
distribution of explosives. Survey techniques and modelling will verify these parameters.

e Maximise the use of free faces to allow the rock to expand and avoid transmission of vibration.

e Use appropriate initiation sequences to ensure the rock moves in a controlled manner and new
free faces are created.

e Control sub-grade drilling levels.

e Control the powder factor / blast ratio as reducing the explosive quantity may increase vibration if
there is an insufficient quantity to break the rock. This is not just the ratio for the entire blast,
individual heavy burdens may create high local blast ratios which will cause higher vibration.

Measures to reduce air-overpressure at source:

¢ Reducing the maximum instantaneous charge fired in any one delay period.

e Record geological conditions during drilling to ensure that weak areas are decked in the hole with
aggregates to avoid energy escape.

e Correct confinement of explosives through use of correct burden and stemming.

e Utilise laser surveying of open faces and shot-holes to allow correct explosive placement and to
avoid low burdens that allow energy to escape to the atmosphere.

e Ensure quality stemming is used in the top of the holes to prevent energy release through the
hole collar.

e Use in-hole initiation systems.

¢ Avoiding un-confined explosives, including detonating cord, by using non-electric surface initiation
systems.

e Avoid blasting when weather conditions may lead to increased propagation of air overpressure to
the sensitive receptors; such as downwind conditions from the blasting site to the receptor(s) and
when there is low cloud or an atmospheric temperature inversion.

e Controlling the direction of firing shots to help limit sound travelling in unfavourable directions.

e No secondary blasting of boulders.

e Careful selection of the location of the quarried rock source in conjunction with BAS management
to minimise the impact through distance and orientation in respect to sensitive receptors.

4.13.8 Blast Vibration Monitoring and Analysis

During operations, blasting vibration levels will be monitored using blasting seismographs to measure
levels of peak particle velocity and air-overpressure at selected site sensitive locations. This monitoring
will be both to ensure compliance with site threshold limits and to further increase the number and
distribution of results, to allow continuous improvement of vibration prediction models and increasing
confidence in MIC predictions.

Monitoring should initially be undertaken at the closest sensitive receptors of each type, or agreed on site
with project and station management. Once confidence is gained that vibration limits will not be exceeded
at these receptors, monitoring should continue at varied distances to obtain data for prediction models.
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Figure 26 — Example blasting Seismograph for monitoring PPV, air-overpressure, or peak pulse pressure
4.13.9 Monitoring the Condition of Memorials

There are five memorials located at Rothera Point which are considered of high value to current and past
staff members, visitors and other interested parties. In general, it is the plaques that are considered of
high importance, whilst the base structures should be maintained in good condition. Whilst the plaques
are considered to be robust in relation to damage potential from blast vibration, the base structures may
be subject to minor cracking damage.

In order to correctly monitor the condition of the memorials, pre-blast photographs will be taken of each
one from all sides to form a baseline from which to compare and deterioration. During blasting operations,
regular inspections will be made of the condition of each memorial, and repairs implemented to maintain
the original condition after discussion with the Station Leader.

Should there be any risk of damage from rock projection to the actual plagues, then additional mitigation
measures should be implemented, such as providing a protective covering, or temporarily removing the
plagues to a safe location.

Details of the memorials are contained in appendix B.

4.14 Accidental Initiation

There are a number of sources of RF transmissions and therefore a risk of potential accidental initiation of
electric detonators. Therefore only non-electric will be used for this project. This complies with BAS
Explosives COP s6.3.2.

4.15 Electrical storms

There have been no electrical storms reported at Rothera during the last 40 years, however the potential
consequence of an electrical storm is considered high and is therefore still considered. The first warning
of electrical storms may come from the weather forecast. This will be checked on the morning of the blast
by the Explosives Supervisor prior to commencing charging — see above.

Actions during the electrical storm

As soon as you hear thunder or see lightning operations should be suspended and you should take
precautionary measures.

e Shotfirer to inform the Station Leader, Project Manager and Blast Controller of the need to evacuate
the danger zone. Warning to be given over the designated radio channel.

e Blast Controller to implement the blasting danger zone as if the shot was to be fired. Care should be
taken to avoid positioning sentries where they are at a danger from direct strikes.
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e Other personnel evacuated from the area to retire to the safe designated place at New Bransfield
House.

e Where a storm approaches during the blasting procedure and the danger zone is clear and secure,
the Shotfirer and Blast Controller may agree to fire the blast if this can be done immediately.

Recommencement of Operations

After the electrical storm has passed, do not return to the site until the Shotfirer and Explosives
Supervisor agree that it is safe to do so. As a minimum, this should be after a period of 30 minutes have
passed since the last sighted lightning strike or thunder. A heightened level of vigilance should be
maintained in case of a second storm approaching.

4.16 Indicative Blast Designs

The following blast designs are indicative and for information only. Actual blast designs will be made to
suit site conditions and restraints and will be approved by the Explosives Supervisor.

Blast design parameter | Unit Typical quarry production blast
Face height / cut depth m c.10.0

Drill diameter mm 76

Burden m 2.0

Spacing m 2.2

Sub-drill m 0.5-1.0

Stemming length m 2.5

Explosive diameter mm 60

Explosive type Packaged emulsion

Primer type Cast booster

Initiation type Electronic and/or non-electric
Powder factor kg/m3 c.0.50

Hole angle (from vertical) | degrees | Vertical to 10

The quarry production design shown above is indicative of the level of controlled blasting required to blast
safely without adverse effects to the surrounding sensitive receptors eg Gerritsz laboratory, optical hut
etc. Additional controls (as shown in s4.13.7) may be required where blasting is undertaken closer to the
wharf structure or prior to the removal of close proximity equipment eg. DORIS equipment.

417 Drilling Operations

The area where the shot will be marked out will be communicated by the Quarry Supervisor, to the
Shotfirer on-site.

The Quarry Supervisor will ensure that:
e The area has been checked as required to ensure that it is safe from face collapse, either on the
bench, or from an adjacent bench.
e That the access route to the location is safe and sufficient for drilling equipment and shotfiring /
charging vehicles.
e That the ground is sufficiently cleaned off to allow drilling.

The Shotfirer will also check that the proposed blast location, and access to it, is suitable, prior to the shot
being marked.

The shot will be marked out by the Shotfirer and a ‘Driller’s log’ instruction prepared. The minimum to be
marked on the ground will be the hole positions, hole numbers and azimuth markers for front row holes.
For holes marked on a square/rectangular pattern, the azimuth marker for all other rows will be the hole in
front. Where this differs an azimuth marker must be provided on the ground and on the driller’s log. Every
effort will be made to avoid geological anomalies, which may give rise to fly rock.

The Driller’s log shall instruct the driller on hole location, diameter, depth and inclination and azimuth.
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The driller shall carry out the drilling instructions. He will record on the driller’s log any variations from the
intended hole locations and the position and extent of any voids, clay, broken ground, or zones of poorer
quality rock identified during the drilling operation. Where there is a need for a substantial departure* from
the instructions given, the driller must refer the matter to the Shotfirer or Explosives Supervisor. (*If the
driller needs to move a hole more than 1m from its original position, or closer to the next hole than the
minimums shown in section Blasting Constraints, or where there is any doubt.)

At each blast hole location, the driller will position the drill rig and set the drill mast at the angle specified
in the Driller’s Log Instruction and in the direction of the hole indicator marked on the ground. The mast
angle will be re-checked after approximately 2.0 meters of drilling and adjusted as necessary. Blast holes
will be numbered sequentially, usually from right to left as the driller approaches the blast pattern from the
top.

The rig must be positioned with the tracks perpendicular to the face to keep the rig’s centre of gravity as
far away from the face as possible. If it is necessary to drill with the rig’s tracks parallel to the face a risk
assessment will be completed prior to commencement.

As far as is reasonably practical, the front row will be drilled first, starting from any open end, working
back through the blast hole pattern. The driller’s log will be completed continuously with information
recorded during drilling or immediately after each hole is completed.

Offload plant at safe location

Track to drilling location, park and apply
brake

Refer to drilling log

Setuprig
Check mast alignment with inclinometer
Check mast angle with inclinometer

‘ Drill holes as per requirements |

bNo Hole drilled within specified tolerance |

Yes

’ Cover Hole |

‘ Complete Driller's log |

‘ Transfer complted lo to Shotfirer |

Figure 27 — Drilling Process Flowchart

On completion of drilling, the driller's log will be submitted to the Shotfirer or Explosives Supervisor to
enable the blast specification to be produced - a copy of which will later be attached to the blast
specification

Cones must be placed at the entrance to the top of the shot and on the quarry bench below to warn
people and prevent access to the blast site by unauthorised personnel and general quarry traffic.

Rothera — D&B Management Plan July 2018 Page 38 of 72



BAS Rothera Wharf Construction ﬂ ba_m
Quarrying, Drilling and Blasting Management Plan ritchles

The driller shall:

e Report to the Shotfirer or Explosive Supervisor should they be unable to drill any shot hole as per
the driller’s log, or within the allowable variation.

e Report to the Shotfirer or Explosive Supervisor if cavities, caves, holes, whether in-filled by clay
or empty, are seen in the face or as a surface expression on the quarry top.

e Ensure that all cavities, obstructions, clay bands, faults and other geological features, which may
affect the shot encountered during drilling are recorded on the drill log.

e Ensure that if the shot hole is not to be used for the purpose of the blast, it is in filled with inert
incombustible material before any shot is charged.

e Check the hole depth with a tape measure to check the depth is correct and cover if required.

No drilling is permitted adjacent to charged holes where any part of the hole is within 10m of a charged
hole without the completion of a specific activity plan and risk assessment for the activity (approved by the
Explosive Supervisor). Although permitted, drilling adjacent to charged holes should be avoided wherever
possible. Even with the appropriate control measures in place this should normally only be considered
during the treatment of misfires.

4,18 Blasting Specifications
4.18.1 Surveying

To enable complete and accurate face surveys to be carried out the face must be cleared of all loose
blasted material in the intended blast area. If any material is removed, or falls out of the face, after the
survey then the survey should be repeated. Face surveys will be carried out using approved laser
equipment (buffer blasts excepted).

All holes will be marked to identify hole numbers, going from left to right when looking at the face.

The Shotfirer will provide the Surveyor with details of the shot - number of holes, rows and provide the
hole angles, unless the holes are to be probed. If the Surveyor is measuring the hole angles with a torch
and inclinometer on the behalf of the Shotfirer, the Shotfirer must communicate any rules relating to the
minimum length of holes that must be visible for a measurement to be valid, and details of any other
information required. The responsibility remains with the Shotfirer and Explosives Supervisor.

Profiling will be carried out by an experienced surveyor, using laser profiling equipment within current
calibration. The profiler will submit the completed survey to the Shotfirer or the Explosives Supervisor.
New or irregular faces may require to be surveyed before drilling.

The laser operator will survey the face as required by the shotfirer taking care to ensure that any open
ends are included and that a sufficient density of measurements are taken to ensure the accuracy of the
survey. It may be necessary to survey the face from more than one location to ensure that a suitable
density of measurements are obtained and there are no areas missed.

Figure 28 — Surveyor using electronic probe to survey holes

The collar of all holes will be surveyed using the laser profiling equipment.
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The angle of all holes will be measured and recorded. This can be done manually using a torch and
inclinometer, recording the values in a Blasting Record Book, or using an electronic probe.

The azimuth of all holes will be measured and recorded, either manually, or using an electronic probe.
Where azimuths are checked manually, the following applies:
e For front row holes, and those adjacent to a face, an azimuth mark must be made on the ground
and surveyed.
e For all other holes, standard practice is to use the hole in front as the azimuth marker. Where the
actual azimuth differs an azimuth marker must be marked on the ground and surveyed.

Survey staffs should be in good condition and fitted with a levelling bubble to reduce errors. The
surveyors acting assistant must ensure the staff is vertical. The staff should be held over the centre of the
hole collar.

Avoid having the survey staff extended to great length as this increases the chance of positioning errors.
If this is necessary for back-row holes, reduce the error on the front holes by having the staff in a low
position for the front row and only extending it for the back row holes. Alternatively transfer a station by
bearing and distance to the quarry top for the purpose of surveying back-row holes.

The surface position and direction of all holes will be recorded and part of the printout will include a table
showing the surface position of all the holes.

Wet or deviated holes will be surveyed by electronic probe. This information will be downloaded directly to
the survey program. When using a probe ensure that the magnetic declination is taken into account.

Figure 29 — Undertaking a laser profiling survey of the face
The surveyor will complete the survey and transfer the information to the Shotfirer / Explosives Supervisor
who is responsible for confirming the validity of the information.

The surveyor will provide the following as a minimum:

Profiles landscape with burden master matrix — all holes adjacent to a face.
Front elevation view for all rows (showing hole to hole distances).

Side view elevation between holes in different rows (one in front of the other).
Plan (ideally to scale and showing the burdens and spacings).

Survey assessment.

Resection print out confirming the accuracy of the surveyor’s position.

3D View.

Hole Report — this provides co-ordinates of all holes.

4.18.2 Blast Specification Documentation

The specification will be prepared by the Explosives Supervisor or Shotfirer.

The Shotfirer will design each blast and prepare the blasting specification taking into account the survey
information, site conditions and using experience gained from previous blasts in the locality to produce
the desired outcome in a safe and controlled manner.
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In preparing the specification the Shotfirer will consider the information from, driller's logs, specified
vibration constrains and other information including that gained from previous blasts in determining the
hole charging plan and initiation sequence.

The initiation of individual explosive charges, either on a hole by hole basis or within an individual blast
hole, will be designed to minimise environmental impact from ground vibration and air-blast whilst
optimising the result of the blast.

The blasting specification will include the following:
e The angle of inclination, depth and diameter of each shot-hole and the length of sub-grade

drilling.

The face angle in-front of each hole.

The level of any water in the holes.

Details of any face inspection, especially where weak layers or cavities are identified.

The burden in front of each hole to the face or the hole in front.

e The spacing between each hole.

e The completed driller’s log.

e Type and quantity of explosive for each hole including stemming required.

e Position and number of primers and in-hole detonators.

e Surface initiation plan.

e Danger zone, sentry positions and firing position (this could be one plan used for all blasts within
a specified area).

The blast desigh must ALSO CONSIDER:
e Any geo-technical information available.
e Any adjacent ice cliffs.
e Any ongoing construction activities.
e Previous blasting experience.
e Any sensitive receptors — structures, land & marine fauna and science.
e Air, marine or dive operations.

Prior to commencing charging the Shotfirer must sign the blasting specification and transfer it to the
Explosives Supervisor. The Explosives Supervisor then checks the blasting specification is complete and
adequate and then signs to approve it. The Explosives Supervisor should only sign the specification once
they have checked that actual conditions are in line with the blasting specification.

Shotfiring operations must only commence when the blast specification is complete and signed. It is
preferable that the Shotfirer and Explosives Supervisor roles are carried out by different people, though it
is acceptable for the same person to undertake both roles.
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Figure 30 — Shotfiring Process Flowchart

Only one copy of the entire Blasting Specification will be produced. This will be held by the persons upon
whom it imposes duties at that time. This is as follows:

Document From To

Drill log instruction Shotfirer or Explosives Supervisor Driller to complete

Completed drill log Driller Shotfirer or Explosives Supervisor
Survey profiles, plans and other Laser Surveyor Shotfirer, or Explosives Supervisor
data

Complete proposed blasting Shotfirer after completion and signing Explosives Supervisor for approval
specification

Complete proposed blasting Explosives Supervisor Shotfirer for charging

specification

Completed actual Blasting Shotfirer after firing and completing post Explosives Supervisor for review for
Specification blast information. future blasts

Completed actual Blasting Explosives Supervisor Quarry Supervisor for filing
Specification

The danger zone plan, including sentry positions, should be copied as necessary and given to the acting Blast
Controller, Sentries and publicised as described in section 4.21.

4.19 Shotfiring Operations
4.19.1 Charging

The Shotfirer must be present at all times when holes are being charged. The shot / explosives may be
guarded by a suitable person — but charging must be suspended until the Shotfirer returns. Where several
Shotfirers are working together, the Shotfirer who has signed the blast specification is the acting Shotfirer
for that blast and other shotfirers are acting under their instruction.

For packaged explosives the rise will be checked at regular intervals of not less than every 25kg. Any
tape used must be of the correct length and have a non-ferrous weight.
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Stemming material must be granular and loaded in such a way to avoid bridging — angular aggregate of
approximately 0.1 to 0.15 times the shot-hole diameter.

The Shotfirer is allowed to increase or decrease any charge by the amount indicated in the section
blasting constraints within this document, unless other specific restrictions are imposed by the Explosives
Supervisor. The Shotfirer must record any changes on the blast specification sheet, and if at any time
substantial changes are required, or if there is an increased risk resulting from shotfiring operations then
the Explosives Supervisor must be informed.

If it is not possible to stem holes as per the specification, or within allowable variations, the Explosives
Supervisor must be notified immediately.

The Shotfirer will ensure:

e Explosives are not removed from boxes or containers until required for immediate use and that,
where practicable, only one container of explosives is open at a shot-hole at any one time.

e No detonators or shock tube connectors are used unless they are clearly marked and identifiable.

e Primers are assembled in the approved manner and in accordance with the specification for each
shot-hole.

e Particular care must be taken when lowering electronic detonators with primers on plastic reels.
Care must be taken that the clip end is not damaged as the reel spins. The reel should be placed
on the non-ferrous rod to unravel the reel, using a gloved hand to brake the reel as it spins.

¢ Under no circumstances are two detonators attached to, or inserted into, a cast primer that is
designed to receive only one detonator.

e Only approved non-ferrous tools in good order and free from grit are used when it is necessary to
pierce a cartridge.

e Primer cartridges must be carefully lowered and the position checked against the specification.

¢ No person forcibly removes any detonator lead, or other system for initiating shots from a shot-
hole after the shot has been charged and primed.

e Great care is taken to ensure that all down hole initiating lines are neatly coiled and secured near
to the shot-hole collars.

e Detonating cord is only cut with a sharp knife in free air, or on a wooden anvil, or using specialist
cutting equipment designed for this purpose.

e The Shotfirer must be fully satisfied that each shot-hole has been charged in accordance with the
blasting specification and that the loading horizons and charge weights for each shot-hole have
been accurately recorded.

e Detonators, other explosives or charged holes are not left unattended.

e The shotfirer will ensure that there is no naked flame within 10 metres of any explosives or
detonators.

e Surplus explosives must be removed from the blast area before firing, not left unattended and
returned to store as soon as possible.

e The shotfirer must ensure that no explosives remain in discarded containers by inspecting them
prior to placing them at the burning location. These waste containers, and only this type of waste
must be burnt after the shot, or at a designated place at least 100m from the shot.

e Before any shot-hole is fired for the purpose of a primary blast, the Shotfirer shall ensure that it
has been charged in accordance with the blast specification. In the event that the Shotfirer finds
that a shot-hole has not been charged in accordance with the blast specification he shall report
that discrepancy immediately to the Explosive Supervisor.

Where practicable, all chippings for stemming and cover material for the shock tube connectors is placed
near each shot-hole prior to charging taking place and the Shotfirer personally checks that all stemming
material complies with the blasting specification.

4.19.2 Connecting the initiation system

The Shotfirer must ensure that:
e All charged shot-holes are connected up in accordance with the initiation plan in the specification.
e All detonators are connected to the harness wire or other nonel detonator tube as per the
manufacturer’s recommendations.
e Electronic detonators logged to a computer design are connected to the harness wire in the
correct sequence as per the design and each detonator is checked with the logger to ensure that
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it is the correct hole, the detonator has logged and there are no errors. Every effort must be made
to ensure that the connectors are not sitting in pools of water.

¢ Nonel connector blocks are not overloaded with more nonel tubes than they are designed for.

e Nonel connectors are at least 1.2 metres apart and the initiating detonator is at least 1.0m from
the connector being fired.

e Kinks in shock tubes, tubes crossing back over the connector block are avoided.

e Before the connector blocks are covered, the Shotfirer personally carries out a thorough check to
confirm that all down-lines are connected into the connector blocks and that all connector blocks
are connected into the circuit.

e All connector blocks are covered with a minimum of 200mm of damp dust or chippings to prevent
damage to surface lines by shrapnel.

e Great care is taken to avoid contact between shovel and initiation lines during covering
operations.

4.19.3 Testing the initiation system

The Shotfirer must ensure that:

e The connecting, testing and firing of initiation systems must only be carried out by themselves, or
another Shotfirer.

e Only currently certificated testers and exploders must be used.

e When using electronic detonators, once all detonators are logged, the circuit must be tested for
leakage and also tested for errors that must be rectified prior to blasting. Only those tests that do
not require the detonators to be ‘charged’, or in any risk of being initiated, may be carried out prior
to the danger zone being cleared.

e Tests to live circuits are made from the blast shelter, or from outside the danger zone once the
danger zone has been cleared of personnel.

e The testing of the non-electric exploder will be carried out using an off cut length of lead in line to
ensure that it operates correctly.

When in charge of an exploder, the Shotfirer:
¢ Retains any removable handle or key in their possession throughout the period of duty.
e Does not place any removable handle or key in position in the apparatus until they are about to
fire a shot.
e Where a shock tube-initiating device is used, this is classed as a key and is retained in their
possession throughout the period of duty.

If the circuit tester indicates discontinuity, first disconnect the cable and retest it. If the fault remains then
further examinations must be carried out. The removable handle or key will not be placed in the exploder
until the exploder is about to be used by the Shotfirer and it will be removed immediately after firing.
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4.20 Blasting Danger Zone

This Danger Zone is that described in the Quarries Regulations 1999. No personnel are allowed to be in
areas demarcated as the danger at the time of firing the shot, except within a suitably located and
constructed blasting shelter capable of offering protection from projected rock.

{ Bransfield
House.

South Cove

‘ ROTHERA RESEARC

metres

Figure 31 — Blasting Danger Zone

Specific sentry duties:

e Sentry 1 — This sentry walks from the Briscoe wharf and makes a final visual check of the Boat shed,
Bonner laboratory and Gerritsz laboratory for personnel. They then take up position near the foot of
the ramp below Giant’s house preventing access from the direction of Giant's or Admiral’s house.

e Sentry 2 — This sentry walks from the Optical hut and checks that the areas are clear of personnel.
They then walk to the MET tower from where they can observe the slopes down to East Beach.

e Shotfirer — The Shotfirer makes a final check of the blast area and sea in front of the wharf before
walking to the firing position. The Blast Controller will normally occupy this same location.

Sentry Rules:
Shotfiring operations are subject to the Quarries Regulations 1999.

If you are asked to act as a sentry, you must be appointed and have been briefed of your duties:

1. You will be given clear instructions, issued by the Blast Controller or Shotfirer, informing you of
your duties and responsibilities and where you must position yourself for the blast.

2. You must ensure that you are in position in sufficient time to clear your area of responsibility and
bar all entry to the danger zone.

3. You must ensure that you understand the method of communication.

4. You must stop traffic, personnel movements as directed.

5. You must be in contact with the Blast Controller and Shotfirer and when asked to do so, report
that you are in position and that your area of responsibility is secure. As per the instructions
below.
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6. You will immediately report to the Blast Controller and Shotfirer if at any stage the danger zone is
breached, or there is some other matter affecting the safety of the blast.

7. You must ensure that you fully understand the audible warning procedure as detailed below.

8. You must stay in position when the shot is fired and bar all entry to the danger zone until the ‘all
clear’ signal is sounded and the shotfirer gives the ‘all clear by radio. If in doubt stay in position
and contact the shotfirer.

9. Inthe event of a misfire, you must stay in position and bar all entry to the danger zone until
instructed to do otherwise by the shotfirer.

IMPORTANT If someone is determined to pass, do not attempt to restrain them by any means other than
gentle persuasion.

If at any time you are unable to properly discharge your responsibilities, you are required, without
delay, to bring the matter to the notice of the Explosives Supervisor.

The Explosives Supervisor may re-determine the danger zone and muster points at any time either
routinely, during the preparation of the blasting specification or due to changes during charging. Any
changes must be notified / publicised as described below.

The Danger zone plan for any blast must show the following items:

The Danger zone boundary.

The firing position. If this is within the danger zone it must be a suitable blasting shelter.
Sentry positions with sentry names or numbers clearly marked.

The blast location

The plan in use on the day must be publicised as follows:
e Personally to the Blast Controller from the Explosives Supervisor.
e Personally to all sentries by the Blast Controller.
e Posted on the notice board in New Bransfield House.
e Posted on the notice board in the site office.

The Explosives Supervisor and Shotfirer will reassess the suitability of the extent of the danger zone
during preparation of the blast specification and again after charging if conditions change, or if charging
was different to that proposed. Any changes will be notified to the Blast Controller as soon as possible,
though this must be before the commencement of the firing procedure. Any changes after
commencement of the firing procedure will result in a postponement and re-start — with sentries re-briefed
as required.

During re-assessed of the extent of the danger zone the Explosives Supervisor will consider the following
factors:
e prevailing face condition
past experience in the behaviour of similar blast patterns and blast ratios at the location
relevant information included in the geotechnical assessments
orientation of the face
type of blasting being carried out
geological anomalies and other information revealed during drilling and loading of the shot holes
feedback from the Station Leader and Construction Manager
the proximity to access routes
the degree of throw expected
any other factors considered to be relevant on the day.

4.21 Communication of Blast Times
The following notifications will take place 24 hours prior to blasting:

The Blast Controller should communicate the blast time as follows.

e BAM Construction Manager — to discuss any issues that might affect, or be affected by blasting,
including the need to remove equipment (in addition to personnel) or carry out any temporary
works to prepare construction works prior to blasting.

e Station Leader — to discuss any issues that might affect, or be affected by blasting.
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e Communications Tower for flight co-ordination — the communications tower should advise of any
anticipated ‘point of no return’ flight plans that will block blasting. They may discuss flight plans
with the Chief Pilot to avoid the blasting time for less urgent flight arrangements.

e Meteorologist and Science Co-ordinator - notification only, though check for feedback. Arrange to

remove the Sun Photometer if required.

Science and Bonner Laboratory Leader - notification only, though check for feedback.

Communications Manager - notification only, though check for feedback.

Electrical Engineer - notification only, though check for feedback.

Boat and Dive co-ordinator - notification only, though check for feedback.

Sentries.

In addition the Blast Controller places a natice giving the time of the blast and the nature of the danger
zone on a plan at the following locations:

e Project office notice board

e Bransfield House canteen notice board

The Blast Controller prepares a blast protocol checklist (see appendix A) and notes all communications
and checks and the date and time that they are made.

On the morning of the blast the Blast Controller will place a ‘Danger Blasting’ sign with the time at the
following locations:
e Onthe access road approaching the Bonner laboratory from the main station at the boundary of
zone 1 and zone 2.
e On the access road to the zone 4 close to Giant’s house on route to the explosives magazine.
e On the access from the runway to zone 2.

Further checks and actions are required at 60 minutes prior to blasting and then from 15 minutes prior to
blasting as described below. Again all actions should be recorded on the checklist.

4.22 Firing Procedure

When the shot is ready to be fired, except for the connection of the exploder, the Blast Controller will be
informed by the Shotfirer. The following procedure will be carried out by the Blast Controller:

NOTE: All communication will from this point on be by site radio on the designated channel, or direct
verbal communication.

All communications must be clear.

When any message is not clearly understood the safest situation must be maintained — the shot is not
fired, or the danger zone is maintained.

Other radio communication on this channel must cease until after the ‘all clear’ — any interference may
cause a postponement.

The following main communications will be used:

e From the Blast Controller to a Sentry ‘Sentry (name or number) are you in position and your
area secured?’

e Response from Sentry — for area secure ‘Sentry (hame or number) in position and area
secure). If not secure ‘Sentry (hame or number) not secure’ then explain.

e From Blast Controller to Shotfirer to give permission to fire ‘Blast Controller to Shotfirer you
are authorised to fire when ready’

e From Shotfirer to Blast Controller ‘Firing in ‘X’ seconds unless anybody calls STOP’ (x =
approximate time to firing)

e From Shotfirer to Blast Controller after firing ‘All Clear’, or explain otherwise.

e By anyone to stop the blast ‘STOP, STOP, STOP'.

e Other communications between the parties involved are allowed by way of explanation, but
the above communication is required to allow the firing to proceed and the phrases should
not be used in other contexts (eg. a sentry should not say ‘in position and all clear’).
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The Sentries will be placed where deemed necessary at strategic positions around the quarry and as
shown on the Danger Zone plan prepared prior to each specific blast. Any person who is appointed as a
Sentry must have full knowledge of the siren procedures and the method for indicating the “all clear”. No
Sentry shall leave his position until the ‘all clear’ is sounded or otherwise authorised by the Blast
Controller. If someone is determined to enter the danger zone no attempt must be made to restrain him or
her by physical means, but the sentry must call ‘'STOP, STOP, STOP’ over the radio.

15 Minutes prior to blasting

The Blast Controller:

1. Gives ‘all station warning’ on the designated channel ‘All station warning, all station warning,
blasting will be taking place in the quarry area in 15 minutes time, please keep clear of the area’.

2. Obtains positive confirmation from the dive and boat controller that all divers are clear of the
water in the area of the wharf — minimum 500m for land blasting — and that boats are in a safe
location.

3. Obtains confirmation from the Construction Manager that the construction team is clear of the
area, plant in a safe place and the construction site is prepared for blasting.

4. Obtains confirmation from the Bonner Lab Manager that the Bonner and Gerritsz laboratories
have been cleared of personnel.

5. Obtains confirmation from the Quarry Manager that the quarry team is clear of the area and all
quarry equipment is in a safe place.

6. Instructs sentries to undertake their checks to ensure the danger zone is clear and then take up
their position to secure their boundary. The sentries should notify the Blast Controller once in
position and secure.

Personnel are notified of the blast time by their immediate supervisor and will stop work and leave the
danger zone, by 15 minutes before the blasting time. All mobile plant will be parked in a safe place.

At 3 minutes prior to firing

The Blast Controller:
1. Confirms with the Shotfirer that he is ready to fire.
2. Checks with all the sentries that they are in position and their area is secure.
3. Give ‘all station warning’ on the designated channel.
4. Once the Blast Controller has satisfied that danger zone is clear he will sound the audible siren.
Sound the siren for 2 * 15 seconds

The Shotfirer may now carry out any tests/checks requiring the danger zone to be cleared, including
charging-up electronic detonators.

Firing the shot and post blast

1. The Blast Controller sounds the siren for 30 seconds continuously

2. After the 30 second siren the Blast Controller gives the Shotfirer authorisation to fire.

3. The Shotfirer fires the shot and then carries out the post-blast inspection. He then gives the ‘all
clear’ or informs the Blast Controller in the event of a misfire — the misfire procedure would then
be followed.

4. The Blast Controller, repeats the ‘All Clear’ over the radio on the designated channel, and 3 short
blasts of the siren are sounded. The sentries can stand down.

Until the ALL CLEAR has been given NO person or vehicle traffic may return into the danger zone except:
e The Shotfirer
e Those specifically authorised on that occasion by the Quarry Manager and Explosives
Supervisor during treatment of a misfire.

To stop the procedure at any time, anyone may call ‘STOP, STOP, STOP'. The shotfirer will confirm by
saying ‘Blast Postponed’ and will not fire the shot until the Blast Controller has determined the reason and
re-established control of the danger zone. In this instance the Shotfirer should explain to the Blast
Controller the state of safety of the initiation system (eg. are the detonators charged) and advise the Blast
Controller accordingly.
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4.23 General

The Shotfirer must:
e Not fire a shot unless there is sufficient visibility to ensure that the shotfiring operation and any
site inspection after the shot is fired can be carried out safely.

e When using electronic detonators sufficient time must be allowed to programme the detonators, a
rule of 2 seconds per detonator will allow sufficient time for programming to take place. (NB — If it
is likely that the number of detonators in the circuit will take longer than 3 minutes to programme
the blast controller must be notified and delay sounding the siren if necessary. Once all
detonators have been programmed the shotfirer generally has 10 minutes to fire the shot before it
is necessary to re-programme the entire shot.)

e Fire the shot from a safe place — outside the danger zone or in a suitable shelter positioned in a
safe location. (NB — In selecting a safe place for the firing shelter, due consideration must be
given to the direction of possible rock projection and to avoid being downwind of post blast fumes
and falling rock from higher benches.)

e At the allotted time:
a) Connect the circuit to the exploder.
b) Fire the shot at the appropriate time.

e Be certain that all explosives cases have been checked to ensure that no explosive remains
hidden or lodged inside any of them before arranging disposal.

o Ensure that all empty explosives cases are disposed of by burning as soon as practicable after
the shot has been fired - this must be carried out at a suitable burning station used solely for
burning of explosives packaging.

4.24 Post Blast Inspections

After the shot is fired:

1. Remove the key from the exploder or personally retain the shock tube initiating device.

2. Disconnect the shotfiring cable from the exploder as appropriate.

3. Wait for the dust and fumes to disperse.

4. The shotfirer will inspect the blast site to check for misfires and the state of the face for overhangs
and loose boulders. He will ensure that all precautions are taken during this exercise to avoid
harm to himself.

5. Only when he has satisfied himself that it is safe should he give the “ALL CLEAR”".

In the event of a misfire, follow the misfire rules.

The ‘all clear’ signifies that the blast has fired and that the danger zone is no longer required. Immediately
following this the Shotfirer should notify the Quarry Supervisor if any remedial work is required to make
the face safe.

4.25 Safeguarding shots overnight

The Shotfirer must ensure that the Explosives Supervisor and Quarry Supervisor are informed as soon as
it becomes apparent that the shot cannot be fired within permitted times.

The Quarry Supervisor must ensure that when a shot is being left overnight it must be guarded by a
suitable person (appointed as Explosives Supervisor, Shotfirer, or Sentry), or made secure with barriers
and warnings. Due to the nature of the remote location and the weather conditions, guarding may not be
required, though suitable measures must be put in place and station staff notified to keep clear.

General:
e All charged shot holes will be completed and stemmed to prevent any off the detonators /
explosives being removed from the column.
¢ No surface connector detonators are left attached. If already in place these should be removed
and returned to the store.
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e Allin-hole detonator tubes/wires will be suitably anchored. This would normally be done by
wrapping the loose ends around a large rock to ensure that they are not pulled into the stemming
in the event that the column settles whilst being slept.

e The blasting record is completed, and all unused explosives, detonators and accessories are
returned to the explosives store. In other words the paperwork reflects the current situation on
site.

e All blasting keys are kept locked secure.

e Notices / barriers are erected to inform personnel that a danger exists. All entry points onto the
bench containing the charged holes are coned off to restrict access and to demark the area that
is being left charged; only authorised personnel are allowed to enter the coned area.

Charged holes should not be left unfired for a period exceeding 72 hours; this is to reduce the effects of
water on the column of explosives.

4.26 Destruction of surplus explosives
Specific guidance is available on the disposal of surplus explosives in guidance ‘BAM Ritchies DB G27
Disposal of Explosives during Blasting Activities’ and from explosives suppliers. If you are not familiar with

safe methods of disposal discuss with the Explosives Supervisor.

4.27 Misfires

The following procedure should be followed in the event of any type of misfire occurring or being
discovered whilst shotfiring operations, inspecting the face or loading the rock-pile:

A misfire is described as:
Type A: Where testing before firing reveals broken continuity which cannot be rectified.
Type B: Where a shot or any part of a shot fails to initiate when an attempt is made to fire it.
= The Shotfirer shall remove the key from the exploder and disconnect the shotfiring cable or the
shock tube from the starter. The Shotfirer must stay in the shotfiring shelter for a period of at least

5 minutes after the misfire has occurred.

= The Explosive Supervisor and Quarry Manager must be informed by the quickest possible means
of the type and nature of the misfire.

= The ‘all clear should not be given and all personnel must remain out of the danger zone.

= The Quarry Manager and Explosive Supervisor must attend the scene with the Shotfirer as soon
as possible, being in possession of:

The blast specification

These rules

The MPQC, Explosives at Quarries, Guidance Note 1 — Misfires
Camera

YV V VY

= The course of action to be taken to deal with the misfire will be agreed between the Explosive
Supervisor, Quarry Manager and Shotfirer with reference to the MPQC Misfires - Guidance Note.

= These parties will assess the risks associated with any remedial actions. Where deemed
necessary by these parties a written risk assessment and method statement should be prepared.

= Any misfired material found must be packaged, labelled ‘MISFIRED MATERIAL’ and removed to
the explosive store. Explosives and detonators must be packaged separately.

= The misfired material must be made available for further investigation.

= Every effort shall be made to discover the cause of the misfire and the following should be
recorded on BAM Ritchies misfire report DB MSF 01 and placed with the blast specification.
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Who discovered the misfire

Date and time of discovery

Procedure adopted to deal with the misfire

The cause of the misfire (if known)

Date when he misfire was satisfactorily dealt with

Modifications necessary to existing procedures as a result of the investigation.

YVVVVVYY

= The process of searching for explosive material in the heap with heavy loading equipment must
be agreed by the Quarry Manager to include measures to minimise the risk of the bucket or falling
rock causing detonation, banksman to work with the loading operator and for the material taken to
level area to be carefully deposited and searched.

= Using available information the possible quantities and types of explosives involved should be
determined.

=  When the Quarry Manager has completed a risk assessment of the heap normal working may be
resumed.

= |f the misfire contains accessible explosives and / or detonators an authorised guard must be
posted to ensure there is no unauthorised access and to ensure the security of the explosives.

= It may be possible to remove stemming in order to gain access and to re-prime the charge but
this should only be attempted after detailed consideration due to the hazards involved.

= Any attempt to re-fire part or all of the shot should take into account that much of the surrounding
rock will have been loosened. It may therefore be necessary to build up a burden of inert material
to achieve the confining of effect the solid burden and stemming. It is highly likely that the danger
zone will have to be considerably extended.

= If there has been no prior indication of a misfire and explosives and / or detonators are
discovered during loading operations, work will cease at once and the Quarry Manager informed
immediately — he will in turn inform the Explosives Supervisors. All loaded dumpers running from
the blast pile where the explosives were found must will be tipped off in a designated area to
inspect the loads. Guidance can be found in BAM Ritchies Guidance ‘DB G25 Recognising
Uninitiated Explosives’.

= A Misfire is classed as a dangerous occurrence under the UK regulations ‘Reporting of Injuries,
Diseases and Dangerous Occurrences Regulations 2013’ (RIDDOR). Although not strictly
applicable at this location, any misfire should be reported to the Manager Drill and Blast in the UK
for reporting to the Health and Safety Executive (HSE) as appropriate.

4.28 Compliance and Auditing
4.28.1 Understanding of the rules

The first stage of ensuring compliance with these rules, is to ensure that they are fully understood by
those persons upon whom they impose duties. This is done by the Quarry Supervisor or Explosives
Supervisor directly issuing the rules to each person or group of persons and briefing them on the contents
and checking their understanding. The individual must sign their copy once they have read, understood
and are able to act following the rules. A record of the briefing, the receipt or alternative briefing record by
the Quarry Supervisor.

4.28.2 Monitoring & Review
An audit of the blasting operations will be carried out at intervals not greater than once every construction
season by the Overseas Projects Manager. The findings of the audit will be the subject of a separate

report prepared by the auditor.

The Explosives Supervisor or Quarry Supervisor will carry out an internal audit periodically, with not less
than two audits per construction season.
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The audits and spot checks are designed to confirm that:
e Those involved in the operation understand the requirements of the quarry’s Shotfiring rules and
are complying with them.
e They continue to be practical and workable.
e Changes necessary to accommodate altering circumstances and statutory requirements are
introduced.

4.29 Record Keeping
Records of all appointments shall be kept at a suitable place for at least 3 years following the end of each
individual's employment at the quarry, or if they cease to undertake that role. They should be marked

cancelled and the date of cancellation noted.

Blast specifications and reports of misfires shall be kept for at least 3 years from the date on which it was
made.

Retain exploder and circuit tester repair records for 3 years.
A copy of the written statement of duties of all persons appointed at the quarry under Part V of the

Quarries Regulations 1999 shall be kept at a suitable place for at least 12 months after the date on which
the appointment ceased to have effect.
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5 Load, Haul and Rock Processing

The production processes described below involve the use of the same items of plant in different
configurations to minimise overall plant requirements, and as such it is only possible to produce one
product at any time. Approximately two days is required to change between any one production process
and another.

Type Tonnage Comments
30-80mm backfill 50,969 €16,200t from recycled back-fill material.
34,769t from blasted rock.

10-60Kkg for ice shield 555

It has been estimated that ¢.65,000t of blasted rock and 27,000t of recycled material is required for
processing feed to produce these products, though this is subject to confirmation of the yields obtained
during production.

The flow diagrams and descriptions below outline the production processes required for each of these
products. As the production process has not been tested, the quantities are indicative only and some
contingency will be allowed for. The results of actual processing will dictate the overall extraction volume
and final face positions.

5.1 Crushing and Screening Location

In the initial stages of the project there will not be sufficient space for crushing plant in the quarry
extraction area, so rock will be loaded and taken to the crushing area located in laydown area 3 as shown
on figure 32.

A & "
i /

Figure 32 — Laydown area 3 is designated for quafry brocéssing plant.

At a later date, and if space allows, the crushing and screening plant may more conveniently located at
the face in the extraction area.

5.2 Production of Backfill Material from Blasted or Recycled Material

Production feed will come from either as-blasted rock from the quarry, or recycled material from the wharf
that has been excavated and allowed to drain. All feed material is fed to the mobile jaw crusher and then
by conveyor to a two-deck screen to separate undersize <30mm, 30-80mm product, or oversize — see
figure 33. Oversize can be returned to the jaw crusher and back through the process. This simple
screening process does not impart any shape to the product. Product is then loaded to stock, or direct to
the project.
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Where possible the as-blasted rock will be loaded directly from the blast pile to the jaw-crusher using the
50t excavator, though where there is insufficient space at the face, rock will be loaded by excavator to the
30t ADT and taken to the processing area where it will then be fed to the jaw crusher using the loading
shovel.

Feed material - as-blasted or recycled

Two-deck Sc W

S

To project, stock or waste
Figure 33 - Schematic process diagram for 30-80mm shown backfill

s

Figure 34 - Eample of mobile jaw crusher

/ 4 [ . ..’:‘- =
Figure 35 - Example of a mobile screen
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5.3 Production of 10-60kg Ice Shield Material

As only a small quantity of this material is required, it is possible to produce it using the existing
equipment to reduce cost, though this is not a very efficient operation. Should the quantity increase,
different production methods should be considered.

The excavator will sort as-blasted material to remove >60kg (c>280mm) from the feed. The <280mm feed
can then be fed over the two deck screen with a ¢.155mm deck to remove the fines.

5.4 Potential production of other products

In the event that it is possible to obtain larger rock of 400mm cubic or greater, the yield of this product will
be maximised as far possible within the constraints of the rock-fill production schedule. This material will
be selected from as-blasted material using the excavator, set-aside and then loaded to the dumper for
separate storage.

In the event that it is necessary to produce a small quantity of 100-200mm material, processing will be
undertaken as indicated in s5.3 with appropriate screen sizes. This operation is outside the planned
schedule and quarry work and subject to confirmation.

5.5 Production rates

The following production rates are anticipated for the processing described above. These rates are based

on six working days per week, and eight operational hours per day excluding rest breaks. The process

below describes one blast per week, with the blast size tailored to match a single load of explosives

carried in a Twin Otter aircraft.

1. Pre-production development.
Prior to drilling and blasting commencing it is anticipated that two weeks will be required to remove
snow cover and create access for drilling equipment and prepare the processing area. No production
will be undertaken during this time. Standard quarry equipment will be used for this process. Once
drilling commences there will be approximately one further week prior to the start of processing.

2. Drilling and Blasting

It is anticipated that one blast will be fired per week, yielding around 7,000 tonnes or rock. The blast
size chosen to match one load of explosives transported from the storage area.

A typical drill and blast cycle is as follows:

Day 1 and 2 - drilling. This can continue into days 3 to 5 if problems are encountered.
Day 3to 5 - waiting for excavation of previous shot.

Day 5 pm - surveying and preparation of blasting specification.

Day 6 - fire blast.

The first blast would be fired as soon as the shot is drilled and the specification completed. During the
first few weeks it may be necessary to fire smaller blasts during development. Production can
commence as soon as the first blast is fired and the processing plant set-up.

3. Excavation, load and haul

Excavation, load and haul can only take place for five of the six day cycle, as no excavation can be
undertaken from the time of the face survey until after the shot is fired. The equipment will work on
other quarry duties on the sixth day.

The excavator loads the 30t ADT which transports the blasted rock to the processing area.
e 7000t/5 days = 1400t/day
e 25t per dumper load = 56 loads per day.
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4. Processing rock backfill

The loading shovel loads 1167t to the crusher and then removed the product and waste from the
screen. The loading shovel may also need to re-feed oversize material to the jaw-crusher.

Total loading shovel output per day is 2334 — 2684t.
Weekly production c.4,500 tonnes of 30-80mm backfill.

5. Loading out backfill.
An anticipated 1167t of backfill and ‘waste’ will be produced per day. If this is loaded to 25t articulated
dump trucks, with 20t per load, a total of 58 loads per day are required. The number of dump trucks
required will be dependent on the timing of the production in relation to use at the wharf site and/or
location of the stockpiles.

6. Change over time between different types of production.

As described earlier the different rock products will be produced with the same equipment as far as
possible, therefore one or two days of non-production will be required to reconfigure the equipment.

All equipment, with the exception of the drill rig will be fully utilised during working hours. The drill rig is
anticipated to be operational 2 to 3 days per week.

5.6 Loading at the face

Blasted rock will be loaded using a hydraulic excavator into an articulated dump truck - as shown in the
example below.

Figure 36 - Examplé of loading at the face

Excavators working at the face will create a rock platform and rock trap between the rock-pile and the
platform to prevent the rock being worked collapsing on the excavator or dump trucks. This platform is
constructed with material from the rock-pile compacted by the excavator tracking back and forward. As
the rock-pile continues to be worked, the platform is extended as the excavator works along the rock-pile
starting at one end, removing the platform from the worked out area in a progressive sequence. The
slopes of the platform must not be undercut, but follow the natural angle of repose of the material. The
height of the platform shall be such that it enables the excavator to load safely into the rear of the dump
trucks or mobile crusher being loaded. Figure 37 shows the geometry of the rock platform and rock trap.
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Figure 37 - Cross-sectional view of rock platform and rock trap.

The area where dump trucks are being loaded is a restricted loading zone - see figure 38. This loading
zone is defined by the manoeuvring zone of the excavator or loading shovel and the manoeuvring zone of
the trucks being loaded.

Within this restricted zone only the excavator and dump trucks being loaded may enter.

Access to the restricted zone for other vehicles will be controlled by the supervisor or designated
banksman and will only be permitted when loading has been stopped and the equipment is in its safe
position and will not recommence until the other vehicles have left the area and permission is given by the
supervisor. Other vehicles will wait as directed by the supervisor and in an area separate to waiting dump
trucks.

Restrictad Area

Figure 38 - Restricted area for loading operations

During normal loading operations, when the excavator operator is satisfied that a truck is positioned
safely to receive a load he will discharge the load from the bucket. On completion of the load and when
the excavator operator is satisfied the truck is safely loaded the excavator horn to inform the truck driver
to move off. When a dump truck has been loaded it must leave the loading zone and proceed to the
tipping area without delay.

5.7 Tipping Areas

The areas where dump trucks tip to feed processing plant, stocking areas, or directly in the construction
area will be restricted areas in a similar way to the loading area describes above. Dump trucks coming
from the face to areas where other personnel are present will be controlled by a designated banksman
who will control when the truck can off-load. Where necessary trucks will wait in a designated area prior to
tipping and will leave the tipping area as soon as possible.
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Where tipping over an edge, a protection barrier will constructed using an excavator to prevent trucks
being able to reverse too far. No ancillary plant or vehicle may enter the restricted area until allowed by
the banksman or supervisor and only when tipping operations are stopped.

SUITAELE EDGE PROTECTION BERM PROFILE

Figure 39 - Example edge protection for tipping operations
5.8 Control of dust from operations

As far as possible the production of dust will be avoided, but the process of drilling, fragmenting, loading,
transporting and crushing rock produces dust. The following measures outline how this will be controlled
to minimise the dust becoming airborne and a hazard to personnel and the environment.

1. Position the dust creating activities as far as practical from sensitive receptors and where
possible downwind of the glacier.

2. Reduction of dust from drilling operations. The drill rig will be fitted with dust suppression
equipment. This will normally consist of a dust hood at the foot of the mast, which makes a seal
with the ground, a dust ring, which seals around the drill string, and a dust collection system
which extracts the dust directly away from the hole and places it onto the ground. Although the
dust is still susceptible to being picked up by wind, the effects are significantly reduced.

3. Reduction of dust from blasting. Careful blast design will prevent excessive ejection of material
into the air, however in dry conditions, some dust cannot be avoided. The direction of firing may
reduce the pick-up of dust into the air by using natural topography to create shelter. On very
windy days, when the wind is blowing directly towards a close sensitive receptor, blasting may
need to be suspended. For this to occur safely however the decision to suspend blasting
operations should be taken before charging commences.

4. Control of dust from plant. The following measures may help to reduce the source of dust from
activities, by preventing their escape to the atmosphere:

e After the blast has been fired and before any crushing takes place the rock pile area that
crushing/loading is to take place will be watered with seawater using a tractor and bowser. It
should be possible after the first few blasts to feed the primary crusher directly with the
excavator from the face, the primary will have a covered conveyor as well as hanging skirts
from the discharge belt to help curtail air-borne dust. Again consideration will be given to the
weather conditions particularly wind direction.

e The haul roads can also be sprayed with the seawater should the need arise.

e Screens will be fitted with seawater spray bars at the end of the dust belt conveyor plus
skirts, all conveyors will be covered, as with all activities special attention will be given to the
weather conditions.

e Crushers will be fitted with seawater pumps which can be fed with the water bowser.

All water lines will be cleared at the end of each day’'s production to prevent water lines from
freezing.

Use of crushing and screening plant within its design capacity prevents excess dust.
Ensuring haul roads have a firm compact surface and are well maintained.

Good maintenance of all plant and equipment

Limiting drop heights during stockpiling, processing and loading operations.

Maintain and enforce low speed limitations on site.

Minimise double handling as far as practical to reduce the overall number of tipping actions.
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5. Temporary suspension of operations during high winds. As with blasting, during excessively dry,
windy conditions, especially where the wind direction will blow dust towards sensitive receptors, it
may be necessary to suspend other operations if it is not possible to control dust by other means.

5.9 Traffic Management in the Quarries

Traffic will be managed within the quarries to prevent accidents both involving individual vehicles and
from accidents arising from the interaction between vehicles, especially between heavy and light vehicles,
or pedestrians. This is achieved by a number methods outlined as follows and discussed below:

e Ensuring that the design of the quarry layout minimises the interactions between vehicles,
especially different types of vehicles or pedestrians.

e Design of haul roads with gentle gradients, safety bunds and avoiding blind spots.

e Ensuring communication of rules and best practice through training, inductions, signs and traffic
controllers/banksmen.

e Ensuring adequate maintenance of plant and haul roads.

e Ensuring adequate site visibility.

e Planning and maintaining pedestrian walkways.

5.10 Plant Controllers / Banksmen

At key areas such as restricted tipping areas, plant controllers / banksmen will direct plant/vehicle
movements. These will be specifically trained in their duties by the supervisor for that area. They will be
competent in methods used to ensure their own and other people’s safety.

5.11 General Rules
When driving a vehicle on the site the following rules apply:

e Ensure that the area around the vehicle is clear before moving away or altering direction.

e Drive with due care and attention and at a speed that is appropriate to the prevailing ground,
weather and visibility conditions, but not exceeding the appropriate speed limits - maximum
20kph.

e A safe distance must be maintained from the vehicle in front so that emergency action can be
taken - minimum of 3 large truck lengths.

e Loaded vehicles always have priority over empty vehicles.

e Seat-belts should be worn at all times when the plant is running.

e Light vehicles must always give way to heavy vehicles and not enter heavy vehicle restricted
areas without permission from traffic controllers.

¢ When vehicles of similar size and capacity are sharing a haul road and there is a need to give
way, the vehicle travelling uphill has priority.

e Only trucks for loading or tipping purposes may enter the swing radius of an excavator or
manoeuvring zone of a dozer or loading shovel.

e On no account should a vehicle be driven within any cordoned off areas.

e Vehicle operators must keep their cabs clean and tidy, store loose and personal items securely
and ensure there are no obstructions to visibility aids, windows, controls, gauges, warning lights
etc. Vehicles will be driven with the doors closed at all times.

e Plant operators must immediately contact a site supervisor in the event of any breakdowns,
emergencies or any other unplanned event.

e The use of mobile phones when driving is strictly prohibited.

e Vehicles should be parked on level ground in an authorised parking/waiting wherever possible to
minimise the possibility of them being set in motion.

e When leaving a vehicle unattended the engine should be switched off, ignition key removed, all
brakes applied and the appropriate gear selected to suit any gradient.

e Ground engaging equipment i.e. excavator buckets, dozer blades, ripper teeth and scraper bowls
should be lowered to the ground when parking and if stopping to be serviced or fuelled.

e Vehicles must always be reversed parked.

o Dump truck drivers shall stay in their cabs whilst loading is taking place.
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e Tipping shall only take place on level ground to prevent overturning. After tipping, dump truck
bodies shall be lowered before moving off.

e Plant operators shall not allow the bucket of any vehicle to pass over the cab of any dump truck
or haulage vehicle.

e Itis strictly forbidden for anyone to travel in a loading shovel/excavator bucket or to use it as a
work platform.

e Where haul roads transit close to the bottom of a face, rock traps will be constructed to catch
material and keep traffic clear of the face.

e Edge protection bunds will be provided to prevent mobile plant and ancillary vehicles from being
driven over an unprotected edge. This will be a minimum of 1m, or the radius of the largest
vehicles wheel, whichever is greater.

e Roads will be regularly maintained so that they do not develop bumps, ruts or potholes which
may make control of vehicles difficult. Roads will be designed to drain naturally.

e Operational areas will be lit with mobile lighting towers during reduced visibility should it be
necessary to work in these conditions.

5.12 Plant Maintenance

e Prior to use all plant and haulage equipment will be inspected to ensure it is suitable for use,
including checks of brakes, lights and visibility aids.

e At the start of each shift plant operators will carry out a designated pre-start/start-up inspection of
their vehicle.

e Plant will receive regular routine maintenance.

e Lights and windows must be kept clean at all times.

e Regular break testing will be undertaken in the designated area.
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6  On-Site Rock Testing

On-site rock testing requirements are detailed in document ‘British Antarctic Survey, Rothera Wharf
Design Specification — Quarried Rock Backfill 20 April 2018 BAA.4001-DMC-S-1002'".

The following tests shall be carried out on site as part of the Quality Assurance process for the Works.

¢ Rock grading - The size distribution shall be determined in accordance with BS EN 13383-
2:2013, Clause 5 as per CIRIA C683.

e Rock fill particle integrity / resistance to breakage - The average Point Load Index of quarry
stone, shall be determined in accordance with the method stated in ISRM 1974-2006 in
accordance with Section 3.8.5.1 of CIRIA C683 and shall exceed 4.0 MPa (as per Table 3.12 of
CIRIA C683 for good to excellent quality stone).

6.1 Sampling

Inspection and sampling shall be in accordance with CIRIA C683, BS EN 932, and ISO 10381-8.
Sampling of the quarried rock to be inspected shall be representative and taken at random. The samples
shall be carefully handled to minimize breakage during transport and transfer.

The rock properties and classification specifications shall apply at or near the quarry site prior to
placement in the Works. The inspection and testing as per section shall be carried out at the quarry and
the interpretation of results shall take into account the influence of storage, loading, transporting and
unloading on the quality requirements. Deterioration in rock quality and block size due to handling shall
be assessed initially by sampling before dispatch from the quarry and after delivery at site.

Precautions shall be taken so that no rock is broken or lost, and that the sample is not contaminated
during transportation of the samples. Samples shall be accompanied with a certificate prepared by the
person responsible for taking the samples. The certificate shall include the following:

o Areference to CIRIA C683 standard.
The name of the producer and location of the quarry or other source where the sample is taken.
The description and class designation of the grading.
The number of stones in the sample.
Details about location and method of sampling, including the date when the sampling took place.
e The name of the sample taker.

Records shall be maintained by the Contractor for traceability with the objective that all materials and its
location in the Works can be traced to the source and cross referenced to satisfactory test results.

6.2 Test Programme

The frequency of testing should be selected to be representative of homogeneous batches of production.
It should be selected by considering the potential range of variability of the property. It should also be
related to the unit of production, e.g. weekly production or delivery to schedule. Testing shall be carried
out by the Constructor to the minimum frequency given in the table below.

Please note that for testing on site, the presumed total backfill quantity is 45,000tonnes. Additional, or
more frequent testing, may be required if the material properties vary beyond specified limits.

Testing on site

Test Test Method Number of Tests / Samples™
Minimum of 1 grading curve
Rock grading BS EN 13383-2:2013 every 500 tonnes™?: minimum of

90 grading curves in total

Rock integrity / resistance to breakage:

+  Average point load strength ISRM 1974-2006 Minimum of 1 sample™# of 10
index (PLI) stones every 2500 tonnes:
minimum of 18 tests of 10
stones ea.

Notes:

*1 Numbers of tests updated for the increased volume of fill material required, based on 45,000 tonnes;

*2 A tonne is the non Sl unit equivalent to 1 megagram (Mg);

*3 A PLI test sample comprises a minimum of 10 test specimens as per ISRM SM;

*4 Test specimens may need to be broken or cored from larger stones to comply with testing requirements.
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6.3 Rock Grading Test EN13383-2:2017
Note EN13383-2:2013 has been replaced. Method has been taken from Draft EN13383-2:2017.
6.3.1 Principle

The test consists of dividing up and separating a material, by means of a series of sieves, into several
fractions of different sizes. The aperture sizes and the number of sieves shall be appropriate for the
nature of the sample and the accuracy required.

The cumulative mass of the pieces of coarse graded rock passing each sieve shall be expressed as
percentage of the total mass of the material.

6.3.2 Preparation of test portion

The sample shall be obtained from a bulk sample of six sampling increments taken out of a static batch.
The mass of the test portion in kilograms shall be at least twice the nominal upper limit of the grading in
millimetres.

When sampling from a segregated stockpile, from which material is being collected for transporting, a
sampling increment shall be taken from the material which is being taken from the stockpile. For this
purpose, the contents of one or more loader buckets, grabs, lorries or any other means of handling or
transport shall be taken. The period during which the sampling is done shall be divided into a number of
equal intervals and a sampling increment shall be taken in the middle of each interval.

If at the time of sampling no material of a segregated stockpile is undergoing routine removal, the removal
of material shall be simulated so as not to distort the representativity of the sampling increment with the
segregation effects associated with the initiation of stockpile extraction. The sampling increments shall be
taken at random or at equal distances around the stockpile or part thereof to be sampled.

When sampling from a non-segregated stockpile, a sampling increment shall be taken as indicated for a
segregated stockpile or by taking a quantity.

Sample reduction:

When reducing a sample already discharged onto a floor area use wires representing imaginary
separation planes. For the reduction of a sample to approximately the half amount, stretch a wire as a
separation line over the sample. Where segregation is present in one direction of the deposited sample,
place the wire in the same direction and take the subsample by removing all armourstone located, or for
the largest part located, at one side of the imagined vertical plane projected by the wire.

For the reduction of a sample to less than the half amount, stretch two parallel wires as separation lines
over the sample, so that the desired subsample lies between the two lines. Where segregation is present
in one direction of the deposited sample, place the wires in the same direction and take the subsample by
removing all stones located, or for the largest part located, between the imaginary vertical planes
projected by the wires.

To facilitate the reduction procedure a sample to be reduced by using wires may be spread in a layer of
thickness not greater than twice the nominal upper size of the material. Where no segregation of the
material has occurred, the subsample may be limited to half the separated strip.

6.3.3 Procedure

e Place the sieves on the receivers.

e Pass the sample in successive parts over the sieves.

e Brush off, where present, any adhesive materials from the pieces of armourstone and catch the fine
material in the receiver under the 63 mm sieve.

e Ensure that all pieces of armourstone which may pass the sieve in any orientation have so passed
before the retained material is placed on the subsequent sieve.

e Remove the fraction which passes the 63 mm sieve and weigh its mass (m1).
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e If this mass is greater than 80 kg, split the fraction, taking and weighing a representative part of at
least 40 kg (m2). Execute the split by discharging the homogenized material over two adjoining
receivers taking care to avoid any loss of material.

e Sieve the fraction which passes the 63 mm sieve, or the representative part thereof, shall be in
accordance with EN 933-1.

6.3.4 Calculation and expression of results

Input the results to the standard spreadsheet and confirm that the values fall within the acceptable limits
as shown in figure 40.

ELL NLL NUL EUL Effective mean
No Grading <5% <15% >90% >98% size (Dso)
’ (mm) passing passing passing passing =
(mm)
(mm) (mm) (mm) (mm)
1 30-80 21 30 80 120 51
ELL NLL NUL EUL Effactive mean
N Grading <2% <10% >70% >97%
0. A = K : mass (Mem)
(kg) passing passing passing passing (kg)
(k) (kg) (kg) (kg)
2 10-60 2 10 60 120 20-35

Figure 40 - Grading limits from CIRIA C683
6.4 Point Load Test

The point load test is intended as an index test for the strength classification of rock materials and can be
carried out on irregular lumps with little or no specimen preparation.

6.4.1 Procedure

Specimen selection and preparation:

e Atestsample is defined as a set of rock specimens of similar strength for which a single Point
Load Strength value is to be determined.

e The test sample of rock core or fragments is to contain sufficient specimens conforming with the
size and shape requirements for diametral, axial. block or irregular lump testing as specified
below.

e For routine testing and classification, specimens should be tested either fully water-saturated or
at their natural water content.

The block and irregular lump test:
e Rock blocks or lumps of size 50 + 35 mm and of the shape shown below in figure 41 are suitable
for the block and the irregular lump tests. The ratio Depth / Width should be between 0.3 and 1.0,
preferably close to 1.0.

(d) i ——f'f

L =050 . —

F-*"”#Equjmltm core

rhrouah
loodillQy point.
| 03w<D<wW

Figure 41 — Specimen shape requirements for irregular lump test

e The distance L should be at least 0.5 W. Specimens of this size and shape may be selected if
available or may be prepared by trimming larger pieces by saw-or chisel-cutting.

e There should preferably be at least 10 tests per sample, more if the rock is heterogeneous or
anisotropic.
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e The specimen is inserted in the testing machine and the platens closed to make contact with the
smallest dimension of the lump or block, away from edges and corners.

e The distance D between platen contact points is recorded + 2. The smallest specimen width W
perpendicular to the loading direction is recorded + 5. If the sides are not parallel, then W is
calculated as (WI + W2)/2 as shown in figure 40. This smallest width W is used irrespective of the
actual mode of failure.

e The load is steadily increased such that failure occurs within 10-60 sec, and the failure load P is
recorded. The test should be rejected as invalid if the fracture surface passes through only one
loading point - see figure 42.

Figure 42 — Example failures which should be rejected.

e The procedure (c) through (e) above is repeated for the remaining tests in the sample.

6.4.2 Results

Input the results to the standard spreadsheet and confirm that the values fall within the acceptable limits
as shown in figure 43.

British Antarctic Survey, Rothera Wharf Design Specification — Quarried Rock Backfill 20 April 2018
BAA.4001-DMC-S-1002’ gives a minimum acceptance value of 4.0MPa or good to excellent.

Criteria Reference Excellent Good Marginal Poor

Point load strength (MPa) ISRM (1985) > 8 4-8 15-4 <15

Figure 43 — Classification of the results of the point load test CIRIA C683
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7 Resources - Personnel, equipment

7.1 Personnel
e 1 Quarry Manager / Blasting Engineer

e 1 Shotfirer

o 1 Driller (possibly one person acting as Shotfirer/Driller)
e 1 Excavator / Crusher Operator

e 1 Loading Shovel Operator

e 1 Dumper Operator

e The role of Explosives Supervisor will be held by the Quarry Manager.

e The roles of Laser Surveyor, Explosives Storekeeper will be held by the Shotfirer and / or
Explosives Supervisor.

e An appropriate person will be instructed and appointed Blast Controller and may be part of the
BAM or BAS teams.

e Sentries will be trained and appointed from the quarrying or construction personnel.

7.2 Equipment

The following main quarry equipment will be used for excavation, load, haul, production and loading out of
the quarry area. This does not include equipment for transport to the work area, to/from stockpiles, or for
stockpile management.

Item No. Comments

Excavator for rock excavation 1 45t (Minimum size 35t) ROPS and FOPS cab, window
screen protection (for use with rock hammer). Standard
track widths would be acceptable but narrow rock tracks
would be preferred. Including hydraulics for rock
hammer. Camera and mirrors

Hydraulic rock breaker 1 To match above

Wheel loader 1 Cat 966 or equivalent with ROPS and FOPS cab,

rock tyres, rock bucket with suitable teeth ware plates
etc Reversing cameras and mirrors plus flashing lights
etc.

Articulated dump truck (ADT) 1 30t ADT with ROPS and FOPS cab, rock tyres, camera
and mirrors

Drill rig — Eg. Atlas Copco 1
FlexiROC T35

Mobile Jaw Crusher 1
Mobile Double deck screen 1

Additional ancillary equipment may be required, or be shared with construction activities. Eg. Water bowsers, fuel
bowsers, maintenance equipment, tractors and trailers, and aircraft.
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APPENDIX A

| BLAST CHECKLIST TO BE COMPLETED FOR EACH BLAST PERFORMED - DRAFT
Programmed Time of Shot

Date Fired: Wind Speed

Time Fired: Wind direction

Blast Number: Cloud cover 8th

Location Precipitation

Number of Blast Holes: Visibility

Total charge in kg : Sea State

Maximum instantaneous charge kg

24 Hours prior to blasting Time Clear Name
Notify BAS station leader

Notify BAM Construction Manager

Notify Communications tower for flight operations and shipping
Notify Meteorologist and Science co-ordinator

Notify Science and Bonner Laboratory Manager

Notify Communications Manager

Notify Electrical Engineer

Notify boat and dive co-ordinator

Place notices in Project Office and Bransfield House

On the morning of the blast
Notify sentries
Place warning '‘Danger Blasting (with time)' signs at the two access roads

60 minutes prior to blasting

Notify BAS station leader

Notify BAM Construction Manager to clear all personnel by 15 minutes prior to blasting
Notify Communications tower for flight operations and shipping

Notify Bonner lab manager to clear personnel by 15 minutes prior to blasting

Notify boat and dive co-ordinator

Notify BAM construction Manager

Radio check with sentries

15 minutes prior to blasting

Give ‘all station warning' on channel 1

Positive confirmation from dive master that all divers are clear of the water in the vicinity
Construction Manager ensures that all project personnel are clear of construction area

Bonner and Gerritsz lab manager to ensure all personnel are clear of the laboratory area
Sentries start their designated checks and move to position and secure the area
Shotfirer makes final check of blast area and checks for shipping and fauna

3 minutes prior to blasting

Confirmation from shotfirer - ready to fire

Check that land side sentries are in position and area secure
Give ‘all station warning' Firing in 3 minutes' on VHF CH 1
Sound horn - 2 x 15 seconds

Blasting and post blast

Sound horn 30 seconds then fire

Shotfirer checks that the shot has fired and radios the ‘all-clear’

Give 'all clear' to on VHF Ch 1

Notifys the Quarry Manager and Construction Manager of any remedial or safety measures required

Comments

Checklist completed by:
Blast controller
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Sensitive Receptor Description Responsible Person Limits Limit Source Comments M.1.C (kg) 10 20| 30 40
Distance (m) [PPV (mnVs) [PPV (mm/s) |PPV (mm/s) [PPV (mnvs)
General MET instruments Various Rosey Grant MET and Science Co- Dust is considered an issue for MET Meteorologist and Science Co- Drill and blast management plan to include
ordinator instruments, in particular the Sun Photometer. |ordinator - Rosey Grant awvoidance of blasting when the wind blows N
BAS understand that blasting creates dust that toS. na
is difficult to limit. Blasting will be avoided when
the wind is blowing S-N.
NDB antenna Antenna Ben Keitch - Electrical Engineer ? ? This antenna is located directly in the
proposed blasting area and therefore must be
moved under these circumstances.
DME antenna (to be moved) Antenna Ben Keitch - Electrical Engineer ? ? This antenna is located directly in the
proposed blasting area and therefore must be
moved under these circumstances.
DORIS Ben Keitch - Electrical Engineer ? ? This antenna is located directly in the
proposed blasting area and therefore must be
. moved under these circumstances.
Beacon on concrete plinth.
POM Sun Photometer Instrument bolted on concrete pillar Rosey Grant MET and Science Co- Unknown impact from blasting vibration, but Meteorologist and Science Co- Sensitive to dust, so to be removed during 50| 20.9 36.4 50.3 63.3
ordinator impact from dust expected to be considerable. |ordinator - Rosey Grant blasting. Easily removed
It has been agreed that this instrument will be
removed during blasting, for short duration (eg
1 hour), or for the entire blasting programme.
The MET and Science co-ordinator will be
included on the blast protocol to allow this to be
carried out.
GPS receiver GPS receiver for long term movements | Peter.clarke@newcastle.ac.uk Not considered to be adversely affected by Peter Clarke Peter Clarke at Newcastle University to be 50 20.9] 36.4] 50.3 63.3
vibration - email 22.02.17 Peter Clarke of notified post-blast of the blasting time to allow
Newcastle University. checks on data anomolies. Add this to the
drilling and blasting management plan, blast
protocol.
Optical Hut - SAOZ The optical hut houses a number of Rosey Grant MET and Science Co- Not adversely affected by vibration Meteorologist and Science Co- 60 15.6 27.2] 37.6 47.3
instruments listed left ordinator ordinator - Rosey Grant
Optical Hut - Sun Photometer logger Rosey Grant MET and Science Co- Not adversely affected by vibration Meteorologist and Science Co- 60 15.6 27.2] 37.6 47.3
ordinator ordinator - Rosey Grant
Optical Hut - AG Spectrometer Ben Keitch - Electrical Engineer Winter operation only. Not adversely affected byBen Keitch - Electrical Engineer 60 15.6 27.2] 37.6 47.3
Optical Hut - OH Imager & [Ben Keitch - Electrical Engineer Winter operation only. Not adversely affected byBen Keitch - Electrical Engineer 60 15.6 27.2] 37.6 47.3
Optical Hut - All Sky Cam Ben Keitch - Electrical Engineer Winter operation only. Not adversely affected byBen Keitch - Electrical Engineer 60 15.6] 27.2] 37.6 47.3
Optical Hut - IR All Sky Cam Ben Keitch - Electrical Engineer Winter operation only. Not adversely affected byBen Keitch - Electrical Engineer 60 15.6 27.2] 37.6 47.3
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Sensitive Receptor Description Responsible Person Limits Limit Source Comments M.I.C (kg) 10| 20 30 40
Distance (m) [PPV (mn/s) [PPV (mm/s) |PPV (mm/s) [PPV (mnvs)
Memorial plaque for Stanley E Black, Mike Brian - Station Leader No limit can be practically applied at this close [na Distance approximate for closest works 30 47.3 82.3] 113.9 1433
David Statham and Geoffrey Stride, proximity. Make photographic record of the
died 27 May 1958. memorial pre-blast and monitor throughout
workes. It was considered acceptable to repair
minor damage to the structure should this
occur. Monitor risk throughout the project and
consider further controlles as required.
Memorial cross, with plaque, for Mike Brian - Station Leader No limit can be practically applied at this close [na Distance approximate for closest works 30 47.3 82.3] 113.9 143.3
John H M Anderson and Robert proximity. Make photographic record of the
Atkinson, died 16 May 1981 memorial pre-blast and monitor throughout
workes. It was considered acceptable to repair
minor damage to the structure should this
occur. Monitor risk throughout the project and
consider further controlles as required.
Memorial cairn, with plague, for Mike Brian - Station Leader No limit can be practically applied at this close |na Distance approximate for closest works 30| 47.3 82.3 113.9 1433
Kirsty M Brown, died 22 July 2003 proximity. Make photographic record of the
memorial pre-blast and monitor throughout
workes. It was considered acceptable to repair
minor damage to the structure should this
occur. Monitor risk throughout the project and
consider further controlles as required.
Memorial plaque for N J Armstrong Mike Brian - Station Leader. This may |No limit can be practically applied at this close |na Distance approximate for closest works 30 47.3 82.3] 113.9 143.3
(Canada), D N Fredlund (Canada), J have other non-BAS Canadian owners, |proximity. Make photographic record of the
C Armstrong (Canada) and E P though liaison should be made through |memorial pre-blast and monitor throughout
Odegard (Norway), died 23 Nov BAS. workes. It was considered acceptable to repair
1994) minor damage to the structure should this
occur. Monitor risk throughout the project and
consider further controlles as required.
The British Antarctic Sledge Dog - |Mike Brian - Station Leader No limit can be practically applied at this close [na Distance approximate for closest works 30 47.3 82.3] 113.9 1433
plaque. proximity. Make photographic record of the
: memorial pre-blast and monitor throughout
| workes. It was considered acceptable to repair
a v minor damage to the structure should this
occur. Monitor risk throughout the project and
consider further controlles as required.
gl ) o ]
Cairn, built from rocks. Erected No image Mike Brian - Station Leader Not considered to be adversely affected by Jan Cordon No access easily available 640 0.4 0.6 0.9 1.1

Sept. 1957 by Nigel Procter, and
used in Oct. 1957 by John Rothera
as a survey station during the first
mapping of the area, referred to as
Adelaide Island Trig Point (see
relevant reports in BAS Archives,
refs. AD6/2Y/1957/K13 and 14).

vibration due to distance.
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Sensitive Receptor Description Responsible Person Limits Limit Source Comments M.1.C (kg) 10| 20 30 40
Distance (m) [PPV (mn/s) [PPV (mm/s) |PPV (mm/s) [PPV (mnvs)
UKHO survey pillar Concrete pillar Unknown Not considered to be adversely affected by vibrdJan Cordon Predicted vibration is below BS7385-2:1993 90 8.2 14.2 19.6 247
for cosmetic damage to buildings
Flagpole Steel pole on concrete base Mike Brian - Station Leader Not considered to be adversely affected by vibrdJan Cordon Inspect on a regular basis. 40 29.8] 51.9 719 90.4
Explosives Magazines / Stores Ed King Not considered to be adversely affected by vibrdJan Cordon 60 15.6] 27.2 37.6 47.3
E-W wide band array Two connected antennae Alan Messenger - Communications Not considered to be adversely affected by vibrd Alan Messenger - Communications 70 12.2] 21.2 29.3 36.9
Manager Manager
ARIES DOME Dome structure with satelitte antenna |Rosey Grant MET and Science Co- Not considered to be adversely affected by vibrg Meteorologist and Science Co- 100 6.9 12.0 16.6 209
inside ordinator ordinator - Rosey Grant
RLPA tower Steel tower with ariel like structure Alan Messenger - Communications Not considered to be adversely affected by vibrd Alan Messenger - Communications 150 3.6 6.3 8.7 10.9

Manager

Manager
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Sensitive Receptor Description Responsible Person Limits Limit Source Comments M.I.C (kg) 10| 20 30 40
Distance (m) [PPV (mn/s) [PPV (mm/s) |PPV (mm/s) |PPV (mnvs)
CODIS dome Dome structure with unknown contents | Alan Messenger - Communications Not considered to be adversely affected by vibrd Alan Messenger - Communications 145 3.8 6.6 9.2 11.5
P Manager Manager
S
[ —
MET tower - sonic anemometer, sun |Steel tower with MET instruments Rosey Grant MET and Science Co- Not considered to be adversely affected by vibrg Meteorologist and Science Co- 195 2.4 4.1 57 7.2
duration sensor, 3x present weather ordinator ordinator - Rosey Grant
sensors, cloud vase recorder, sun
radiation sensor
Snow Gauge (tipping cup) Close to Giant's House Rosey Grant MET and Science Co- Not considered to be adversely affected by vibrqMeteorologist and Science Co- 180 2.7| 4.7 6.5 8.2
ordinator ordinator - Rosey Grant
AWS air wind speed Opposite side of runway [ Rosey Grant MET and Science Co- Not considered to be adversely affected by vibrg Meteorologist and Science Co- 315 1.1 1.9 2.6 33
ordinator ordinator - Rosey Grant
Ozone detector East Beach - not seen Rosey Grant MET and Science Co- Not considered to be adversely affected by vibrg Meteorologist and Science Co- Location not confirmed - assumed as equal to 550 0.5 0.8 1.1 1.4
ordinator ordinator - Rosey Grant closest East Beach MF Radar. Very distant to
blast location.
Bentham Container - MET tower Rosey Grant MET and Science Co- Not considered to be adversely affected by vibrg Meteorologist and Science Co- 150 3.6 6.3 8.7 10.9
comms ordinator ordinator - Rosey Grant
Small N-S dipole Alan Messenger - Communications Not considered to be adversely affected by vibrd Alan Messenger - Communications  [Distant to blasting operations 265 1.4] 25 35 4.4
Manager Manager
N-S wide band array Alan Messenger - Communications Not considered to be adversely affected by vibrd Alan Messenger - Communications  [Distant to blasting operations 340 1.0] 1.7 23 29

Two connected antennae

Manager

Manager
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Sensitive Receptor Description Responsible Person Limits Limit Source Comments M.I.C (kg) 10| 20 30 40
Distance (m) [PPV (mn/s) [PPV (mm/s) |PPV (mm/s) [PPV (mnvs)

MF radar receiver (east beach) Ben Keitch - Electrical Engineer Not considered to be adversely affected by vibrgBen Keitch - Electrical Engineer Distant to blasting operations 550 0.5] 0.8| 11 1.4]

MF radar receiver (Bransfield Hse) Ben Keitch - Electrical Engineer Not considered to be adversely affected by vibrgBen Keitch - Electrical Engineer Distant to blasting operations 410 0.7] 1.3 17 2.2

MF radar transmitter (closest) Ben Keitch - Electrical Engineer Not considered to be adversely affected by vibrdBen Keitch - Electrical Engineer Distant to blasting operations 450 0.6 1.1 15 1.9

SkiYMet transmitter Ben Keitch - Electrical Engineer Not considered to be adversely affected by vibrdBen Keitch - Electrical Engineer Distant to blasting operations 485 0.6 1.0] 1.3 1.7

SkiYMet radar masts Ben Keitch - Electrical Engineer Not considered to be adversely affected by vibrdBen Keitch - Electrical Engineer Distant to blasting operations 540 0.5 0.8 1.1 1.4

Search Coil Magnetometer Ben Kietch reports in email dated Richard Horne rh@bas.ac.uk No specific limit due to location. Results will be gRichard Horne, David Maxfield and | Notify blast times to Richard Horne 800 0.2 0.4 0.6 0.7
04/05/17 that the instrument is located Ben Kietch rh@bas.ac.uk and David Maxfield
in excess of 800m from the blasting djimax@bas.ac.uk

ASPA No.129 Designated control area with natural lanin/a Not considered to be adversely affected by vibrdJan Cordon Land set aside for control purposes and of no 550 0.5 0.8 1.1 1.4

concern due to distance

Tide gauge Suspended in water in shaft near Rosey Grant MET and Science Co- Not considered to be adversely affected by vibrg Meteorologist and Science Co- 50 20.9] 36.4] 50.3 63.3
boathouse ordinator ordinator - Rosey Grant

Boatshed General station building PPV 50 mnmv/s BS7385:2-1993 Monitor and check blast design due to proximity 50 20.9] 36.4] 50.3 63.3
Anderson shelter design to be replaced|

Bonnar Laboratory Science Building General station building PPV 50 mnv/s BS7385:2-1993 Monitor and check blast design due to proximity 55 17.9] 31.2] 43.2 54.3

Bonnar Laboratory Science Ali Massey - Science leader Not considered to be adversely affected by vibrd Ali Massey - Science leader Science leader to be added to blast protocol 55 17.9] 31.2] 43.2 54.3
Science Projects

Briscoe Wharf PPV 100mnv/s DMC Email sent to Koen 21.02.17. Monitor and 30 47.3 82.3] 113.9 1433

check blast design due to close proximity
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Sensitive Receptor Description Responsible Person Limits Limit Source Comments M.1.C (kg) 10| 20 30 40
Distance (m) [PPV (mnvs) [PPV (mnvs) |PPV (mm/s) |PPV (mm/s)
Gerritsz Laboratory Steel Frame Construction Dutch Antarctic Survey PPV 50 mnv/s BS7385:2-1993 Monitor and check blast design due to proximit 35 36.9] 64.3] 89.0 112.0
Gerritsz Laboratory Science Dutch Antarctic Survey / Ali Massey |Not adversely affected by vibration. No science |Ali Massey - Science leader No operations planned until 2019 35
operations are planned until 2019.

Giants House Accommodation BAS - Station Leader 15-50 mm/s BS7385:2-1993 Distant to blasting operations 190 2.5] 4.3] 59 7.5

ut

=
Old Bransfield House and other statio| Offices, workshops BAS - Station Leader 15-50 mm/s BS7385:2-1993 Distant to blasting operations 230 1.8 3.2 4.4 55
Admirals House Accommodation BAS - Station Leader 15-50 mm/s BS7385:2-1993 Distant to blasting operations 265 1.4] 2.5 35 4.4
Bransfield House Canteen and other facilities BAS - Station Leader 15-50 mm/s BS7385:2-1993 Distant to blasting operations 395 0.8 1.3] 1.8 23
Fuel Tanks BAS - Station Leader na due to distance Jan Cordon Distant to blasting operations 450 0.6 1.1 1.5 1.9

Marine Fauna due to transmission to
water

Transmission of shock waves to water
from land blasting adjacent to water.

No limit as such, though consider marine fauna
watch if calculated values are an issue.

Ali Massey - Science leader

Calculation made as per Canadian Guidance
and will be included in D&B Mgt Plan

Land based fauna

Richard Philips raphil@bas.ac.uk

Not considered an issue - email 22.02.17,
though any adverse effects should be
monitored. This should include a check for
Fauna immediately prior to blasting, including
in the sea in the immediate vicinity of the blast
area. Any disturbance to be reported
immediatley. Include this check in the blasting
protoo.

Richard Philips

Email sent to Richard Philips 21.02.17
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As an alternative, following the approach shown in Australian Standard AS2187-2:2006, which suggests a
limit of 40 KPa peak pressure for humans and animal exposure an exclusion zone of 1200m is calculated.

Where,

= 55x103 (W1? /D)and P 4 = Peonfined *0.4. (P in Kpa, W in Kg and D in metres)

unconfined confine

= 55x103 (10%3/1200) = 99 and P onined = 99 *0.4 = 39 KPa (less than the limit value of 40KPa).

unconfined nfin
Guidelines for the use of explosives in or near Canadian fisheries waters Wright, D.G., and G.E. Hopky.
1998 suggests that ‘No explosive is to be knowingly detonated within 500m of any marine mammal (or no
visual contact from an observer using 7x35-power binocular).’

In a report by Aquatera ‘Evaluation of the Environmental Impact on Marine Fauna of Underwater Noise
Generated During Wharf Redevelopment and Extension Works at Rothera Research Station, Antarctica,
v2 Jan 2018’ marine fauna observation zones have been determined for blasting at 1200m for cetaceans,
600m for seals and 300m for birds.

Considering this Aquatera report as the most relevant project specific source, the plan is to implement a
single 1200m observation / exclusion zone for simplicity, though should this zone be continuously
occupied by less sensitive fauna, it may be necessary to introduce the three separate observation /
exclusion zones for marine fauna of varying sensitivity.

4.3 Blasting Adjacent to the water

Where land blasting is undertaken in close proximity to a water body, some of the ground vibration will be
transmitted across the land / water boundary into the water. Within the water this energy is transmitted as
a pressure pulse similar to noise in the air and may cause harm or disturbance to marine fauna at very
close proximities.

The following calculation has been made to predict the level of transmission into the water body based in
part on Guidelines for the use of explosives in, or near Canadian Fisheries Waters — Wright and Hopky
1998 and the ISEE Blaster’'s Handbook 18t Edition. This assumes a perpendicular single boundary
between the rock and water with no intermediate broken or weathered layers and as such can be
considered conservative.
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Equations from: Guidelines for the Use of Explosives In or Near Canadian Fisheries Waters - Wright and Hopky 1998
Step 1 Zw=DwCw Zr=DrCr
Equation B
Dw= Density of water 1.0|gem*
Dr= Density of rock# 2.70 gcm'3 assumed
Cw= Compressional wave vel in water 146300|cms™
Cr= Compressional wave vel in rock# 457200|cms™ assumed for granite
w= 146300 # estimate from Wright and Hopky
Zr= 1234440
2w/ Zr= 0.1185
Step 2 Pw = 2(2w/Zr)Pr/(1+(2w/Zr))
Equation A
Pw= Pressure in water kPa
Zw=DwCw 0.1185
Zw= Accoustic impedance water 146300
Zr= Accoustic impedance rock 1234440
Pw= | 0.212 *Pr |
Step 3 Indicative Blast Vibration Prediction
ISEE Blasters PPV = a(D/MIC*0.5)"b
where
PPV = Peak Particle Velocity (mm/s)
D = Distance from blast to sensitive location (m)
MIC = Maximum instantaneous charge (kg)
a and b = Site factors
ISEE Blaster's Handbook values
Construction Upper Boundary
a 1730
b -1.6
M.1.C (kg) 15
Distance PPV PPV
(m) (mm/s)  |(cm/s)
2 4980.5 498.0
10 379.2 37.9
convert to cm/s
Step 4 Vr=2Pr/DrCr
therefore Pr=VrDrCr/2
2m15kg Pressure rock= 307405128 gcms2 30741 kpa
10m 15kg Pressure rock= 23407719 gcms2 2341 kpa
Pw= [ 0.216 *Pr |
2m 15kg Pressure water= 6640 kpa
10m 15kg Pressure water= 506 kpa
Step 5
Peak Pressure (dB)= 20 x log(P/Py)
P, reference level 0.000001 Pa or 1puPa
For 2m 15kg 196 dB
For 10m 15kg 174 dB

Figure 13 Calculations relating to blasting adjacent to water

Although the calculations shown above indicate that levels of peak pressure will be below those that will
cause harm, for the initial three blasts in this area closely adjacent to the water, the full marine fauna
observation / exclusion zone(s) described above will be implemented. During these initial blasts, actual
peak pressure levels will be measured using a hydrophone. If after this period actual levels are shown to
be low it may be possible to reduce the marine fauna zone after seeking the approval of the BAM

Environmental Manager.
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Mitigation Measures for Underwater Blasting

In order to reduce the adverse environmental effect of blasting in the marine environment, a number of
mitigation measures will be used, as follows:

All explosives will be placed in shot-holes drilled in the seabed and confined in the holes with angular
aggregate of approximately 1/12th hole diameter. A minimum of 0.3m length will be used, greatly
reducing the pressure pulse released to the water.

Short delay detonators will be used between holes to reduce the maximum charge weight fired and
therefore the peak pressure pulse. The maximum instantaneous charge will therefore be that quantity
fired in one hole, or deck within a hole, rather than the overall quantity in the blast.

A marine fauna observation / exclusion zone and clearance protocol will be established with an
exclusion zone of 1200m. This zone, shown in figure 14 will be controlled by marine fauna observers
at strategic viewpoints to ensure no mammals are present from 30 minutes before blasting, until 10
minutes after blasting. Any sightings of marine fauna in the water will re-set the 30 minute countdown.
If sightings of marine fauna in the full 1200m zone are disruptive to operations, it may be necessary to
implement the three separate recommended zones of 1200m for cetaceans, 500m for seals and
300m for birds.

A hydrophone can be used to identify the presence of cetaceans in the area. Should cetaceans by
identified in the area, close to the area, or getting closer (louder) then blasting would be postponed.
When in doubt blasting is postponed. The users of the hydrophone will be trained in its use.

A passive acoustic hydrophone(s) will be deployed to monitor peak pressure pulse levels during
blasting operations and to verify predictions.

A strict blasting protocol will be developed with communications between the marine fauna watch, the
shotfirer and dive controllers to ensure the exclusion zone is clear.

Blasting will only be undertaken when no divers are in the water within the Rothera area and no
vessels are within 1200m, except project vessels and those used for marine fauna watches which will
maintain a 200m minimum separation.

Some minor fish kill is a possibility.

1200m Exclusion-
Zone

Figure 14 -—”1200m éxclusion ane
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5 Responsibilities

All BAM explosives activities will be controlled by an Explosives Supervisor, who will be appointed in
writing by the Project Manager. This person will have sufficient experience and qualifications to be
considered competent for the role as defined in the Quarries Regulations 1999. All other personnel
involved in the use of explosives will be appointed by the Explosives Supervisor. These roles include:

e Shotffirer

Blast Controller

Sentry

Marine Fauna Observer

It is the responsibility of the appointor to ensure that the appointees have suitable training, qualifications
and experience to competently undertake that role and check that they are not a prohibited person if
working with explosives. Records of these checks must be kept with the appointment — these may be in
the form of training records, competency assessment forms, or copies of a CV and certificates.

The duties and responsibilities of each role must be included in the written appointment. Individuals may
be appointed to several roles, but must follow the rules relating to the role they are undertaking irrespective
of their employment job title.

5.1 Explosives Supervisor (ES)
The person appointed to organise and supervise all work involving the use of explosives.

Although more than one person may be appointed as Explosives Supervisor, only one may act in this role
at any time. This is controlled by completion of the ‘Explosives Supervisor Register’ which is on display in
the site office. This must be completed and then signed by the acting Explosives Supervisor and Project
Manager.

Key Responsibilities:

e To ensure that explosives are handled and used in a manner that is without risk to the health and
safety of personnel in the vicinity, and bring anything which may adversely affect this to the Project
Manager's attention immediately.

e Preparing Shotfiring rules for the operation that are compliant with the BAS Explosives ACOP and
Quarries Regulations as far as practicable. Ensuring that all personnel upon which shotfiring rules
impose duties have received the latest copy and have understood, accepted and signed their copy of
the rules. A copy of the signed acceptance should be kept.

e That the Quarries Regulations 1999, Part V Explosives are complied with as far as possible at this
location.

e An adequate written blast specification is produced for each blast - prepared by themselves or the
Shotfirer. This is evidenced by the Explosive Supervisor signing at least the cover sheet and
proposed explosives loading sheets prior to charging operations commencing.

e Making all explosives appointments on site (except Explosives Supervisors).

e Equipment used for Shotfiring is suitable and safe.

e Checking that site conditions are in line with the blast specification before work with explosives
begins.

e Explosives are only kept in the approved store unless they are being transported, or are being used,
and accurate records are maintained.

e Providing feedback to the Project Manager of any information gained during blasting activities
(experience gained from previous blasts) that may affect safety, other operations or planning / design.

¢ Implementation of the misfire procedure in the event of a misfire

¢ Defining the danger zone required. This may be a standard danger zone for blasting, but must be
reconsidered for every blast when approving the blasting specification, or if notified of any change
during charging notified by the Shotfirer. The extent of the danger zone and position of any safe areas
must be notified to the Blast Controller before charging commences and prior to clearing the danger
zone in the event of changes in conditions as a result of actual charging.
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5.2 Shotfirer

Key Responsibilities:

e Preparing drilling plans for the driller.

e Surveying shots, or ensuring information provided by a separate surveyor is adequate for use

preparing the blasting specification and to ensure that the driller can drill the holes in the correct

location.

Preparing an adequate blast specification as defined in the Quarries Regulations 1999.

To prepare explosives for immediate use.

Transporting explosives on-site.

Prepare primers with detonators.

Charge and stem holes as per the specification, or within the allowable variation. They must notify the

Explosives Supervisor of any changes outside the allowable variation, or changes to any conditions

since the approval of the specification.

e Maintain a strict record of hole charging so as to ensure that no hole is drilled on the same location
twice.

e Link, connect or otherwise prepare the initiation system ready for firing.

e Inspect and test the initiation system as appropriate for the type being used.

e Liaise with the Blast Controller to ensure that the danger zone is clear before testing any live initiation
system.

e Fire the shot from a safe designated location.

e Carryout post-blast inspections to check for misfires.

e Comply with The Quarries Regulations 1999, Part V Explosives relating to the storage, handling &
use of explosives and instructions from the Explosives Supervisor.

e Check that equipment used for shotfiring is suitable and safe and site conditions are in line with the
blasting specification before work with explosives begin.

¢ Maintaining security of explosives and control of the blast site as a restricted area.

5.3 Blast Controller

The Blast Controller's primary role is to ensure that the blasting danger zone is clear of personnel and
secure, that the marine fauna exclusion zone is controlled during the blasting protocol, and to
communicate directly with the shotfirer as per the blasting procedure to allow the safe firing of shots
without risk of harm to personnel or fauna. It is not the role of the Blast Controller to determine the extent
of the danger zone.

Blast Controller key responsibilities:

e To make any notifications and to place any signs as required in the blasting protocol.

e For each blast, to select sentries (previously appointed) and brief them of their location and
specific duties for that blast. Ensure that they have a radio, and understand their specific duties.
At this point ensure that the sentries understand who is acting as Blast Controller.

Ensure that they are able to communicate with all the sentries and the shotfirer.
To ensure that marine fauna observers are in position at the designated time and understand
their area of responsibility and communications procedure.

e To ensure that no person is left in the danger zone once sentries are in position. Only the
shotfirer and those personnel with specific duties in the clearance procedure enter the danger
zone at this time.

e To only give the instruction to the shotfirer that he may fire the shot when the danger zone is
secure and clear as per the agreed blasting protocol. The acting shotfirer is the only person
allowed to enter the danger zone from this instruction until the 'all clear' is given by the shotfirer.

e Only communicate to the shotfirer when he may fire the blast, when there is no doubt in
communications, or interference in communications of any sort.

¢ If anyone gives the STOP, STOP, STOP notice, ensure that the Shotfirer confirms this. If not,
repeat the notice until the Shotfirer confirms. Once confirmed, investigate the cause and only
recommence the procedure once safe.
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5.4 General Rules
No person shall carry out any operation unless they are qualified and appointed to do so.

Everyone must report to their supervisor any accident or injury, defects in plant or equipment, hazards in
your workplace.

All personnel will undergo a site induction as required by that individual site and sign-in / clock-in and out
at the appropriate place at all times.

All personnel must follow site rules and wear appropriate PPE at all times.

All personnel should ensure that they are aware of the contents of the site specific risk assessment for
drill and blast operations - maintained by the Explosives Supervisor.

5.5 Restricted Working Area

The area where explosives are being used should be controlled as a restricted area and be under the
constant supervision of either the Shotfirer, or another appropriate person if no charging is being
undertaken. Access to this area should be restricted to those personnel directly involved in the operations
and with the permission of the Shotfirer (verbal permission is adequate).

Signs and or cones must be placed at the entrance to the blast area to warn people and prevent access
to the blast site by unauthorised personnel and general traffic.

6 Permits and Licences
Approval is required from the UK Foreign and Commonwealth office for any blasting operations at

Rothera. No other specific licences or permits are required, though activities will be undertaken so as to
follow UK regulations as far as this is possible.

Rothera — Marine D&B March 2018 Page 19 of 20



BAS Rothera Wharf Construction ﬂ ba.m
Marine Drilling and Blasting Management Plan — Rothera Wharf ritchies

APPENDIX A

BLAST CHECKLIST TO BE COMPLETED FOR EACH MARINE BLAST

Programmed Time of Shot

Date Fired: Wind Speed
Time Fired: Wind direction
Blast Number: Cloud cover 8th
Location Precipitation
Number of Blast Holes: Visibility

Total charge in kg : Sea State
Maximum instantaneous charge kg

24 Hours prior to blasting Time Clear Name
Notify BAS station leader

Notify BAM Construction Manager

Notify Communications tower for flight operations and shipping

Notify Meteorologist and Science co-ordinator

Notify Science and Bonner Laboratory Manager

Notify Communications Manager

Notify Electrical Engineer

Notify boat and dive co-ordinator

Place notices in Project Office and Bransfield House

Is the blast close to water? Notify marine fauna watch and monitoring if required?

On the morning of the blast
Notify sentries
Place warning 'Danger Blasting (with time)' signs at the two access roads

60 minutes prior to blasting
Notify BAS station leader to clear all personnel by 15 minutes to blasting
Notify BAM Construction Manager to clear all personnel by 15 minutes prior to blasting

Notify Meteorologist and Science co-ordinator - remove POM Sun Photometer, cover Optical hut air vents

Notify Communications tower for flight operations and shipping
Notify Bonner lab manager to clear personnel by 15 minutes prior to blasting

Notify boat and dive co-ordinator to clear all personnal 15 minutes prior to blasting and cover scuba air intake

Radio check with sentries

30 minutes prior to blasting

Official Fauna Watch to commence (if fauna is spotted at any time the blast procedure re-starts at 30mins)
Sighting time re-start Comment
Sighting time re-start Comment

15 minutes prior to blasting
Give ‘all station warning' on channel 1
Positive confirmation from dive master that all divers are clear of the water

Construction Manager ensures that all project personnel are clear of construction area

Bonner and Gerritsz lab manager to ensure all personnel are clear of the laboratory area

Sentries start their designated checks and move to position and secure the area

Shotfirer makes final check of blast area and checks for shipping and fauna

3 minutes prior to blasting

Confirmation from shoffirer - ready to fire

Confirmation from Fauna Watch that all clear

Check that land side sentries are in position and area secure
Give ‘all station warning' Firing in 3 minutes' on VHF CH 1
Sound horn - 2 x 15 seconds

Blasting and post blast - immediate
Sound horn 30 seconds then fire
Shoffirer checks that the shot has fired and radios the ‘all-clear*
Give ‘all clear' to on VHF Ch 1
Notify the Quarry Manager and Construction Manager of any remedial or safety measures required
Post blast - later
Email Notification of blast time to - Newcastle University, Peter Clarke re: GPS Receiver,
- Richard Horne re: Search Coil Magnetometer.

Comments

Checklist completed by:
Blast controller

Rothera — Marine D&B March 2018 Page 20 of 20



APPENDIX C:
EQUIPMENT LIST: ROTHERA WHARF



e (J
O 8y sweco 2§ W bam

Antarctic Construction Partnership

EQUIPMENT LIST - Rothera Wharf
28 August 2018

Plant Length Volume
Type
[m®]

1 10 Mobile RT Crane 80t Tadano GR800 EX 1 13.1 148.8 46.8 164.0

2 15 Crawler Crane 68m Boom 300t Liebherr LR1300 1 9.7 83 5.0 400.5 306.7 390.0

3 15 Crawler Crane 44m Boom 300t Liebherr LR1300 1 9.7 8.3 5.0 400.5 314.5 390.0

4 16 Telehandler JCB 535-140 1 6.2 2.4 2.6 37.9 10.9 74.2

5 17 MEWP Knuckleboom 18-20m ex-BAS Fleet 1 8.2 2.5 2.7 53.9 11.8 35.8

6 17 MEWP Knuckleboom 18-20m ex-BAS Fleet 1 8.2 2.5 2.7 53.9 11.8 35.8

7 17 MEWP Knuckleboom 18-20m 1 8.2 25 2.7 53.9 11.8 35.8

8 19 Timber Crane Mats 200nos, 5.6m x 1m x 150mm 200 5.6 1.0 0.2 0.8 1.1 0.0

9 25 Fuel Bowser With Pump 5000L 1 4.0 25 2.0 20.0 2.0 3.0
10 25 Water Bowser 5000L 1 4.0 1.5 2.0 12.0 1.0 3.0
11 25 Water Bowser 10000L 1 7.0 2.3 2.8 45.1 5.0 3.0
12 25 Flatbed Trailer 20ft. 1 8.0 2.6 1.0 20.8 8.0 0.0
13 25 Flatbed Trailer 20ft. 1 8.0 2.6 1.0 20.8 8.0 0.0
14 25 HD Trailer 44t 1 14.0 2.7 1.6 60.0 13.0 0.0
15 25 HD Trailer 40t 1 14.0 2.7 1.6 60.0 13.0 0.0
16 26 Agricultural Tractor 4x4 200hp New Holland T6090 1 5.3 2.4 3.1 40.0 6.0 150.0
17 26 Agricultural Tractor 4x4 200hp New Holland T6090 1 53 2.4 3.1 40.0 6.0 150.0
18 27 Gator c.w. trailer 4x6 1 2.8 15 1.8 7.6 0.6 14.0
19 27 Gator c.w. trailer 4x6 1 2.8 1.5 1.8 7.6 0.6 14.0
20 27 Trailers for Gators TFM TRM 1 2.0 1.2 0.9 2.1 0.4 0.0
21 27 Trailers for Gators TFM TRM 1 2.0 1.2 0.9 2.1 0.4 0.0
22 31 RIB Rescue Boat Spec. TBC 1 6.0 2.0 1.5 18.0 2.0 75.0
23 31 Dory Workboat/ Divers Boat 20ft. 1 6.0 2.0 1.5 18.0 2.0 75.0
24 33 Unifloat Pontoon (4Nos) 6.1x2.5x1.5m 8 5.5 2.5 1.2 16.5 12.8 0.0
25 41 Grout Mixing Plant 410 1 2.4 2.2 2.3 121 8.0 16.5
26 41 Grout Mixing Plant 410 1 0.0 0.0 0.0 0.0 0.0 16.5
27 42 ROV for visual inspections 1 2.0 1.0 1.5 3.0 0.5 15.0
28 43 Mobile Jaw Crusher - Sandvik Q341 1 14.2 2.9 3.4 139.2 51.0 261.0
29 43 Mobile Double Screen 30-80mm Sandvik QE341 1 14.8 3.0 3.4 151.4 29.8 75.0
30 50 Crawler Dozer ex-BAS Fleet CAT DSN 1 35 2.8 3.0 29.7 13.0 88.0
31 51 Wheel Loader c.w. forks 3500L CAT 966 1 6.4 2.8 3.5 62.2 23.2 207.0
32 51 Wheel Loader c.w. forks JCB 456ZX 1 8.0 2.7 3.4 72.4 18.9 153.0
33 53 Crawler Excavator 8t Caterpillar CAT308E 1 6.4 2.3 2.7 39.7 9.8 48.5
34 53 CAT308 - Bucket 12" 1 1.0 1.0 1.0 1.0 0.3 0.0
35 53 CAT308 - Bucket 24" 1 1.0 1.0 1.0 1.0 0.5 0.0
36 53 CAT308 - Bucket 36" 1 1.0 1.0 1.0 1.0 0.8 0.0
37 53 CAT308 Quick Hitch with JCB pins Manual 14 60" Miller 1 0.5 0.5 0.5 0.1 0.2 0.0
38 53 CAT308 Quick Hitch 5t CY1661 1 0.5 0.5 0.5 0.1 0.2 0.0
39 53 Crawler Excavator 35t Caterpillar CAT336D 1 11.2 3.4 3.6 139.9 36.4 200.0
40 53 Crawler Excavator 35t Caterpillar CAT336D 1 11.2 3.4 3.6 139.9 29.2 200.0
41 53 Crawler Excavator 49t Doosan DX490 1 115 33 4.2 160.4 53.9 283.0
42 53 Crawler Excavator 29m boom and standard boom 90t Caterpillar 390 OLR 1 30.3 5.7 4.2 730.2 113.0 390.0
43 53 Crawler Excavator 29m boom and standard boom 90t Caterpillar 390 OLR 1 30.3 5.7 4.2 730.2 113.0 390.0
44 53 CAT336- Bucket GP small TBC" 1 1.5 1.5 1.5 34 0.8 0.0
45 53 CAT336- Bucket GP small TBC" 1 1.5 1.5 1.5 3.4 0.8 0.0
46 53 CAT336- Bucket TBC" 1 2.0 15 1.5 4.5 0.8 0.0
47 53 CAT336- Bucket TBC" 1 2.0 1.5 1.5 45 0.8 0.0
48 53 CAT390- Bucket GP Small TBC" 1 1.5 1.0 1.5 23 0.8 0.0
49 53 CAT390- Bucket GP Small TBC" 1 1.5 1.0 1.5 2.3 0.8 0.0
50 53 CAT390- Bucket Skeleton TBC" 1 2.0 1.5 1.5 4.5 0.8 0.0
51 53 CAT390- Bucket Skeleton TBC" 1 2.0 1.5 1.5 45 0.8 0.0
52 53 CAT390- Bucket HD TBC" 1 3.0 15 1.5 6.8 0.8 0.0
53 53 CAT390- Bucket HD TBC" 1 3.0 1.5 1.5 6.8 0.8 0.0
54 53 CAT390- Other? TBC" 1 4.0 2.0 1.5 12.0 0.8 0.0
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Plant Length Volume
Type
[m?]

55 Roller Compactor Bomag BW213 DH 1 39.8 15.7 115.0
56 56 Articulated Dump Truck 28t CAT 730 1 9.9 3.0 33 99.5 22.9 237.0
57 56 Articulated Dump Truck 28t CAT 730 1 9.9 3.0 33 99.5 229 237.0
58 56 Articulated Dump Truck 28t CAT 730 1 9.9 3.0 33 99.5 22.9 237.0
59 56 Articulated Dump Truck 28t CAT 730 1 9.9 3.0 33 99.5 229 237.0
60 61 Water Pump 75mm 1 2.0 1.0 1.5 3.0 0.5 5.0
61 61 Water Pump 75mm 1 2.0 1.0 1.5 3.0 0.5 5.0
62 61 Water Pump - Suction Hose 8 lengths @ 6m 75mm 1 2.0 1.5 1.5 45 12.0 0.0
63 61 Water Pump - Lay Flat Delivery 400m, 2 (or 4) x 100, 4x 50m 75mm 1 6.0 1.5 1.5 13.5 12.0 0.0
64 65 Compressor 600cfm 2 3.0 1.5 2.3 10.4 2.2 19.0
65 65 Compressor 900cfm Atlas Copco XAHS-447 1 4.6 2.1 2.3 21.9 3.5 242.0
66 67 Hydraulic Powerpack 10kW 2 1.5 1.5 1.5 3.4 1.0 10.0
67 67 IHC Powerpack 500 1 4.3 1.7 2.1 14.8 5.8 395.0
68 68 Hydraulic Hammer Doosan DX490 Prodem PRB500 -BA Vibra Silenced 1 3.5 0.6 1.5 3.2 3.9 0.0
69 68 Hydraulic Hammer CAT390, suitable for underwater 1 3.5 0.6 1.5 3.2 3.9 0.0
70 68 Shears 130t CAT S325 1 3.2 0.8 1.5 3.8 34 0.0
71 68 Shears 130t Verachtert $325 1 3.2 0.8 1.5 3.8 3.4 0.0
72 68 Grab Orange peel 1 3.5 0.6 1.5 3.2 3.9 0.0
73 68 Grab Orange peel 1 3.5 0.6 1.5 3.2 3.9 0.0
74 68 Grab Rotation Demolition 1 0.0
75 68 Hydraulic Breaker Hammer CAT H65Ds 1 1.4 0.3 0.5 0.2 0.3 0.0
76 68 H65Ds - Quick Hitch 1 1.0 05 0.5 0.3 1.0 0.0
77 70 Generator 75kVA 1 2.8 1.1 1.8 5.5 1.6 55.0
78 70 Generator 75kVA 1 2.8 1.1 1.8 5.5 1.6 55.0
79 71 Diesel Lighting Units, LED & 110V Plugin, 4kW 1 2.8 1.1 2.0 6.2 1.6 4.0
80 71 Diesel Lighting Units, LED & 110V Plugin, 4kW 1 2.8 1.1 2.0 6.2 1.6 4.0
81 71 Diesel Lighting Units, LED & 110V Plugin, 4kW 1 2.8 1.1 2.0 6.2 1.6 4.0
82 71 Diesel Lighting Units, LED & 110V Plugin, 4kW 1 2.8 1.1 2.0 6.2 1.6 4.0
83 71 Diesel Lighting Units, LED & 110V Plugin, 4kW 1 2.8 1.1 2.0 6.2 1.6 4.0
84 71 Diesel Lighting Units, LED & 110V Plugin, 4kW 1 2.8 1.1 2.0 6.2 1.6 4.0
85 71 Diesel Lighting Units, LED & 110V Plugin, 4kW 1 2.8 1.1 2.0 6.2 1.6 4.0
86 72 Diesel Welder 580A 1 2.8 1.1 1.8 5.5 1.6 31.0
87 72 Diesel Welder 580A 1 2.8 1.1 1.8 5.5 1.6 31.0
88 72 Diesel Welder 300A 1 2.8 11 1.8 5.5 1.6 31.0
89 81 Vibrating Hammer c.w. Powerpack 38kgm PVE 38M 1 2.5 0.7 2.0 3.3 7.0 0.0
90 86 Drill Rig Cassegrande Céxp 1 7.3 2.3 2.8 45.6 13.7 95.0
91 86 Drill Rig Atlas Copco ROC D7 1 11.6 2.5 3.2 92.4 15.5 168.0
92 90 Satellite Office 20x10ft. 1 6.1 3.0 2.6 47.8 6.0 0.0
93 90 Satellite Office 20x10ft. 1 6.1 3.0 2.6 47.8 6.0 0.0
94 90 Drying Room 24x8ft. 1 6.1 3.0 2.6 47.8 6.0 0.0
95 90 Container, PPE storage 20ft. 1 6.1 2.4 2.6 38.3 6.0 0.0
9% 90 Container, PPE storage 20ft. 1 6.1 2.4 2.6 383 6.0 0.0
97 90 Container, Rigging storage 20ft. 1 6.1 2.4 2.6 383 6.0 0.0
98 90 Container, Rigging storage 20ft. 1 6.1 2.4 2.6 38.3 6.0 0.0
99 90 Container, Small Tools storage 20ft. 1 6.1 2.4 2.6 383 6.0 0.0
100 90 Container, Small Tools storage 20ft. 1 6.1 2.4 2.6 383 6.0 0.0
101 90 Container, Small tools storage 10ft. 1 3.0 2.4 2.6 18.9 6.0 0.0
102 90 Container, Small tools storage 10ft. 1 3.0 2.4 2.6 18.9 3.0 0.0
103 90 Container, Small tools storage 10ft. 1 3.0 2.4 2.6 18.9 3.0 0.0
104 90 Lined heated storage container 20ft. 1 6.1 2.4 2.6 383 6.0 0.0
105 90 Lined heated storage container 20ft. 1 6.1 2.4 2.6 38.3 6.0 0.0
106 90 COSHH Container 10ft. 1 3.0 2.4 2.6 18.9 3.0 0.0
107 90 Waste Qil Tank, nos 6 1m3 6 1.0 1.0 1.0 1.0 0.2 0.0
108 91 Fuel Tank, 1nos. Towable 2250L 1 4.0 2.5 2.0 20.0 2.0 3.0
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QTy Length Volume
[m] [m’]
12 1.0 1.5 1.5 23 0.5 0.0

109 91 8Yrd Skips, Nos tbc

110 91 Water Storage Tank 5m3 1 1.5 1.5 2.0 4.5 1.0 0.0
111 91 Ablution Unit 32x8ft. 1 3.0 2.4 2.6 19.1 2.0 0.0
112 91 Explosive Storage Container 20ft. 1 6.1 2.4 2.6 383 6.0 0.0
113 91 Container Dome Shelter Workshop, 4 x40ft + 10x20ft 1 6.1 2.4 2.6 38.3 9.0 0.0
114 93 Airshelter Heaters 5.5kW 1 1.0 1.0 1.0 1.0 0.2 6.0
115 93 Airshelter Heaters 5.5kW 1 1.0 1.0 1.0 1.0 0.2 6.0
116 93 Airshelter Heaters 5.5kW 1 1.0 1.0 1.0 1.0 0.2 6.0
117 93 Oil Spill Response Kits 1 1.0 1.0 1.0 1.0 0.2 0.0
118 93 COSHH Boxes 1 1.0 1.0 1.0 1.0 0.2 0.0
119 93 High Pressure Wash 1 1.0 1.0 1.0 1.0 0.2 3.0
120 93 High Pressure Wash 1 1.0

1.0 1.0 1.0 0.2 3.0
otal | 220l [ | [ | | | |
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Schedule C1 Site Waste Management Plan
NOTE: This model SWMP will be finalised prior to mobilisation to site.

This declaration is to be used in conjunction with and uploaded into BAM Smart — the
web-based sustainability monitoring and reporting tool

Project reference BAA.4001

Project title Rothera Wharf

Client Natural Environmental Research Council / British Antarctic Survey
Principal contractor BAM

Site waste coordinator | Neil Goulding
/ Environment
engineer

Contract value

Rothera Research Station, Rothera Point, Adelaide Island, Antarctic
Address/location Peninsula.

Design and Build contract to extend the existing wharf at Rothera to
accommodate the new research ship, the RRS Sir David Attenborough.
The wharf wall is to be constructed using steel sheet piles which will be
filled with locally quarried rock.

Project description

Document prepared Neil Goulding
by

Declaration:

We the client and principal contractor confirm that all reasonable steps will be taken to ensure
that:

a) all waste from the site is dealt with in accordance with the duty of care in section 34 of the
Environmental Protection Act and the Protocol on Environmental Protection to the Antarctic Treaty

b) materials will be handled efficiently and waste managed appropriately as per the BAS Waste
Management Handbook (10t Edition)

Signed:
Client:
Principal Signed:
contractor:
Key Signed:
subcontractor(s):

This plan is reviewed at least every three months by the site waste coordinator and updated as
necessary to ensure that waste management practices are in accordance with this plan.

Reviewed by | Date Rev no. | Revision details (where applicable)
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Introduction

This site waste management plan identifies and monitors:

. Legislative requirements for waste management

. Types and quantities of waste expected to be generated during the construction of Rothera
Wharf.

. Reuse of materials on the project e.g. cut and fill, site won materials

. Waste minimisation methods to be implemented on the project

. Waste management options for waste generated during the works including waste generated by
subcontractors

. Storage and disposal options for each waste stream

. Any cost savings achieved through waste minimisation

Materials identified within this SWMP are not necessarily statutory waste as they do not fall within the
legal definition of waste i.e. ‘any substance or object which the holder discards intends to discard or is
required to discard.” There is no intention to discard materials such as:

. Site won excavated materials
o Pre-planned use of materials

All materials whether they are imported, reused ‘as is’ on site, recycled (on or off site) or sent off site
for disposal are identified within the plan.

(See Appendix 1 for roles and responsibilities.)
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Legislation

Antarctic Environmental Legislation

To ensure the protection of the Antarctic environment, the Antarctic Treaty nations adopted the
Protocol on Environmental Protection to the Antarctic Treaty in 1991. The UK enforces the provisions
of the Protocol through the Antarctic Act, 1994, the Antarctic Act 2013, and the Antarctic Regulations,
1995/490 (as amended).

Annex lll: Waste Disposal and Waste Management

Annex III of the Environmental Protocol sets out regulations both for waste management planning and
disposal of wastes (see Appendix 1). The Annex obliges all operators to reduce the quantity of waste
produced and or disposed of in Antarctica in order to minimise any impact on the environment.
Emphasis is placed on the storage, disposal and removal of waste from the Antarctic Treaty area, as
well as recycling and source reduction.

As a contractor to BAS operating in Antarctica, BAM will comply with the requirements of Annex Il by
means of conditions attached to the BAS Operating Permit granted by the Foreign and
Commonwealth Office.

Annex |V: Prevention of Marine Pollution

Within the Antarctic Treaty Area (south of 60° latitude) the discharge of all toxic and noxious
chemicals, oil and oily wastes, plastics and other forms of non-biodegradable rubbish into the sea is
prohibited. Annex IV largely parallels the international regulations controlling ship-generated pollution
under MARPOL 73/78.

MARPOL 73/78

Since 1992, the Antarctic Treaty Area has been designated by the International Maritime Organisation
(IMO) as a Special Area under Annex | (Oil) and Annex V (Garbage) of MARPOL 73/78 (Revised
2013). This means that the discharge of any oil or oily mixture, bulk chemicals or garbage from a ship
is prohibited in Antarctica. Most waste, other than food and sewage, is discharged at port reception
facilities outside the Special Area.

Whilst working in Antarctica, BAM will ensure that they or any of their subcontractors will meet the
requirements of MARPOL 73/78.
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UK Environmental Legislation
The Waste (England and Wales) (Amendment) Regulations, 2014

The Waste Framework Directive, which is the primary European legislation for the management of
waste, is implemented through the Waste (England and Wales) (Amendment) Regulations 2014. It
places great emphasis on the waste hierarchy to ensure that organisations deal with waste in the
priority order of:

Most favoured option

Red uce lowering the amount
of waste produced
L m using materials repeatedly
| > using materials to make
new products
| : recovering energy

from waste

| ; safe disposal of waste
to landfill

The waste hierarchy is partly implemented through the amended Duty of Care regulations.

The Duty of Care Regulations, 1991

Under the Environmental Protection (Duty of Care) Regulations, 1991, BAM is required to take all
reasonable steps to keep its waste safe and secure so that it does not cause pollution or injury.

In particular, BAM must:

e Fulfil the legal requirement to apply the waste hierarchy.

e Ensure safe and correct packing and containment. This is of particular importance while the waste
is in transit.

e Check that waste contractors are appropriately registered with the Environment Agency.

e Describe the waste on a Duty of Care transfer note so that the waste carrier can avoid committing
an offence under the Regulations.

Failure to comply with the Duty of Care Regulations is a criminal offence, and could result in a fine of an
unlimited amount. The Environment Manager is responsible for compliance with the Environmental
Protection (Duty of Care) Regulations, 1991 with regard to wastes returned by BAM from Antarctica for
disposal in the UK.

The Hazardous Waste Regulations, 2005

Hazardous wastes are amongst the most harmful and difficult wastes to deal with. The Hazardous Waste
Regulations 2005 control the licensing, transfer and disposal of such waste in the UK.

Classification of our wastes as hazardous

« Correct separation and storage of hazardous waste

« Use of authorised businesses to collect, recycle or dispose of our hazardous waste

* Preparation of consignment notes for every movement of hazardous waste in the UK.
« Keep records for 3 years of all produced and stored waste
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Materials resource efficiency

The following waste reduction and reuse measures have been included in the design and/or
specification for this project and will be further developed as the design progresses:

Design specifications

The specification for the fill material of the new
wharf has been designed to meet likely materials
sizes from quarry works and existing wharf fill.
This has enabled a larger proportion of the
existing wharf fill to be recycled and will reduce
the amount of waste material produced from
quarrying.

It is proposed to dry and grade the existing fill
material to obtain maximum quantities that will
meet the specification for re-use.

Choice of materials

The use of concrete in the structure has been
actively designed out as much as possible. This
was driven by the desire to reduce the risk of
pollution from placing concrete in the marine
environment, but will also reduce waste
produced by mixing and pumping concrete on
site. Concrete also has larger embodied carbon
than the steel alternative.

Methods of construction

75% of existing fill material to be re-used in new
wharf. This will reduce waste from the
deconstruction of the existing wharf and reduce
the requirement for quarried raw material in the
construction of the new wharf.

The design has sought to reduce the amount of
preparation of the sea bed required for
construction and has eliminated the original
proposal for milling a trench underwater to fix the
toe of the sheet pile wall in position. This has
reduced the quantity of both recoverable waste
and unrecoverable waste in the form of
sediments.

The method of constructing the new wharf with
piles fixed to frames will allow for simple
decommissioning and all materials used in the
construction will be readily recyclable.

Pre-fabrication off site

Steel frames pre-fabricated and pre-assembled
as much as possible off site

Mooring points - concrete precast off site

THIS SECTION TO BE UPDATED AFTER FURTHER DESIGN WORK

BAM Nuttall management system

Management template MT19: Project Execution Plan

Revision date: 02.12.16

Page 5 of 23




MT19: Project Execution Plan

Forecast of the types and quantities of waste

It is estimated that this site will produce the following types and quantities of waste: Thc following development of design.

Excavation Waste

W bam

nuttall

Estimated Quantity

Tonnes/(m?®)
EWC ) Q . .

Type of Waste Code b 5 2 Waste Management Action in Detail Storage Arrangements

© -] Py o

S 0 o @

— @ 4 a)

27750 | 27 750 75% to be re-used within the new wharf, remainder

Crushed Stone 17 0504 a ;500) a ’500) to be retained at Rothera and used within future Stockpile

' ' projects

Construction Waste
Estimated Quantity
kg/(m3)
EWC () (] . . .

Type of Waste Code ® S 2 Waste Management Action in Detail Storage Arrangements

© ) P Q

5 o o) K0

[ @ @ a
Steel 17 04 05 20,000 20,000 Cutinto manageable pieces. Returned to the UK Skip or ISO Container

(2.6) (2.6) for recycling
12,000 12,000 Excess concrete will be crushed and re-used .
Concrete / Grout 170101 (5.2) (5.2) within the wharf or other Rothera projects Stockpile
- Cementitious wash waters to be neutralised using
\C/:vzr?eerntltmus Wash 2(()2%())0 2?2%3)0 carbon dioxide and solids filtered out before being | Skip or Siltbuster
discharged to the sea.
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Tape up terminals. Separate into the different
types where practicable. Bag and labelled
accordingly. Pack bags into separate sections of a

UN boxes 4GV or 4DV

(oil filters)”. Return to the UK for disposal.

, . 2 2 . . . P with tops and upper
Alkaline Batteries 2001 33 plastic-lined UN nefab box filled with vermiculite. .
(0.01) (0.01) Paint the case yellow, stencil with green recycling pz_r:]stec()jf tf:leloydes
triangle and mark the top and sides with the case pai yellow
number and “ASSORTED WASTE BATTERIES,
Clothing / Textles 20 01 10 50 50 Stored in green FIBC marked “WASTE TEXTILES E\BICGAGS”TFEE%Q‘TEI‘E‘SS
(=1) (=1) FOR RECYCLING” and returned to the UK FOR RECYCLING”
200 200 Broken down, baled and stored in green FIBC or
Cardboard 200101 (0.3) (0.3) palletised. Returned to the UK for recycling Green FIBC or Pallet
50 50 Re-use on site for packaging where suitable. : .
Paper 200101 (0.3) (0.3) Placed in BAS recycling bins BAS recycling bins
Wood that can be used on station should be given Wooden crates and
Timber 17 02 01 1000 500 500 to the Station Manager. Other wood is stored in marked “WASTE
(2) (1) (1) wooden crates and marked “WASTE WOOD". w
. WOOD
Returned to the UK for recycling
50 50 Compacted and stored in 205Itr drum marked with | 205 Itr Drum marked
Plastic 20 01 39 (0.05) (0.05) recycling logo and the word “PLASTICS”. Returned | with green recycling logo
' ' to the UK for recycling. and “PLASTICS”
205 Itr drums painted
5000 5000 Store in 205 Itr drums painted yellow and marked yellow and marked
[ and with the recycling
o]] 1302 07 (5) ©) “WASTE LUBRICANT” and with th li “WASTE LUBRICANT”
triangle. Returned to the UK for recycling. and with the recycling
triangle
Yellow 205 Itr drum
Empty oil filter and store in yellow 205 Itr drum marked “OIL FILTERS”
Oil Filters 16 01 07 50 50 marked “OIL FILTERS” and “UN 3077 Class 9 and “UN 3077 Class 9
(0.2) (0.1) | Environmentally Hazardous Substance, solid, n.0.s | Environmentally

Hazardous Substance,
solid, n.o.s (oil filters”
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Store in 205 Itr drum painted yellow and labelled

205 Itr drum painted

no. 1950. Where possible aerosols with different

hazard classes should be packed separately. If a
case contains a mixture of aerosols with different
hazard classes, then label with all relevant hazard

Oil Contaminated Rags | 15 02 02 (g%) (302) “WASTE RAGS, OILY". Allocate hazard class 4.2, | yellow and labelled
' ' UN no. 1856. Return to the UK for disposal “WASTE RAGS, OILY”
Seal tops of aerosols with packing tape and place
in a plastic lined UN approved case filled with
vermiculite and painted yellow with the words Yellow plastic lined UN
16 05 04 10 10 “WASTE AEROSOLS” on the top and sides. Affix approved case marked
Aerosols 16 05 05 0.1) 0.1) appropriate hazard labels and label the case UN AEROSOLS” with

appropriate hazard class
and UN no. 1950

All hazardous material will be stored in containers with suitable bunding to contain 110% of any liquids stored.

Domestic waste produced by BAM staff will be managed and disposed of by BAS
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Demolition Waste
Estimated Quantity
Tonnes/(m?®)
EWC ) ) L . Storage

Type of Waste Code _ § g @ Waste Management Action in Detail Arrangements

3 - 3 oy

= x @ a

61 61 Crush and retain at Rothera for future re-use during .
Concrete 170101 (26.5) | (26.5) modernisation works Stockpile
Steel 17 04 05 550 550 Cut into manageable pieces. Return to the UK for Skip or ISO container

(71) (71) recycling
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Management of waste

The production of waste material on this site during the construction phase is avoided wherever possible by following the ‘reduce, reuse, recycle, recover’
measures outlined below. Only where these options have been exhausted is waste sent for disposal.

Reduction and reuse measures

BAM's target is to divert from landfill 90% of all waste and 80% of construction waste.

The following measures will be employed to reduce and reuse waste on this site:

General

Reduction measures

Reuse measures

e Accurate measurement, and minimal wastage will be allowed when using materials

¢ All waste materials to be offered to the Research Station Manager for re-
use within the station

e Materials are to be stored and transported correctly so as to avoid damage

e All operatives are to receive training on the agreed reduction measures

Concrete and hardcore

Reduction measures

Reuse measures

e Accurate measurement, and minimal wastage will be allowed when batching
cementitious materials

e Re-use of suitable fill material from existing wharf

e Cementitious materials are to be kept off the ground by the use of pallets or timber
bites

Excavated material (soil & stones)

Reduction measures

Reuse measures

e Trenches to be sheeted rather than battered to reduce excavated material

e Excavated soil and stone to stockpiled for future use on site

Timber

Reduction measures

Reuse measures

THIS SECTION TO BE COMPLETED AFTER FURTHER PLANNING WORK

THIS SECTION TO BE COMPLETED AFTER FURTHER PLANNING WORK
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Metals

Reduction measures

Reuse measures

e Accurate seabed survey to be carried out to enable piles to be pre-cut to correct
length.

e Re-use of steel elements from existing wharf for temporary elements of
new construction

e All waste materials to be offered to the Research Station Manager for re-
use within the station

Recycle and recovery measures

The following waste streams are to be segregated for recycling/ recovery off site:

Waste stream EWC code Storage option Management option
Ferrous Metal 17 04 05 Orange Pallet or 205 Itr drum Secured to pallet painted orange or in orange 205 Itr drum and
returned to the UK for recycling
_ Wooden crates and marked Wood that can be useo_l on stati(_)n should be given to the Station
Timber 17 02 01 “WASTE WOOD” Manager. Other wood is stored in wooden crates and marked
“WASTE WOOD". Returned to the UK for disposal
u R . Re-use on site for packaging where suitable. Store in FIBC marked
Paper 200101 FIBC marked .PAPER and with “PAPER” and with the recycling triangle. Return to the UK for
the recycling triangle. :
recycling
Cardboard 2001 01 Green EIBC or Pallet Broken down, baleq and stored in green FIBC or palletised. Returned
to the UK for recycling
Tape up terminals. Separate into the different types where
practicable. Bag and labelled accordingly. Pack bags into separate
sections of a plastic-lined UN nefab box filled with vermiculite. Paint
. . the case yellow, stencil with green recycling triangle and mark the
Alkaline Batteries 200133 Yellow UN nefab box top and sides with the case number and “ASSORTED WASTE
BATTERIES, NON REGULATED". They do not require hazard labels
under the IMDG code for shipping. Consign to the Environmental
Manager in the UK.
Clothing / Textiles 2001 10 Green FIBC marked “WASTE Stored in green FIBC marked “WASTE TEXTILES FOR
TEXTILES FOR RECYCLING” RECYCLING” and returned to the UK
Plastic 2001 39 205 Itr Drum marked with Compacted and stored in 205Itr drum marked with recycling logo and
recycling logo and “PLASTICS” the word “PLASTICS". Returned to the UK for recycling.
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Orange 25 lItr plastic container

Store in 25 Itr plastic containers painted orange and marked “WASTE

Qil 1302 07 marked “WASTE LUBRICANTS” LUBRICANT” and with the recycling triangle. Return to the UK for
and with the recycling triangle. disposal.
\F(IeLII_I(_)évRZSOSaIr:rddrﬁm :;T%r;eglasos”_g Empty oil filter and store in yellow 205 Itr drum marked “OIL
Oll Filters 16 01 07 . FILTERS” and “UN 3077 Class 9 Environmentally Hazardous
Environmentally Hazardous . ” X
; , Substance, solid, n.o.s.”. Return to the UK for disposal.
Substance, solid, n.o.s.
. . 205 Itr drum painted yellow and Store |n 205 Itr drum painted yellow and labelled “WASTE OILY
Oil Contaminated Rags 1502 02 labelled “WASTE OILY RAGS” (I;,:\F()BossélAllocate hazard class 4.2, UN no. 1856. Return to the UK for
Seal tops of aerosols with packing tape and place in a plastic lined
UN approved case filled with vermiculite and painted yellow with the
ACrosols 16 05 04 Yellow plastic lined UN approved | words “WASTE AEROSOLS” on the top and sides. Affix appropriate
16 05 05 case marked “AEROSOLS” hazard labels and label the case UN no. 1950. If a case contains a
mixture of aerosols with different hazard classes, then label with all
relevant hazard classes. Return to the UK for disposal
In original bottles within a yellow Offer to Rothera Station Manager. If not required keep in original
Detergents and Disinfectants 2001 30 UN approved case marked bottles within a yellow UN approved case marked WASTE
WASTE “DETERGENTS AND “DETERGENTS AND DISINFECTANTS". Return to the UK for
DISINFECTANTS” disposal
\?vf'?hrlen '2 S(r)llgyl tTwaeInCealri(rij(()javrv%gg)e(n Store in original cardboard box within a polythene lined wooden box
Fluorescent Tubes 200121 labelled “WASTE / FLUORESCENT TUBES” and returned to the UK

box labelled “WASTE /
FLUORESCENT TUBES”

for disposal.
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Packaging, Labelling, Transfer and Shipping Documentation

Itis currently envisaged that BAM will charter ships for the disposal of waste arising from the wharf construction and deconstruction works. Should it be
agreed that BAS ships are to be used for the removal of this waste, the packaging requirements set out in the BAS Waste Management Handbook will be
adhered to.

It is essential that waste materials are securely packaged, are clearly marked and have the appropriate documentation attached. The following procedures
should be followed to ensure consignments are safe for handling and are transported according to legal requirements.

Packing
Containers

A variety of containers are available for packing waste as listed in the table below.

Type of Waste | Container Waste
Non- Flexible intermediate bulk bags, (FIBCs) — with green recycling | Segregated dry recyclable waste (e.g. card, plastics, textiles etc.)
Hazardous logo
Inert NB FIBCs should not be used for general cargo
Clean 205 ltr drums Plastic
Pallets Wood waste
Skips Scrap metal
Hazardous Old 205 Itr AVTUR drums Waste fuel (not petrol), lubes, oil and oily rags
Old petrol drums Only for waste petrol
Wooden containers and crates (lined with plastic) Fluorescent light bulbs and WEEE waste
UN approved boxes Batteries, aerosols and empty paint containers
UN approved 25I, 30! or 60l metal and plastic drums Waste chemicals

Packaging Materials

Packaging materials that have been sent in containers carrying items to bases should be reused as much as possible. For example:

« Vermiculite (for all liquids);
 Shredded paper;

« Bubble wrap; and

* Cardboard.

BAM Nuttall management system Page 13 of 23
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Packing Groups and UN Approved Packaging

All hazardous waste must be packed in correct Group |, Il or 11l packing containers (see Appendix 3). The packing groups are based on the degree of danger
associated with the material.

. Packing Group | Materials are highly dangerous
. Packing Group I Materials are of medium danger
. Packing Group Il Materials are of low danger

All enquiries for general hazardous materials packaging and transportation should be directed Neil Goulding neil.goulding@bamnuttall.co.uk.

Packaging has to be designed and constructed to UN specification standards and must pass practical transport related tests such as being dropped, held in a stack
and subjected to pressure demands. It must also meet the needs of the substance it is to contain. Packaging must be certified by a national competent authority. UN
approved packaging is marked with the prefix ‘UN’ and followed by a series of codes representing; type of container, packing group, quantity of contents, year of
manufacture, country of origin and certification of the package.

An example is shown below.

UN Code for Fiberboard Box
{4G) and Variable inner-
container material and Solids or Inner State/country
configuration (V) Packagings authorizing mark

® 4GV/X13/S/08/USA/+AQ2121

United MNations Packing Group tested Last two digits of the Manufacturer certifying
Packaaing Symbal and max. aross mass (ko) year of manufacturne packace
BAM Nuttall management system Page 14 of 23
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Packing Hazardous Waste

Ligquids
Hazardous liquid wastes are generally transported in UN approved 25, 30 or 60 litre chemical drums. Check the drums for leaks and that the seals on caps
are intact. Be particularly vigilant when using dented or rust-marked drums.

Solids

UN approved cartons or crates should be used to return solid hazardous waste or small bottles containing hazardous liquids.

All contents must be sealed in a heavy gauge plastic liners and sufficient vermiculite to protect the contents and absorb any spillage. Do not overload boxes or
cases.

A copy of the Bill of Lading (BOL) see shipping documentation, sealed in a plastic wallet must be securely taped to the outside of any container containing
hazardous wastes. The following should be considered when packing hazardous waste:

« previous hazardous cargo labels and markings must be removed or painted over (not just crossed out);

« do not paint over container dimensions or UN marking (shown above);

« all sides (except the bottom) of the package must be labelled;

« all sides (except the bottom) must have the appropriate hazard class labels; and

« top and upper part of containers should be painted yellow.

Manual handling

All waste is man-handled several times over, from when it is first disposed of and packaged on base, to being loaded onto chartered vessels in the Antarctic,
offloaded in the UK, loaded onto waste contractor lorries and then offloaded at its final disposal point.

It is essential therefore to pack waste appropriately to avoid injury to those handling it. The following points should be considered by anyone involved in
packing waste:

e FIBC's should be checked prior to being hoisted by crane onto chartered vessels to ensure that they do not contain sharp objects which may
injure handlers or tear bags;

e Boxes and crates must be in good condition and not overloaded,;
e Waste loaded onto pallets should be carefully packed to ensure there are no sharp edges and that protruding nails or screws are removed;
e Old fuel drums should be fully drained and wiped with absorbents to ensure no vapours or liquid remains;
e Drums should not be over-filled as they become too heavy for people to easily handle;
e When storing liquids in drums, space should be allowed for expansion at warmer temperatures; and
e Drums that have been fitted with a lid and ring clamp must not be lifted using drum lifting clamps; instead they should be netted when loaded
by crane.
BAM Nuttall management system Page 15 of 23
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Storage

It is extremely important that waste ready for shipment is stored appropriately i.e. according to the hazard it may create. This could be inside the designated
waste store, in an ISO container, or outside on the dockside. If waste is stored outside it must be secured in case of strong winds (in particular empty drums),
and properly sealed to prevent ingress of water. Hazardous wastes must be kept in the designated storage facilities within the construction compounds.
Drums should always be stored upright in designated waste stores on the stations and ships.

N.B. Lithium Batteries are a FIRE HAZARD when wet and must be kept dry at all times!

Labelling

Each consignment of waste must be appropriately colour coded and clearly marked with the type of waste it contains. In addition each consignment must have
a BAS case number. See Section 4.3 Shipping Documentation for further details.
For hazardous waste the cases must also be marked on the outside with the following information:

Proper shipping name (PSN)
UN hazard class label(s)
Flashpoint (if applicable)

UN number

This information can be found listed in the ‘Hazcheck’ software tools used on BAS stations or from Neil Goulding neil.goulding@bamnuttall.co.uk.
As an example, a drum containing waste methanol/water mixture would be recorded as:

« waste methanol mixture (methyl alcohol) / water >70%

* hazard class 3

« flashpoint 20°C

* UN No 1230

If the waste has a primary hazard and a subsidiary risk then both hazard labels must be stuck onto the package.

The Approved Carriage List (Health and Safety Executive, 1994), available on stations and ships, contains a comprehensive listing of chemicals and
hazardous substances.

Colour Coding
All containers carrying waste should be colour coded to reflect the final disposal location and waste contractor. For solid containers this will involve painting

the tops and upper part of the sides of the unit. FIBC’s are generally ready supplied with a colour code in the form of a green recycling logo on the side. All
old labels and hazard markings for any previous contents must be removed or painted over.

Type of Waste Colour Coding Disposal Locations
Non-hazardous landfill Blue UK
Fuels and oils Yellow with recycling logo UK
Resale items No colour Locally or UK
Recyclables Green plus recycling logo UK
Hazardous waste, radioactive materials and other chemicals Yellow UK

BAM Nuttall management system Page 16 of 23
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Hazardous Wastes Classification

Hazardous wastes must be carried in accordance with the International Marine Dangerous Goods (IMDG) Code. This covers the carriage of dangerous goods
at sea. It is the Chief Officer’s responsibility to ensure that the regulations are followed on-board ship. Hazardous materials must be separated into nine

different general classes based on the United Nations (UN) hazard classification.
The general classes and subclasses are as follows:

Hazard Class Class Description

Class 1 Explosive

Class 2.1 Flammable gas

Class 2.2 Compressed gas (non-flammable, non-toxic)
Class 2.3 Toxic gas

Class 3 Flammable liquid *

Class 4.1 Flammable solid

Class 4.2 Spontaneously combustible

Class 4.3 Dangerous when wet

Class 5.1 Oxidising agent

Class 5.2 Organic peroxide

Class 6.1 Toxic

Class 6.2 Infectious substance

Class 7 Radioactive material

Class 8 Corrosive

Class 9 Miscellaneous substance

* Packing Groups for flammable liquids:

I Flammable liquids - flash point below -18°C

Il Flammable liquids - flash point -18°C up to +22°C
Il Flammable liquids - flash point +23°C up to +61°C

If chemicals of the same class are mixed a list should be attached to the container identifying the approximate volumes of each different chemical it contains.

NEVER mix substances with different UN hazard classes. This is highly dangerous.

Special attention must be given to ensure that oxidising agents (Hazard Class 5.1) are kept separate from other chemicals
Acids and alkalis (hazard class 8) are not to be packed in the same container. They must be clearly labelled in separate containers.
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Shipping Documentation

What is a Bill of Lading (BOL)?

All waste sent out from BAS research stations and ships must be accompanied by an accurate Bill of Lading (BOL). BOLs are the principal documentation for
waste removed from Antarctica. They are primarily used to ensure goods are loaded and transported appropriately and discharged in the correct location.

In addition the BOL's for waste are used to agree waste disposal contracts, verifying disposal invoices, auditing the waste management system and
monitoring the quantity of waste that is produced in Antarctica. Waste data has to be reported to the Antarctic Treaty Parties, HM Treasury, BAM Nuttall,
NERC and the BAS Board. It is therefore essential that the information provided on the BOL is complete, accurate and dated.

BOL’s must be prepared by the person who is responsible for the waste, in conjunction with the Station Leader.
BOLs for major construction activity need to specify which project the waste originated from so that these records can be attributed to the correct project.

Each base has been provided with a pallet truck which has built in scales. Standard weights and volumes for use on BOL'’s are shown below. These should be
used only in the absence of weighing or measuring facilities. It is important that the weights and volumes are as accurate as possible.

Waste Volume (m3) Weight (kg)

205 litre drum — Empty 0.3 20

205 litre drum - Filled e.g. fuel, seawater (do not fill to the top - part fill only) 0.3 185

205 litre drum - Crushed 0.065 20

25 litre drum — Filled e.g. chemicals (do not fill to the top - part fill only) 0.04 30

ISO-container empty 25.0 As per tare plate on container
ISO-container full (crushed drums) 25.0 14,500

Skips 6 Dependent on contents

Small FIBC 0.5(max) Dependent on contents
Large FIBC 0.75(max) Dependent on contents

Completing a BOL

Examples of completed BOLs for both non-hazardous waste and hazardous wastes are shown at the end of this section.
The following information is required on all waste BOLs:

 Date

* Consignor

» Consignee

« Station/vessel generating waste

« Vessel used for transportation of waste

« Special stowage instructions (if applicable)

* BOL number
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 Quantity and type of package

« Full description of contents

« Case/drum number (new number for each individual item)
 Case dimensions (cm)

» Weight (kg)

* Volume (m3) per item

« Estimated value (if applicable)

Submitting a BOL

Before loading waste onto a ship, the Station Leader must e-mail copies of the relevant BOLs to the Senior Shipping Officer at BAS, Cambridge and to the
Chief Officer of the vessel taking the waste.

The Chief Officer must notify the BAS Logistics Co-ordinator of details of the incoming waste shipment.

The Senior Shipping Officer ensures that copies of the waste BOLs being consigned to the UK are provided to the Environmental Manager. The
Environmental Manager then informs the contractor of the waste to be offloaded in the UK.

BOLs for hazardous wastes

A BOL must be prepared for each individual case/drum of hazardous waste. However, there may be times when large numbers of drums of identical size and
content may be included together on one single BOL. Contact the Senior Shipping Officer in advance if you plan to include more than one drum on a BOL.
The information listed in Section 4.2 must be included on a hazardous waste BOL. Please see the example BOL for hazardous waste Section 4.3.6.

All enquiries for general hazardous materials packaging and transportation should be directed to neil.goulding@bamnuttall.co.uk.
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Project close-out review

This section of the plan is completed prior to the project close-out review, and discussed as part of the review meeting. The estimated quantities are drawn
from the table in section 2, and reconciled against the actual quantities removed from site as detailed in BAM SMaRT.

Comparison of estimated and actual quantities

Actual waste quantities from BAM SMaRT. Will be issued upon completion
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Source and type of waste EWC Code Estimated quantity of Actual quantity of
waste (tonnes) waste (tonnes)
Excavation waste
Hazardous excavated material 17 05 03*
Non-hazardous soil and stones 17 05 04
Inert soil and stones 17 05 04
Construction (skip) waste
Concrete 170101
Mixed hardcore 17 01 07
Timber 17 02 01
Glass 17 02 02
Plastic 17 02 03
Mixed metals 17 04 07
Other mixed construction waste 17 09 04
Hazardous construction waste Various
Mixed municipal waste 20 03 01
Demolition waste
Concrete 170101
Bricks 17 01 02
Mixed hardcore 17 01 07
Timber 17 0201
Glass 17 02 02
Plastic 17 02 03
Mixed metals 17 04 07
Other mixed demolition waste 17 09 04
Totals 0 0
Difference 0

Delete / add waste streams as appropriate by double clicking on this table.

Explanation of any deviation from the original plan
N/A
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Appendix 1 Roles and responsibilities

The Employer’s Representative will:

e  Appoint a Principal Contractor

e Provide the Principal Contractor with details of all decisions taken before the site waste management plan was drafted on the nature of the project, its
design, construction method or materials employed in order to minimise the quantity of waste produced on site

e  Ensure a construction phase SWMP is produced

The agent for the Principal Contractor will:

e  Ensure the SWMP for the construction phase is produced, and distributed to all staff and subcontractors

e  Ensure that within three months of project completion:

0}
(0]
(0}
0}

that the plan has been monitored on a regular basis

section 5.1 is completed comparing estimated quantities with actual

section 5.2 is completed to explain any deviation from the plan

section 5.3 is completed to estimate the cost saving that have been achieved

e Keep a copy of the SWMP for a minimum of two years after project completion

The site waste co-ordinator / environmental engineer for the Principal Contractor will:

e  Produce the construction phase SWMP prior to works starting on site in conjunction and agreement with the client

e  Obtain from the client details of all decisions taken before the site waste management plan was drafted on the nature of the project, its design,
construction method or materials employed in order to minimise the quantity of waste produced on site, for inclusion in the construction phase SWMP

e Keep a copy of the SWMP on site and display in suitable locations for information
e Review the plan monthly and update where necessary to accurately reflect progress
e  Ensure the following waste data is recorded within BAM SMaRT when any waste is removed from site:

O O O O O o

a description of the waste, including the 6 figure EWC code
the name of the company collecting the waste (waste carrier)
the site where the waste is being taken to (waste destination)
the quantity of the waste and whether it was;

reused on site

taken for reuse at an exempt or standard permit site

BAM Nuttall management system Page 22 of 23
Management template MT19: Project Execution Plan
Revision date: 02.12.16

bam



| | «W bam
MT19: Project Execution Plan

nuttall

o taken to a transfer station for segregation and onward recycling
o taken to a dedicated recycling facility

o sentto landfill (only if all other options have been discounted)
Ensure details of recycling figures for the transfer stations used within the region are obtained and entered onto BAM SMaRT on a quarterly basis

Ensure details of all waste carrier registration numbers, environmental permit numbers and exemption references for the carriers and disposal sites used
within the region are checked and sent to the area environment advisor for input onto BAM SMaRT
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1. Introduction

Many plant and animal species have been moved around the world through human activities to areas they would
not reach naturally. Once in a new location, these ‘non-native’ species may establish, with potentially severe
impacts on local species and ecosystems. The Antarctic continent currently has few confirmed non-native species,
but numbers are increasing. Future increases in human presence in the Antarctic region, either through tourism,
governmental operators or other commercial activities, will increase the risk of further non-native species
introductions. At the same time, climate change may increase the chances of non-native species establishment
and range expansion.

The Antarctic Act (1994, amended 2013) legislates to minimise the risk of non-native species introductions in the
Antarctic, and BAM is obliged to conform to this legislation.

BAMs projects in the Antarctic cover several locations of distinct biological diversity. It is essential that all
necessary precautions are taken to prevent the introduction of non-native species to Rothera Point and the
surrounding area from other locations, including Europe, South America or any of the other BAS Research Stations
or logistics hubs.

This document provides guidance to BAM personnel on the measures to be taken when moving plant, materials
or personnel to Rothera Research Station.

1.1.  Prohibited Items

No BAM personnel or their subcontractors will be permitted to take any of the items below to the Antarctic:

e Any living plant, animal or microorganism.

e Non-sterile soil or compost.

e Any plant propagules (e.g. seeds, bulbs, cuttings) or invertebrate eggs (e.g. brine shrimp or sea monkey
eggs).

e Untreated wood where bark remains attached.

e Any perishable foods including fruit, vegetables, cheese, fish or meat in personal cargo (no personal foods
are allowed but fresh foods as part of the construction team food supply will be arranged).

e Packing materials of polystyrene beads or chips, used sacking, hay, straw, chaff or wood shavings.

1.2. Roles & Responsibilities

e Environmental Lead — Neil Goulding, neil.goulding@bamnuttall.co.uk - 07770 223441
- Overall responsibility for environmental management of the project.
- Ensuring that the designers, buyers and construction team are aware of the biosecurity issues

covered in this document.
- Nominating and training of biosecurity inspectors.
Training of the Environmental Engineer
- Answer any queries or questions from BAM staff on environmental or biosecurity issues.

e Project Manager — Martha McGowan, Martha.mcgowan@bamnuttall.co.uk — 07557 633546
- Responsible for all construction works including mobilisation and demobilisation
- Appointing an Environmental Engineer from within the site team.

BAA4001-BAM-ZZ-YYY-RC-YE-0002 Page 3 of 22
Revision P-05 uncontrolled when printed


mailto:neil.goulding@bamnuttall.co.uk
mailto:Martha.mcgowan@bamnuttall.co.uk

Rothera Wharf Biosecurity Plan ﬁ ba m

- Ensuring cargo is biosecure before off loading at Rothera

e BAM Environmental Engineer: TBC (appointed from within the Rothera construction team on site)
- Responsible for managing and monitoring the environmental performance and biosecurity
measures on site.
- Responsible for managing the Biosecurity Inspectors on site.
- Carries out all final biosecurity inspections before cargo is offloaded from the ship to Rothera
- Completes the relevant biosecurity checklists (Checklists 2, 3, 4, 5 and Form 1)
- Reports to the BAM Environmental Lead

e BAM Biosecurity Inspectors: TBC (at least one member of the Rothera construction team and at
least one BAM staff member responsible for checking cargo at packing and loading stages in the
UK and other gateways)

- Responsible for ensuring that all plant and materials are thoroughly inspected and pose no
biosecurity risk.

- Responsible for completing the relevant biosecurity checklists (Checklists 2, 3, 4, 5)

- Inspections will be required at all port where materials are loaded

- Report to the BAM Environmental Lead unless at Bl in which case reports to the Environmental
Engineer

e All BAM Personnel
- Personnel will be responsible for ensuring that there personal belongings are biosecure and do

not contain any prohibited items.
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2. Pre-departure Biosecurity

2.1.  Personal Biosecurity

e Immediately before leaving home for Rothera, BAM personnel should ensure that all outer clothing has
been washed, at the hottest temperature suitable for the garment, to remove seeds, soil and other
propagules. Particular attention should be paid to Velcro, gaiters, pockets, turn-ups in trousers and hoods
of jackets. (Please see Appendix A. Checklist 1).

e Footwear should be cleaned (inside and out) to remove soil, seeds or any other plant material.

e Personal clothing and equipment shall also be checked on the ship prior to arrival in Antarctica (see
section 3.2 and 6.1.1).

e Avoid picking up soil, seeds and other propagules on your clothing during travel to Antarctica (i.e. be
careful to ensure clothing is clean after walking in the countryside in any South American countries or
South Atlantic gateways prior to departure)

e If possible, before entering Antarctica wear new items of outer clothing which will be free of non-native
species and propagules.

e If moving between BAS stations please check clothing and personal belongings to prevent transport of
biological material between sites (especially from South Georgia station to Antarctic locations).

e Ensure all clothing and personal effects are packed indoors in a clean environment.
e Before handing in any personal items to the BAM Logistics Stores in the UK, Netherlands or Chile for
transportation to Antarctica, ensure that they are clean and free of soil and propagules.

2.2. Cargo Packing Areas

Plant and materials bound for the Rothera Wharf project will be loaded onto ships at Rotterdam, Southampton
or Punta Arenas. Logistic centres will be established close to the ports for storing plant and material before
loading onto vessels. The following biosecurity measures will be adopted for cargo packing areas (Please see
Appendix A. Checklist 2).

e Cargo packing and storage areas shall be deep cleaned prior to the commencement of use by BAM and,
thereafter, at least once per year or as deemed necessary.

e Internal and external cargo storage and packing areas shall be free of weeds, plants and invertebrate
infestations. (i.e. regular spraying of weeds that emerge on hard standing).

e Any pallets stored outside shall be checked for bird nests before use, and if found should be removed
and the pallet cleaned.

e Rodent and insect pest control measures will be in place in cargo packing and storage areas (i.e.
regularly inspected sticky traps for insects and bait boxes for rodents).

e Store doors are to be kept closed, whenever possible.
e Cargo will be stored inside, where possible.

e Shipping containers should be stored on concrete surfaces (as opposed to bare earth). When containers
cannot be stored on concrete, they will be raised above the ground on batons of, either timber,
concrete or steel, and additional checks shall be made to ensure they are free from soil and biological
material prior to on-ward transportation.

2.3. Packaging

The following packaging materials are prohibited:
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e No used meat, fruit or plant product cartons will be reused.
e No polystyrene beads or chips, soil, moss, used sacking, hay, straw, chaff or wood shavings will be used.

The following packaging types are acceptable:

e Reusable packaging (e.g. reusable Nefab boxes or aluminium or plastic trunks) as long as it is new or has
been inspected and thoroughly cleaned (preferably with disinfectant) prior to repacking.

e All packaging containers (boxes, Nefab, trunks etc.) shall contain an internal sealed plastic liner and all
containers shall be taped and sealed shut on all sides.

e Packaging and filling materials may include shredded paper, vermiculite, bubble wrap and other air-
filled cushioning materials.

e Wood packaging (such as cases, crates, dunnage, pallets and timbers for the purpose of bracing,
separating, protecting or securing cargo) as long as it is new and complies with the International Standards
for Phytosanitary Measures No. 15 (ISPM 15).

e Where other cost-effective options exist, use of corrugated card board boxes should be minimized, as
they may carry non-native invertebrates within the corrugations.

2.4. Break Bulk Cargo

Break bulk cargo may present a more substantial biosecurity risk than containerised cargo, therefore, it is
important that the amount of break bulk cargo generated is kept to a minimum. Break bulk cargo can vary greatly
in shape, size and type (e.g. construction materials, timber, scaffolding poles, etc.). All break bulk cargo must be
clean and free of soil and biological material before loading on the ship. Therefore, all items of break bulk cargo,
including packaging, shall be visually inspected for signs of rodent gnawing or rodent ingress. Cargo shall also be
checked for any soil or biological material and if found the item shall be cleaned. During off loading, a nominated
BAM staff member will check the item against the manifest and then allow it to be transported to the station. If
a biosecurity issue is noted, the cargo shall not be off-loaded until this issue is resolved.

2.5. Small Plant & Tools

Prior to packing any previously used small tools or small plant items for transport to, or between, Antarctic
Research Stations, the following procedure is to be followed. The high levels of cleanliness apply to all mechanical
plant and tools, irrespective of size; however, individual hand tools do not need to be listed separately in the
Appendix A. Biosecurity Checklist 3 Small Plant and Tools.

e Plantitems are to be placed on a clean concrete or asphalt hard standing.

e Where practical, plant is to be cleaned externally using high pressure steam or hot water to ensure that
no soil, mud or biological material is left on the items. Where the use of water is not possible, the item
will be cleaned using a combination of hard and soft brushes and/or a damp cloth.

e Following cleaning, small tools and plant are to be inspected by a nominated Biosecurity Inspector to
ensure that they are free of visible soil and biological material (e.g. plant fragments, seeds and insects)
This information is to be recorded for auditing purposes (Please see section Appendix A. Checklist 3 )

e Care should be taken not to contaminate the small tools and plant prior to loading onto the ship or
aircraft. Plant storage facilities should minimise the potential for recontamination of cleaned small plant
and tools to transport and, if necessary, arrangements should be made to thoroughly clean the small plant
and tools at the ship or aircraft loading site.

e Immediately before being loaded onto the ship or aircraft for transportation, all small tools and plant
should be checked by a nominated Environmental Engineer to ensure they are free of soil and biological
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2.6.

Mechan
tracked

Prior to
followin

2.7.

material. If any soil or biological material is found, the contaminated item should be cleaned and re-
inspected before being transported.

Vehicles & Large Mechanical Plant

ical plant (particularly tracked vehicles) pose a high risk to biosecurity. The undercarriage of wheeled or
plant can pick up soil which could contain plant fragments, seeds, invertebrates or invertebrate eggs.

loading any item of large mechanical plant for transport to or between Antarctic Research Stations, the
g procedure is to be followed (Please see Appendix A. Checklist 4):

Plant items are to be placed on a clean concrete or asphalt hard standing.

Plant is to be cleaned externally using high pressure steam or hot water to ensure that no soil, mud or
biological material is left on the vehicle, including the wheels, wheel arches, tracks and areas underneath
the vehicle. Plant accessories, such as forks and buckets, should be cleaned in a similar manner.

Where the plant has a cab, upholstery and mats should be brushed and/or vacuum cleaned to remove
any soil or biological material.

Following cleaning, plant is to be inspected by a nominated Biosecurity Inspector to ensure that they are
free of visible soil and biological material (e.g. plant fragments, seeds and insects).

Care should be taken not to contaminate the plant prior to loading onto the ship or aircraft. Plant storage
facilities should minimise the potential for recontamination of cleaned vehicles prior to transport and, if
necessary, arrangements should be made to thoroughly clean the vehicles at the ship or aircraft loading
site.

Immediately before being loaded onto the ship or aircraft for transportation, all vehicles should be
checked by a nominated Biosecurity Inspector to ensure they are free of soil and biological material. If
any soil or biological material is found, the contaminated vehicle should be cleaned and re-inspected
before being transported.

Motorised plant is to have its engines started before loading, to ensure rats and mice are not living in the
engine compartments.

Construction Materials

The following section does not constitute a complete list of the construction materials but simply identifies the
materials considered to pose the highest biosecurity risk and details the specific measures to be taken.

2.7.1. Aggregates

Aggrega

te is defined as any course particulate material used in construction, including sand, gravel, crushed stone,

boulders, pebbles or slag. It presents a biosecurity risk because biological material such as seeds, soil and
invertebrates can easily become entrained during production and transport.

Aggregate to be obtained from marine sources.

To prevent seed contamination during storage and transport aggregate must be contained in clean sealed
packaging (such as FIBCs).

Packaged aggregate will be transported in clean ISO containers.

Aggregate must be carefully handled to prevent damage to the packaging.

Only the minimum amount of aggregate needed for the project will be sent to the site.
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o All aggregate will be used as quickly as possible after delivery to the site to reduce the risk of
establishment of any non-native species present in the aggregate.

e Aggregate must be stored in a defined area at the construction site. Any spilled aggregate must be cleaned
up immediately and contained within packaging, until used.

e Aggregate will be stored in its sealed packaging at the site and will not be left open to the environment.

e When aggregate is removed from its packaging for use, it must be used as soon as possible.

e Aggregate must be encapsulated as a component of concrete, or buried so that propagule release is not
possible.

In the event that one or more of these management steps are not possible, further consultation with the BAS
Environment Office must take place. Consultation with the BAS Environment Office must occur prior to any
aggregate being purchased from suppliers.

2.7.2. Timber

Timber will be required as a construction material and required for packaging materials. Due to the risk of
infestation by pests the following precautions must be observed before timber can be imported to Antarctica:

e Timber materials must be heated in accordance with a specific time—temperature schedule that achieves
a minimum temperature of 56 °C for a minimum duration of 30 continuous minutes throughout the entire
profile of the wood (including at its core).

e All timber products are to be inspected for signs of wood borrowing animals such as wood boring beetles
and woodworm (a beetle larvae) before being shipped.

e If any evidence wood burrowing animals is discovered the timber must be treated with a pesticide or
fumigated in a sealed container.

e All packaging timber should conform to the requirements of International Standards for Phytosanitary
Measures No. 15 (ISPM 15) and be stamped with IPPC logo, country of origin and method of treatment.

2.7.3. Sheet Piles

Whilst sheet piles have relatively smooth faces, when stacked large voids are produced which are hard to inspect,
particularly when using long piles. Checks shall be made by a BAM staff member when packing and shipping these
materials to ensure that no invertebrates or their eggs are hidden between the sheets.

2.7.4. Scaffold Tubes

Scaffold tubes will be used for temporary works such as handrails to the wharf. The hollow section forms an ideal
place for invertebrates to hide from predation. Scaffold tubes shall be cleaned using a pressure washer, taking
care to clean any invertebrates or their eggs from the inside of the tubes. After cleaning, scaffolding tube ends
are to be sealed with duct tape to prevent the future ingress of contaminants.

2.8. ISO Containers

Prior to loading any ISO or other sealed container for transport to or between Antarctic Research Stations, the
following procedure is to be followed.

e Shipping containers are to be stored on concrete surfaces (as opposed to bare earth).
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e Shipping containers are to be kept clean and free of soil, mud, spiders’ webs, invertebrates, debris, wood
fragments (e.g. from pallets) and plant material. A record shall be kept of this inspection for auditing
purposes (Please see Appendix A. Checklist 5). If deemed necessary by the nominated Environmental
Engineer, containers shall be washed inside and out before being sent to Antarctica.

e Prior to loading, if deemed necessary by the nominated Environmental Engineer, containers are to be

washed inside and out. Particular attention is to be paid to underneath and to the corner fastening
systems.

e Priorto being sealed for the last time before being sent to Antarctica, containers (except those containing
fresh foods) shall be fumigated using a single-use pyrethrum fogger, to eradicate any invertebrates within.

2.9. Fresh foods

Provisions for biosecurity measures associated with fresh foods have not be detailed in this document, as all fresh
foods for BAM personnel will be supplied by BAS
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3.

3.1.

In-transit Biosecurity

Ships

Any ship chartered by BAM for the transport of cargo and personnel must meet the following biosecurity
measures and evidence needs to be provided to BAS that the following biosecurity requirements are included in
the contract:

3.1.

3.2,

All ships must have a Ship Sanitation Certificate (SSC).

All ships must conform with Resolution MEPC.163(56) Guidelines For Ballast Water Exchange In The
Antarctic Treaty Area.

All ships shall have rodent boxes with poison bait that are inspected before, during and after each port
visit.

Insect sticky traps should be placed in food storage areas, and replaced when necessary.

Electric UV insect killers shall be used in food storage areas.

Biosecurity inspections of all ship and Antarctic station cargo shall be undertaken prior to loading and off-
loading. (Please see checklists 3, 4, and 5)

1. Whenin Port

Ships must have rat guards on the mooring lines.

The gangway shall be lifted at night, or if lowered, lit with flood lights. An ultrasonic rat deterrent must
be available and switched on.

External doors and windows should be closed, wherever possible, to minimise the attraction of insects
onto the ship.

Boot/shoe washing facilities must be made available at the gangway to allow boot/shoe washing ON and
OFF the ship.

The inside of the tenders shall be cleaned between each landing to remove soil and other biological
material knocked off passengers’ boots.

It is important that the boots and clothing of those arriving in Antarctica by ship is adequately cleaned
before disembarkation. At a suitable interval before the arrival date, BAM should inform landing
personnel and crew that clothing must be cleaned to remove soil, seed and other propagules. Spot check
shall be undertaken to ensure compliance.

Just prior to disembarkation at locations in Antarctica, all footwear must be cleaned in disinfectant (e.g.
Virkon S).

Disinfectants can become ineffective over time, or if contaminated excessively with soil or organic
material. Therefore, disinfectant solutions provided for footwear cleaning shall be changed regularly (at
least once per week), and a specific individual assigned this task as part of their duties.

Cargo Inspection Pre-offload

3.2.1. Cargo Boxes and Break Bulk

All items of break bulk cargo, including packaging, shall be visually inspected by the Biosecurity Inspector for signs
of rodent gnawing or rodent ingress. They shall also be checked for any soil or biological material and if found
the item shall be cleaned. Once these checks are complete and the item is biosecure, a nominate BAM staff
member will check the item against the manifest and then allow it to be transported to the station. If a biosecurity
issue is noted, the cargo shall not be off-loaded until this issue is resolved.
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3.2.2. Vehicles and Large Mechanical Plant

All vehicles must be inspected before off-loading and a record of this made (Please see Appendix A. Checklist 4).
If contamination is found, further cleaning must be done before off-loading.

3.2.1. ISO Containers

ISO containers shall be inspected externally for soil, plant material and invertebrates prior to off-loading. Details
of the check shall be kept for auditing purposes (Please see Appendix A. Checklist 5)
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4.

4.1.

4.2.

Biosecurity on Arrival at Rothera

Personnel Disembarkation

Personnel disembarking at Rothera Point or elsewhere in Antarctica or South Georgia must adequately
clean their clothing, personal belongings and boots before they leave the ship and upon returning to the
ship (see Appendix A: Biosecurity Checklist 1. Personal Biosecurity).

Clothing and personal belongings (such as bags, camera cases etc.) must be checked for biological material
at a suitable time before arrival - remove any seeds, soil and other propagules found whilst still on the
ship. Check Velcro, gaiters, pockets, turn-ups in trousers and hoods of jackets.

Boots must be inspected and cleaned and any soil or seeds removed before arrival at Rothera Point.

All personnel must use the boot washing facilities (provided by the vessel) at the gangway to disinfect
their footwear before disembarkation.

Inspection of Cargo

External surfaces shall be checked to ensure cargo items are free of soil, biological material and signs of gnawing,
or other routes of rat ingress. Those opening ISO containers upon arrival, should stay vigilant for signs of live
invertebrates. If found, these invertebrates should be eradicated immediately.

When opening cargo boxes, remain vigilant for imported soil or biological material.

4.3.

4.4.

Aggregate

On arrival at Rothera Point, aggregate should be contained in sealed packaging and stored in a demarked
area (preferably hard standing/concrete or on a tarpaulin.

If aggregate is to be used in concrete, this should be done at a designated concrete batching area and
then the concrete moved out to the site where it is to be used

General Awareness

When on station all personnel shall remain vigilant for any indications of:

biosecurity breaches

evidence of non-Antarctic soil importation

non-native species colonisation, including within buildings
rats or rodents

If in doubt, personnel should report any potential issues to the BAM Environmental Lead, who will assess the
situation and, as appropriate, take any immediate action and complete and submit an AINME report.
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5. Non-conformances

e All biosecurity breaches and near misses should be reported to the BAM Environmental Lead, the BAM
Project Manager, the BAS Station Leader and the BAS Environment Office at the time of the incident.

e A near miss/environmental incident report must be produced and provided to the BAS Station Leader for
inclusion in the Accident, Incident, Near-Miss and Environment (AINME) Reporting System as soon as
relevant information is available and at most within 48 hours.

e Examples of biosecurity breaches may include, but are not limited to, the following:
- Non-Antarctic soil or biological material (e.g. weeds) found on vehicles or other plant after
unloading at Rothera
- Live insects within cargo
- ISO containers with soil or biological material on the interior and exterior surfaces
- Any rodent sighting or any evidence of rodents (gnawing, etc.)
- Failure to clean items delivered to station
- Failure for biosecurity measures to be performed at appropriate stage of the supply chain
- Failure for personnel to adequately clean their clothing or personal equipment.
- Unintentional or deliberate importation of soil or biological material by BAM staff.
- Importation of wood with bark still attached.
- Failure for appropriate biosecurity checks of cargo packing areas to be performed.
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Appendix A: Biosecurity Checklists

Biosecurity Checklist 1. Personal Biosecurity

(Pre-departure and pre-arrival for individuals going to Antarctica)

This checklist will be circulated to all BAM personnel prior to their deployment to Antarctica and is intended as a

guide to assist individuals in undertaking their own biosecurity checks before travelling south.

Non-native species are those species that do not occur naturally in an area, but have been introduced by human
activities, either intentionally or unintentionally. Unpermitted importation of non-native species is a breach of
UK legislation and is in contravention of the Environmental Protocol and could lead to serious consequences for
the responsible individual and BAM, including up to two years imprisonment and/or an unlimited fine.

Use the following checklist to reduce your risk of importing non-native species:

Personal Biosecurity Checklist

Name and Signature

All clothing is either new (i.e. straight out of the packet) or has been washed to remove plant
seeds, invertebrates and soil (Tip: check any Velcro® is clean and pay particular attention to
pockets!)

All footwear has been scrubbed free of all plant seeds, invertebrates and soil (Tip: check under
the insole and tongue too!)

All bags and personal equipment have been cleaned, washed and/or vacuumed and are free of
plant seeds, invertebrates and soil.

All personal recreational equipment (including climbing gear, walking poles, ski and snow board
equipment, kiting equipment and bicycles) has been cleaned and is free of soil and biological
material.

The following items have NOT been packed:

e Any living plant, animal or microorganism - unless in possession of an appropriate permit

e Non-sterile soil or compost

e Any plant propagules (e.g. seeds, bulbs, cuttings) or invertebrate eggs (e.g. brine shrimp
or sea monkey eggs) - growing plants and animals in Antarctica and South Georgia is NOT
permitted

e Untreated wood where bark remains attached

e Any perishable foods including fruit, vegetables, cheese, fish or meat.

You have explained the above restrictions to any person that is likely to send gifts or packages to
you while in South Georgia or Antarctica.
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Biosecurity Checklist 2. Cargo Packing Areas

For each Cargo Packing Area that BAM utilises, a weekly checklist will be completed (for the duration of the
packing period). The checklists will be stored on file and made available for auditing purposes either by BAM or

by BAS personnel.

Weekly Cargo Packing Area Biosecurity
Checklist

Yes/No

Date
checked

Any subsequent action or other
notes

Name of Facility Being Inspected

Name (print) and Signature of Inspector

Site is free of weeds and vegetation?

Site is free of wind-blown seeds (e.g. from
dandelions)

Site is free of invertebrate infestation

Site is free of rodents

Rodent bait boxes are charged with poison
bait?

Insect sticky traps are present and still
effective®

Storage area doors are kept closed as
much as possible

Pallets and packing materials are kept
inside in a clean area

ISO containers are stored on hard standing

1Regular use of herbicides may be required

2Using the AINME system, provide details of any rodents caught in bait stations.
3State the date when the insect sticky traps are replaced (typically every 2 months)
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Biosecurity Checklist 3. Small Plant & Tools

All small plant and tools that have been used on jobs in other parts of the world shall be cleaned and checked
prior to being sent to Antarctica.

Checks prior to off-loading shall be simple visual checks as described for all general cargo. If for some reason
any checks are not possible at any stage of the supply chain, please note details of the circumstances here and
report using the AINME system. Individual hand tools do not need to be listed separately using this checklist,
but do need to be free of soil and biological material before transfer to Rothera. The checklists will be stored on
file and made available for auditing purposes either by BAM or BAS personnel.

Small plant/tools identification details:

Details of journey initial and final
destinations (e.g. UK to Rothera, or Rothera
to KEP):

Transporting vessel (e.g. RRS Shackleton):

Name (print) and Signature of Inspector

Post-cleaning check Date Notes (including details of any associated
completed | AINME reporting)

Exterior surfaces (top and side)

Exterior underneath surfaces

Interior surfaces (as possible)

Insect spray in crevices (as possible)
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Small plant/tools identification details:

Details of journey initial and final
destinations (e.g. UK to Rothera, or Rothera
to KEP):

Transporting vessel (e.g. RRS Shackleton):

Name (print) and Signature of Inspector

Post-cleaning check Date Notes (including details of any associated
completed | AINME reporting)

Exterior surfaces (top and side)

Exterior underneath surfaces

Interior surfaces (as possible)

Small plant/tools identification details:

Details of journey initial and final
destinations (e.g. UK to Rothera, or Rothera
to KEP):

Transporting vessel (e.g. RRS Shackleton):

Name (print) and Signature of Inspector

Post-cleaning check Date Notes (including details of any associated
completed | AINME reporting)

Exterior surfaces (top and side)

Exterior underneath surfaces

Interior surfaces (as possible)
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Biosecurity Checklist 4. Vehicle & Large Mechanical Plant

Mechanical plant (particularly tracked vehicles) pose a high risk to biosecurity. The undercarriage of
wheeled or tracked plant can pick up soil which could contain plant fragments, seeds, invertebrates

or invertebrate eggs.

The following checklist and the procedures listed in Section 2.6 of this document will be followed to
ensure vehicles and large mechanical plant arrive in Antarctica and/or the sub-Antarctic free of soil
and biological material. If these checks are not completed at any stage of the supply chain, please

note details of the circumstances here and report using the BAS AINME system

A checklist for each vehicle or plant consigned to Rothera will be stored on file and made available for

auditing purposes either by BAM or by BAS personnel.

Vehicle model and identification details:

Details of journey initial and final
destinations (e.g. UK to Rothera, or Rothera
to KEP):

Transporting vessel (e.g. RRS Shackleton):

Name (print) and Signature of Inspector

Post-cleaning check: remain vigilant for mud,
soil, debris, plant material, webbing or live
spiders, other invertebrates or signs of rodents

Date
completed

Notes (including details of any
associated AINME reporting)

Vehicle exterior (top and sides)

Vehicle wing mirrors and windscreen

Vehicle exterior (underneath)

Wheels and wheel arches

Vehicle interior (including under floor mats,
door pockets, down the sides and below the
front seats, the boot/trunk, and under the
spare tyre).

Vehicle accessories (forks, buckets, etc.)

Engine started to ensure no rodents/birds in
vehicle interior

Use insecticide spray in crevices where
possible
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Name (print) and Signature of Inspector

Check prior to loading onto vessel

remain vigilant for mud, soil, debris, plant
material, webbing or live spiders, other
invertebrates or signs of rodents

Date
completed

Notes (including details of any
associated AINME reporting)

Vehicle exterior (top and sides)

Vehicle wing mirrors and windscreen

Vehicle exterior (underneath)

Wheels and wheel arches

Vehicle interior (including under floor mats,
door pockets, down the sides and below the
front seats, the boot/trunk, and under the
spare tyre).

Vehicle accessories (forks, buckets, etc.)

Engine started to ensure no rodents/birds in
vehicle interior

Use insecticide spray in crevices where
possible

Name (print) and Signature of Inspector

Check prior to off-loading at BAS station

Date
completed

Notes (including details of any
associated AINME reporting)

Vehicle exterior (top and sides)

Vehicle wing mirrors and windscreen

Vehicle exterior (underneath)

Wheels and wheel arches

Vehicle interior (including under floor mats,
door pockets, down the sides and below the
front seats, the boot/trunk, and under the
spare tyre).

Vehicle accessories (forks, buckets, etc.)

Use insecticide spray in crevices where
possible
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Biosecurity Checklist 5. ISO Containers

Al ISO containers must be checked prior to loading on the ship and prior to off-loading at the stations.
Appropriate cleaning equipment must be made available during checks.

For each ISO container consigned to Rothera a checklist will be completed and stored on file. The
checklist will be made available for auditing purposes either by BAM or by BAS personnel.

If these checks are not completed at any stage of the supply chain, please note details of the
circumstances here and report using the BAS AINME system

ISO container or Bunk-a-bin identification
details:

Details of journey initial and final
destinations (e.g. UK to Bird Island):

Transporting vessel (e.g. RRS Shackleton):

Name (print) and Signature of Inspector

Check prior to packing container* Date Notes (including details of any
completed | associated AINME reporting)

Container exterior surfaces (top and sides)

Container exterior doors and hinges

Container exterior underneath surfaces (as
possible)

Container interior surfaces

Container interior high and low level corners
and door hinges

Container fumigated prior to locking doors

Name (print) and Signature of Inspector

Check prior to loading onto vessel* Date Notes (including details of any
completed | associated AINME reporting)

Container exterior surfaces (top and sides)

Container exterior doors and hinges

Container exterior underneath surfaces (as
possible)
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Name (print) and Signature of Inspector

Check prior to off-loading at BAS Date Notes (including details of any
station* completed | associated AINME reporting)

Container exterior surfaces (top and sides)

Container exterior doors and hinges

Container exterior underneath surfaces (as
possible)
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Biosecurity Checklist 6.- All break-bulk items (any item which is not containerised and not

covered by a specific checklist)

All breakbulk (individual boxes/crates, timber, cladding and other cargo which is not containerised) must
be checked prior to loading on the ship and prior to off-loading at the stations. Appropriate cleaning
equipment must be made available during checks. If these checks are not completed at any stage,

please note details of the circumstances here and report using the BAS AINME system.

For each break-bulk inspection a checklist will be completed and stored on file detailing the items
inspected and any outcomes. The checklist will be made available for auditing purposes either by BAM

or by BAS personnel.

Description of all break-bulk inspected (i.e.
10 x wooden crates, 10 x zarges boxes, 20
x bundles of timber, 15 x bundles of
cladding)

Details of journey initial and final
destinations (e.g. UK to Bird Island):

Transporting vessel (e.g. RRS Shackleton):

Name (print) and Signature of Inspector

Check break bulk items prior to loading
onto vessel

Date
completed

Notes (including details of any
associated AINME reporting)

Items exterior surfaces (top and sides)

Items exterior underneath surfaces (where
possible)

Items clean and free of sail, biological
material and any signs of rodent gnawing or
ingress, invertebrates such as spider
webbing or cocoons.

Name (print) and Signature of Inspector

Check break bulk items prior to off-
loading at BAS station

Date
completed

Notes (including details of any
associated AINME reporting)

Items exterior surfaces (top and sides)

Items exterior underneath surfaces (where
possible)

Items clean and free of sail, biological
material and any signs of rodent gnawing or
ingress, invertebrates such as spider
webbing or cocoons.
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Appendix F

Monitoring Plan: Rothera Wharf Reconstruction and Coastal
Stabilisation Works

Introduction

The monitoring activities at Rothera Research Station detailed in this section are those that will require
the collection of information or data to verify the effectiveness of the impact prediction and proposed
monitoring described in the Rothera Wharf Reconstruction and Coastal Stabilisation CEE.

The monitoring tasks are divided into two groups.

e Monitoring of activities which could result in an immediate impact on the environment and
can be modified during the construction programme to avoid adverse effects.

e Monitoring of environmental parameters which may reflect impacts that can only be
measured in the long term (i.e. over several Antarctic seasons) and subsequently are unlikely
to be modified beyond the original mitigation identified in the CEE.

Any changes to activities proposed as a result of the monitoring data, will be made by the BAM
Construction Manager in conjunction with the BAS Environment Office. All monitoring data will be
communicated to the BAS Environment Office and be available on request for auditing purposes.

In addition to the monitoring activities included in this document the construction team will follow
other environmental management procedures included in the CEE and the Project Execution Plan
including those outlined in the Rothera Wharf specific Biosecurity Plan, Site Waste Management Plan
and Oil Spill Contingency plan.

Monitoring activities:

Short-term monitoring
a) Neutralisation of cement contaminated water
b) Wet well seawater turbidity
c) Wildlife displacement
d) Noise from quarrying and construction activities
e) Vibration from quarrying and construction activities
f) Marine noise from construction activities
g) Airborne dust

Longer-term monitoring
h) Skua breeding success on Rothera Point
i) Marine benthic invertebrate communities



A. Neutralisation of cement-contaminated water

Monitoring type and purpose:

Measurement of the pH of cement contaminated water, to ensure only pH neutral water is
discharged into the environment

NB: Neutralised water must be discharged below the low water mark in North Cove.

Description of the monitoring activity:

Use of cement may produce waste water that is strongly alkali. Before release into the local
marine environment, the waste water should be neutralised using CO, deployed though
Siltbuster equipment (see: http://www.siltbuster.co.uk/siltbuster-products/concrete-

washwater/).

Methodology used (equipment, thresholds)

A pH meter incorporated into the Siltbuster Roadside Concrete Washout (RCW) will be used
to ensure waste water has a neutral pH (7.0) before release into the marine environment.

Designated person undertaking the monitoring

BAM Site Environmental Engineer

Period over which monitoring will occur

Monitoring only needs to occur during the period of cement use and when waste water is
generated. Estimated volumes of wash waters would be c. 20 m3.

Frequency of monitoring

During period of neutralisation of cement contaminated waste water, and immediately prior
to subsequent disposal.

Action(s) should any thresholds be exceeded

Should the pH not be reduced to pH 7.0, the waste water shall not be released, but more CO,
bubbled thought the waste water until the desired pH is achieved.

Recording and management of monitoring data

For each water release event, the following information shall be recorded and reported to the
Environment Office.

e The volume of neutralised water released to the environment

e The pH of the water

Method of results communication to the Environment Office

e The monitoring data must be presented to the Environment Office every two weeks,
and in a final report submitted five months after the commencement of the
construction work at Rothera Research Station.

e Should any waste water be released to the environment that has not been adequately
neutralised (pH 7.0) then the Environment Office shall be informed immediately and
an AINME report describing the circumstances submitted within 24 hours.
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B. Wet well seawater turbidity

Monitoring type and purpose:

Measurement of turbidity in the salt water wet well (suspended sediment in water) as high
levels of turbidity may have detrimental impact upon station systems.

Description of the monitoring activity:

The wet well is the source of seawater that supplies the Bonner Laboratory aquarium and the
station reverse osmosis plant. Although no turbidity thresholds have been identified by the
Aguarium or Estates teams, monitoring of seawater turbidity may provide useful information
should problems arise, such as blockage of water filters or excessive sediment deposition in
aquarium tanks.

Methodology used (equipment, thresholds)

A turbidity meter (HACH 2100Q Portable Turbidimeter) will be used to measure seawater
turbidity. At each time point, turbidity shall be measured in three separate batches taken
from the wet well.

Designated person undertaking the monitoring

BAM Site Environmental Engineer

Period over which monitoring will occur

Throughout the period of the wharf project

Frequency of monitoring

Twice per day, during periods where work within the marine environment in the vicinity of
the water intake is underway (i.e. wharf construction and coastal stabilisation).

Action(s) should any thresholds be exceeded

A reading over 5mg/l Formazin will trigger an investigation by BAM to understand the reason
for the high values (e.g. increased suspended sediment due to wharf activities, marine algal
bloom, etc.) and to determine if there are any adverse impacts upon the station reverse
osmosis plant or Bonner Laboratory aquarium. If high values are resulting in adverse impacts,
then additional filtration systems will be introduced.

In addition if BAS Estates or the Aquarium Team see changes in water quality that lead to
problems, then this will trigger an investigation and a change in activities.

Recording and management of monitoring data

Data shall be collected and recorded on a spreadsheet. The data shall be made available to
station management upon request.

Method of results communication to the Environment Office

The monitoring data must be presented to the Environment Office every two weeks, and in a
final report submitted five months after the commencement of the construction work at
Rothera Research Station. The raw data files must also be made available.




C. Wildlife displacement

NB: Displacement of flying birds not associated with nests are not included in this monitoring, as
numbers in the vicinity of the wharf and station are typically low and these birds are will readily fly
away if approached.

1

Monitoring type and purpose:

Recording of wildlife displacement, i.e. herding of seals and penguins located on land to
remove them from areas where work is being undertaken or vehicle access routes.
e All those moving or herding wildlife must have undergone training on station by BAS
management.
e No bird nest sites are to be moved or physically disturbed by individuals or machinery,
without prior consultation with the BAS Environment Office

Description of the monitoring activity

Records must be kept of all wildlife displacement events involving seals and penguins. Such
events may include the movement or herding of seals or penguins to allow the site to be
secured (to enable, for example, building work to commence) or for vehicle movement
around Rothera Point.

Methodology used (equipment, thresholds)

Visual observations and recording of the species displaced.
Thresholds:
e more than two seal displacement events per day, or
e more than five penguin displacement events per day,
averaged over a one week period

Designated person undertaking the monitoring

BAM Site Environmental Engineer

Period over which monitoring will occur

Recording shall be undertaken during the period when BAM is present on site

Frequency of monitoring

Displacement events must be recorded following every occurrence.

Action(s) should any thresholds be exceeded

Should the thresholds be exceeded, then BAM shall contact the Environment Office within 24
h to discuss the feasibility of mitigation measures.

Recording and management of monitoring data

For each displacement event record the following information:
e Number, type, and maturity of displaced seals or penguins (where known)
e Reason for displacement (e.g. vehicle movements)
e Location where wildlife was moved from and where it was moved to

Method of results communication to the Environment Office

e The monitoring data must be presented to the Environment Office every two weeks,
and in a final report submitted five months after the commencement of the
construction work at Rothera Research Station.

e Any wildlife injury or fatality associated with the work should be reported
immediately to the Environment Office and an AINME report submitted within 24 h.




. Noise from quarrying and construction activities

Monitoring type and purpose:

Air overpressure and noise from quarrying and construction activities. Excessive noise may
cause disturbance to local wildlife and needs to be monitored to ensure thresholds are not
exceeded.

Before commencing use of particularly noisy equipment (e.g. hydraulic breaker or impact
driver) consideration should be given to the impact upon wildlife. Animals on land are likely
to move away from the noise source at the commencement of the activity. To allow this to
occur, if wildlife are in the vicinity of the work, the noise source should be operated for 30
seconds then switched off, to allow animals the opportunity to move away. Once any
disturbed animals have stopped moving, operate the equipment for another 30 seconds and
then observe the response of the animals. Continue this cycle until the wildlife has moved
away to a distance where the noise no longer causes further movement away. Only then
should the equipment be used more continuously.

Description of the monitoring activity

Air overpressure from quarry blasting

Although it is possible to make predictions of the attenuation of air-overpressure, it is
considered unrealistic to do so due to the affect that meteorological factors and surface
topography have on the transmission of this energy. UK guidance contained within mineral
planning guidance MPG 9:1992 and MPG 14:1995, MTAN1 (Wales) and the UK Department of
the Environment, Transport and the Regions report ‘The environmental effect of production
blasting from surface mineral workings 1998’ recommend that air overpressure should be
controlled at source rather than setting a specific limit. Control measures will therefore be
used as detailed in (Section 11.3.2)

Noise from construction activities

Monitoring will occur at sites around Rothera Point to estimate the noise generated by de-
construction/construction activities, rock crushing and grading, and plant operation and
movement.

Methodology used (equipment, thresholds)

Noise shall be monitored using a Norsonic Nor140 Sound Analyser.
One monitor shall be positioned at each of the following sites:

1. Inthe proximity of the nesting skuas midway along the roughly N-S ‘ridge’ of Rothera

Point

2. Within the ASPA.

3. Admirals House

4. Bonner Laboratory
In the absence of established Antarctic limits, noise thresholds will be monitored in
accordance with British Standard 5228 Part 1, i.e. ‘noise levels... ... should not exceed: 75
decibels (dBA) in urban areas near main roads in heavy industrial areas’.

The noise level will be recorded as a LAeq 12 nour. This is the equivalent noise level over a 12
hour period.




Designated person undertaking the monitoring

BAM Site Environmental Engineer

Period over which monitoring will occur

During entire build period

Frequency of monitoring

Continuous

Action(s) should any thresholds be exceeded

Activities related to vehicle movement and de-construction/construction must cease and
noise management be reassessed. If thresholds are exceeded, noisy activities should not be
undertaken simultaneously, but rather rescheduled to occur sequentially and thereby reduce
the noise. Acoustic screens may be used to further reduce noise levels.

Recording and management of monitoring data

1. Noise data must be backed up once downloaded from measuring equipment to
ensure data are not lost

2. Noise thresholds must be programmed into the noise recorder, so that the designated
person on site is alerted should thresholds be exceeded.

Method of results communication to the Environment Office

e The monitoring data must be presented to the Environment Office every two weeks.
A summary of the monitoring data must be presented to the Environment Office in a
report submitted five months after the commencement of the construction work.
The raw data files must also be made available.

e Should mitigation measures and practices be insufficient to keep noise levels below
the threshold, contact must be made with the Environment Office at the earliest
opportunity to discuss further options.




E. Vibration from quarrying and construction activities

Monitoring type and purpose:

Vibration from quarrying and construction activities. Vibration will be monitored to ensure
levels do not significantly impact upon local wildlife.

Before commencing use of particularly noisy equipment (e.g. hydraulic breaker or impact
driver) consideration should be given to the impact upon wildlife. Animals on land are likely
to move away from the noise/vibration source at the commencement of the activity. To allow
this to occur, the noise/vibration source should be operated for 30 seconds then switched off,
to allow animals the opportunity to move away. Once any disturbed animals have stopped
moving, operate the equipment for another 30 seconds and then observer the response of
the animals. Continue this cycle until the wildlife has moved away to a distance where the
noise/vibration no longer causes further movement away. Only then should the equipment
be used more continuously.

Description of the monitoring activity

Vibration from quarrying activities

Where land blasting is undertaken in close proximity to a water body, some of the ground
vibration will be transmitted across the land/water boundary into the water. Within the water
this energy is transmitted as a pressure pulse similar to noise in the air and may cause harm or
disturbance to marine fauna at very close proximities.

Calculation have been made to predict the level of transmission into the water body based, in
part, on Guidelines for the use of explosives in, or near Canadian Fisheries Waters — Wright
and Hopky 1998 and the ISEE Blaster’s Handbook 18th Edition. These assume a perpendicular
single boundary between the rock and water with no intermediate broken or weathered
layers and as such can be considered conservative. It is not anticipated that the level of blast
vibration transmitted to the water will be sufficiently high to cause harm to the marine
environment. Nevertheless, predictions will be made during the project where blasting is in
close proximity to the marine environment (less than 20 m). Initial calculations show that a 10
kg charge at 20 m from the land/water interface would produce a Peak Sound Pressure Level
(SPL) of 161 dB re 1pPa. This level would be below the level for onset of Temporary Threshold
Shift in pinipeds (212 dB re: 1 pPa peak) and cetaceans (224 dB re: 1 yPa peak) as stated in
Southall et al 2007. Should further calculations show the possibility of harm or disturbance to
marine fauna, then action must be taken, which may include the following:

e Monitor actual peak pressure in the water with a hydrophone when blasting at
greater distances (before reaching the potentially harmful locations) to obtain real
values of peak pressure levels to inform predictions. It is anticipated that they will be
lower than those calculated above.

e Reduce explosive charge weights, or otherwise alter the blast design to reduce
intensity.

e Implement a marine fauna watch to ensure that no marine mammals are in the
vicinity at the time of blasting.

Vibration from construction activities
Monitoring of vibration from construction activities (vehicle movement, etc.) shall be done to
ensure local receptors are not impacted above threshold levels (see below).




Methodology used (equipment, thresholds)

Vibration shall be monitored using Instantel® Minimate Pro6™ vibration and overpressure
monitors.

Vibration from quarrying

During operations, blasting vibration levels will be monitored using blasting seismographs to
measure levels of peak particle velocity and air-overpressure at selected sensitive locations.
This monitoring will be both to ensure compliance with site threshold limits and to further
increase the number and distribution of results, to allow continuous improvement of
vibration prediction models and increasing confidence in MIC predictions.

Monitoring should initially be undertaken at the closest sensitive receptors of each type. Once
confidence is gained that vibration limits will not be exceeded at these receptors, monitoring
should continue at varied distances to obtain data for prediction models.

Vibration form construction activities
In the absence of established Antarctic limits, vibration thresholds will be monitored in
accordance with British Standard 5228 Part 2, i.e. 3.0 ms™.

Monitors shall be positioned:
1. Inthe proximity of the nesting skuas midway along the roughly N-S ‘ridge’ of Rothera
Point
2. Within the ASPA.
3. Admirals House
4. The Bonner Laboratory

Designated person undertaking the monitoring

BAM Site Environmental Engineer

Period over which monitoring will occur

During entire build period

Frequency of monitoring

Continuous

Action(s) should any thresholds be exceeded

Activities must cease and noise/vibration management reassessed. If thresholds are
exceeded, activities likely to produce substantial vibration should not be undertaken
simultaneously, but rather rescheduled to occur sequentially and thereby reduce the total
level. Acoustic screens may be used to further reduce noise levels.

Recording and management of monitoring data

Noise data must be backed up once downloaded from measuring equipment to ensure data is
not lost. Noise thresholds must be programmed into the noise recorder, so that the
designated person on site is alerted should thresholds be exceeded.

Method of results communication to the Environment Office

e The monitoring data must be presented to the Environment Office every two weeks.
A summary of the monitoring data must be presented to the Environment Office in a
report five months after the commencement of the construction work. The raw data
files must also be made available.

e Should mitigation measures and practices be insufficient to keep vibration levels
below the threshold, contact must be made with the Environment Office at the
earliest opportunity to discuss further options.




F. Marine noise from construction activities
N.B. Marine activities likely to generate substantial levels of noise (drilling, driving, piling or blasting)
shall not occur concurrently.

1 Monitoring type and purpose:
Marine noise from marine rock removal (blasting) and construction activities (e.g. pile driving,
drilling, etc.). Marine noise has the potential to cause disturbance to marine wildlife and
noise levels need to be monitored to ensure thresholds are not exceeded, or wildlife is not in
the vicinity of the activity upon commencement.

2 Description of the monitoring activity
Marine Mammal Observers (MMOs) will be deployed to watch for the presence of marine
mammals in the vicinity of the wharf activities prior to the commencement of and during the
activity

3 Methodology used (equipment, thresholds)

Trained Marine Mammal Observers (MMOs) should be deployed prior to and during
(1) submerged underwater rock breaking operations and (2) underwater rock
blasting.

The MMOs shall be properly equipped for this purpose and possess means of
communication with those responsible on site for the operations generating the
noise.

MMOs should be satisfied that they have visibility of at least to 1,200m, and should
be in place 30 minutes before operations begin. The extent of the zone of observation
shall be mapped in advance by the contractor. Where available, key landmarks will be
identified to help demarcate the 1,200 m visible area and the 500 m exclusion
boundary. Binoculars will be used to aid observations. At least one observer will be
positioned on high ground to ensure good visual coverage of the exclusion zone.

Marine blasting

Marine Mammal Observers (MMO) will survey the area for the presence of marine
mammals 30 minutes before the start of each blast.

The 1,200 m exclusion zone must have been free of visible marine mammals for 30
minutes, before blasting activities are permitted to commence.

This zone, will be controlled by MMOs at strategic viewpoints to ensure no mammals
are present from 30 minutes before blasting, until 10 minutes after blasting.

Any sightings of marine fauna in the water will re-set the 30 minute countdown.

If sightings of marine fauna in the full 1,200m zone are disruptive to operations, it
may be necessary to implement the three separate zones recommended in the noise
assessment of 1,200m for cetaceans, 500m for seals and 300m for birds. This must be
discussed with the BAS Environment Office before any action is taken.

Marine drilling, pecking or driving

Marine Mammal Observers (MMO) will survey the area for presence of marine
mammals 30 minutes before the onset of the ‘soft start’.

If marine mammals are sighted within the 500 m exclusion area then works cannot
commence.

Soft starts of machinery will follow JNCC guidelines with maximum sound output or
sound duration being achieved 20 minutes after soft start has commenced in waters
less than 200 m depth. For activities such as pecking, drilling or driving, the closest
approach to a ‘soft start’ is the gradual increase from short bursts of activity of a few
seconds to continuous operations. Therefore, the activity shall:




- proceed for 15 seconds, then
- stop for 1 min 45 seconds.
This cycle should be repeated 10 times before continuous commencement of the
activity.

e Once activities have commenced, the presence of marine mammals in, or
approaching towards, the observation zone shall not cause the activity to cease.

e Special care is required where there have been extended periods (greater than 10
minutes) where operations may have temporarily ceased, to ensure that animals have
not entered this zone during such periods. Should activities stop for more than 10
minutes, the ‘soft start’ procedure shall be carried out again.

Designated person undertaking the monitoring

BAM Site Environmental Engineer and designated MMOs

Period over which monitoring will occur

During periods of marine blasting or marine construction work in the vicinity of the wharf and
the coastal stabilisation works, which are likely to include most of the summer season during
2018/19 and 2019/20.

Frequency of monitoring

Prior to the commencement of marine activities involving blasting, pecking, drilling or pile
driving

Action(s) should any thresholds be exceeded

Underwater blasting shall not proceed if marine mammals are observed within 1,200 m of the
blast location

Recording and management of monitoring data

A log of marine mammal activity, by species where possible, and any consequent actions shall
be maintained by each MMO throughout periods in which operations are taking place

Method of results communication to the Environment Office

e The monitoring data must be presented to the Environment Office every two weeks.
A summary of the monitoring data must be presented to the Environment Office in a
report submitted five months after the commencement of the construction work.
The raw data files must also be made available.

e Should mitigation measures and practices be insufficient to keep noise levels below
the threshold, contact must be made with the Environment Office at the earliest
opportunity to discuss further options.

e Any wildlife injury or fatality associated with the work should be reported
immediately to the Environment Office and an AINME report submitted within 24 h.




G. Airborne dust

Monitoring type and purpose:

Dust and particulate deposition may have adverse impacts upon the melting rate of the ice
ramp, the small areas of vegetation present on Rothera Point and the breathing of personnel.

Description of the monitoring activity

Monitoring of dust will be undertaken to ensure excessive generation is avoided for the
duration of the quarrying and construction process.

Methodology used (equipment, thresholds)

Particulate monitoring will be undertaken using an Aeroqual Dust Sentry with a threshold of
>250 pg particulates m= 15 mint. Monitoring equipment shall be positioned:
1. At the bottom of the ice ramp (i.e. on the opposite side of the runway relative to the
station buildings).
2. Within the ASPA.
3. Beside the area of green vegetation located behind the miracle span

Designated person undertaking the monitoring

BAM Site Environmental Engineer

Period over which monitoring will occur

During entire build period

Frequency of monitoring

Continuous

Action(s) should any thresholds be exceeded

Dust suppression strategies will be investigated to reduce dust levels associated with
quarrying and deconstruction/construction activities.

Recording and management of monitoring data

Particulate data must be backed up once downloaded from measuring equipment to ensure
data is not lost.

Particulate thresholds must be programmed into the particulate recorder, so that the
designated person on site is alerted should thresholds be exceeded.

Method of results communication to the Environment Office

e The monitoring data must be presented to the Environment Office every two weeks.
A summary of the monitoring data must be presented to the Environment Office in a
report five months after the commencement of the construction work. The raw data
files must also be made available.

e Should mitigation measures and practices be insufficient to keep dust levels below
the threshold, contact must be made with the Environment Office at the earliest
opportunity to discuss further options.




H. Skua breeding success on Rothera Point

Monitoring type and purpose:

Skua breeding success on Rothera Point. Nesting skua populations on Rothera Point may be
vulnerable to disturbance associated with the proposed works. This monitoring work will
proceed to assess the impact of the quarrying and construction activities on skua breeding
success.

Description of the monitoring activity

BAS routinely undertake monitoring of skua breeding success as part of its long-term
monitoring commitments.

Methodology used (equipment, thresholds)

The breeding parameters that will be recorded include laying dates, clutch size, egg
dimensions, hatching success, fledging success, chick condition and adult attendance (which
provides an index of foraging effort). In addition, monitoring includes re-sighting of colour-
ringed adults, which can be used to estimate adult survival, breeding frequency and divorce
rates, and to determine the breeding histories of individuals and the effects of mate change.
In addition, there will be monitoring of birds on Anchorage Island, which will act as controls.

Designated person undertaking the monitoring

BAS: Bonner Lab Manager

Period over which monitoring will occur

November 2018 to March 2019 and November 2019 to March 2020

Frequency of monitoring

Weekly

Action(s) should any thresholds be exceeded

Should any direct physical damage to birds or nests be noted, this will be communicated to
the Environment Office immediately and an AINME report completed within 24 hours.

Recording and management of monitoring data

Data are routinely recorded by the Bonner Lab Manager and submitted to the BAS Data
Centre

Method of results communication to the Environment Office

e A summary of the monitoring data must be presented to the Environment Office at
the end of each breeding season.

e Should