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GENERAL ENVIRONMENTAL ASSESSMENT GUIDELINES FOR THE MINING
(ONSHORE AND OFFSHORE) SECTOR IN NAMIBIA
GENERAL INTRODUCTION
Environmental assessment is an essential planning tool III promoting sustainable
development.
Namibia's (draft) Environmental Management Act provides for a
comprehensive system of environmental assessment at both a project and at a strategic level
that is binding both on the state, local authorities and private individuals.
All development activities, including the "no development option", have potentially positive
and negative impacts on the environment. While each activity has a unique set of
circumstances, it is possible in the Namibian context to make some generalisations as regards
to sector impacts (Fig. 1).

Fig. 1 - Summary of impacts caused by various mining development activities.
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Namibia's Green Plan which was presented at the Rio Earth Summit in 1992 emphasised the
reciprocal relationship between environmental health and living standards and the link
between the state of the economy and the state of the environment. The Green Plan recorded
consensus on the need for an EA policy to "ensure that independent environmental impact
assessments form part of the pre-feasibility study of all development projects and subjecting
all such projects to long-term regular environmental monitoring". In a reference to reducing
opportunity costs, the Green Plan states (optimistically) that government should "permit only
those developments that do not restrict the developmental options of future generations of
poor people".
Following a lengthy process of stakeholder consultation, consensus was reached on the need
for a national policy and on the meaning of the term "environment", namely that it includes
the biophysical, social, economic, cultural and political components.
Following Cabinet approval of the policy in August 1994, work began on the drafting of the
Environmental Management Act (EMA) to give legislative effect to the policy. A final draft
of the Environmental Management Act is now being reviewed by the various ministries
involved.
The purpose of Namibia's Environmental Management Act (EMA) is to "give effect to
Article 95(1) and 91(c) of the Namibian Constitution by establishing general principles for the
management of the environment and natural resources; to promote the co-ordinated and
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integrated management of the environment; to give statutory effect to Namibia's
Environmental Assessment Policy; to enable the Minister of Environment and Tourism to
give effect to Namibia's obligations under international environmental conventions; to
establish certain institutions, in particular to provide for a Sustainable Development
Commission (SDC) and Environmental Commissioner (ECom).
The legislation accommodates diverse sectoral interests, especially in the field of pollution
control and waste management. Currently at least five ministries have some statutory
responsibility for pollution control. In addition, local authorities (municipalities) have their
own by-laws and yet another institutional layer for management. Each institution has staff,
laboratories and a line budget to set standards, issue permits, CatTY out inspections and issue
fines. The Environmental Management Act is an attempt to consolidate the previously
fragmented sectoral legislation and to promote a standardised environmental approach
towards development planning.
The 13 Principles of Environmental Management set out in the Act are as follows:
1. Renewable resources shall be utilised on a sustainable basis for the benefit of current and
future generations of N amibians,
2. Community involvement in natural resource management and sharing in the benefits
arising therefrom shall be promoted and facilitated,
3. Public participation in decision making affecting the environment shall be promoted,
4. Fair and equitable access to natural resources shall be promoted,
5. Equitable access to sufficient water of acceptable quality and adequate sanitation shall be
promoted and the water needs of ecological systems shall be fulfilled to ensure the
sustainability of such systems,
6. The precautionary principle and the principle of preventative action shall be applied,
7. There shall be prior environmental assessment of projects and proposals which may
significantly affect the environment or use of natural resources,
8. Sustainable development shall be promoted in land use planning,
9. Namibia's movable and immovable cultural and natural heritage including its biodiversity
shall be protected and respected for the benefit of current and future generations,
10. Generators of waste and polluting substances shall adopt the best practicable
environmental option to reduce such generation at source,
11. The polluter pays principle shall be applied,
12. Reduction, re-use and recycling shall be promoted, and
13. There shall be no importation of waste into Namibia.
A comprehensive system of Environmental Assessment (EA) is provided for in the EMA,
which defines EA as "a process of identifying, predicting and evaluating the actual and
potential biophysical, social and other relevant effects on the environment of projects prior to
their authorisation, or in the case of proposals prior to their implementation, as well as the
risks and consequences of projects and proposals and their alternatives and options for
mitigation with a view to minimising negative impacts on the environment, maximising
benefits and promoting compliance with the principles of environmental management"
From an EA perspective, the main function of the ECom will be to guide the EA process
whilst the SDC will be responsible for reviewing EAs, issuing environmental clearances for
projects and making recommendations to competent authorities on conditions to be imposed
in respect of the implementation of projects (Fig. 2).
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The Ministry of Environment and Tourism (MET) will chair the SDC and its membership will
be half government and half non-government. The other ministries on the SDC will be Mines
and Energy (MME), Agriculture, Water and Rural Development (MAWRD), Fisheries and
Marine Resources (MFMR), Local and Regional Government and Housing (MLRGH),
Lands, Resettlement and Rehabilitation (MLRR), Works, Transport and Communication
(MWTC) and the National Planning Commission (NPC). The Private Sector will be
represented by the Chamber of Mines, the Chamber of Commerce, the Institute for Town and
Regional Planners, the National Union of Namibian Workers, and two persons appointed by
the Minister on the basis of their special expertise in the field of sustainable development.
Three NGO representatives bring the total to 16 members.
The SDC will have the authority to monitor compliance and if, for example, a government
institution is not adhering to the environmental management principles set out in the EMA, it
may recommend that the Minister of MET request his/her counterpart Minister to remedy the
situation. Should the counterpart Minister fail to do so, the matter may be referred to the
Ombudsman for further action. Article 91 of the Namibian Constitution empowers the
Ombudsman to "investigate complaints concerning the over-utilisation of living natural
resources, the irrational exploitation of non-renewable resources, the degradation and
destruction of ecosystems and failure to protect the beauty and character of Namibia".
Project level EA in Namibia follows a system to that found in most jurisdictions.
The EMA requires that any proposal for an activity stipulated in the Act, including mining, be
accompanied by a completed Environmental Questionnaire when it is submitted to the
relevant ministry or competent authority (CA). If the CA intends permitting the activity it
liaises with the ECom and together they decide if an EA is required or not. This decision is
based on their collective judgment of the nature and significance of the impacts the activity is
likely to cause. In the event that an EA is not required, the ECom issues an Environmental
Clearance (with or without conditions) and the activity may commence once it is approved by
the relevant CA.
The SDC only becomes involved in this screening process if the ECom and the CA do not
concur or if the proponent appeals against their decision. This fast-track process ensures that
time and resources will be used efficiently and the SDC spared unnecessary work.
Once the ECom and the CA have agreed that an EA is required, the process illustrated in
Figure 3 is followed. The EMA requires that Interested and Affected Parties be consulted
during the EA. It further allows the ECom to subject the EA report to external review at the
proponents' expense or to convene an ad hoc committee of experts to assist with the review.
Thereafter, the ECom makes a recommendation to the SDC, which is ultimately responsible
for the review process. The SDC must thus consider the recommendation of the ECom in the
light of their own understanding of the report. Ultimately, the SDC must issue a conditional or
unconditional environmental clearance for the project, or refuse to grant such clearance. A
clearance indicates that the SDC has approved the EA report and the project, subject to an
appropriate Environmental Management Plan (EMP) or set of conditions, being implemented.
The CA takes the final decision regarding the project and on the conditions to be imposed on
its implementation. It is also responsible for ensuring compliance and monitoring. The EMA
specifies a maximum time period within which the ECom and the SDC (30 days respectively)
must make their decisions, and it requires each decision to be recorded.
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Fig. 2 - A schematic representation of the roles of the SDC, the ECom and the
proponent, in EAs
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Fig. 3 - The Environmental Assessment process for projects in Namibia
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INTRODUCTION TO THE GUIDELINES

The guidelines presented in this document are aimed at mining developers and are meant to
facilitate the preparation of Environmental Assessments rather than prescribe the content
thereof. The EA, which includes a base line study, forms the basis on which any
Environmental Management Plan is developed.
The guidelines are presented as checklists of major (exploration, mmmg and
decommissioning) activities, major components of the natural environment, typical impacts
and common mitigation measures, in the form of bullet points with more detailed
explanations where required. Separate checklists are presented for onshore (lA - D), shorebased surf-zone (2A - D) and offshore mining (3A - D). Salt production in Namibia falls
under the Minerals Act, yet the activity itself is significantly different from other mining
activities and is therefore handled as a separate item at the end of the checklists for onshore
mining.
An attempt has been made to distinguish between operational activities and mitigation
measures/activities but some discretion proved to be necessary. For each major activity listed
in Checklists lA, 2A and 3A, the corresponding impacts are listed per aspect of these
activities in Checklists IC, 2C and 3C, whilst the corresponding mitigation measures are
listed in Checklists ID, 2D and 3D. Mitigation measure item 7 in Checklist ID corresponds
with Impact item 7 in Checklist IC and Activity item 7 in Checklist IA. The checklists of the
major components of the natural environment (IB, 2B and 3B) are intentionally broad and all
encompassing because of the wide variations in the natural environment across Namibia.
Description and understanding of the natural environment would normally require the input
from specialists.
Whilst the checklists are based on a review of the large majority of EAs carried out to date for
the mining industry in Namibia, they are not exhaustive. Furthermore, this document should
be considered a living document to be updated/reviewed regularly as knowledge of the
environment increases and as mining methods change. The checklists have also to be used
with discretion and should not be considered to be prescriptive as environmental conditions
vary from area to area, e.g. the desert environment of the Sperrgebiet, where tracks remain
visible for decades, is highly sensitive to off-road driving but in the grassy, acacia savannah
of the farming areas of eastern Namibia a single track recovers within a matter of months.
Similarly, mining varies tremendously from project to project and each project is likely to
have unique impacts which will need to be identified and managed. For these reasons the
descriptions of exploration activities and their impacts and mitigation measures tend to be
more detailed than those for mine activities as the former vary less from project to project
than the latter. The individual EAs are the critical documents that will identify all activities,
impacts and possible mitigation measures of a specific project. The resulting EMP will thus
be specific to that particular mining project.
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INTRODUCTION TO THE MINING SECTOR IN NAMIBIA

The mining sector is one of the most economically significant sectors in Namibia and is the
largest single contributor to the country's total foreign exchange earnings. It is a significant
employer and stimulates employment in the industries supplying goods and services.
Through its large training programmes it contributes to the skills base of the country.
Exploration covers activities from reconnaissance surveys to trial mining, both onshore and
offshore. Mines range from large, world-class, state-of-the-art open pit and underground
operations to small pits excavated by hand by individuals. Offshore operations are large scale
in deeper water and small scale inshore in shallow water. Together with South Africa,
Namibia is the world leader in offshore mining of the seabed.
Namibia's main mining products are diamonds, uranium, gold, base metals such as copper,
zinc and lead, semi-precious stones, dimension stone, industrial minerals and salt. Most
mining products are concentrated on-site, whereas some are further refined, e.g. blister copper
and lead by the Tsumeb smelter, gold at Navachab, pure uranium oxide at Rossing and zinc at
the proposed Skorpion zinc refinery.
Mining, by its nature, generates substantial amounts of solid, gaseous and liquid waste in the
form of overburden and low-grade ore dumps, tailings and sludge, slag, mineralised toxic
waste, smoke and gas emissions. On the other hand, it generates many positive social and
economic benefits through direct employment, taxes paid, purchase of locally sourced
supplies and services, privately funded infrastructure and extensive support of training,
education, research and community projects.
Unlike most other natural resources, mineral deposits have fixed locations and their extraction
therefore cannot be subjected to advanced site selection. This unique factor calls for
especially sound environmental practises in the planning and day-to-day operations of mining
developments. This is particularly relevant to the fragile ecology which has adapted to
Namibia's dry conditions. Furthermore, large areas of Namibia (almost 14% of the country)
are covered by National Parks and Game Reserves.
In the past there was, in general, inadequate environmental rehabilitation following both
prospecting and mining. At present the larger mining companies follow Namibia's
Environmental Assessment Policy and the draft Environmental Management Act in preparing
Environmental Assessments (EAs) and Environmental Management Plans (EMPs) as required
by the Minerals (Prospecting and Mining) Act, Act 33 of 1992. Some mines rehabilitate as
they mine. Small and artisanal miners generally lack the finance and background to limit the
impacts of their mining activities.
Mining is controlled by the Minerals (Prospecting and Mining) Act, Act 33 of 1992 and is
administered by the Directorate of Mines in the Ministry of Mines and Energy (MME).
Mineral rights in Namibia vest in the state. Companies and individuals apply to MME for
licences to explore for, and mine, mineral deposits. All large-scale mining takes place in
terms of long-term mining licences, whereas small-scale mining can also take place in terms
of mining claims. However, when mining on a claim becomes extensive, MME may require
the claim holder to convert the claim into a mining licence. While a claim is valid for 3 years
and may be renewed, a mining licence is valid for up to 25 years and may also be renewed for
shorter periods thereafter.
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Whilst the General Introduction describes the proposed procedures in terms of the draft
Environmental protection legislation, the paragraph below describes the present situation (Fig.
4).

Applications for the registration of various types of mineral licences and claims are required
to estimate the effects the proposed prospecting or mining activities might have on the
environment and the steps that will be taken to prevent or reduce such effects. The Minister
may require an EA and an EMP prior to the commencement of prospecting and mining
activities. In practice, these requirements are satisfied during the early stages of prospecting
by details of impacts and mitigation measures given in the application for an Exclusive
Prospecting Licence and by the applicant entering into an Environmental Contract with the
Government. An EA and EMP must however be completed before the start of trial
mining/bulk sampling or mining activities. These are evaluated by the MME, the Directorate
of Environmental Affairs (DEA) in the Ministry of Environment and Tourism (MET) and, for
offshore areas, the Ministry of Fisheries and Marine Resources (MFMR). For offshore
licences and licences in Protected Areas (National Parks and Game Reserves) and National
Monuments, however, an EA and EMP must be completed and an Environmental Contract
entered into before the start of any exploration activities. Claims are only registered after the
applicant has completed an Environmental Questionnaire and an Environmental Clearance is
issued by MET. No claims are allowed in Protected Areas and National Monuments.
The larger companies active in exploration and/or mining are members of the Chamber of
Mines of Namibia, whereas the small-scale miners are represented by the Small Miners
Association. A Small Miners Assistance Centre has been established to assist the latter with
their mining activities. Small-scale illegal mining by artisanal miners without licences also
occurs.

SUB-SECTORS

These guidelines cover activities, typical impacts and common mitigation measures for the
complete life cycle from exploration through mining to decommissioning for the following
sub-sectors:
•
•
•
•
•
•
•
•
•
•

Underground mining
Open cast mining
Mineral processing, smelting and refining
Shore-based surf-zone mining
Shallow-water inshore mining
Deep-water offshore mining
Salt production
Small-scale mining
Dimension stone quarrying
Industrial mineral quarrying

Separate checklists are presented for onshore, surf-zone and offshore mining.
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Fig. 4 - Flow chart illustration of environmental management requirements relating to
various mineral licences during prospecting and mining in Namibia
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MAJOR ACTIVITIES
Checklist lA (terrestrial environment)
(Note: Numbering corresponds with numbering in Checklists lC and ID)
This checklist covers the activities which typically take place during the exploration,
construction, operation and decommissioning phases of mining. The intensity and duration of
the activity and its impact vary greatly from project to project and from exploration to mining
phase. This list is therefore not exhaustive and serves only as guide.
Activities must be planned so as to limit negative impacts and maximize benefits. Similarly,
the possible impacts of the environment on the project (remoteness, weather, intense
corrosion, sand blasting during sand storms, smothering by wind-blown sand, difficult terrain,
absence of existing roads and tracks, lack of fresh water, potential camp site locations and
wild life in protected areas) must be taken into account when planning activities.
Exploration
Surveying and mapping:
1. Aerial geophysical surveying.
2. Geological field mapping: Mineral licences can be large (1000 km2) and have strict time
limits attached to them. As access to work areas can be poor, it is often necessary to
drive off-road.
3. Surface geophysical surveying.
Field operations:
4. Establishment and operation of exploration camp(s): Base camps and fly (=overnight)
camps.
5. Obtaining water and wood supplies for camps and drilling, including drilling of new
water boreholes.
6. Transport, storage, handling and use of fuel and lubricants.
7. Disposal of camp waste, oil and lubricants, scrap and hazardous waste (batteries, oil
filters, etc) from service and repair of vehicles, machinery and equipment.
8. Construction of access roads to and within prospect areas.
9. Preparation of cut lines for detailed surveys.
Sampling, drilling and trial mining:
10. Geochemical (rock and soil), heavy mineral or stream sediment sampling. Sampling may
be random or on a systematic grid pattern.
11. Trenching and pitting.
12. Percussion and core drilling.
13. Pilot plant operations: For testing mineralogy as well as determining the best extraction
method and obtaining pure samples of the end product to secure long-term sales
contracts.
14. Transport, storage and use of chemicals.
15. Bulk sampling and/or trial mining: Instead and/or in addition to utilising an on-site pilot
plant, bulk samples may also be taken for testing elsewhere. Trial mining is carried out
to determine the best mining method to use.
Discontinuation of exploration and abandonment of exploration area
Most projects will never progress beyond the exploration phase.
16. Consider alternative use of infrastructure by local community/landowner.
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17. Dismantle plant and camp, rehabilitate camp, plant, exploration and mining areas, dumps,
roads, pits, trenches and drill sites; clean up and remediate any pollution.
Mine construction

Preparation for construction and mining/processing:
18. Topographical surveying of proposed mine area.
19. Purchase or leasing of land from landowner.
20. Mapping and drilling for aggregate and raw materials for construction and processing
plant; cheapest if available on the mine property.
21. Location and digging of borrow pits for construction materials.
Building of infrastructure:
22. Construction of access roads.
23. Secure power and water supply and/or construct infrastructure.
24. Erection of construction camps and related facilities and amenities, and storage facilities
for construction materials and equipment.
25. Construction of mine infrastructure.
26. Preparation of waste dumps and slime darns sites.
27. Construction of township and related services and amenities for housing of staff.
28. Transport, storage and use of fuel and lubricants.
29. Service and repair of vehicles, machinery and equipment.
30. Camp waste disposal.
Initiation of mining:
31. Overburden removal, or
32. Shaft sinking and underground mine development.
33. Start mining ore body and building up live ore stockpile.
Completion of construction:
34. Dismantle construction camps after completion of construction. Landscape and
rehabilitate construction camp areas.
Mine Operation

Staff, materials and logistics:
35. Employee recruitment.
36. Staff training and skills development.
37. Promotion of Health, Safety and Environmental awareness.
38. Provision of security services: To reduce theft of end product and loss of revenue, in
particular for low-volume, high-value end products, e.g. precious and semi-precious
stones and refined and semi-refined metals.
39. Procurement of supplies and services.
40. Encouragement of local business and support for community projects.
41. Transportation, storage and use of hazardous substances, such as explosives, mineral
processing reagents, fuels and lubricants, CFCs, radioactive sources and hazardous end
products, e.g. uranium oxide and arsenic trioxide
42. Disposal of hazardous waste, such as fluorescent tubes, batteries, oil filters, paint tins,
chemicals, medical waste, etc.
43. Mine and township waste disposal (other than waste rock and tailings), including waste
water treatment and disposal.
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Mining:
44. Drilling and blasting.
45. Evacuation, loading and transportation of ore.
46. Waste rock disposal.
47. Low-grade ore storage, processing and/or disposal: Low-grade, uneconomic ore may
have to be removed to obtain access to economic ore. Instead of treating this as waste, it
may be stored in separate low-grade dumps and used for blending disproportionately
high-grade ore or processed subsequently if metal prices or new technological
developments permit economic processing.
48. Mine de-watering (for access to ore and for safety).
49. Running of engines and machinery
50. Transport, storage and use of fuel and lubricants.
51. Service and repair of vehicles, machinery and equipment.
52. Rehabilitation during mining.
Ore processing:
53. Mineral processing, smelting and refining.
54. Tailings disposal and operation and maintenance of slime dams.
55. Slag disposal.
Product handling:
56. End product handling.
57. End product transportation.
58. Sale of end product.
Mine closure and decommissioning
59. Mine closure.
60. Consider future uses of land and water and alternative uses for mine infrastructure.
61. Rehabilitation of site, including clean up and remediation of any pollution: Allow
ecological systems to re-establish.
62. Stabilisation and/or rehabilitation of slime dams.
63. Removal of scrap.
64. Closure of waste disposal sites.
65. Sealing of shafts and adits, and fencing off and signposting of all mine excavations and
dangerous areas.
66. Removal of roads.
67. Monitoring of air, water and soil, and effectiveness of management measures
Salt production (note: for mining of rock salt refer to general onshore mining activities
checklists)
68. Construction of salt evaporation pans.
69. Disposal of bittern residue from brine evaporation.
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MAJOR COMPONENTS OF THE NATURAL ENVIRONMENT
Checklist IB (terrestrial environment)

Prior to the start of (significant) exploration and/or mining activities a record of all
components of the natural environment needs to be compiled in order to assess what impacts
these activities may have. This compilation will also enable an assessment of the impacts of
the environment on the project to be made. Such a compilation should not be limited to
listing the various species present in the affected area but should include a description of the
popUlation structures and the relationship of the individual species to the habitat.
Natural environment
Climate and weather
Air quality
Physical nature of the surrounding areas (topography)
Visual aspects
Geology and soils
Surface water
Groundwater
Fauna and habitats
Flora and habitats
Conservation areas
Socio-economic environment, local and regional
Composition of the local community
Land ownership and use
Commercial activities
Employment
Migration of job seekers
Physical infrastructure: Roads, power supply, etc
Social infrastructure: Schools, libraries, hospitals, clinics, post offices, police stations, retail
shops, petrol/service stations, banking, religion, guest accommodation, recreational facilities
Conservation and/or recreation areas and tourist attractions
Other socio-economic activities
Cultural environment
Sites of historic, archaeological, religious and cultural interest
Aesthetic aspects of natural environment
Other cultural aspects
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TYPICAL IMPACTS
Checklist IC (terrestrial environment)
(Note: Numbering corresponds to numbering in Checklist IA and ID)

Impacts are not necessarily always negative, but can also be positive.
Exploration

Surveying and mapping:
1. Driving of wildlife and livestock by low-flying aircraft: Most aerial geophysical surveys
are flown sequentially along a pattern of closely spaced parallel lines by fixed wing
aircraft andlor helicopters flying at a maximum of 100 m above the ground.
2. Vehicle tracks and cross country driving: Vegetation destruction; clearing of surface
rocks from tracks; soil compaction; channelling of erosion; providing access to
previously isolated areas and visual pollution.
Small scars remain on rocky outcrops where samples have been taken.
Note: Vehicle tracks in the desert may take decades to recover, if at all.
3. Vehicle tracks, often along evenly spaced geophysical survey lines at right angles to a
base line; cross country driving; for impacts, see 2.
Discarded wire and, in case of Induced Potential (IP) surveys, holes lined with tin foil and
filled with sand and salt may remain.
Field operations:
4. For impact of temporary access roads/tracks, see 2. Overnight camp fire, e.g. in fly
camps; camp waste; clearing of grass, bushes and trees. Prolonged disturbance of main
camp site area: Soil compaction; holes for posts for temporary buildings; cement floors
for facilities and caravans; generation of camp waste; pits for biodegradable camp waste;
pit latrines; water reservoirs.
Trapping/killing of birds and animals and collection of rare flora by camp/exploration
staff; disturbance of local fauna if near a water point.
5. Use of existing scarce water supplies. Destruction of local vegetation. Collection of
wood for campfires in concentrated area around camp: Change in natural environment
and competition with local community for wood and water. For impacts of drilling of
new water boreholes, see 12.
6. Potential for pollution due to accidents, improper storage and handling; fire hazards.
7. Potential for pollution by camp waste, spilt oil and lubricants, old parts, scrap; visual
pollution; wind blown litter. Additional volumes of waste may exceed capacity of nearby
municipal waste dump.
8. For impacts of roads and vehicle tracks, see 2.
9. Linear scars in the vegetation pattern. Open cut lines can serve as access routes for game,
livestock and local population.
Sampling, drilling and trial mining:
10. For impact of vehicle tracks, often along evenly spaced sampling lines at right angles to a
base line, and cross country driving, see 2; river-bank erosion.
Small holes or depressions may remain, typically up to 10 cm deep and up to 20 cm in
diameter, where samples have been taken; pegs, tape or paint markings may be left at
sample sites.
11. Disruption of soil profile, loss of topsoil and seed store ecosystem, for further details, see
31. Linear excavations may cause channelling of erosion, while open trenches and pits
are dangerous for game and stock, and trap fauna in general. They form scars on the
landscape and, if dug and filled in incorrectly, they remain scars.
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12. Sump pits for recirculating drilling water and catching wet drilling fines; spillage of
drilling water containing drilling fines; dust from dry percussion holes and piles of dry
drilling fines on surface; plastic sample bags with drill cuttings may be left in the area
causing visual pollution and a danger to animals .. Use of diesel as a spotting fluid to
loosen stuck drilling rods: Pollution of ground water.
Trampling and soil compaction around drill rig. Manoeuvring to get drill rigs and heavy
support vehicles into position causing tracks and deep ruts. Continuous noise from drills,
generators, pumps, etc.
Loss of artesian andlor sub-artesian water; mixing thereof if more than one water
reservoir has been penetrated.
13. Levelling of areas for plant and facilities causing disruption of soil profile, loss of topsoil
and seedbed ecosystem, see 31. Enlargement of camp, see 4. Increase in personnel with
consequent increase in impacts.
Use of chemicals: Hazardous and potential for pollution.
14. Potential for pollution and health hazards.
15. Blasting: Drilling and blasting noise, vibrations and dust; destruction of vegetation;
alteration of landscape; visual pollution.
Discontinuation of exploration and abandonment of exploration area
16. Local communitiesllandowner may be left with some facilities andlor new water supply
points. New settlements could develop around new water supply points.
17. Rehabilitation cleans up and remediates pollution, reduces impacts andlor visible
impacts, and returns area as close as possible to its original condition where it is feasible
to do so. Residual impacts may be bush encroachment of invader species revegetating
cleared areas faster than other species in the area.
Local community may lose source of income and support.
Mine construction
Many of the impacts associated with the construction phase are also related to the operation
phase.
Preparation for construction and mining/processing:
18. Vehicle tracks and cross country driving, see 2.
Erection of trigonometrical beacons: Visual pollution.
19. All construction and mining activities may give rise to conflicts with surrounding farming
activities.
20. Roads and tracks beyond the immediate mine area, drilling, trenching, pitting and dust.
21. Roads and tracks beyond the immediate mine area; trenching, pitting and dust;
disturbance of sensitive areas (vegetation and habitat); uncontrolled digging of borrow
pits.
Building of infrastructure:
22. Deployment of road construction teams. Vegetation and habitat loss along roads, verges
and in borrow pit locations. Vehicle tracks beyond verges and abundant heavy vehicle
traffic: Dust and soil compaction. Potential for pollution of soil due to refuelling
alongside roads of earthmoving machines, vehicles and equipment.
Refencing of affected farm areas: Additional barriers for game movement and reduction
in farm value. Start of injection of large amounts of money into the economy.
23. Deployment of construction teams along service line routes. Vegetation and habitat loss
along service lines. Vehicle tracks beyond limits of service line and abundant heavy
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24.

25.
26.
27.
28.
29.
30.

vehicle traffic: Dust and soil compaction. Potential for pollution of soil due to refuelling
alongside roads of earthmoving machines, vehicles and equipment.
Numerous new gates in farm fences along supply line route: Servitudes divide up land
and reduces farm value.
(Temporary) employment opportunities for local community.
Large increase in personnel. Heavy vehicle traffic: Dust, noise and soil compaction.
Habitat destruction, fauna driven from habitat. Pollution from spillage and storage.
Squatter community establishes itself; interaction/disturbance/conflict with farm
employees and/or local community.
Employment opportunities for local community and support of local businesses.
Habitat loss over large area by clearing, grading and levelling, see 24.
Largest increase in personnel: Employment opportunities.
For impact of preparation of waste dumps and slime dams, see 24.
For impact of construction of township and related services and amenities for housing of
staff, see 24 and 25.
Potential for pollution due to accidents, improper storage and handling; fire hazards ..
Potential for pollution from the generation of scrap and hazardous waste, e.g. batteries,
oil filters, paint tins, spilt oil and lubricants.
Potential for pollution by camp waste, spilt oil and lubricants, old parts, scrap; visual
pollution; wind blown litter. Additional volumes of waste may exceed capacity of nearby
municipal waste dump.

Initiation of mining:
31. Loss of topsoil and seedbed ecosystem: Topsoils in most places in Namibia are thin, up to
maximum of 30 cm. Chemical weathering is very slow, yet is essential to produce topsoil
with elements in a form that can be taken up easily by plants and seedlings. Most topsoil
has an upper seedbed layer about 5 cm thick. Seeds in this upper layer can survive for up
to 25 years in the moister regions and for 100 to 200 years in the desert. In the rocky
regions of Namibia, the soils usually have an overlying armour of exposed pebbles, rock
fragments and boulders, which is critical for preventing soil erosion on hill slopes. Its
effect is to slow down and break up the down hill flow of rainwater during storms. As it
also prevents channel formation it is rare for pebbly hill slopes to show any erosion even
after heavy rains. However, erosion is immediate if this pebble armour is removed as can
be seen with numerous farm roads.
Change in land use from wilderness to mining operations: Landscape modification.
Heavy vehicle traffic and waste rock accumulation.
32. Drilling and blasting: Vibrations, dust and noise. Waste rock accumulation. Erection of
head gear: Visual pollution. Potential for pollution from hydraulic oils used in equipment
and machinery.
33. For impact of blasting, see 32. Heavy vehicle traffic in mine area: Safety hazards, dust
and noise.
Completion of construction:
34. Reduces magnitude of rehabilitation task and environmental liability at mine closure.
Permits progress of rehabilitation to be monitored and allows for
modification/improvement of final rehabilitation plans. Early recovery of impacted
areas.
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Mine Operation
Staff, materials and logistics:
35. Injection of money into the economy and repatriation of money to rural areas. The
number of permanent staff will increase at this stage but contract personnel will have
decreased significantly in number.
Influx of work seekers: Increased crime and sexually transmitted diseases (AIDS);
accommodation shortage. Weekend and month-end influx in surrounding towns.
Informal settlements and traders; large volumes of waste and litter; illegal collection of
flora and fauna. Long-term increase in waste and sewage volumes.
36. Training makes for improved capability and efficiency of work force resulting in higher
production, less waste, safer work practises, more environmental awareness among own
and contractor staff, development of company environmental management expertise and
fewer negative impacts.
Skills acquired make staff more marketable after mine closure.
37. Culture of safe, sensible working procedures instilled in own and contractor staff.
Preparedness for emergencies. The well being of staff is as important as that of the
environment.
38. X-ray scrutiny of staff.
Special security arrangements needed for high-value, low-volume end products:
Exclusion of other developments and activities, e.g. in diamond areas. Security fences:
Removal of vegetation, security lighting, interference with animal movements and
electrocution of animals and birds by electric fences, visual pollution by fences and
cleared patrol roads.
39. Development of local businesses, industries and expertise.
40. Community support for mining projects; skills development giving better selfemployment options, improved standard of living and wealth creation.
41. Potential for pollution; safety hazards. Potential for contamination and irradiation of
personnel.
42. Potential for pollution; health hazards.
43. Potential pollution from a wide variety of general mine, domestic (township), hazardous
waste and untreated waste water; development of new waste disposal sites and/or
increased volumes of waste sent to existing waste dumps; discharge of treated and
partially treated waste water in streams.
Notes: In Namibia, various standards already apply but additional legislation is in
preparation: Emission/discharge permits are presently required from the Ministries of
Health and Social Services and Agriculture, Water and Rural Development.
The Occupational Health Regulations, although gazetted under the Labour Act, are
administered by various Ministries as prescribed by the regulations. In future, permits
will also be required from the Ministry of Environment and Tourism or the Pollution
Control and Waste Management Agency in terms of the Pollution Control and Waste
Management Act.
Mining:
44. Drilling and blasting noise, dust, flyrock, vibrations, fumes; hazards.
45. Danger of rock falls; heavy vehicle traffic; dust.
46. Build up of waste rock dumps on surface: Landscape modification; potential leaching of
oxidation products, see 54.
47. Build up oflow-grade dumps on surface: Landscape modification; potential leaching of
oxidation products, see 54. Dumps may be processed entirely, in part or not at all during
mining; if the latter, they remain as waste dumps but are also a potential resource for the
future.
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48. Lowering of water table: Effect on flora and fauna, and other water resource users.
Pollution by mine water containing metals and/or chemicals.
Generation of scrap, e.g. pipes.
49. Exhaust gases, i.e. carbon dioxide and carbon monoxide. Potental for pollution from
waste oil.
50. Potential for pollution due to accidents, improper storage and handling of fuel and
lubricants; fire hazards.
51. Potential for pollution from generation of scrap and waste oil.
52. Reduces impacts at an early stage and obviates against having to build up a large reserve
fund to finance rehabilitation after the mine has closed. Development of rehabilitation
expertise and improvement of mine closure plan.
Ore processing:
53. Large water consumption. Use of chemicals and acids; burning of coal and/or wood.
Emissions of carbon dioxide, sulphurous and nitrogenous gases, sublimates and other
gases: Acid rain and/or mist, acid burns.
Generation of scrap and accumulation of slags, tailings and sludges.
54. Build up of tailings dumps on surface: Landscape modification and habitat destruction.
Until the tailings have compacted and the water has been expelled, they remain very
fluid: Danger of failure of tailings dam walls resulting in mud slides, endangering people
working or living down gradient.
Water loss, dust, oxidation of sulphides and formation of ferric oxide, leaching of
oxidation products by rainfall and seepage into and pollution of surface and/or
underground water system, deposition of red ferric oxide downstream of tailings dams:
Toxicity and visual pollution. Small amounts of mineralisation and processing chemicals
are left in the tailings.
In small sheltered areas, seaward disposal of fines from coastal diamond mining may
cause change in community structure in the intertidal zone with an increase in the foliose
algal cover which in turn causes shading and consequent decrease in coralline algal
cover, potential loss of food to seabirds and waders in the intertidal zone. Note: These
effects are different for rocky shores, sandy beaches and small sheltered areas. Along
open, well exposed shore lines, recovery tend to be rapid.. Beach progradation onto
rocky shores and total loss of habitat; reduced width of surf zone; increased angle of
beach slope: potential loss of diversity of intertidal community structure. Increase in fish
numbers and species richness in plume of suspended fines.
55. Build up of slag dumps: Landscape modification and habitat destruction.
Varying amounts of different metals remain behind in the slag: Potential leaching by rain
water of heavy metals and pollution of surface and underground water system, but also is
a potential resource for later processing. Indiscriminate use of metalliferous slags as
construction aggregate can lead to unexpected impacts.
Product handling:
56. Stock piling of bulk concentrates, stone crush, dimension stone, refined and semi-refined
metals: Dust, visual impact.
57. Heavy vehicle traffic: Dust and safety hazards on public roads.
Pollution by semi-processed end products, e.g. base metal concentrates, at intermediate
storage depots at rail sidings and harbours.
Support of rail transport and harbour systems.
58. Generation and injection of revenue into economy through purchases of goods and
services, employment; bursary schemes, community projects, funding of research and
development of infrastructure that facilitates other projects.
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Mine closure and decommissioning
59. Loss of employment and business for local community. Closure of educational and
medical facilities, if initially provided by the mine.
60. Useful utilisation of mining infrastructure after mine closure.
61. Rendered safe and immediate and long-term negative environmental impacts reduced and
visual pollution decreased.
62. For impact of stabilisation and/or rehabilitation of slime dams, see 61.
63. Revenue from scrap recycling. For further impacts ofremoval of scrap, see 61.
64. For impact of closure of waste disposal sites, see 61.
65. Dangerous shafts and tunnels rendered safe, and deep holes, pits and mega trenches
rendered as safe as possible.
66. Access to possibly sensitive areas restricted. For further impacts of removal of roads.
67. Detects pollution that was not obvious during rehabilitation and/or that develops after
mine closure, e.g. contamination of ground water.
Salt production
68. Disturbance of desert and salt flats: Visual impact and destruction of flora.
Encroachment onto lagoonal areas/interference with tidal flows: Destruction of habitat.
Habitat creation for coastal birds and oyster farming. Employment and income
generation.
69. Brief alteration of seawater composition. Note: dilution by seawater is rapid and takes
place within metres. Accumulation of insoluble bitterns.
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COMMON MITIGATION MEASURES
Checklist ID (terrestrial environment)
(Note: Numbering corresponds to numbering in Checklists IA and IC)
Environmental awareness has to be taught if people are to be expected to limit or avoid
negative impacts. This is a task for both the mining developer as well as the authorities.
Everyday behaviour patterns have to be geared to limiting impacts. All staff must be made
fully aware of the impacts their activities cause and the mitigation measures to be followed.
Some of Namibia's environments are unique, extremely harsh and highly sensitive. The
highly adapted flora and fauna have a particular scientific importance and fascination .
Controlled tourism is likely to expand significantly with time and is an added incentive for
preserving the environment in as pristine a state as possible.
With time, technologies will change, additional ore will be discovered, plant will be replaced,
knowledge and understanding of the environment will improve. The mitigation measures
contained in the Environmental Management Plan (EMP) and Mine Closure Plan need to be
updated regularly to accommodate these changes. The objectives of the EMP should be
communicated to and understood by all staff.
Where impacts are high, a special effort has to be made to preserve remnant populations to
serve as nuclei for later recolonisation. Set up monitoring programmes of impacts and
rehabilitation and recolonisation of mined- out areas. Carry out periodic environmental audits.
Prevent illegal collecting of fauna and flora.
Throughout all activities water demand management must be practised to minimise
consumption and wastage of water. Similarly, energy demand management will reduce
overall negative impact of any mining development.
Pollution must be prevented as far as possible and cleaned up when it occurs.

Exploration
Surveying and mapping:
1. Don't fly lines in sequence; have landowners move stock to different paddocks; consult
with landowners as they may want game to be driven in a certain direction.
2. Use existing roads and tracks or dry sandy riverbeds where possible, keep new tracks to a
minimum; limit the amount of off-road driving and walk more; avoid driving altogether
in areas with very porous soils or with highly sensitive floral cover such as lichen fields
in the desert; do three-point turns, not circular turns.
3. For mitigation measures for vehicle tracks and cross country driving, see 2; avoid
vegetation clearing along grid lines if possible or keep to a minimum; use GPS to reduce
line of sight clearing. Identify and avoid damaging critical/threatened species. On grid
lines that must be driven, stay on the grid line track, do three-point turns at the end of
lines and do not criss-cross between lines; carry surveys out on foot from baseline if
possible.
Investigate use of light vehicles, e.g. quad bikes, which may leave less obvious tracks.
Remove tin foil from IP holes and fill in these holes.
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Field operations:
4. Select fly campsites where there will be least impact. Clean up all camp waste and take
away.
For main exploration camp select area already disturbed and close to existing tracks and
away from water points frequented by wildlife, if possible; situate in least sensitive area
in lee of a topographic feature to lessen the impact of wind. Use one access road to
camp. Discourage use of cement or concrete floors. Limit clearing to a minimum but
ensure sufficient clearing in view of potential of bush fires; clear as few of the large trees
as possible; clear grass but leave undergrowth; have narrow footpaths between caravans
and other buildings. Consider using chemical toilets or sceptic tanks; clear and store
topsoil from waste-receiving pits and pit latrines. Keep tanks and tankers off hills and
place tanks rather on stands.
Water attracts bees: Keep antihistamines in camp.
S. Use existing water sources where possible, but only after assessment of impact on the
reserves. If new water borehole must be drilled, where applicable, obtain abstraction and
discharge permits from the Department of Water Affairs in the Ministry of Agriculture,
Water and Rural Development, and follow mitigation measures for boreholes.
Prevent wood collecting around the camp and bring in firewood from the surrounding
area to lessen impact; no felling of live trees for firewood and no felling of any tree, live
or dead, in the desert. Firewood collection is forbidden in Protected Areas. Consider
alternative energy sources.
Enforce requirements to protect local flora and fauna.
6. Store fuel and lubricants in bunded, well-ventilated areas and control fuel transfer.
Provide spill absorbent and fire-fighting equipment.
7. Sort camp waste, dispose biodegradable waste in pit (in less sensitive areas only) and
transport sorted, recyclable and hazardous waste to appropriate facilities and other waste
to municipal waste dumps.
Overflow from sceptic tanks should not pollute ground water: Locate tanks accordingly.
Domestic wash water should be disposed off in a properly constructed french drain; use
only biodegradable detergents and soaps. Where applicable, obtain abstraction and
discharge permits from the Department of Water Affairs in the Ministry of Agriculture,
Water and Rural Development. No litter or non-biodegradable waste to be buried at any
camp site.
Remove effluents with oil, lubricants and other industrial substances to an appropriate
facility. Machinery oil may not be drained into the soil, but must be collected in waste
tanks and disposed at an appropriate facility.
8. Keep number of roads to an absolute minimum. For further mitigation measures for
construction of access roads to and within prospect area, see 2.
9. Make cut lines only where essential and keep clearing to a minimum: Cut just enough
branches to provide clear line of sight, avoid cutting whole trees and shrubs, cut the
narrowest possible line in densely vegetated areas, if possible cut only the baseline for
vehicle access, where possible use existing tracks as the baseline.
Sampling, drilling and trial mining:
10. For mitigation measures for geochemical, heavy mineral or stream sediment sampling,
see 2 and 3.
11. Refill trenches and pits, for detailed procedures for excavation, preservation and final
replacement of topsoil when trenches and pits are rehabilitated, for further details, see 31.
If these cannot be filled in immediately, demarcate and/or fence off for safety as
necessary.
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12. Use biodegradable thickeners and lubricants; prevent spillage of oil and fuel; remove oilcontaminated soils and dispose in an appropriate facility; avoid spills of drilling water
containing rock flour; follow procedure for trenches when digging sumps for drilling
water; keep dust to a minimum. Remove or bury unused drill chips and cores in sump
pit: Back filling the borehole with this material may contaminate aquifers. In case of
penetration of artesian and/or sub-artesian water reservoirs, these reservoirs should be
sealed as part of the abandonment, e.g. by filling the hole with cement.
Allow vehicle manoeuvring only in very confined area around drill sites, allow only
three-point turns, keep clearing to an absolute minimum and avoid if possible. Scarify
compacted topsoil or replace topsoil where applicable. In areas with highly sensitive
surface conditions remove and store topsoil: See 31; alternatively reduce trampling and
spillages by laying down pallets covered with plastic sheeting for walking on around the
drill bore area.
13. Remove and store topsoil, for further details see 31.
14. Store chemicals in a bunded, well ventilated area; emergency procedures to be in place in
case of an accident, e.g. pollution, burns, poisoning.
15. Use sequential blasting with reduced charge to limit damage by vibrations and flyrock.
Prepare proper waste rock and tailings receiving facilities; limit area covered by facilities;
limit number of roads and tracks.
Discontinuation of exploration and abandonment of exploration area
16. Consult local communityllandowner. Inform Department of Water Affairs in the
Ministry of Agriculture, Water and Rural Development of alternative use and/or closure
of water points.
17. Dismantle and remove pilot plant and camps; remove all waste (paper and cardboard to
be removed from desert areas as these items last for decades); clean up pollution, either
by removal of soil to appropriate facility or by on-site remediation method, e.g. land
farming, bioremediation; scarify roads, tracks and the pilot plant and camp areas in order
to decompact the soil. Scarification is effected by a set of metal spikes mounted behind a
vehicle. These cut shallow parallel furrows about 5 cm deep and about 5-10 apart in the
tracks when pulled behind a vehicle. Fill trenches, effluent and waste pits, small
excavations and pit latrines in the opposite sequence to which they were dug, see 31.
Remove and dispose any cement floors at a municipal waste dump; refill bulk sampling
pits and trial mining trenches with waste rock and replace topsoil. Landscape waste rock
and tailings dumps and cover with topsoil; revegetate with LOCAL indigenous flora;
place coarse limestone crush immediately downstream of any remaining dumps
containing metal sulphides to neutralise any acid seepage that might occur in the future.
Place rockberms across tracks to discourage access to old workings.
Mine construction
In general, facilitate removal by relevant institutions of archaeological artefacts, fossils, flora
and fauna that will be impacted by mining. Fence off vulnerable sites, e.g. rock art. Strict
site supervision, regular inspections and training need to be exercised in order to limit
negative impacts.
Preparation for construction and mining/processing:
18. For mitigation measures for topographical surveying of proposed mine area, see 2.
19. Provide buffer area between mining and farming activities by buying or leasing a large
area of land around the mine to reduce the likelihood of conflict with the farming
community. Purchased land could be converted into a private game reserve.
20. For mitigation measures for roads and vehicle tracks, see 2 and for mitigation measures
for trenching and pitting, see11.
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21. Remove and store topsoil; however, assess each situation separately, obtain
recommendations from specialist as necessary; for further details see 31. Borrow pit sites
with the lowest impact on the environment should be selected and sensitive areas
avoided; try to locate construction materials borrow pits in overburden over ore body or
where they will cause the least visual impact.
Building of infrastructure:
22. Prevent vehicles from driving beyond what will be the verges of the roads; dust
suppression by watering, but consider alternatives, see further 24; have only one track to
each borrow pit. Prevent stock from straying onto the roads.
23. Have only one track along service line routes; have designated turning and passing points
and procedures; for mitigation measures for trenching for the burial of water supply
pipelines, see 11 (and 31).
Tankers used for refuelling earthmoving equipment and machinery to carry a drip tray for
use under the fuel nozzle and biodegradable oil absorbent for use in the event of spillage.
Compensate for decrease in farm value.
24. Have compact, well laid out camps involving the minimum area and the minimum of
driving between different sections of the camp. Enforce strict rules about staying on
access roads, speed limits and safety; signpost clearly and adequately to achieve
compliance with rules; suppress dust, e.g. by watering, but consider alternative road
surfaces, e.g. hard capping, dune sand or fine river sand to reduce water useage for dust
suppression.
Alternatively, construct the housing in the nearest town or village, even if it implies
commuting to and from the mine.
Sewage sites to be situated and constructed in such a way as to prevent groundwater
pollution.
25. Remove and store topsoil from all areas that will be excavated, levelled or permanently
covered by roads, structures, waste rock and tailings dumps sites as per specialist
recommendations, see 31. Water to suppress dust, for alternatives see 24; signpost
clearly and adequately to achieve compliance with rules.
26. Remove and store topsoil, for further details, see 31. Design for safety, appropriate
volumes, rain, storms, acid drainage, drill curtain of boreholes to monitor pollution of
ground water.
27. For mitigation measures for the construction of township and related services and
amenities for housing of staff, see 24 and 25. Construct adequate amenities and facilities
to meet the needs of a healthy community; construct facilities for sorting and recycling of
waste; leave space for and encourage the development of local businesses.
Preferably, construct the housing and facilities in the nearest town or village, even if it
implies commuting to and from the mine.
28. Store fuel and lubricants in bunded and well ventilated areas. Emergency and spill
remediation procedures and action plans to be in place to respond to spillage caused by
accidents during transit; oil absorbent available on site to clean up pollution; those
handling fuel and lubricants need to be briefed on legal requirements. Environmental
awareness training as well as training on proper handling of substances to be provided.
29. Machinery and equipment not to be serviced and repaired outdoors on soil, except in the
case of breakdowns or emergencies. Carry repairs out in workshops or on concrete slabs
and dispose off waste oil correctly. Oil absorbent to be available for use in case of
spillage. All scrap and hazardous waste to be removed to appropriate disposal facilities.
30. Have adequate waste collecting receptacles throughout and sort and remove waste to
appropriate facilities and municipal waste dumps. For further details, see 7. The mine
may need to establish its own facility for general mine and township waste and to build
sewage treatment facilities.
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Initiation of mining:
31. During digging of any form of excavation, levelling or any other activity that involves
disturbing or removing the topsoil, the vegetation cover must be cleared first and stored
temporarily, then the top soil with its seed bed, its overlying pebble armour and its
contained pebbles is removed next and stored in flattish, low piles with low-angle slopes.
Then the underlying rock is excavated and stored separately from the stored topsoil. The
low-angle slopes of the pile will slow down the downward seepage of nutrients during
run off of absorbed rainwater. Cover the stored topsoil with the dead, cleared vegetation
as protection from the heat of the sun, to preserve the contained seeds from baking. This
will facilitate the restoration of the topsoil ecosystem with the all-important organisms
that live in and aerate the topsoil so it is able to absorb moisture yet retain its porosity and
will encourage immediate revegetation of the stored topsoil. Remove the topsoil only in
stages as mining progresses. Infilling and rehabilitation of any excavations takes place in
the reverse order. If no dead vegetation available, cover the topsoil to protect it from
baking by the sun and from erosion, e.g. with gravel, hessian, etc. CatTY out revegetation
experiments, but do not use non-indigenous flora nor non-indigenous flora from other
Namibian ecosystems.
In certain situations topsoil removal may not be necessary or practical, e.g. beach mining,
gravel terraces. Each situation should be assessed separately and, if necessary, the
correct recommendation should be sought from a specialist.
32. Dust suppression, e.g. watering; sequential blasting to reduce charge, vibrations and
amount of flyrock. Procedure to be in place to clean up pollution.
33. For mitigation measures for the start of mining ore body and building up live ore
stockpile, see 32.
Completion of construction:
34. See corresponding activity and impact checklist items.
Mine Operation
Regular communication with the workforce and local community will contribute to limiting
negative impacts.
Staff, materials and logistics:
35. Advertise widely; start training programmes with refresher courses where required;
infuse training material and classes with environmental awareness and health and safety
information; emphasise ethical and safe working practises.
36. Improved capability and efficiency of work force and fewer accidents.
37. Prepare contingency plans, appoint rescue teams, train staff in the handling of
emergencies and hold emergency exercises; hold briefing sessions; provide Health and
Safety and Environment awareness information regularly; give refresher courses; place
large, clear, easily understandable, cartoon-sty Ie health and safety notices in camp and at
the plant. Enforce compliance with health and safety requirements. Promote AIDS
awareness.
38. Keep X-ray (cumulative) exposure at acceptable, safe level. In fenced off areas maintain
game at sustainable levels.
39. Make materials requirements and specifications very clear, and assist aspiring local
entrepreneurs with advice.
40. Develop a culture of sustainable self-reliance that adds to wealth generation and a better
standard of living which can be sustained after the mine closes.
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41. Provide safe and secure storage facilities for hazardous substances. Prevent accidents
with, and spillage of, these substances by observing strict handling procedures with clear
delegation of responsibility and specially trained staff; train teams and have procedures
for handling accidents; have sufficient fresh (i.e. not expired) antidote on site to neutralise
spills. Ensure suppliers and transport contractors use only trained staff, have emergency
procedures in place, and carry sufficient fresh antidote to handle any accidents or spills
while substances are in transit.
Investigate new technologies that obviates the use of hazardous substances.
Note: Covered in part by Mine Safety Regulations, but permits also required from
Ministry of Health and Social Services and from the Namibian Police.
42. Disposal at an appropriate disposal facility.
43. Sort and recycle and dispose at appropriate facilities; recycle hazardous waste where
appropriate, store in separate containers and dispose at an appropriate facility; dispose
remainder of waste in mine or municipal waste dump; treat waste water before disposal.
Crush all containers which have held toxic substances to prevent their re-use for other
purposes. Note: Obtain water discharge permits for treated or partially treated water, and
authorisation for new landfill sites, if necessary.
See 54 for monitoring of pollution of ground water and neutralisation of acid seepages.

Mining:
44. Plan blasting according to groundlrock conditions and nearby structural defects in the
rock; use sequential blasting to reduce charge, vibrations, amount of flyrock and the need
for secondary blasting.
Clear delegation of authority for explosives handling, for approval to enter workings after
a blast; ventilate properly, render workings safe after a blast.
45. Use the appropriate mining methods to reduce the dangers of rock falls; keep people
away from dangerous working areas and use the right type of machinery to load blasted
ore; dust suppression; train machinery and drivers properly and ensure staff follow
prescribed procedures.
46. Reduce volume of surface waste rock dumps by using waste rock as fill in worked out
areas underground and on surface; landscape waste rock dumps to reduce visual
pollution.
For monitoring of pollution of ground water and neutralisation of acid seepages, see 53
and 54.
47. Process low-grade dumps whenever metals prices are high or if new technological
developments permit the economic processing of low-grade ores, blend with abnormally
high-grade parts of the ore body, otherwise treat as for waste rock dumps.
48. Compensate for farm and local community boreholes affected by lowering of
groundwater level.
Treat mine water if to be used for other purposes.
Note: Obtain discharge permit and/or exemption from water quality compliance from
Department of Water Affairs in the Ministry of Agriculture, Water and Rural
Development.
49. Tune engines and generators properly to minimise smoke and partly burnt hydrocarbons
and install fuel-efficient machinery.
50. For mitigation measures for transport, storage and use of fuel and lubricants, see 28.
51. For mitigation measures for service and repair of vehicles, machinery and equipment, see

29.
52. Rehabilitation during mining will make the final task of rehabilitation less onerous and
cheaper.
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Ore processing:
53. Dust suppression during crushing. Reduce dust, sulphurous and nitrogenous gases and
sublimates in smoke stack emissions by scrubbing; recover and sell sublimates. Recycle
water and reduce ferro silicon loss, coal and wood consumption; ensure right mix of
chemicals and crushed ore to avoid wastage of chemicals or inadequate metal/concentrate
recovery.
54. Minimise seepage; drill boreholes downstream of dams and monitor groundwater for
pollution; consult with DWA. Place crushed limestone in drainage system immediately
downstream of slimes dump and immediately downstream of any seepages to neutralise
any acid seepage from the dump. Reduce surface accumulation of tailings by using as fill
in worked out areas underground. A void dumping on species-rich areas which could
serve as core areas from which recolonisation can spread. Cover fine tailings with waste
rock where feasible. Locate tailing dumps and slime dams down-gradient of housing,
amenities and facilities to reduce risks in the event of failure.
Reprocess to recover remaining mineralisation in the tailings dumps when new
technologies make this profitable. Design tailing dams to prevent erosion by wind or
water. Check stability of tailings dams regularly; recycle water.
55. Dispose slags in a properly prepared slag dump from which there will be minimal
seepage; place crushed limestone in drainage system immediately downstream of slag
dump and immediately downstream of any seepages to neutralise any acid seepage from
the dump; contain seepage and promote evaporation thereof, remove residues from
evaporation from time to time and treat as toxic waste. Reprocess slags for remaining
contained metals if new technological developments permit their economic processing, or
process at the end of mine life; otherwise treat as for waste rock dumps.
Product handling:
56. Transport base metal concentrates slightly moist to minimise loss by wind. Preferably,
cover all concentrate loads with suitable tarpaulins. Containerise hazardous end products,
e.g. uranium oxide and arsenic trioxide. Provide adequate security to avoid loss during
loading and transport.
57. Tar main transport roads; drive with headlights on. Cross-check quantities/tonnage on
departure and arrival to reduce loss/wastage.
58. See activities and impacts.
Mine closure and decommissioning
These tasks do not need to be too onerous if the EMP has been followed during the life of the
mine and rehabilitation/restoration has taken place continuously.
59. Train staff during mine operations so that their skills would make them employable in
other sectors of the economy. Re-deploy staff to other projects. Give ample warning to
local community to seek alternative business opportunities and assist therewith.
60. Discuss with landowner/community/government/companies what buildings, after
rendering rest of mine area safe, should be left for the long-term use of others, for other
purposes and what could/should be done with anything else on the mine no longer
required by the company. This should include any building which may be of historical
interest.
61. Dismantle and remove all unwanted buildings and structures, rip up and dump all cement
floors in mine excavations and cover with waste rock; landscape dumps; dewater tailings
dump; cover dewatered tailing dumps, waste rock, remaining low-grade ore, slag dumps,
scared areas and other landscaped areas with stored topsoil with its seed store ecosystem
and pebble armour (see 31). In areas lacking pebbles, serious consideration should be
given to scattering fragments of waste rock with a colour similar to that of the
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62.
63.
64.
65.
66.
67.

surroundings on slopes of covered dumps to serve the same purpose as the pebbles.
Revegetate with LOCAL indigenous flora. Limit possibilities of erosion of landscaped
and covered features; do not disturb previously undisturbed areas simply to find material
to cover dumps with. Clean up, neutralise and bury in mine excavations any chemically
contaminated ground; place coarsely crushed limestone in the drainage systems at the
immediate downstream foot of the waste rock, tailings, low-grade ore and slag dumps
and nearby seepages to neutralise any acid seepage from these dumps. Carry out closure
audit, including recording of remaining residual impacts.
Dewater and cover with stored topsoil; for further details, see 31 and 61.
Recycle and dispose or sell.
Cover with stored topsoil and have monitoring system in place.
Use sturdy barriers.
If roads not required after mine closure, remove road-building material as necessary and
scarify compacted soil.
Where preventive management had not the desired effect, dust problems or seepage of
acidic water or contamination of soils needs to be detected at an early stage in order to be
able to take remedial action before the problem gets too big.

Salt production
68. Ensure evaporation pans do not encroach onto existing wetlands and lagoonal areas.
69. Discharge where mixing with seawater will be rapid and effluent is effectively diluted
within metres. Discharge permit to be obtained from Department of Water Affairs in the
Ministry of Agriculture, Water and Rural Development.
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MAJOR ACTIVITIES
Checklist 2A (shore-based surf-zone mining)
(Note: Numbering corresponds to numbering in Checklists 2C and 2D)
This checklist covers the activities which typically take place during a mining development
project in the surf zone and shallow subtidal zone. At present such projects only mine
diamonds. These are mainly contracted out by the larger diamond mining companies and are
normally small in scale. There is in general little distinction between exploration and mining
as these are often virtually synchronous activities and there is no difference in the methods
used. This list is not exhaustive and serves only as a guide. For the onshore part of the
activities reference is made to checklists 1A - D.
Activities must be planned so as to limit negative and maximize positive impacts. Similarly,
the possible impacts of the environment on the project (remoteness, weather, intense
corrosion, sand blasting during sand storms, smothering by wind-blown sand, difficult terrain,
absence of existing roads and tracks, rough seas, lack of fresh water, potential camp site
locations, wild life in protected areas, natural restoration of the surf zone and shallow subtidal
environments) must be taken into account when planning activities. Diving is an essential
part of the operations and is generally limited to water depths of less than 10 m.

Operation
Onshore operation:
1. Construction of access roads to camp and operations areas.
2. Construction of camp and related facilities, plant, storage and service facilities for
materials and equipment.
3. Removal and storage of topsoil from any excavations and areas that will be permanently
covered by over-sized waste rock from processing plant where practical and feasible and
recommended by specialists.
4. Ore processing: (i) separation of sediments into size fractions, (ii) heavy-medium
separation using ferro silicon (FeSi) of intermediate size fraction to extract heavy
minerals, and (iii) process heavy mineral concentrate.
5. Disposal of over-sized waste rock.
6. Disposal of fines.
7. Disposal of seawater.
8. Running of engines and machinery.
9. Camp and plant waste disposal.
Surf-zone operations:
10. Diving supported mining: Removal/pumping of diamondiferous gravels with suction
hoses from the surf and shallow subtidal zones to the nearby shore-based processing
plant. Some operations use blowers to first "blow" away the cover of finer sands to
expose the gravels.
Staff and logistics:
11. End product handling and transportation.
12. Sale of end product.
13. Procurement of supplies and services.
14. Staff training and skills development.
15. Promotion of Health and Safety.
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Decommissioning
16. Consider alternative uses for mine infrastructure jf no longer needed by com pany

17. Dismantle and remove processing plant and camp; rehabilitate camp, plant and mining
areas, roads and dumps. Rehabi litate progressively as each pan of the surf zo ne along the
licence area becomes mined out and operaLiol1s move on.
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MAJOR COMPONENTS OF THE NATURAL ENVIRONMENT
Checklist 2B (shore-based surf-zone mining)
Prior to the start of exploration and/or mining activities a record of all components of the
natural environment needs to be compiled in order to assess what impacts these activities may
have. This compilation will also enable an assessment of the impacts of the environment on
the project to be made. Such compilation should not be limited to listing the various species
present in the affected area but should include a description of the popUlation structures and
the relationship of the individual species to the habitat, e.g. spawning or settlement of rock
lobster juveniles.
Natural environment
Climate and weather
Air quality
Physical Oceanography
Bathymetry
Physical nature of the surrounding areas
Visual aspects
Geology and soils
Surface water
Groundwater
Fauna and habitats - onshore
- offshore
Flora and habitats - onshore
- offshore
Conservation areas
Socio-economic environment, local and regional
Composition of the local community
Commercial activities
Employment
Mariculture
Commercial and recreational fishing
Harvesting areas of other marine biota
Physical infrastructure: Roads, etc
Conservation/recreation areas, tourist attractions
Other socio-economic activities
Cultural environment
Sites of historic, archaeological and cultural interest, including shipwrecks
Aesthetic aspects of natural environment
Other cultural aspects
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TYPICAL IMPACTS
Checklist 2C (shore-based surf-zone mining)
(Note: Numbering corresponds to numbering in Checklists 2A and 2D)

Impacts can be either positive or negative.
Operation
Onshore operation:
1. Vehicle tracks: Soil compaction results in loss of porosity, inability to retain moisture and
destruction of vegetation and organisms constituting the normal, healthy topsoil
ecosystem. Other impacts include grading, blasting in rocky areas and scatter of flyrock,
sinuous scars and tracks on verges of roads.
2. Although camps, plant areas and the volumes of sediment processed are relatively small,
there will be impacts such as destruction of vegetation and habitat, fauna driven from
habitat, soil compaction, tracks, holes for posts, pit latrines, littering, smothering by
wind-blown sand due to the erection of structures that trap such sand. Potential for
pollution from servicing, maintenance and repair of machinery, vehicles and equipment.
3. Salvaging of topsoil for later rehabilitation, see onshore impact checklist, item 31.
4. Generation and discard of coarse and fine waste. Some ferrosilicon remains trapped in
discarded shell fragments. Seawater and the waste sediments can cause salination of
onshore areas.
5. Piles of pebbles larger than 10-20 mm across (cut-off size varies from operation to
operation) build up onshore near the plant: Landscape modification and visual pollution.
6. Finer material consisting of pebbles less than 20 mm in size, sand and silt are pumped
with sea water back to the surf zone: Plume of suspended silt in the water, local
temporary smothering of benthic habitat, changes in the composition of the intertidal
communities, grain size changes of sands on beach and the intertidal and shallow subtidal
areas.
Seaward disposal of fines may cause changes in community structure in the intertidal
zone with an increase in the foliose algal cover which in turn causes shading and a
consequent decrease in coralline algal cover; loss of food to seabirds and waders in the
intertidal zone may occur. Shallow subtidal benthic communities do not appear to be
adversely affected. Increase in fish numbers and species richness in plume of suspended
fines. Impacts are different on sandy shores, rocky shores and in protected bays.
Loss of ferrosilicon causes may increase biogenic activity due to increase in available
Iron.
7. Pumping of seawater with the fines back to the sea can cause salination of area around
plant if not carried out of properly.
8. Exhaust gases, i.e. coal dioxide and coal monoxide.
9. Potential for pollution by organic and inorganic waste which is not properly contained;
foraging by wild life in refuse bins and dumps. Maintenance and repair work done on
site can result in spills of oil, lubricants and hydraulic fluid.
Offshore operation:
10. Disturbance of seabed, disturbance and destruction of habitat, flora and fauna; cutting of
kelp to get access to gravel or for safety; pumping of sediment and seawater ashore.
Conflict/interference with fishing industry. Creation of habitat among newly exposed
rocks and boulders and rapid colonisation thereof by rock lobsters.
Diving is potentially hazardous.
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Staff and logistics:
11. Special security arrangements needed for high-value, low-volume end products:
Exclusion of other developments and activities in diamond areas.
12. Generation of revenue, injection of revenues into the local community; employment;
social upliftment.
13. Pressure on coastal town suppliers of goods and services: Limited accommodation and
water supplies, inadequate sewage network and waste disposal facilities.
Opportunities for local supply and service industry.
14. Organised on-the-job training makes for improved capability and efficiency of work force
resulting in higher production, less waste, safer work practises, fewer negative impacts;
environmental awareness among own and contractor staff and development of company
environmental management expertise. Skills acquired make staff more marketable after
mine closure.
15. Culture of safe, sensible working procedures instilled in own and contractor staff.
Preparedness for emergencies. The well being of staff is as important as that of the
environment.
Decommissioning
16. Mine infrastructure should not be wasted if it is no longer needed by the company and
can be gainfully used by others for other purposes. Coordinate with the authorities
regarding rehabilitation, as it may not be necessary to remove certain roads. Could
reduce cost of future developments.
17. Reduction of impacts, removal of all foreign materials and return of area as closely as
possible to original natural state.
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COMMON MITIGATION MEASURES
Checklist 2D (shore-based surf-zone mining)
(Note: Numbering corresponds to numbering in Checklists 2A and 2C)
For introduction: See Checklist 1D.

Operation
Onshore operation:
1. Locate roads on compacted wind-blown sand, avoid grading and use beds of dry sandy
washes where possible; avoid streams with water or moist soils, gravel plains, areas with
porous substrates, salt pans depressions, seal colonies and areas of denser plant growth.
Place clear road signs at junction with main road; avoid cross-country driving. Limit
blasting to absolute minimum, collect flyrock from blasting and place in neat unobtrusive
piles.
2. Keep area as small as possible; camp not to be on beach and not too close to springs,
rivers and boreholes (not less than 50 m); avoid vegetated areas; prevent oil spills;
remove and store topsoil from any pits and excavations.
3. Saved topsoil to be used during later rehabilitation of dumps and to cover excavations:
Store soil/sand and deeper material from excavations in different piles; replace in the
reverse order to excavation.
4. Keep area as small as possible; prevent oil spills; keep ferrosilicon loss to a minimum;
remove and store topsoil from areas that will be permanently covered by dumps. Crush
shelly material that has passed through cyclone to release trapped ferrosilicon before the
waste containing these shells is disposed of. Note: Monitoring has shown rapid recovery
of mining sites.
5. Dump only in pre-selected and prepared dump areas.
6. Deposit between high- and low-water marks, avoid onshore disposal. Note: Surf action
and long-shore drift disperse this material fairly quickly. Full recovery of intertidal and
shallow subtidal areas may occur in a relatively short time span.
7. Pump back to intertidal zone, transporting the fines as slurry.
8. Tune engines and generators properly to minimise smoke and partly burnt hydrocarbons.
Install fuel-efficient machinery.
9. Seepage from pit latrines should not pollute underground water systems; domestic wash
water to be disposed of in a properly constructed french drain; use only biodegradable
detergents and soaps;
effluent with oil, lubricants or other industrial substances to be collected and recycled or
removed and disposed at an appropriate facility; used oil, lubricants and hydraulic fluid to
be placed in covered containers and removed regularly for disposal at an appropriate
facility; sorting for recycling to be encouraged; domestic waste to be stored in closed
containers that cannot be opened by scavengers; all other camp and plant waste to be
stored in containers and together with domestic waste delivered on a regular basis to
municipal waste dumps. No litter or waste buried. Conserve water - cover containers,
reuse, recycle.
Offshore operation:
10. Avoid cutting oflarge areas of kelp and/or young kelp, where possible; in areas where
cutting must be extensive leave stands of kelp scattered through the cut area. Consider
mining only a small proportion of the total shallow-water and surf-zone area in anyone
year so that adequate pristine areas remain to facilitate recolonisation. Pile boulders that
are removed to facilitate access to gravels in low piles so that piles do not readily collapse
in storms and crush recolonising rock lobster. Have standby divers and equipment.
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No poaching of rock lobsters; consider stopping suction pumps immediately if more than
a few rock lobster appear on sorting screens as this may be an indication for rock lobster
migration.
Encourage and support the upgrade of facilities and services in coastal towns.
Staff and logistics:
11. Theft must be avoided, cross check quantities on departure and arrival.
12. See corresponding activity and impact.
13. Use local industry for supplies and services.
14. Provide staff training to ensure full competency.
15. Prepare contingency plans, appoint rescue teams, train staff in the handling of
emergencies and hold emergency exercises. Provide Health, Safety and Environment
awareness information regularly; give refresher courses; place large, clear, easily
understandable, cartoon-style health and safety notices in camp and at the plant; hold
briefing sessions; enforce compliance with health and safety requirements. Ensure strict
adherence to diving instructions.
Promote AIDS awareness.

Decommissioning
16. Long-term needs of the area may obviate some of the decommissioning activities.
17. Remove all toxic or potentially toxic material/chemicals/compounds from the processing
and equipment maintenance areas. Remove oil-contaminated soil and dispose of at an
appropriate facility.
Dismantle and remove plant and camp; remove all waste (paper and cardboard to be
removed from desert areas as these items last for decades); fill pit latrines and any
excavations in the opposite sequence to which they were dug by replacing waste rock
first then subsoil then topsoil in that order; break up, remove and dispose of cement floors
at a municipal dump. Consider leaving the base camp in one location and only move the
necessary machinery along the coast.
Landscape and cover dumps and other landscaped areas with stored topsoil; scarify roads,
tracks, and plant and camp areas to decompact the soil; revegetate with LOCAL
indigenous flora where practical. Do not disturb previously undisturbed areas simply to
find material to cover dumps with and plants for revegetation.
Carry out closure audit, including recording of remaining residual impacts.
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MAJOR ACTIVITIES
Checklist 3A (boat-based offshore mining, shallow and deep water)
(Note: Numbering corresponds with numbering in Checklists 3C and 3D)

This checklist covers the activities which typically take place during the exploration,
operation and decommissioning phases of an offshore, boat-based mining development
project. Activities will vary from project to project and area to area. Projects in shallow water
are significantly different from those in deep water, the former also being much smaller than
the latter. This list is therefore not exhaustive and serves only as a guide.
Activities must be planned so as to limit negative and maximize positive impacts. Similarly,
the possible impacts of the environment on the project (remoteness, weather, intense
corrosion, rough seas) must be taken into account when planning activities. Shallow-water
mining is restricted to water depths of 10-30 m and is carried out using converted fishing
boats with small crews which including several divers. Smaller boats only mine during
daylight hours and only a few days per month depending on sea state. The larger shallowwater boats work on a 24-hour basis, for longer periods. Large mining vessels carry out deepwater mining around the clock with large crews throughout the year.
Exploration
Many of the activities of exploration are similar to mining operations and are handled under
mmmg.

1.
2.

CalTY out seismic (low-energy, high-resolution), sidescan sonar and ROV video surveys.
Sampling of seabed with grab tool (typically 0.6 m3), vibrocorer (typically 6 m long, 86
mrn diameter) and coring devices with rotary motors (typically 6 m long, 46 mrn
diameter). Diamondiferous gravels sampled down to about 6 m depth with "megadrill"
(typically 3 m diameter).

Mining

Operation:
3. Shallow water: Diving -supported operations to recover unconsolidated diamondiferous
gravels; activities similar to shore-based surf-zone mining except that machinery is boat
based and gravels are processed in an on-board plant.
4. Deep water: Mining of superficial sediments with continuous mining tools or largediameter drills bits.
5. Ore processing: (i) separation of sediments into size fractions, (ii) heavy-medium
separation of intermediate size fraction using ferrosilicon (PeS i) to extract heavy
minerals, and (iii) X-ray separation of diamonds from the heavy mineral concentrate.
6. Disposal of oversize waste rock.
7. Disposal of fines.
8. Vessel operation, see also 14 and 15.
9. Helicopter flights to larger, deep-water vessels during prospecting and mining.
10. Supply vessel activities
Staff and logistics:
11. Staff training and skills development.
12. Promote Health and Safety.
13. Purchase of supplies and services.
14. Disposal of waste from ships.
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15. Offshore bunkering.
16. Sale of product.
Decommissioning
17. Recover any lost equipment.
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MAJOR COMPONENTS OF THE NATURAL ENVIRONMENT
Checklist 3 B (boat-based offshore mining, shallow and deep water)

Prior to the start of exploration and/or mining activities a record of all components of the
natural environment needs to be compiled in order to assess what impacts these activities may
have. This compilation will also enable an assessment of the impacts of the environment on
the project to be made. Such compilation should not be limited to listing the various species
present in the affected area but should include a description of the population structures and
the relationship of the individual species to the habitat.
Natural environment
Climate and weather
Physical oceanography
Bathymetry and physical nature of the sea floor and islands
Geology of the sea floor
Fauna and habitats
Flora and habitats
Conservation areas
Air quality
Socio-economic environment, regional and local
Composition of the local community
Commercial activities
Employment
Mariculture
Commercial and recreational fishing
Harvesting areas of other marine biota
Shipping lanes
Other socio-economic activities
Cultural environment
Sites of historic, archaeological and cultural interest, including shipwrecks
Other cultural aspects

38

TYPICAL IMPACTS
Checklist 3C (boat-based offshore mining, shallow and deep water)
(Note: Numbering corresponds to numbering in Checklists 3A and 3D)

Impacts can be either positive or negative.
Exploration
1. Noise from seismic sources may disturb fish and marine mammals, most of which can
swim away. Remotely Operated Vehicles (ROVs) have little impact other than to stir up
a small amount of surface mud and to sometimes attract fry and small fish to the lights.
Note: Data is acquired over a relatively large area in a short space of time.
2. Barren material from grab and megadrill discarded overboard; clusters of holes are
drilled: Modification of the seabed, disturbance of the seabed habitat, disturbance and
destruction of benthic organisms, noise and scaring of fish and marine mammals, and
small-scale mixing of anoxic muds and intergranular pore water with seawater at the base
of the water column. Note: All of these impacts are however minimal. Exploration
almost always impacts pristine areas but this also leads to an increase of the knowledge
base through the collection of scientific data. Sampling is slow relative to seismic
surveys.
Mining

Operation:
3. Shallow water: Disturbance of seabed, disturbance and destruction of habitat and flora
and fauna; cutting of kelp to get access to gravels and/or for safety. Mining in rock
lobster sanctuaries: Conflict with fishing industry. Loss of equipment offshore: Pollution
and damage to fishing gear.
Creation of habitat among newly exposed rocks and boulders which is rapidly colonised
by rock lobsters.
Diving is potentially hazardous.
4. Deep water: Disturbance and destruction of the sedimentary record, habitat and benthic
organisms, disturbance of fish and marine mammals; in certain areas release of plumes of
anoxic mud and interstitial pore water into the base of the water column and consequent
reduction of oxygen levels which in principle can lead to migration or even death;
smothering of benthic organisms. Note: Effects are likely to be minimal in the open sea
conditions of Namibia.
Social impacts: Alteration of life styles, separation of staff from their families for
extended periods. Greater pressure on the facilities and services of coastal town and
harbours; increased local opportunities through demand for supplies and services.
5. Although the ferro silicon is recovered for re-use some of it remains trapped in discarded
shell fragments: Loss of ferrosilicon leads in principle to increased biogenic activity due
to increase in available iron. Note: given the relative quantities in the highly dynamic sea
of Namibia the effect may be minimal at most. Some muds have high H2S levels which
can be very dangerous when released in the processing plant area and will lower the
oxygen supply locally when released in the water column, resulting in stress or die off.
Potential hazard of X-rays. Processing creates noise.
6. Overboard discard of the coarse fraction remaining after the separation process consisting
of pebbles larger than 10-20 mm (cut-off size varies from operation to operation) results
in seabed modification, reorganisation of the sediment structure, smothering of benthic
organisms in adjoining unmined areas, but also creation of habitat (kingklip, sponges,
hydroids, seafirs, soft coral, fine algal growth).
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7.

Pumping of finer waste material consisting of pebbles less than 20 mm in size, sand, silt
and clay back into the sea produces a plume of fine suspended sediment in the water up to
several km long that reduces the light available for photosynthesis, clogs the feeding
mechanisms of filter feeders, increases organic matter and ammonia and hence food
supply in the plume which causes a concomitant decrease in oxygen levels. Visibility of
the plume can be significant.
Sulphides of heavy metals in the muds, if present, are dispersed with the fines and could
accumulate in some organisms. The coarser discard materials smother the benthic habitat
in adjoining unmined areas: reorganisation of sediment structure and grain size changes
of the seafloor cover.
8. Mining vessels are anchored in one locality for long periods and have declared safety
exclusion zones around them: Interference with fishing and petroleum industry. Impacts
are noise, exhaust gases, disturbance of fish and marine mammals. See also 14 and 15.
9. Noise and movement that disturb wetland birds and island birds and mammals (e.g.
seals), which can cause mortalities; emission of gases.
10. Emission of gases, disturbance of fish and marine mammals, overboard loss of supplies,
equipment, waste containers etc. during transfer.
Staff and logistics:
11. High level of skills required for offshore operations. Few formal opportunities in
Namibia. Once skills have been acquired, further on-the-job training makes for improved
capability and efficiency of work force, increased skills, fewer accidents, better operation
of project; long-term marketability of skilled people.
12. Culture of safe, sensible working procedures instilled in staff. Preparedness for
emergencies. The well being of staff is as important as that of the environment.
13. Support for and pressure on coastal town suppliers of goods and services (limited
facilities and staff, long supply lines, limited water supplies, poor sewage network and
refuse removal facilities, limited accommodation, etc). Improves the multiplier effect of
mining.
14. Typical ship wastes are organic (galley waste and sewage), various types of inorganic
waste, waste oil, lubricants and hydraulic fluid, oily water from different parts of the ship,
used detergents, toxic waste (laser printer toner cartridges, fluorescent tubes, medical
waste), CFCs in fire-fighting equipment and exhaust gases (C02, CO). Organic waste
discharged overboard increases the food supply but also decreases oxygen levels in the
water due to increased bacterial activity. Anti-fouling paints on the hulls can be highly
toxic.
15. Potential of fuel oil spillage: Pollution of shore, oiling of pelagic and coastal birds and
interference with fishing industry.
16. Generation ofrevenue, injection ofrevenues into the local community, increased
employment, bursary schemes, community development projects, social upliftment,
funding of research, health, welfare and environmental awareness programmes.
Contributions to advances in marine mining technology and knowledge of the natural
environment. Utilisation of harbours: Berthing fees.

Decommissioning
17. Rehabilitation is not possible on the seabed. The proportions of exposed rock and
sand/mud cover have been changed by the mining. Consequently, although natural
rehabilitation begins shortly after mining, the community structure in mined out areas
differs from the community structure in adjoining unmined areas. Recolonisation appears
to take place at different rates in different parts of the seabottom offshore with diversity
increasing with time. Pioneer species recolonialise mined out areas first.

40

TYPICAL MITIGATION MEASURES
Checklist 3D (boat-based offshore mining, shallow and deep water)
(Note: Numbering corresponds to numbering in Checklists 3A and 3C)
For introduction: See checklist ID.
Exploration
1. Avoid undertaking surveys when pelagic fish are spawning where practicable.
2. Encourage and facilitate research of different disciplines on collected samples.
Mining
Operation:
3. Avoid cutting of large areas of kelp and/or young kelp plants, where possible; in areas
where cutting must be extensive leave stands of kelp scattered through the cut area.
Limit the number of shallow-water boats that can work in one area at one time. No
mining on islands as these are important bird and seal roosts and breeding grounds or in
rock lobster reserves around islands. No access to islands except in emergencies or, after
obtaining the necessary permits, to erect, repair and dismantle position-fixing equipment.
No collecting of anything while on islands, no littering, disturbance of fauna to be kept to
a minimum.
No poaching of rock lobster; consider stopping suction pumps immediately if more than a
few rock lobsters appear on sorting screens as this may be an indication for rock lobster
migration. Maintain communication with the fishing industry.
Have standby divers and equipment, and, if necessary, a decompression chamber
onboard.
Note: All relevant provisions of Health and Safety Regulations issued by the Ministry of
Health and Social Services and Mine Safety Regulations issued by the Ministry of Mines
and Energy pertaining to underwater mining apply. Display international warning signs
when divers in the water.
4. Consider leaving low-grade patches in the mining area untouched to serve as
conservation corridors and nucleation points for recolonisation together with barren
patches.
Encourage and support the upgrading of facilities and services in harbour towns.
Maintain communication with the fishing industry.
Note: All relevant provisions of Health and Safety Regulations issued by the Ministry of
Health and Social Services and Mine Safety Regulations issued by the Ministry of Mines
and Energy pertaining to underwater mining apply.
5. Keep an accurate record of ferrosilicon consumption; crush shells to release ferrosilicon
(FeSi). Take precautions against the release of hydrogen sulfide gas (H 2 S) in plant area.
Ensure no dispersion of X-rays outside X-ray chamber. Reduce noise in processing
plant.
Encourage and facilitate the gathering of specimens for scientific research and keep
records of marine organisms deposited on the sorting screens.
6. Dump coarse gravels and sands back into mined out areas to limit smothering of unmined
areas.
7. Where relevant, try and mine in a direction that allows currents to disperse the slowly
settling fines over mined out areas already filled with coarser material in order to attempt
to restore the pre-mining sedimentary sequence of the fine-grained covering over the
coarser gravels and to reduce smothering of adjoining unmined areas. To reduce the
negative impacts of the plume on fish eggs and fry consider releasing the fines well
below the thermocline (approximately 30 m below sealevel).
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8.

Maintain communication with fishing and petroleum industry.
Use environmentally friendly, tin-free, anti-fouling hull paints. Replace CFCs with nonhalogen gases in fire-fighting and refrigeration equipment; use low-toxicity,
biodegradable detergents. Tune engines and generators properly to minimise emissions
of smoke and partially burnt hydrocarbons and install fuel-efficient machinery.
If mining vessels are wrecked; inform the authorities, clean up all debris and possible oil
pollution, remove wreck if possible, otherwise remove refuse, oil, fittings and any objects
that can loosen during break up. Keep logbooks up to date. Vessels must be fully
seaworthy and certified. Report to the authorities vessel activities during exploration,
vessel location during mining, each time it is moved and when it ceases operations so that
Notices to Mariners can be issued. Comply with all maritime requirements for operating
at sea.
9. Helicopters to avoid flying over wetlands and offshore islands.
10. Comply with all safety regulations. Take particular care when transferring waste,
personnel and heavy loads; make a wide berth around marine mammals.
Staff and logistics:
11. Improved capability and efficiency of work force, fewer accidents; skills acquired will
stand staff in good stead when looking for work after mine closure.
12. Prepare contingency plans; appoint rescue teams; train staff in the handling of any type of
emergency and hold emergency exercises. Ensure strict adherence to diving instructions.
Provide Health, Safety and Environment awareness information regularly; give refresher
courses; place large, clear, easily understandable, cartoon-style health and safety notices
throughout vessels and in plant areas; hold briefing sessions; enforce compliance with
health and safety requirements. In noisy areas enforce wearing of hearing protection
devices. Modify plant to reduce noise penetration through to the accommodation area.
Provide good food, comfortable cabins and adequate recreational facilities for crew.
Promote AIDS awareness.
13. Produce distilled water at sea; consider purchasing own accommodation facilities; use
local supplier and service companies wherever possible.
14. Comminute organic galley waste before discharge to aid degradation. Treat sewage to
comply with MARPOL regulations. Discharge organic waste and treated sewage about 5
m below sea surface. Sort other waste into toxic waste, that which can be incinerated,
recyclable or reusable waste and the rest (including ash from the incineration) and store
in containers. Separate oil from oily water, discharge water overboard only after its
remnant oil content complies with MARPOL regulations (<15 ppm). Used/waste oil,
lubricants and hydraulic fluid to be placed in containers. All containers must be removed
regularly by supply vessels for disposal at appropriate facilities. Pump bilge sludge to the
supply vessel and dispose of in on-shore waste disposal sites. Store enough oil adsorbent
on board to handle on-board oil spills.
No overboard disposal of organic waste in harbours.
Hazardous waste - recycle where appropriate, store in separate containers, incinerate
medical waste or dispose of in appropriate facility. Reuse and recycle as much waste as
possible.
15. Obtain all approvals and give notifications timeously. Use only supply vessels with a
valid insurance certificate for bunker transfer operations at sea. Bunker only in calm seas
in daylight, ensure sufficient equipment/material on board to limit/contain spilt fuel oil,
pressure test transfer hoses regularly (12 months by law), observe safety requirements
strictly and practice emergency procedures. Main engines of both vessels and pollution
combating equipment must be ready for immediate use during transfer. Comply with any
other conditions of approval for offshore bunkering. Record and report any spills
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immediately to the alilhorilies. Retain lcuefs of authorisation, undenake and record
safety control checks.
16. See activities and impacts.

Decommissioning
17. Recover any equ ipmen t lost overboard. Record the exact position of any equipment that
can not be recovered fo r possible inc lusion in a hazards register which is maintained by
the mari ne au thorities.

Carry out cl osure aud it, including recording of remaining residual impacts.
Provide MME and MFMR with detail ed maps showing location of min ed Ollt areas with
dale of mining and depth to which min ing took place to ass ist w ith monitoring

rehabil itati on of mined Ollt areas.
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CHECKLIST OF ITEMS TO BE CONSIDERED IN
DRAWING UP AN
ENVIRONMENTAL MANAGEMENT PLAN
An Environment Management Plan (EMP) for a mining project follows up to the
Environmental Assessment (EA) and translates the mitigation measures into practical
activities that are to be carried out during mining. An EMP cannot be prepared without an EA
first having been carried out. The EA and the EMP are inseparable documents. The
management actions to eliminate or mitigate negative impacts and maximise positive impacts
form the basis of the EMP. Both the EA and the EMP are living documents and should be
updated periodically as new technologies are implemented, as the understanding of the
environment improves and as monitoring and performance assessments lead to more effective
management of impacts. Maps, tables and monitoring and compliance report forms must be
included in the EMP wherever they contribute to clarity or brevity or effective management
and improvement of shortcomings. Matrices of activities vs elements of the environment,
showing also the severity and duration of each impact are a useful tool. The EMP should
include monitoring of compliance by suppliers of goods and services with the environmental
management requirements of the mine.
It is essential that management has the capacity to deal with environmental management
consultants and the EMP. Effective management of environmental aspects requires extensive
training within the company of management, internal environmental auditors and of staff who
will training others (training the trainer).
There are four stages in the implementation and execution of an EMP: planning,
implementation, monitoring and corrective action. This is represented diagrammatically in
Fig. 5. Depending on the size of the operation, a project may have separate EMPs for
different and very distinct parts of the operation. Due to staff changes and promotions it will
be necessary to review the allocation of responsibilities and duties and the need for training at
least once a year and more regularly if staff turnover is large.
The EMP is a living document which assists with the environmentally acceptable
management of prospecting, mining and decommissioning phases of a mine's life. If used
effectively it can improve profitability of the mine through cleaner, more efficient operations.
In summary, the key feature of an EMP is that it provides a formal structure for the
implementation and monitoring of mitigation measures (and all other activities at the mine).
It also provides a mechanism whereby corrective measures used to deal with non-compliance
are instituted and monitored for effectiveness.

Contents of an EMP
Introductory section
This contains the results of the planning stage and consists of:
• A description of the project;
• A brief overview of the EMP;
• A commitment from the executive of the company;
• A review of all statutory obligations, international, national, provincial and local as well
as governmental and company policies;
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•

Resource allocation: people and funds.

Operations section
This section contains all the details for implementation and forms the main body of the EMP
document. It consists of:
• A listing of the structuring and allocation of responsibilities for supervision and
undertaking of mitigation activities;
• The names of those serving on an EMP steering committee chaired by the GM;
• The names of one or more EMP controllers who will be responsible for implementation
oftheEMP;
• An operations schedule which sets out correct procedures and timetables for
implementation of the various actions.
The schedule should contain:
• A register of all the environmental aspects identified, including the statutory obligations
that relate to specific aspects;
• A comparative risk assessment of all the environmental aspects;
• An objective for minimising each negative impact and maximising each positive impact;
• The mitigation action for each negative impact;
• The training, awareness and competency required of those who will be responsible for
carrying out mitigating, monitoring and remedial activities;
• The schedule for communicating the requirements of the EMPs, both internally and
externally, to the workers, union and non-union members and the community;
• Details of documentation control for providing an accurate record of activities and
developments;
• Details of day-to-day operational control of procedures and standards with respect to
impacts on the environment;
• Details of emergency preparedness and responsibilities in terms of contingency plans.
Monitoring section
This consists of:
• Instructions and checklists to be followed and forms to be completed for monitoring all
the mitigating activities as well as monitoring of the management of the EMP;
• Instructions and forms for the recording of non-conformance;
• Instructions on the maintenance of records, including their nature, type and period of
retention;
• Instructions an the execution and regularity of internal and external audits as well as
second-party audits of suppliers of goods and services;
• Monitoring of corrective actions or modified mitigation activities in cases of nonconformance;
• Reviews by management of audits, non-conformance findings, minutes of meetings,
success of implementation and effectiveness of the EMP;
• Compliance with the ISO 14000114001 protocols (if applicable).
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Corrective Action
Thi eetion should include:
• Instruclions on procedures to be followed, respo nsible per OIlS and deadline when taking
corrective action or modifying mjtigation activilie in case of non-conformance;
• Maintenance of records of corrective actions ~nd the inclu ion lhereof in audits;
• Reviews by management of corrective actions.

Mine Closure and Rehabilitation Plan

Fig, 5 - Four stages in the implementation and execution of an EMP
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SOURCES OF INFORMATION
Ministry of Mines and Energy
Directorate of Mining
Minerals (Prospecting and Mining) Act, Act 33 of 1992 (presently being reviewed)
Diamond Act
Geological Survey
Geological information
Geological maps
Sea floor sediment maps
Ministry of Environment and Tourism: Directorate of Environmental Affairs
Namibia's Environmental Assessment Policy, 1995
Draft Environmental Management Bill
Draft Pollution Control and Waste Management Bill
Sea Birds and Seals Protection Act, Act 46 of 1973
Atmospheric Pollution Prevention Ordinance, Ordinance 11 of 1976
Nature Conservation Ordinance, Ordinance 4 of 1975
United Nations Framework Convention on Climate Changes (Climate Change
Convention)
Basel Convention (re transporting or disposing of hazardous waste)
Environmental Contract
Policy for prospecting and mining in Protected Areas & National Monuments (August
1999)
Information on fauna
Mining Sector Base line and specialist studies, EAs, EMPs and monitoring studies
Ministry of Fisheries and Marine Resources
Sea Fisheries Act, Act 29 of 1992
Marine Resource information
Ministry of Works, Transport and Communications
Directorate of Marine Affairs
Prevention and Combating of Pollution ofthe Sea by Oil Amendment Act, Act 24 of
1991
Law of the Sea Convention (re pollution of the marine environment at from land based
sources)
1973 Convention for the Prevention of Pollution from Ships (MARPOL)
1992 International Convention on Civil Liability for Oil Pollution Damage (Civil
Liability Convention)
Namibian Ports Authority
National Botanical Research Institute
Botanical information
Ministry of Lands, Resettlement and Rehabilitation
Directorate of Survey & Mapping/Office of the Surveyor-General
Topographic maps
Ministry of Basic Education, Sport and Recreation: National Monument Council
National Monuments Act, Act 28 of 1969
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Ministry of Agriculture, Water and Rural Development
Department of Water Affairs
The Water Act, Act 54 of 1956 and amendments
Artesian Water Control Ordinance, Ordinance 35 of 1995
Ground water information
Department of Agriculture
Soil Conservation Act, Act76 of 1969
Information on soils
Ministry of Health and Social Services
Public Health Act, Act 36 of 1919
Hazardous Substances Ordinance, Ordinance 14 of 1974
Ministry of Local Government and Housing
Model Sewerage and Drainage Regulations of the Local Authorities Act, Act 23 of 1992
Ministry of Trade and Industry
Foreign Investment Act, Act 27 of 1990
Vienna Convention, Montreal Protocol and London Amendment (re ozone)
Ministry of Home Affairs
Immigration Control Act, Act 7 of 1993
Ministry of Labour
Labour Act, Act 6 of 1992
Office of the Prime Minister: National Planning Commission
Socio-economic information
NEPRU (Namibian Economic Policy Research Unit)
Socio-economic information
Other Exploration and mining companies
EAs and EMP's
Chamber of Mines of Namibia
Information on commercial mining sector
Small Miners Association
See Small Miners Assistance Centre
Small Miners Assistance Centre
Information on small-scale mining
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ADDITIONAL REFERENCES
Biological diversity in Namibia - a country study, by Phoebe Barnard (editor) (1998)
Environmental Manual - Sectoral Environmental Assessment Sourcebook, by DirectorateGeneral for Development Commission ofthe European Communities (June 1993)
Environmental Impact Assessment Guidelines, by Ministry of Mines Environment and
Tourism, Zimbabwe (Aug 1997)
Environmental Management Guidelines for Mining and Exploration in Zimbabwe, A
handbook for mine owners, managers and operators, by Ministry of Mines
Environmental Handbook, Documentation on monitoring and evaluating environmental
impacts, Volume II: Agriculture, MininglEnergy, TradelIndustry, by German Federal
Ministry for Economic Cooperation and Development (1995)
Environmental Management Programme for prospecting/mining of precious stones in the
marine concession area and surf zone, by DME ofRSA
Environmeptal Management and ISO 14000, by International Standards Organisation
Environmental threats and opportunities in Namibia: A comprehensive assessment, by Bruce
A. Byers (DEA, August 1997)
Generic environmental management programme for marine diamond mining off the west
coast of South Africa. Marine Diamond Mines Association, Cape Town, South Africa. 6
Volume8.,-by S. Lane and R. A. Carter (1999)
Guidelines for the preparation of Environmental Management Report for prospecting and
exploitation of oil and gas in marine environments, by DME ofRSA (1996)
Guidelines for the preparation of Environmental Management Report for prospecting and
mining of offshore precious stones, by DME ofRSA
Guidelines for the preparation of an environmental management programme report (EMPR)
for prospecting for and mining of onshore precious stones, by DME ofRSA (1997)
Mine Waste, by CSIR
Onshore Minerals and Petroleum Exploration (in series on best practice and environmental
management in mining), by Environmental Protection Agency of the Australian Federal
Environmental Department (June 1996)
Standard Environmental Management Programme (EMP's) regarding mining activities at
small mines with a low environmental impact for bulk sampling and prospecting, by
DME ofRSA (June 1994)
State of the Environment Report on Namibia's industry environment - C: Mining
Environment (1999)
Synthesis and- Assessment of information on the BCLME Thematic Report 3: Integrated
overview of Diamond mining in the Benguela Current Region, by Anchor Environmental
Consultants cc (Nov 1998) for UNDP

