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EXECUTIVE S MMARY

Anvil Mining N have commenced development of the Dikulushi Copper-Silver

deposit near K,, a in the south-eastern Katanga Province of the Democratic Republic

of the Congo (D C). The project is scheduled to produce 250,000 tonnes of ore per

annum, initially rom an open cast mining operation, and will eventually produce a

concentrate con aining 60% copper and 1800 ppm silver.

The project is b ing developed in two phases. In year 1, the open cast mine will feed

ore to a hea media separation (HMS) plant that produces 38% copper in

concentrate. In year 2, the HMS plant will be replaced by a 250,000 tpa mill and

flotation plant t at will produce a 60% copper concentrate and re-treat lower grade

material prod ed durng year 1. Concentrates from mining and processing

operations will be transported by road to the port of Kilwa on Lake Mweru, from

where they wil be barged to Nchelenge on the Zambian shore of the lake. From

Nchelenge, th concentrates will be transported by road to smelters (initially) in

Namibia and S uth Africa.

The operation ill consist of conventional mine and process components. The key

site compone s are the open pit, waste rock dumps, process plant, workshops,

tailings dam a d associated infrastructure. The environmental management plan has

been develop to mitigate any adverse impacts from the construction and operation

of these faciliti s.

The project is expected to make a positive socio-economic contribution to the area

which is unde -developed. Off-site infrastructure investments include the upgrading

of the Dikulus i-Kilwa road, and the construction of improved port facilities at Kilwa in

the DRC and chelenge in Zambia.

An assessme t of baseline environmental conditions has been done. The Dikulushi

river is the m in water course in the project area. This is an ephemeral stream that

will be divert d during later stage mining of the open pit. Stream sediment samples

are high in pper, consistent with the presence of an economic ore deposit at the

site. The ove all water quality of the river is good. The quality of the Lake Mweru

water at Kilw and Nchelenge is also relatively unpolluted.

Groundwater quality at the project site complies with World Health Organisation

(WHO) guid lines for drinking water quality, although a few metal values are

elevated, po ibly due to the presence of the ore deposit.

Soils in the a ea exhibit high copper values in the immediate vicinity of mineralisation.

Away from he immediate mine site, the soils are mostly leached and nutrient

deficient. C sava cultivation is common since this crop is tolerant to aluminium

toxicity and rongly leached soil.

Vegetation i and around the mine area is Chipya/Munga and Miombo woodland.

Local peopl living close to the mine area are mainly small-scale farmers. Annual

burning of t e land takes place during each dry season in preparation for planting

before the -set of the next rains. This type of slash-and-burn subsistence farming

is common t roughout Central Africa.

- -- . 1.___-_ r ; 
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There is no air uality data for Dikulushi due to its remote location and the absence

of industry. Gr ssland and forest fires, charcoal burning and slash and burn

agriculture gene ate smoke and dust during the dry season.

Although the r gion once had abundant wildlife, poaching and cultivation have

significantly red ced larger mammal populations, or forced them to move out of the

area. Smaller ammals such as the Bush Baby and Vervet Monkey are still

occasionally re orted, whilst reptiles and birds are commonly seen.

In recent years the economy of the DRC has been severely negatively impacted by

civil war. Since 998 there has been a significant reduction in Government revenues,

escalation of xternal debt and an exodus of foreign businesses. The war has

intensified basi problems such as corruption, raging inflation and lack of openness

in Government olicy.

The Dikulushi rea has one of the lowest population densities in the region with 3.64

inhabitants pe square kilometre. Almost all the people in the area rely on fishing or

subsistence a riculture to survive. There has been little infrastructure development.

There are no blic utilities and most roads are in a very poor state of repair. Malaria

is the number one illness in the study area. There is no information on AIDS/HIV

prevalence.

The major pot ntial social and environmental impacts of the project are as follows: -

* Natura vegetation will be completely removed from an area of approximately

110 h ctares, once the open pit, waste rock dumps and tailings dam have

been onstructed. Another 300 hectares of woodland will be affected by the

plant rea, roads, workshops and other installations. The area where flora

and f Una is severely impacted is small in relation to the vast unexploited

woodl nds in the Katanga region. The impact is local and is not likely to affect

the e logy of the region. The duration of impacts on flora and fauna can be

reduc d by the ongoing re-vegetation and rehabilitation of affected areas.

Anvil till develop a detailed Decommissioning and Closure Plan for the open

pit, tai ngs dam, waste dump and plant area.

* Impa s on surface water quality could arise from contamination by surface

spilla e, accidental release from the plant area or tailings dam, or from mine

drain ge water entering the Dikulushi River. Controlling direct runoff from

conta inated surfaces into local watercourses will reduce the impact of mine

oper ions on surface water. Anvil plan to construction perimeter drains and

large sedimentation ponds to minimise the impact of contaminated runoff on

the ceiving environment. Sedimentation ponds will be monitored and

clea d.

* Dest uction of a 700m stretch of the Dikulushi river to make way for the Stage

lil en pit extension will have a significant environmental impact.

Con truction of a diversion channel will take place during the dry season to

mini ise the impact on stream flow rates. The significance of the impacts of

the ikulushi River Diversion Scheme on the Dikulushi river are rated as

mod rate as the Dikulushi River is relatively small and there is no domestic or

agri ultural water usage within 7 km downstream of the deposit.

* The pillage of an entire cargo of concentrates into Lake Mweru could have a

sign icant impact on surface water quality in the lake. This impact would be

' ii 
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extremel localised. Cumulative small spills could also affect local water

quality, fl ra and fauna, and domestic water use. Experience with current

shipping operations indicate that local spillage is not occurring and that a

large spi lage is very unlikely to occur. Measures will be implemented to

mitigate mpacts in the event of small discharges and to clean up a major

spill.

* Ground ater quality may be affected by seepage from the mine, tailings dam,

waste r ck dump or ore stockpile. Groundwater contamination could be

associat d with acid rock drainage (ARD) and seepage could occur at any

time du ing the mine life or post-closure. The degree of groundwater

contami ation will depend on the chemical composition of the ore and waste

compon nts and their propensity for ARD. The acid generating potential of

dumps nd stockpiles will be fully defined by Anvil and appropriate

remedi ion measures, if required will be implemented. This could include

monitor g boreholes, perimeter drains and the recycling or treatment of

seepag

* The pr ject investment will introduce multiplier effects in the regional and

local e nomy. The project will promote the business of local suppliers and

contrac ors providing goods and services to the mine. The direct economic

impact Pf the project in Dikulushi will be the additional employment earnings

genera ed in the local community. These earnings should improve the local

econo y by facilitating the purchase of additional good and services.

* From social perspective, the project is likely to attract people from

surrou ding areas seeking employment. This will put the local population in

direct ompetition with outsiders, a concern already expressed by local

reside ts. Depending on ability and the availability of jobs, local residents

should be employed in preference to outsiders. The construction of social

infrast ucture such as clinics for the welfare of mine workers and their

depen ents is an important positive impact for the community.

An environm ntal and social management plan to manage these impacts has been

developed a is described in this report. The approach is based on Anvil company

policy, World ank guidelines and industry best practice.

,, _ /a~~~~~ +_ ri iii 
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I POLIC , LEGAL AND ADMINISTRATIVE FRAMEWORK.

1.1 Project roponents

Anvil Mining C ngo SARL (Anvil Mining Congo) is a wholly owned subsidiary of Anvil

Mining NL (A vil), an integrated Australian explorer and resource development

company listed on the Australian and Berlin Stock exchanges. Anvil Mining Congo is

the owner and developer of the Dikulushi Copper-Silver Project located in Katanga

Province in the south-east of the Democratic Republic of Congo (DRC).

Anvil Mining C ngo holds mining and exploration rights over the Dikulushi deposit and

the surroundin 20,000 km2 area. Anvil also has certain priority rights to other areas of

the DRC. Expi ration efforts are focused on copper, gold, and platinum group metals

(PGM's). The ompany's copper and precious metals projects include the Dikulushi

mine; and the Kapulo, Kalemie and Lungeshi exploration tenements in the south-

eastern DRC. In addition, Anvil has exploration interests in south-east Asia and

Australia.

First Quantum Minerals Limited (FQM) owns a 17.5% interest in the ordinary shares of

Anvil. FQM is a Canadian resource company quoted on the Toronto Stock Exchange

focussed mai ly on the copper and cobalt sectors in Central Africa. FQM's main

producing ass ts include the Bwana Mkubwa SX-EW facility in Zambia and the Lonshi

mine in the D C.

Institutional a d private investors based mainly in Australia own the balance of the

equity in Anvi . Approximately 12% of shares are owned or available to the Anvil Board

of Directors a d Senior Managers in the form of ordinary and/or contributing shares.

RMB Resour es Ltd (RMB Resources), part of the Rand Merchant Bank group of

South Africa, provided a US$ 4.5 million project finance facility to bring the Dikulushi

deposit into roduction. RMB Resources specialises in resource development and has

financed a n mber of mineral projects in Africa and elsewhere.

1.2 Corp rate Environmental Policy

Anvil is com itted to the development of mines with due regard for the environment,

including the social and economic well being of the communities located in the areas in

which it ope tes. Anvil's Corporate Environmental Policy is presented on the following

page.

1.3 Reg latory Framework

The Govern ent of the Democratic Republic of the Congo (DRC) promulgated new

mining legis ation during 2002, "Loi 007/2002 de 11 Julliet 2002, Portant Code Minier".

Under prop sed new mining regulations, mining projects in the DRC will be required to

submit an nvironmental Impact Assessment (EIA) and Environmental Management

Plan (EMP to the relevant Government authorities for approval before project

commencer ent. Mining projects already in operation, such as Anvil's Dikulushi Mine,

will be requ red to submit an EIA and EMP to the DRC authorities within 12 months of

the new re lations coming into effect.

.^ ..,. itn .1+M+O rss ..... 1 
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Anvil Mining Congo SARL

Environmental
Policy

Anvil is ommitted to responsible environmental impact assessment and

env onmental management practice, through the application of

intematio al best practice and technology. Anvil will protect human health,

minimiz the impact of the Company's activities on the environment and

return op ational sites to a condition compatible with a healthy environment.

Specifically, Anvil Mining Congo SARL is committed to:-

As minimum, complying with all applicable environmental laws

and regulations in force in the DRC and Zambia.

Re ularly monitoring the environmental impact of the Company's

activi es through all stages from exploration through mine operations

and cl sure, identifying environmental issues of concem to stakeholders

and establishing objectives and strategies for effective

environmental management.

U

E suring environmental management programs are adequately

funde and environmental reclamation work is carried out progressively

thro ghout the life of any operation in order to minimize the accrued

env ronmental liability at any one time and to achieve desirable cost

efficiencies in environmental reclamation.

Communicating openly with all stakeholders on matters of

en ironmental concem in the region in which the Company is active.

U

nforming all employees, suppliers and service providers of the

Co pany's environmental policy and their responsibilities in relation to

Anvil Mining Congo SARL's business.

Esta lishing and maintaining management systems to ensure appropriate

nd timely implementation of the Company's environmental policy.

African Minin Consultants Ltd 2 
April 2003
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The new DRC mining environmental regulations will define standards relating to

effluent quality, air quality and noise. As at the date of compiling this EIA these

guidelines were not available. In the absence of specific environmental standards,

Anvil has adop d World Bank Standards and Guidelines as specified in the World

Bank Environm nt, Health and Safety Guidelines, 1995 and the World Bank Pollution

Prevention and batement Handbook, 1998.

The DRC gove ment is responsible for EIA review and approval, and the subsequent

monitoring of A vil's Environmental Management Plan for the Dikulushi mine and plant

site. Anvil has aintained close contact with senior officials in the Government and

compiled an E vironmental Scoping Study in December 2001, which described the

project and it major environmental impacts. Government inspectors from the

Provincial Dep rtment for the Environment and Conservation, visited the project in

March 2003 an described exploitation conditions as satisfactory.

Anvil also com iled an Environmental Scoping Study for the Nchelenge Port facility in

Zambia in D cember 2001, and in response to an official request from the

Environmental Council of Zambia (ECZ) compiled an Environmental Project Brief for

the same fac lity in December 2002. As a result of these submissions, certain

modifications t materials handling at this site are planned.

Although the ikulushi project could possibly be classified as a Category "B" project

under World ank guidelines, Anvil decided in November 2002 to undertake full EIA

per a Catego "A" project (a project likely to have significant environmental impacts

that are sensi ive, diverse or unprecedented), in order to fulfil its corporate and co-

financier envir nmental responsibilities.

From an inter ational environmental perspective, the DRC is a party to the following

international greements:-

* Rio De aration, 1992;
* Conven ion on the International Trade in Endangered Species of wild Flora and

Fauna, ITES (signed 1976);

* UN Fra ework Convention on Climate Change 1992;

* UN Co vention to Combat Desertification (signed 1997);

* UN Co vention on the Law of the Sea (signed 1989);

* Montre I Protocol 1987 (UN Convention on Ozone Layer Protection);

* Interna ional Tropical Timber Agreement 1994; and

* The R sar Convention on Wetlands 1998.

1.4 The IA Review Process

This EIA re ort focuses on the significant environmental issues pertaining to the

project and ontains the following sections in line with the requirements for a Category

"A" EIA repo under World Bank Guidelines:-

1. ecutive Summary
2. olicy, Legal and Administrative Framework

3. roject Description
4. aseline Data
5. nvironmental Impacts
6. nalysis of Alternatives
7. nvironmental Management Plan

._.T-, 
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Under the new RC mining legislation, copies of the EIA are to be submitted to the

authorities in Ki shasa for review. Community based organisations and interested and

affected parties will also be given access to the report and the opportunity to make

comments whic can, where relevant, be incorporated into future planning.

Once the new nvironmental legislation and accompanying regulations are in full force

and effect, a mplete list of relevant Laws and Standards will be included in a future

addendum to t is report.

1.5 Interna lonal EIA Guidelines

Most modern roject ElAs are based on World Bank Guidelines for Environmental

Assessment (o 3erational Policy 4.01- January 1999). The World Bank's environmental

policy reflects current international environmental standards, which are collectively

known as the \ Vorld Bank Group (WBG) standards.

Although alter ate protocols do exist, the WBG standards are considered to be the

international nchmark for environmental assessment. An EIA performed to WBG

standards will atisfy most financial institutions and was a requirement for the provision

of finance by MB Resources.

The outline a d content of this EIA (in the absence of standards yet to be included in

the DRC's En ironmental Regulations) have been undertaken in accordance with the

following Worl Bank guidelines:

> Opera ional Policy OP 4.01, Environmental Assessment, (1999)

> Opera ional Policy OP 4.02, Environmental Action Plans (2000)

> Oper ional Policy OP 4.04, Natural Habitats (1995)

> Oper tional Policy OP 4.07, Water Resources Management (1999)

> Oper tional Policy OP 4.09, Pest management, (1998)

> Oper tional Policy OP 4.11, Management of Cultural Property (1999)

> Oper tional Policy OP 4.12/OD 4.30, Involuntary Resettlement, (1990)

> Oper tional Policy OP/OD 4.20, Indigenous Peoples (1991)

> Oper tional Policy OP 4.36, Forestry (1993)

> Ope tional Policy OP 4.37, Safety of Dams (1996)

> Poll tion Prevention and Abatement handbook (1998)

> Envi onmental Assessment Source Book Update 22, Environmental

Ass ssment of Mining Projects (1997)

> Envi onmental Assessment Source Book Update, Biodiversity and

Env' onmental Assessment (Oct 1997)

-1. . r-. J A 
April 2003



Dikulushi Copp 3r-Silver Project Environmental Impact Assessment

Anvil Mining Cc ngo SARL

Environmental uidelines outlined in the World Bank Pollution Prevention and

Abatement han book (1998), specifically for Mining and Milling have been adopted as

the main standa ds for current and future environmental compliance (see Appendix I).

Prior to the com encement of this EIA, extensive public consultation was conducted in

a socio-econo ic study compiled by Professor G. Kalaba from the University of

Lubumbashi. e Minerals Corporation of South Africa also prepared an initial

sustainable de elopment management plan for the Dikulushi Project following a site

visit in Novemb r 2001.

The Nchelenge (Zambia) Port Facility Environmental Project Brief (EPB) was approved

by the Environ ental Council of Zambia (ECZ) in 2002 (subject to certain changes to

future infrastru ture). The ECZ decided that projected impacts in Zambia were not

sufficient to wa rant a full EIA.

1.6 EIA Ad inistration and Structure

Anvil appoint d African Mining Consultants (AMC) as project environmental

consultants in October 2002. Mr Andrew Spivey, AMC's Senior Environmental

Consultant, co ordinated and project managed the Dikulushi EIA.

The EIA was undertaken in order to quantify environmental impacts and to design

management tans and environmental protection based upon World Bank Guidelines

and Industrial best practice".

Baseline envi onmental information was collected and reviewed between November

2002 and Ja uary 2003. AMC assembled a team of specialists to collect baseline

environmenta data and assist with EIA preparation.

Detailed infor ation on the project description and planned operations was obtained

from Metallur 3ical Design and Management Ltd (MDM) of South Africa who were

responsible f )r mine development including associated infrastructure design and

construction.

The Dikulushi Project EIA was completed in April 2003.

.~~~ ---- T.. .
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2 PROJE TDESCRIPTION

2.1 History f the Dikulushi Copper-Silver Deposit

The Dikulushi d posit was first worked on in the early 2 0 th Century with various studies

conducted initial y between 1911 and 1929 and then again in the 1950's. The French

organisation - reau des Recherches Geologiques et Minieres (BRGM) carried out

delineation drill ng at Dikulushi between 1972 and 1981, demonstrating to their

satisfaction at t e time, that a 'proven' reserve of 1,489,226 tonnes of ore grading

11.14% coppe and 328 parts per million silver could be established. BGRM's

recommendatio to develop the deposit was not acted upon due to political uncertainty

in the country i the 1980's.

Anvil conducteI more extensive exploration activities, including drilling, in the second

half of 1997. A vil had signed a mining convention with the Govemment of Zaire on

the 26th of F ruary 1997. The concession area covered 12,945km2. Anvil later

renegotiated th s convention with the government of the DRC and increased the area

to 20,000km omprising four exclusive exploration areas (ZER's) of approximately

5,000km2 each

Signet Engine ring Pty Ltd., conducted a project pre-feasibility study for Anvil in early

1998, and m h of the current mine design is based on this work. In July 2001,

Metallurgical esign and Management Pty Ltd (MDM) were commissioned to prepare

a definitive co ting study for initial development of the project based on an open pit

mine and healy media separation (HMS) plant. MDM estimated the capital cost for this

phase to be lI$ 5.74 million. Following the successful securing of project finance,

construction b gan in February 2002.

The current e timate of the mineral resources at Dikulushi is 1,940,000 tonnes of ore

grading 8.590 copper and 266 grams per tonne silver using a 2% cut-off; or 1,350,000

tonnes gradin 11.07% copper and 352 grams per tonne silver using a 4% cut-off. The

orebody lies ithin a steep southeast dipping fault structure. The ore configuration

makes it ame able to both open cast and underground mining methods. The orebody

is open at de th below 200m, and if these resources prove to be economic, the mine

life may be e nded.

Site construc ion activities began in February 2002, and pre-development of the open

pit commenc d in July 2002. The mine produced its first copper/silver concentrate in

September 02 and concentrate production is currently just over 3,100 tonnes per

month.

2.2 Proj ct Location

The Dikulus i Copper-Silver deposit is located in the Haut-Katanga district, Katanga

Province of e Democratic Republic of the Congo (DRC) see Figure 2.1.The mine site

lies approxi ately 400 kilometres by road north-north-east of the city of Lubumbashi,

the main co mercial centre of the DRC Copperbelt. The site is approximately 50km

north of the regional centre of Kilwa and 25km from the shore of Lake Mweru. The

border with Zambia runs through Lake Mweru, some 30 kilometres southeast of the

mine site. T e area is accessed using a gravel road from Lubumbashi via Kasomeno,

Ki wa and iankalomo. The journey from Lubumbashi takes approximately 14 - 20

#4 _ [ 6 
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hours, although he road is usually impassable in the wet season from November to

April. The other ain access route is through Zambia via the Kilwa - Nchelenge Ferry

crossing Lake weru. Nchelenge is 50km from Kilwa and the ferry crossing takes

approximately hours. Good tar roads exist from Nchelenge through Zambia to

neighbouring Ta zania, Zimbabwe, Namibia and Botswana.

Kilwa, the near st town, and Kiankalomo, the nearest large village, are situated 54 km

and 37 km so th of the deposit respectively. The closest permanent settlement is

Dikulushi villag located 4 km to the south-west of the mine. There was no pre-existing

settlement at t e mine site and therefore project construction did not require the

resettlement of iny indigenous people.

Almost no top graphic survey data is available for the mine site. Relief around the

mine site is ge Ie with slopes at ±3% to the east. The Dikulushi river, which flows only

during the we season, crosses the eastern extension of the final pit as shown on

Figure 2.2.

2.3 Socio- conomic Aspects

The Dikulushi project is relatively small, self-contained, and reliant on the supply of

imported equi ment and materials via Nchelenge in Zambia. 130 skilled and semi-

skilled staff a e directly employed on contract by Anvil and housed at the mine site.

The staff wer recruited from regional mining centres and further afield, however the

company has nstigated training programmes aimed at enhancing local skill levels.

In order to pr mote sustainable economic development in the project area Anvil plans

to retain an xpert to prepare a sustainable development plan for Dikulushi. It is

expected th the mining project will act as a springboard for development and

economic div rsification in the Dikulushi/Lake Mweru area and beyond.

In the short rm, the project is likely to attract people to the area on expectations of

enhanced jo opportunities, however not all new arrivals will be able to be offered

employment. This may, in the short term, strain local resources and infrastructure, and

could result i some social friction.

2.4 Site cology

The Dikulus i deposit lies in Central Zambezian Miombo Woodland, an ecological type

that covers uch of central and northern Zambia, south-eastern DRC, westem Malawi,

Tanzania a d parts of Burundi and north-eastern Angola.

This ecolog cal type is characterised by broadleaf deciduous woodland and savannas

intersperse with grassland, semi-aquatic vegetation and areas of evergreen

groundwat r forest.

Zambezian Flooded Grasslands occur in low lying areas around Lake Mweru and the

Luapula Ri er valley. These areas are relatively productive and, unlike the surrounding

woodlands which have nutrient deficient soils, are able to support wildlife in fairly high

densities.

The area n the immediate vicinity of the Dikulushi operation is characterised by a

mixture of Munga and Miombo woodland with riparian forest on the banks of the

Dikulushi ver. The Dikulushi river is ephemeral, and dries up completely towards the

_1~ _s 1.' T 
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end of the dry ason (May to October). There are no permanent wetlands in the

immediate mine rea.

No large mamn als have been sighted in the project area for many years. Small

mammals are c mon and there is an abundance of bird life.

2.5 Infrastr cture and Site Access

Infrastructure i the project area is poor. There is no electricity supply or terrestrial

telecommunica ons system. Access to the site from Lubumbashi is via an unsealed

road that is us ally only passable during the dry season. Because of the logistical

difficulties in th DRC, Anvil found it appropriate to source all project equipment and

supplies via N lenge in Zambia. At Nchelenge, material is loaded onto a 250 tonne

barge owned a d operated by Anvil and shipped to Kilwa (DRC) on the western shore

of Lake Mwer . From Kilwa, equipment and supplies are transported 54 kms by

unsealed road o the mine site.

Copper - silve concentrate is transported by road from the mine site to Kilwa and then

by barge to N helenge for onward shipment by road to smelters in Namibia and South

Africa.

2.6 Mine evelopment

Dikulushi ope pit mine is being developed in two phases:-

Phase 1: ear 1 - opencast mine to supply 250,000 tpa ore to a heavy media

separation p Int (HMS) that produces 38% copper in concentrate.

Phase II: ear 2 - HMS plant to be replaced by a 250,000 tpa ball mill and flotation

concentrator hat will produce a 60% copper concentrate. Tailings and low grade ore

produced du ing Phase 1 will undergo re-treatment during Phase 11.

A developm nt strategy for the underground mine is currently being formulated by

Anvil. This Ill become the third Phase of mine development. The expected life of the

operation is presently 8 years. This may increase depending on the results of Anvil's

ongoing loc I and regional exploration activities.

2.7 Min Components, Processing Facilities

Figure 2.2 a site plan showing the layout of the key on-site mine components for

Phases i a d 2 which include:-

* Open pit;
* Wa$te rock dump;
* Ore| stockpiles;

* Dik lushi River Diversion Scheme in Year 2/3;

* RuR-of-Mine Ore Crushing Plant (ROM);

* Ph se I - Heavy Media Separation (HMS) Plant;

* Ph sell1-Mill and concentrator;
Phtse I Tailings dam;

3 W rkshops & fuel storage; and

* Mi e infrastructure.

r 41 
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The Dikulushi mi e site covers an area of approximately 50 hectares.

2.7.1 0 en P

Con Roux Limi d, a contract mining company has been employed by Anvil to carry

out the Dikulu hi opencast mining operations. Planned ore production is 250,000

tonnes per yea for at least 4-5 years. The open pit is being mined conventionally with

5-metre high b nches, and will be developed in 3 cutbacks/stages to produce the final

pit shown in F ure 2.2. The planned ultimate depth of the pit is 120 metres. Anvil

expects to cont nue mining below this depth by underground methods.

Borehole pum ing tests performed by BRGM in the 1970's and observations made

during the drilli g program carried out by Anvil in 1997 indicate that the deposit may be

associated wit considerable groundwater and should be considered a wet deposit.

Predicted gro ndwater inflow to the final pit is around 18,000 m3/day. De-watering will

be carried ou from an in-pit sump as well as by pumping from 4 dewatering holes

located outsid the pit. This water will be used for domestic purposes and raw water

feed to the pr cess plant. Currently all process water is recycled via the tailings dam

return water servoir with zero discharge to surface waters. As the pit is deepened

and water in iws increase, excess mine drainage water will be collected in settling

ponds before t is discharged to the Dikulushi river.

Current pit sI pe design is based on Signet's 1998 pre-feasibility study. Anvil intends to

verify the exi ting design by drilling a limited number of geotechnical drill holes during

the first half f 2003. The suitability of the current pit design will be re-assessed using

data collecte from these holes and in pit geotechnical mapping.

Medium to igh-grade ore from the open pit is trucked to the Run of Mine (ROM)

stockpile. Lo -grade ore mined prior to the Phase II plant upgrade will be placed on a

low-grade st ckpile to be treated at the end of the open pit mine life.

Storm water drains will be constructed around the open pit perimeter to prevent runoff

from surrou ding areas flowing into the pit.

2.7.2 Wa eRockDumD

The waste rock dump is located to the west and northwest of the open pit and is

designed t accommodate 3.08 million bank cubic metres of material. The dump is

being cons ucted in two lifts of 8 metres, with inter-berm slope angles of 12 degrees to

facilitate re abilitation and re-vegetation. A minimum distance of 100 metres is being

maintained between the toe of the dump and the edge of the open pit. Rehabilitation of

the dump ill be ongoing as areas become available.

Storm wat r drains are to be constructed around the dumps and all run-off will be

contained nd diverted/pumped to a sedimentation pond before being discharged to

the Dikulu hi river.

Oxidation f suiphide minerals in the waste may result in acid rock drainage. Anvil's

own Dikul shi Implementation Plan of April 2002 (Page 5) estimated that up to 20% of

the wast could contain potential acid generating materials. Waste characterisation

test work as not carried out prior to the project commencement and will be an urgent

and early requirement of the Environmental Management Plan. Early recognition of a

9 
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potential acid ro k drainage (ARD) problem will enable adequate containment and

mitigation meas es to be put in place.

2.7.3 Ore Sto lies

Low-qrade stocle g ,

The low-gra re stockpile is located to the east of the ROM pad and will contain up

to on es. This low-grade ore will be processed either during flotation or via

heap leaching I ter in the mine's life.

ROM ore stock ile

The ROM or stockpile is located adjacent to the HMS plant and will store

approximately 0,000 tonnes at any one time, i.e. one month's ore supply.

Run-off from t e ore stockpiles will be collected and directed to a sedimentation pond

before clear w ter is released into the environment.

2.7.4 Dikulu hi River Diversion Scheme

The Dikulushi river crosses the eastern portion of the final pit as shown in Figure 2.2.

The river in t e vicinity of the mine is ephemeral with zero flow recorded in the latter

part of the d season. In Year 2/3 the Dikulushi river will be impounded 100 metres

upstream of e pit. Wet season flows from November to April will be directed into a

small 750 m tre long diversion canal which will pass 100 metres to the east of the pit

and discharg back into the river to the east of the HMS plant. The diversion canal will

operate thro ghout the remaining life of the pit and underground mine. At closure the

pit will be all4wed to flood. The diversion dam will be breached and the Dikulushi River

will revert to ts original water course.

2.7.5 Run f-Mine Ore Crushinc Plant

FRun-of-min ore is tipped into the ore bin, which is equipped with a vibrating grizzly

feeder. Ov rsize material >76.5 mm passes through the primary jaw crusher and

undersize aterial < 76.5 mm proceeds directly to the sizing screen. From the sizing

screen ove ize material > 16 mm passes through a secondary and tertiary crushing

stage and ndersize material < 16 mm is conveyed to the 350 tonne live crushed ore

stockpile. T e crushing plant processes 260 13e tpa at a rate of 62 tph.

2.7.6 Pr ess Plant

Two metall rgical processes are to be used to treat Dikulushi sulphide ore. In Phase I

a Heavy edia Separation (HMS) Plant produces 38% copper in concentrate. In

Phase II te HMS plant is replaced by a conventional ball mill and flotation circuit,

which will roduce 60% copper in concentrate.

Phase i - f eavv Media Separation Plant

The confi uration of the crushing circuit and HMS plant is shown in Figure 2.3a. HMS

feed is p Iped and de-slimed on a vibrating screen. De-slimed oversize material is

mixed wit heavy media ferrosilicon (FeSi) and pumped to a separation cyclone. De-

slimed s een undersize gravitates to the effluent tank and is pumped to the tailings

dam.
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From the se aration cyclone the heavy media floats fraction gravitates over a vibrating
screen onto the floats dewatering screen. The heavy media sinks fraction gravitates to
a de-wateri g screen and sinks vibrating screen. Sinks material is conveyed to the
concentrate stockpile (38% Cu & 900g/t Ag) awaiting shipment to the smelter. Floats
material (-2 Y0 Cu) is conveyed to the floats stockpile for later reprocessing.

ApproximatE ly 2,000 tpm of tailings material (minus 0.5mm) is produced from the HMS
plant. The t ilings has a Cu content of 8-10%. This material is stored separately and
will be reclai med and reprocessed in the milling and flotation circuit during Phase II.

Phase II - C ncentrator Mill and Flotation

The conceni rator and flotation circuit process flow diagram is shown in Figure 2.3b.

Crushed or( from the mill feed stockpile, HMS plant floats and HMS plant tailings are
fed into the all mill. Mill discharge passes through a trommel screen and undersize is
pumped to he mill cyclone. Cyclone overflow gravitates to the concentrator flotation
section and ,yclone underflow is returned to the mill feed.

SulDhide Fi tation

Cyclone ov rflow is conditioned and then flows to the sulphide rougher cells. Rougher
concentrate s pumped to the sulphide cleaner cells while rougher tailings are pumped
to the oxide otation circuit.

Cleaner con entrate is pumped to the sulphide re-cleaner cells and cleaner tailings are
returned to he rougher feed. Re-cleaner concentrate is pumped to the concentrate
thickener, w ile re-cleaner tailings gravitates to the cleaner cells feed.

Oxide Flotat on

Sulphide ro gher flotation tailings are fed to oxide flotation circuit conditioning tanks.
Conditioned pulp gravitates to the oxide rougher cells. Rougher concentrate is pumped
to the oxide leaner cells and rougher tailings are pumped to the tailings dam.

Cleaner co centrate is pumped to the oxide re-cleaner cells. Cleaner tailings are
pumped ba k to the rougher feed. Re-cleaner concentrate is pumped to the
concentrate hickener while re-cleaner tailings gravitate to the cleaner cells feed.

Flotation rea ents are stored in secure containers.

Analytical L boratory

Grade contr I test work and chemical analysis is done in a laboratory supplied and
maintained y SGS Limited.

Concentrate Thickenincq and De-waterina

The settling of copper concentrate in the concentrate thickener is assisted by the
addition of occulant. Thickened concentrate is further de-watered in a filter press.
Filtrate is r turned to the thickener feed. The concentrate product (60% Cu) is
stockpiled ax taiting shipment to a smelter.

African Mining onsultants Ltd 11 April 2003
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2.7.7 Taili 7gs Dam

Phase I Tail ngs Dam

The Dikulus i Phase I tailings dam is located some 200 metres northwest of the plantarea as sho vn in Figure 2.2. Knight Piesold Consulting of South Africa designed thetailings dam.

The tailings am is a typical side-hill impoundment covering an area of 1.8 ha. It willattain a max num height of 3.8 metres. The dam is designed for the maximum 24 hourrainfall even of 210 mm and incorporates an earth fill starter wall, filter drains, toedrain, penstc ck, uphill storm water cut-off drains, perimeter catchment paddocks andreturn water am (RWD) / silt trap. The relatively coarse HMS plant tailings (55% sandsize and 440A, silt size) are open ended into the tailings dam at a rate of 2,000 tpm froma perimeter tailings delivery pipeline. When necessary, flocculant is added to thetailings to as ist settling of fines.

Supernatant water from the tailings dam is drained via a penstock into the RWD.During the diy season all tailings dam drainage water will be reclaimed and pumpedfrom the RW ) to the HMS plant raw water tank. During the wet season excess water isdischarged fr m the RWD spillway into a drain leading to the Dikulushi river.

Phase I copp r rich tailings (8-10% Cu) will be reclaimed in Phase II by hydro mining inthe dry seas n only. Tailings will be re-pulped using water monitors and directed intothe decant st ucture. Decant rings will be removed as the tailings elevation drops. Thedecant pipe % till discharge into a pump box from where the tailings will be pumped tothe mill.

Phase II Tailir as Dam

Detailed desi n of the Phase II tailings dam will be completed by May 2003. The likelydam footprint is shown in Figure 2.2. It is envisaged that the Phase II tailings dam willbe sited imm diately to the north of the existing dam with one common wall. ThePhase II con entrator will produce 20,000 tpm of tailings. Preliminary design workindicates that his dam will cover 12.25 ha and attain a height of 23.5 metres. Followingthe reclamati n of Phase I tailings, the two tailings dams will be merged to form oneimpoundment The Phase II dam will have sufficient storage capacity for the life of themine.

2.7.8 Mine I lorkshops. Stores. Fuel & Oil Storage

Mine Worksho Ps & Stores ,5"

Anvil and its ntractor's workshops and st res have been constructed using 40 footcontainers set 8 metres apart with tmber frame roofs covered with corrugated ironroofing sheets The workshop floors are constructed of reinforced concrete.

Fuel & Oil Stor igS

Fuel, oil and I bricants for mobile equipment, the process plant and mine village aresZupplied ant lelivered to site bD Mobil-Exxon. The fuel depot at Nchelenge has a- t5,000 eitetr qI tank below ground an a 50,000 litre diesel tank above ground. KilwaiC_has a 5,000 litr > petrol storage tan and_- 35,000 litre diesel tank. There are a further 6x , litre ab ve-ground diesel storage tanks at Dikulushi. Lubricating oil is stored in

African Mining Co sultants Ltd 12 A_-: nAE
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200 litre dr ms in the workshops/stores area. The mine village generator has its owndiesel stora e tank, although this is no longer in use.

The mining ontractor is responsible for the safe supply, storage and handling of all itsfuel, oil and ubricants.

Mobil-Exxon as part of their fuel supply contract with Anvil is responsible for the safedisposal of v aste oils and lubricants from the operations. There is a 25,000 litre wastelubricant tan at the mine site. All waste lubricants will be cycled through an approvedIwaste oil dis osal facility in Zambia.

2.7.9 Infra tructure

Mine Village

The mine vil ge is located approximately 1,200 metres WNW of the plant area. Theaccommodat on is for single status Congolese and expatriate staff, and comprisesbarracks an small bungalows. Facilities include kitchen, mess, recreational club andopen area f r sports activities. Approximately 130 people are accommodated in themine village. ewage is disposed of in 4 septic tanks.

Domestic w er is currently obtained from boreholes close to the open pit. Anvilintends to in all 3 domestic water wells 500 metres west of the mine village to supply10,000 litres/ ay of potable water. The water will be pumped to 2 x 5,000 litre storagetanks from w ere it will feed by gravity into the reticulation system.

Site Roads

Mine haul roa s are constructed and maintained by the mining contractor. All other siteroads have b en constructed by Anvil using locally won lateritic materials.
Power SU DI_ and Distribution

It is not feasi le to connect to the DRC national power grid due to the remoteness ofthe mine si e. Under normal operating conditions the process plant drawsapproximately 450 kW of power. Power is supplied by four 375 kVa generators anddistributed by oth underground cables and overhead lines.

Radio/Satellite Communications

Present off-si communications rely on a VHF radio link between the mine site,Lubumbashi, ilwa and Nchelenge, and a VSAT satellite communications system forinternational c mmunications.

2.8 Off-sit Infrastructure Investments

Off-site investn ents in infrastructure include:-

1 Upgrad of the Kilwa to Dikulushi un-sealed (54 km) road;* Upgrad of the airstrip at Kilwa;
* Constru tion of the Kilwa Port facility (DRC); and
* Constru tion of the Nchelenge Port facility (Zambia).

African Mining Co sultants Ltd 13
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2.8.1 Ug. de of the Dikulushi to Kllwa un-sealed road;

Anvil is upg ading the Dikulushi to Kilwa unsealed road to all weather status usinglocally won I teritic materials. Timber bridges are being replaced with Armco culvertsand spillway . Regular road maintenance will be carried out by Anvil throughout the lifeof the mine.

2.8.2 UPar de of the Kilwa Airstrip tU fVc

Anvil intends to upgrade the existing airstrip at-Kilwa to a minimum 900 metre class D .runway. The airstrip will be upgraded with locally won laterite material. Fuel will bebrought from he mine site to the airstrip in drums as and when necessary.
2.8.3 Kilwa Port Facility (DRC) 

',,.

The Kilwa Po Facility is located at the village of Kilwa, on the western shore of LakeMweru. Fig re 2.4 is a general arrangement drawing of the port, which basicallycomprises a rock and earth-fill ramp, and fuel depot. Anvil has an office that iscurrently und rgoing refurbishment, but no accommodation at Kilwa. The port has anew immigrati n and customs office which was constructed by Anvil.
The fuel depo has a 5,000 litre petrol tank below ground and a 35,000 litre diesel tankabove ground to supply the transport contractors, the barges and Anvil's speedboat.The fuel dep is owned and operated by Anvil. The 50,000 litre diesel tank and the5,000 litre pet I tank at Nchelenge will soon be moved from Nchelenge to Kilwa.
No hazardous materials (with the exception of fuel) are off-loaded or stored at Kilwa.
Anvil operates a small 25 tonne barge and a large 250 tonne barge on Lake Mweru.The 25 tonne barge was used to transport materials and equipment across LakeMweru prior to the commissioning of the main 250 tonne barge on 14 June 2002. Thesmaller barge i now used as a support tender. The 250 tonne barge is based at Kilwawhere the mai tenance and refuelling of both barges is carried out.

Dikulushi curre tly produces 110 tonne/day of fine to medium gravel size concentrates.Four 35 tonne rucks make a daily crossing of Lake Mweru using the Nchelenge andKilwa roll-on-r Il-off port facilities. The trucks make the return journey loaded withconcentrate for onward shipment to smelters in Namibia and South Africa.
The barge als carries materials and supplies from South Africa and Zambia to themine site. The ort facilities operate 6 days a week with either one or two crossings perday, mainly dur ng daylight hours.

Starting in 200 the HMS concentrate will be transported to Kilwa in 1.5 tonne bulkerbags. These wi be off-loaded directly onto the barge for bulk shipment to Nchelenge.At Nchelenge, e concentrate will be off loaded and stored in a covered, 500 tonnecapacity conce trate storage shed before onward shipment to smelters. During thebulk shipment p ase the barge will ship concentrate every second day because of theincreased paylo d when using bulker bags.

Materials and upplies will be shipped on alternate days between shipments ofconcentrate. It i anticipated that by mid-2003, the barge will only need to operateduring daylight urs.

African Mining Cons itants Ltd 14 ^
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Once Phase 11 has been implemented, flotation concentrate will continue to be shippedin bulker ba s. Due to the increased production rate in this Phase, the frequency ofconcentrate hipments from Kilwa to Nchelenge will increase.

2.8.4 Nch enae Port Facility (Zambia)

The Nchelen e Port facility is located in Nchelenge Town on the eastern shore of LakeMweru. A g eral arrangement drawing of the Nchelenge Port Facility can be found inFigure 2.5. e total area of the port is approximately 1.4 ha. The port comprises aconcrete ram and two permanent jetties, an office, Exxon-Mobil owned fuel storagefacility, gra Idriveway and truck parking area. A covered shed for the storage ofconcentrate i planned, although this may now be sited at another location away frompopulated ar s of Nchelenge.

Domestic wat r for the facility is drawn from Lake Mweru. Sewage is disposed of in aseptic tank.

The fuel depo has a 5,000 litre petrol tank below ground and a 50,000 litre diesel tankabove ground to supply Anvil's fuel requirements in Zambia. These fuel storage tankswill be moved o Kilwa in the near future.

The concentr te storage shed will have a reinforced concrete floor, roof and sidewall.A reinforced ncrete slab and bund wall will be constructed outside the shed tocontain all con entrate material.

There are no workshop facilities at Nchelenge. Maintenance and re-fuelling of thebarge is done t Kilwa in the DRC.

No hazardou materials (with the exception of fuel) are offloaded or stored atNchelenge. Al chemicals, fuel, oil and grease destined for Dikulushi remain on thetrucks whilst in transit.

Afirican Mining Cons ltnsLtd 15^--'^^
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3 EN IRONMENTAL BASELINE STUDY

3.1 Envi onmental Baseline Study Area

The environ ental baseline study (EBS) area was previously defined in the DikulushiEnvironment I Scoping Study (AMC, December 2001) as the Dikulushi mine site andthe port faci ities at Kilwa (DRC) and Nchelenge (Zambia). The study of physical,chemical an biological project impacts therefore focuses on these facilities, togetherwith their acc ss routes and materials handling infrastructure.

Project socio economic impacts will affect a greater geographical area than the directenvironment I impacts. The EBS area chosen for the socio-economic study thereforeincludes all mmunities impacted by the project.

3.2 Scop of Work

The Dikulushi Copper-Silver Project EBS included:-

* A des study of technical information relating to the project;

* Visits Government Departments, Non-Government Organisations and otherreleva t authorities in the DRC and Zambia.

* An inv stigation/assessment of environmental baseline conditions including:-
Climate
Air quality
Topography
Geology & Hydrogeology
Hydrology

quatic flora and fauna
Terrestrial flora and fauna
and use and land classificationIoise and vibration

nfrastructure and communications
- ocio-economic aspects

All aspects of t e EBS were completed by the end of February 2003.

3.3 Climatel

The nearest rel ble, long-term meteorological station is located at Kawambwa, 60 kmsouth-east of N helenge in Zambia. Discontinuous climatic data is also available frompoorly kept reco ds at Kilwa in the DRC.

Climatic data co ering the period from 1970 to 2000 at Kawambwa acquired from theZambian Meteo logical Department and 27 years non-continuous rainfall data fromKilwa in the DR was analysed to characterise climatic conditions in the study area.

African Mining Cons Itants Ltd 16 
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The area is haracterised by a tropical wet season - dry season climate. The altitude(1000-1050 etres amsl) moderates summer daytime maxima so that temperaturesrarely excee 400C. Rainfall occurs between November and April and is largelycontrolled by he Inter -Tropical Convergence Zone (ITCZ).
Temporal an spatial variation in rainfall is extremely high on both a local and regionalscale. Anvil i tends to install a weather station at the mine site to collect more detaileddata on local limatic conditions.

3.3.1 Rainf Il and Humidit.

Rainfall data f om Kilwa indicates that annual average rainfall is 1086 mm. Fluctuationsin rainfall can be significant with rainfall of 790 mm recorded in the driest year and1439 mm in tEeweftest.

Kawambwa Ii s at a similar altitude to the Dikulushi mine site. Meteorological data forthe years 197 to 2000 indicates mean annual rainfall to be 1322mm, with annualmaxima and inima of 1664mm and 1004mm respectively. The maximum 24 hourrainfall event as 114 mm. It should be noted that the data differs significantly from theKilwa records.

The average onthly rainfall recorded over the 30-year period for Kawambwa ispresented in igure 3.1. Recurrence intervals for 24-hour storms and high monthlyrainfalls calcul ted from the same data are shown in Table 3.1 below.

Table 3.1 - Calcu ated Recurrence Intervals of monthly and 24-hour precipitation, based on 30years daily rainfI data from Kawambwa.
Recurr nce interval 24-hr precipitation Monthly precipitation50 yea 130 mm 456 mm25 yeals 110mm 428 mm5 year 77 mm 356 mm

300.00

250.00 -

00.00 -_ __ 
__ _ _ __ _ _ ___ _l00M°n 1

0.00 fl ______El* ~~~~~~~~~ ~~00.00 II 
_

Figure 3.1 Monthl average rainfall, Kawambwa 1970 - 2000. (Meteorological Department,Zambia).
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The one day robable Maximum Precipitation (PMP) for the whole of Zambia has beencalculated to e 390mm (Knight Piesold, 2002).

Humidity var s from a minimum of 23% in the dry season to a maximum of almost100% in the wet season. Monthly average, maximum and minimum humidity ispresented in igure 3.2.
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Figure 3.2 Relati humidity, Kawambwa 1970 - 2000 (Meteorological Department, Zambia)

3.3.2 Temrn eture and Sunshine.

Temperature d ta for Kawambwa indicates that the warmest period is immediatelyprior to the wet season. Monthly minimum and maximum temperatures vary between5°C and 31°C i June, at the height of the dry season, whilst temperatures may onlyvary between 1 4C and 32 °C in February, a typical wet season month. Maximumrecorded tempe ature in Kawambwa is 39.60C (September) and minimum recordedtemperature 5.3 C (June). Temperature data is presented in Figure 3.3.
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Figure 3.3 Month y Minimum and Maximum Temperature, Kawambwa 1970 - 2000(Meteorological Dep rtment, Zambia).
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Mean annua sunshine (clear, sunny hours) in Kawambwa is 2500 hours per year.
3.3.3 Win

Wind data fo Kawambwa based on 5 years of daytime observations indicates that theprevailing d season (July) wind direction is from the east-south east with mean andmaximum wi d speeds of 0.9 m/s'1 and 9.1m/s 1 respectively. The mean number ofcalm days in uly is 2.8.

The prevailin wet season (January) wind direction is from the west-north west withmean and m ximum wind speeds of 0.8 m/s 1 and 4.8 m/s-1 respectively. The meannumber of cal days in January is 11.2.

3.4 Land ape and Topography.

Regional digi I elevation models, and satellite imagery was reviewed and a sitereconnaissan undertaken to define the topography and landscape in the study area.
The mine sit lies on a flat to gently undulating plain between the KundulunguMountains in t e west, and Lake Mweru in the east. Few waterways drain into LakeMweru on the ongolese side of the lake. The Dikulushi river flows northwards throughthe mine site. ake Mweru is fed by the Luapula river, which forms the internationalboundary betw en the DRC and Zambia to the south of the lake. Figure 3.4 shows thetopography an hydrology of the Dikulushi - Kilwa Area.

3.4.1 Dikulu i

The local topo raphy is gently undulating, sloping eastwards across the project sitetowards the Di lushi river at a gradient of approximately 3%. The main topographicalfeature is the ikulushi river valley, which trends in a north-easterly direction. Thetopography of e western side of the river within the mine area has already beenaltered by the d velopment of the open pit and waste rock dumps.
3.4.2 Nchele e

The town of N helenge lies at an altitude of 950 metres amsl. The landscape isdominated by ake l\+eru (475 ki 2). The Zambian shores of the lake arecharacterised b sa:4beaches. The Luapula River forms a braided delta within avast marshland otted by low islands extending 15 km south of the town.
Higher ground th slightly varying topography is found to the east of Nchelenge. Thisterrain is incised by small streams and rivers all draining westwards into Lake Mweru.The divide sepa ting the Lake Mweru drainage basin and the Lake Bangwuelu basinlies 150 km east f Nchelenge. The highest point of the divide is 1600 metres amsl.

3.4.3 KiIwa

Kilwa is situated on the western shor4 of Lake Mweru, 7 km west of Kilwa Island.Sandstone cliffs t the north and y beaches to the south dominate the shoreline.General topograp y is slightly undulating and slopes eastwards towards the lake.

African Mining Consu ants Ltd 19 
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3.5 Geo ogy

The study rea is located in the Late Proterozoic Kundelungu Aulacogen, a wedge
shaped and orth-east tapering fault-bounded trough, thought to be a failed rift or large
sediment fil d graben structure (see Figure 3.5). The Kundelungu Aulacogen is
bounded by the Kibarian belt on the west and the Bangwelu block on the east, two
Early to Mid- roterozoic geologic domains.
Kundelungu roup sediments overlie older Roan and Mwashya formations. The Roan
formations hpst copper and cobalt deposits in both the Zambian and the DRC
Copperbelts. The lithostratigraphy of the Katanga System and the Kundelungu Group
is presented i Table 3.

Table 3.2-Litho tratigraphy of the Katanga System in DRC (after Anvil, 2002).Era Supe roup Group Formation Lithology
Mitobo Arkoses with sandstones and shales

Carbonated shales, sandy andUpper Kiubo argillaceous shales, sandstones.Kundelungu 
Carbonated siltstones, sandy andKalule argillaceous shales, pink limestones,diamictite - 'Petit Conglomerate".0n 

MCwenz. Arkosic sandstones with carbonated
2 m 

shales and siltstonesLower 
Carbonated shales and siltstones,a. N v ' Kundelungu Likasi dolomites, limestones, shales,

diamictite -'Grand Conglomerate"Mwashya
Upper

Mine Series Roan (Mineralised formations of theLower Zambian and DRC Copperbelt.)_________I Roan _________________
The Kundelung sediments are generally shallow dipping and frequently traversed by
faults. The west rn shoreline of Lake Mweru is bounded by an interpreted fault trace.
Sub-parallel faul s appear to control mineralisation at Dikulushi (Anvil, 2002).
3.5.1 Structur and Mineralisation.

Three major faul trends have been identified at Dikulushi. An east-west trending fault
controls the em acement of mineralisation, while two later faults offset the orebody.
Economic miner isation extends for a strike length of 240m, and to a depth of at least
200m. The copp r and silver mineralisation reaches a thickness of 25m within the
major mineralise zone (Devmin, 2002).
Formation of the ikulushi deposit is considered to result from a two-phase epigenetic
hydrothermal me somatic process. Copper mineralisation occurs as either massive
veining or sedime t pore space fill (MDM, 2001). Silver occurs in solid solution within
copper minerals nd its relative abundance correletes well to that of copper. Other
minerals known t occur in small amounts in the deposit include Sphalerite (ZnS) and
glaena (PbS).

African Mining Consult nts Ltd 20
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Copper min rals identified in the deposit are:

Chalcocite Cu2S Dominant copper mineral at Dikulushi.
Chalcopyrite CuFeS2 Rare.

Malachite Cu2CO 3(OH)1 }
Azurite Cu3(CO3)2 (OH)4 In weathered rock.
Chrysocolla Cu2H2(SiO5)(OH)4

The main n ineralised zone occurs in the western part of the deposit. This zone
branches int two mineralised lodes in the east. A third minor mineralised zone occurs
within the F angingwall at the western end of the orebody. Table 3.3 shows the
concentratio s of elements in composite ore samples from the Dikulushi deposit
(Mintek, 199 ).

Table 3.3 - Ele ment concentrations in ore samples from the Dikulushi deposit, Mintek 1998.

Element Unit Min. Max. Mean

AL % 2.36 4.39 3.64

Ca % 0.32 3.48 1.75
Cl % 0.04 0.06 0.05

Cu % 8.16 16.45 11.03

Cu ox % 0.40 9.65 2.65

F % 0.11 0.52 0.24

Fe _ 0.81 1.97 1.30

Mg % 0.14 0.91 0.40

Mn % 0.00 0.00

Pb % 0.02 0.63 0.23

S % 0.09 5.00 2.69

S (--) % 0.09 4.60 2.53

Si % 26.30 31.60 29.28

Zn % 0.08 0.65 0.27
Ag ppm 138.00 562.00 290.67
As ppm 9.00 240.00 82.33
Bi ppm 6.00 9.00 10.40
Cd ppm 0.00 16.00 5.33
Co ppm 7.00 28.00 13.67
Cr ppm 0.00 62.00 40.33
Hg ppm 0.00 0.00
Ni ppm 9.00 40.00 26.00
Sb ppm 0.00 14.00 5.67
Se ppm 3.00 7.00 5.50
Te ppm 0.00 0.00

It should be noted that arsenic concentrations of up to 0.77% have been recorded in
some assay (MDM, 2001), however, the highest As grade recorded in concentrate
samples to ate has been 0.28% with most assays in the range 0.04-0.1%. Most
smelters do not consider penalties when arsenic values in concentrate are less than
1%.

African Mining Consultants Ltd 21 April 2003



Dikulushi C pper-Silver Project Environmental Impact Assessment
Anvil MininS I Congo SARL

3.6 Hydr ogeology

Based on in estigations by BRGM in 1979 and 1980, the following assumptions of
hydro-geolo ical conditions have been made:

* The dry season water table lies approximately 8m below surface This was
confirme by AMC staff in November 2002, when the water table was found at 5-
7m dept , however it is not known at this stage whether this is perched water;

* Low yiel first water strikes in exploration holes are at depths between 5 and 1Om
below su face;

* Yields i crease dramatically below 50m depth;

* Cavities were reported in some boreholes with zero recovery over drilled
distances of up to 3 metres;

* Artesian flow from some exploration drill holes was observed after rainfall
indicati g that conditions locally may be artesian;

* Grounda ter flow across the site is from SW to NE on a gradient of 2%. It is likely
that gro ndwater from the deposit contributes to base flow in the Dikulushi river;

* Pumping tests indicate that daily pumping requirements to de-water a 100m deep
pit vary etween 18,000 m3 per day (1979 pumping test) and (7,200 m3 per day
(1980 pu nping test).

When AMC ersonnel visited the mine site in November 2002, one borehole located
on the NW p perimeter was supplying water to the plant. The yield was estimated to
be 1OOm 3 pe hour (2,400m 3 per day), a flow rate that barely meets the minimum water
supply requir ments of the HMS plant.

3.7 Soils

According to he classification system established by the US Department of Agriculture
(USDA), the rnajor soil orders in the region are Oxisols and Entisols. Oxisols are deep,
well develop d and extremely weathered soils. Entisols in the tropics are generally
young and p orly developed soils rich in quartz sands or recent alluvial material. The
fertility of Ent sols varies according to the material making up the soil column. Entisols
in recent allu iums are often very fertile while those developed in quartz sands are
extremely nut ient deficient.

Soil classific tion was undertaken to assess soil resource and land capability at
Dikulushi and Nchelenge as part of the Environmental Scoping Study in October 2001.
Three soil prc riles were studied at Dikulushi and three at Nchelenge. These soils were
analysed for aseline element concentrations.

In addition to the soil classification exercise, seven soil samples were collected from
around the Di ulushi mine site in November 2002. These were analysed for baseline
element conc Nntrations. Note that mining activities had commenced by this time and
some soil pol ution could already have occurred. In any event, previous exploration
activities duri g the 1970's and 1980's are likely to have spread copper mineralisation
over a wide a ea.
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Soil geochen ical analysis results are presented in Table 3.4.

Table 3.4 - So Geochemical Analysis Results (November 2002)

Total Metals
Sampling Sample Al Ca Cr Cu Fe Mg Mn Pb

Point No. I.L. ug/g l9 IL291. .19& J D9L9 1-L9 -919 J1g/9

SOS-1 IK/SOS-10 (O -10cm) 3100 1600 24 18 3200 499 90 12

SOS-2 IK/SOS-11 (O - 1 Ocm) 2300 299 15 10 5500 797 249 12

SOS-3 IK/SOS-12 (O -10cm) 2800 2500 17 20 7100 998 289 10

SOS-4 IK/SOS-13 (O - 1Ocm) 2200 199 25 16 3700 397 199 <10

SOS-5 IK/SOS-14 (O -10cm) 3300 1900 30 48 3500 398 189 15

SOS-6 IK/SOS-15 (O - 10cm) 2900 797 30 10 3300 299 100 <10

505-7 11K/SOS-15 (O - 10cm) 3700 595 30 18 5200 893 228 <10

3.7.1 Dikul ishi

Three soil p s were selected for the EBS as being representative of the different
geology and egetation in the immediate mine area.

Vertisols we e identified in Soil Pit No.1 (SP-01). These heavy, clayey soils were
generally loc ited in depressions (dambos and munga woodland) and are sensitive to
disturbance y external pressure, but quickly revert to their original state after the
removal of th disturbance.

Upland Ultis Is were identified in Soil Pit No.2 (SP-02). These soils are characterised
as being per neable, strongly leached, lacking soil nutrients and likely to display high
acidity and a uminium toxicity. Trafficability is better than that of Vertisols. The Ultisols
in this area a e easily eroded by rainwater when the thin layer of topsoil is disturbed or
removed.

Recent fluvia soils (Entisols) were identified in Pit 3 (SP-03). These are generally more
fertile soils a d are found along the Dikulushi river.

Vegetation, s il and cultivation are strongly linked at Dikulushi. Cassava cultivation is
found on up and soils in slash and burn clearings within the Miombo woodland.
Cassava is r latively tolerant to aluminium toxicity and nutrient deficient soils. Maize
cultivation is rried out alongside the Dikulushi River on the Entisols whilst evidence
of cultivation n the heavier clay soils (Vertisols) is rare.

3.7.2 Nchen eae

During the sile visit in December 2001 three soil pits were dug and classified. These
soils were an lysed for baseline element concentrations.
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Regosols an Entisols, were found in two pits on higher ground. Beach sand found on

the lake shor , is a typical Fluvisol. The Regosols are older lake sediments that are no

longer rewor ed by wave action, and are now covered with grasses or crops.

The beach s nd is not suitable for cultivation due to instability and constant reworking

by wave acti n. The fertility of older lake sediments is dependant on parent material,

degree of fo mation, soil water availability and water logging. Oxisols do not occur at

the site but a e likely to occupy much of the upland areas away from the lake.

The beach nds and older lake sediments are extremely permeable and infiltration

capacity is t erefore high. Degraded, older lake sediments are prone to erosion by

surface runo f. These soils occur commonly at the site and are frequently covered by

grass. In su h cases they show few signs of degradation. Disturbed soils are likely to

become unsi able and are easily removed by rainwater and storm events.

3.8 Hydr Dlogy

3.8.1 Surface Water Draina-ge

The Dikulus i River traverses the eastern side of the deposit and flows northwards into

the Lumekel a River, Lubule River, through Lubule Swamp and subsequently into the

Luvua River fed by Lake Mweru, which eventually drains into the Congo River system.

The watersh ad of the Dikulushi River at the mine site is approximately 160 km2. Much
of the surfa e water drainage in the region arises from woodland and agricultural

areas. Figurm 3.4 shows the topography, rivers and major wetlands of the area.

3.8.2 Surf ice Water Samplina

Two repres ntative water-monitoring sites were chosen to evaluate the baseline

surface wat r quality and river/stream flow rates in the immediate project area. The

locations of he monitoring sites are shown on Table 3.5 and Figure 3.6.

Table 3.5 - Su rface Water Monitoring Sites - Co-ordinates and Description of Physical Location.

Monitoni Site GPS UTM Co-ordinates
Site _ Easting Northing Physical Location

DIKSW-t 639936 9016011 Dikulushi River, upstream of the Dikulushi
open pit and plant area.

D I K/SW-C 2 40066 9017943 Dikulushi River downstream of the
DIKISW-4 2 640066 9017943 Dikulushi open pit and plant area.

KIL/SW-03 647376 8972293 Kilwa Port Facility

NCH/SW- 4 689852 8966450 Nchelenge Port Facility

Two additi al sampling sites were selected to evaluate the surface water quality of

Lake Mwer in the vicinity of the Kilwa and Nchelenge port facilities. UTM co-ordinates
of monitorir sites and physical locations are described in Table 3.5.

Rationale f( r monitoring site selection: -
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* Moni oring Site - DIK/SW-01
Sited upstream of the Dikulushi copper/silver deposit and open pit to assessthe g neral water quality of the Dikulushi river before it is affected by the mine.* Monit ring Site - DIK/SW-02
Sited ownstream of the Dikulushi copper/silver deposit and open pit to assessthe e ect of mining and processing activities on the general water quality of theDikul shi River.

* Monit ring Site - Kil/SW-03
Sited lose to the Kilwa port facility in order to evaluate and monitor LakeMwer water quality.

* Monit ring Site - Nch/SW-04
Sited ose to the Nchelenge port facility to evaluate and monitor Lake Mweruwater uality.

3.8.3 Sam [ Freauencv

A single set of samples was taken to determine initial surface water quality. Full suite
chemical, phys cal and bacteriological analyses were performed on these samples.At the time of t e visit in November 2002, there was no significant flow observed in the
Dikulushi Rive . Stream flow rates will be monitored when flow rates become
significant (abo e 5 litres/second).

3.8.4 Analvtic Parameters

The results of urface water sampling and analysis will help provide a basis for the
design of the mi e's environmental monitoring programme.
During AMC's one-off water sampling exercise, the physical, chemical and
bacteriological p rameters tested for included:-
pH, 

NitrogenConductivity 
PhosphateTotal Dissolved olids (TDS) CyanideTotal Suspended Solids (TSS) CalciumSulphates 
ColourFluoride 
Total ColiformChloride 
Faecal Coliform

Total and dissolv metals tested for included:-
Aluminium 

MercuryArsenic 
MagnesiumBoron 
ManganeseBarium 
MolybdenumBeryllium 
NickelCadmium 
LeadCobalt 
SeleniumChromium 
VanadiumCopper 
ZincIron 
Uranium
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3.8.5 Field ater Quality Measurements

At each sam ing point, field water quality parameters were measured using a HoribaU-10 Water uality Checker. The parameters measured include pH, conductivity,turbidity, diss Ived oxygen, temperature and salinity. The Horiba Water QualityChecker was calibrated at the start and end of each day using standard Horibacalibration sol tions.

3.8.6 SamD Personnel and Procedures

N.G. Armitag and E.M. Fackel (AMC) conducted all surface water sampling. Allsampling was arried out in accordance with intemationally accepted procedures forthe collection o surface water samples for physical, chemical bacteriological and metalanalysis. The urface water sampling protocol and results of surface water analysisand field water uality measurements are described in Appendix II.
3.8.7 Result from the Dikulushi River

The November 2002 results for the Dikulushi River indicate that the overall waterquality of the r er is good, with all the parameters tested falling within the rangesoutlined in the World Health Organisation Drinking Water Quality Standards. Theresults also ind cated that pH, TSS, sulphate, calcium, magnesium and manganeselevels in the ri r are higher upstream than at the downstream location. TDS andconductivity val es are significantly higher upstream with TDS and conductivity valuesof 505 mg/I and 680 pS/cm respectively at the upstream sampling point compared to335 mg/I and 38 pS/cm downstream.

The relative pro mity of the mine garden to the upstream sampling location could be afactor in the hig er values, with fertiliser (although no phosphates and nitrates weretraced) and dist bed topsoil more likely to enter the river here. Monitoring results forthe above param ters are summarised in Table 3.6.

Table 3.6 Dikul hi River Quality - Significant Parameters (November 2002)

Sampling pH Conductivity TDS TSS Sulphate Ca Mg Mn CFolifcalPoint LAS/cm mg/l mgI mg/ I mg/l mg/l mg/l (100 ml)
Dik/SW/01 7.9 680 505 55 65 80 38 0.1 Nil
Dik/SW/02 7.4 384 335 40 50 42 21 <0.1 nil

Analytical results rom water samples taken in November 2002 (EIA Baseline) andOctober 2001 (E vironmental Scoping Study) show some significant differences.Electrical conducti ity, and total and faecal coliform concentrations in the river weresignificantly higher in October 2001 than in November 2002. No bacterial coliform wasrecorded in 2002 compared to a faecal coliform concentration of 26/100mi at theupstream location and 292/100ml at the downstream location in October 2001.Conductivity in Oc ber 2001 was recorded as 820 pS/cm at the upstream samplingpoint compared to 680 pS/cm recorded at the same point in November 2002. Thevariations in resul between November 2002 and October 2001 are attributed tochanges in surface runoff, which can significantly affect the quality of small streams.Monitoring results f r October 2001 are summarised in Table 3.7.
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Table 3.7- Di ulushi River Quality - Selected Parameters (October 2001)I Sampling H Conductivity TDS TSS Sulphate Ca Mg Mn CFoalefoalPoint iS/cm mg/i mg/I mg/l mg/l mg/I mg/I (100 ml)
Dik/SW/01 .6 820 505 10 40 86 58 0.3 26
Dik/SW/02 _.9 830 510 50 5 78 62 0 .8 292

3.8.8 Result at Lake Mweru (Nchelenge and Kilwa Port Facilities)
The 2001 sco ng study results indicated a high incidence of faecal coliform; otherwisethe lake was emed to be relatively unpolluted, despite observed activities such asbathing, washi g of clothes and fishing. The 2001 water sample was taken beforeoperations co enced at Nchelenge.

Selected anal *cal results from the November 2002 sampling programme are shownin Table 3.8. T e results indicate that the Lake in the vicinity of both the Kilwa andNchelenge port facilities remains relatively unpolluted at both locations, even thoughoperations had mmenced. Faecal coliform was recorded as nil at both locations. Thedifferences are attributed to differing local conditions such as wind and wave actionthat may have en moving potential pollutants into and away from the sample area.
Table 3.8- Select Lake Mweru Water Quality Analysis Results (November 2002)
Sampling _ Conductivity TDS TSS S042- Co al T.Al Cl T.Ca T.MgPoint P pS/cm mg/I mg/I mg/i (100 ml) mg/i mg mg/i mg/i

KILUSW/03 8.1 98 87 35 10 Nil 2 6 7 4NCH/SW/04 7.6 92 72 45 45 Nil <0.2 8 8 5
The differences between the Kilwa and Nchelenge port facilities are statisticallyinsignificant with any parameters having similar values. The Kilwa port facility doeshave slightly hig r pH, conductivity, TDS, total coliform and total aluminium values,whilst Nchelenge has slightly higher TSS, sulphate, chlorine, total calcium and totalmagnesium.

3.9 Stream S diment Sampling and Analysis

Messrs N.G. Ari age and E.M. Fackel (AMC) carried out all sediment sampling, inaccordance with i temationally accepted procedures for the collection of stream/riversediment samples. The sampling protocol is described in Appendix II.
Stream sediment amples were submitted to A. H. Knight Analytical Services forgeochemical anal is of sediment solids, and dissolved metal analysis on sedimentpore water.

Sediment samples were collected at the surface water monitoring sites SW-01 andSW-02 on the 281 f November 2002. The full results of geochemical (sediment solids)
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and dissolve metals (pore water) analysis are presented in Appendix I[. Sedimentgeochemical esults of significance are summarised in Table 3.9.
Geochemical results from the November 2002 analysis indicate aluminium,magnesium, i n, and manganese to be higher at the upstream location (DIK/SS/01)than at the ownstream location (DIK/SS/02). However values for copper weresignificantly hi her downstream than upstream, most probably due to the presence ofthe Dikulushi eposit located between the two sampling points.

Table 3. - Significant geochemical results from sediment sampling (November 2002)
Total MetalsSa lpe Sampling Al Mg Cr Cu Fe MnoD. Dat/9 eg/g lINlg gig gig gig

DIK/ Sf01 28/11/02 2800 3400 46 22 6800 89
DIK/ S/02 28/11/02 1600 896 57 149 4000 60

Results from the environmental scoping study (October 2001) indicate thatmagnesium, m nganese, aluminium, chromium, copper and iron were higher at thedownstream sa pling location (Dik/SS/01) than at the upstream location, which hadhigher mercury and arsenic values. Results of significance are presented in Table3.10.

Table 3.1 - Significant geochemical results from sediment sampling (October 2001)
Total MetalsSample Sam ling Hg Mg Mn Mo Al As Ba Cr Cu FeNo. D e-9919 
_gl_ _9!9 y911 la /9DIK/SS-1 24/1 /01 5 900 20 10 800 6 200 17 9 1200DIK/SS-2 24/1 1 2 1500 146 8 2500 2 200 51 30 4300

3.10 Groundw ter Sampling and Analysis

Messrs N.G. Arm age and E.M. Fackel (AMC) carried out all ground water sampling inaccordance with i temationally accepted procedures for the collection of ground watersamples. The gr und water sampling protocol is described in Appendix II. Groundwater samples we e submitted to A. H. Knight Analytical Services for analysis.
Table 3.11 - Groun ater Sampling Sites Co-ordinates and Description of Physical Location.Sampling UTM E UTM N DescriptionLocation________________________

Bore hole used for potable water at the security camp
DIK/GW-01 6393 1 9016032 1km South-west of the pit

Borehole on the N. wall of the open pit used for potable
DIK/GW-02 6398 6 9017445 water at the main camp.
DIK/GW-03 6379 9014028 Central Well at Dikulushi Village
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Two represe tative groundwater sampling sites were selected to evaluate the qualityof groundw er in the study area. A further ground water sampling point wasestablished Dikulushi village to check drinking water quality. A description of thegroundwater ampling points is presented in Table 3.11.
3.10.1 Grou d Water QualitY

One groundw ter sample was taken during the 2001 Environmental Scoping Study.The groundw ter sample was taken from a borehole 60m southeast of DIKJGW-01, inwhat was the the Anvil exploration camp. The analysis of the sample indicated thatarsenic, bariu , chromium, iron and manganese, all exceeded Zambian drinking waterquality standa s (based on WHO parameters), although the high presence of iron wasattributed to rrosion of the borehole casing.
Results from t e samples taken in November 2002 indicated that groundwater qualityat Dikulushi Vi age (DIK/GW/03) was within the Zambian (WHO) drinking water qualitystandards. Re ults for DIK/GW/02 indicated TDS to marginally exceed the minimumdrinking water uality standard. Otherwise all parameters complied with the drinkingwater standard . Some of the parameter values such as TDS and Mg at Dik/GW/02are probably in uenced by the close proximity of the Dikulushi deposit. Comparisons ofGroundwater A alysis Results are shown in Table 3.12.

Table 3.12- Co parison of Groundwater Analysis Results (October 2001 and November 2002)Sampling Point pH TDS TSS S042' As Ba Cr Fe Mgl~ P Mg/l mg/I mg/I mg/I mg/I mg/I mg/I mg/IDIKIGW/01 - pct 2001) 7.7 220 50 <5 0.12 2 0.3 17 8DIK/GW/02 - ( ov 2002) 7.1 535 20 45 <0.01 <0.1 <0. 1 <0.1 45DIK/GW/03 - ( ov 2002) 7.1 103 20 65 <0.01 <0. 1 <0.1 <0.1 5

3.11 Terrestri I Flora

3.11.1 Surve h ods

Circular areas, t irty (30) metres in diameter were randomly selected for sampling,based on homog neity of vegetation. Vegetation composition, location and proposedmining activities ere the main factors considered in the selection of the samplingpoints. The areas ampled included:

(a) within the limis of the final open pit, covered by Riparian and Acacia types ofvegetation;

(b) the vegetation around the waste rock dump, surrounded by mixed Miombo andChipya subtypes;

(c) the vegetation round the Tailings dam; and
(d) the vegetatio around the camp outside the perimeter fence, which ispredominantly Mio bo with two or three dominant species.
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The method dopted for the vegetation survey produced information that could beused to prod ce a generalised description of the vegetation of the area. The locationsof vegetative pes are described in Table 3.13 and illustrated in Figure 3.6.
The study inv Ived the identification of woody species; determining the frequency of
dominant and co-dominant trees in each sample plot; measuring diameters of allwoody specie over two (2) cm in diameter to determine regeneration potential; andcollection of pI nt specimens for the forest herbarium.
Mr Lishomwa ulongwe, a senior forestry research officer from the Forestry ResearchDepartment o he Ministry of Agriculture (Kitwe, Zambia) conducted the vegetationsurvey.

Table 3.13 - Sam ling Plot Locations and Vegetative types
Plot

Number Vegetation Type UTM ReadingFF1 iparian (evergreen) forest 640047 (E) 9016681 (N)FF2 unga (Acacia) woodland 
640124 (E) 9016709 (N)FF3 unga (Acacia) woodland 
640208(E) 9016607 (N)FF4 C ipya (Combretum-Terninalia) woodland 640012 (E) 9017336 (N)FF5 C ipya (Combretum-Terminalia) woodland 640021 (E) 9017315 (N)FF6 D graded miombo (Fires scarred B. spiciformis) 639360 (E) 9016468 (N)FF7 M mbo (Brachystegia longifolia) woodland 639315 (E) 9016671 (N)FF8 M mbo (Brachystegia longifolia) woodland 639763 (E) 9017386 (N)FF9 Mi mbo (J. globiflora-B. bussel) woodland 638579 (E) 9017861 (N)FF10 Mi mbo (B.spiciformis- J.globiflora) woodland 638506 (E) 9017736 (N)FF11 

639497 (E) 9017727 (N)
3.11.2 Veaetatia DescriDtion

The vegetation i and around the mine area is mainly Chipya/Munga and Miombowoodland. Ripari n vegetation is only found along the riverbank where it is notstratified in any di tinctive forms, although canopy species can easily be distinguishedabove the tangle f small trees and climbers. Chipya/Munga woodland covers the areaintended for expa sion of the open pit and is characterised by single strata woodlandwith tall grasses, nnual herbs and fire resistant shrubs like Dichrostachys cinerea.The Miombo woo land type of vegetation occurs in three forms, Terminalia, mixedMiombo and pred minantly Miombo.

A few people liv close to the mine area. These people were mainly small-scalefarmers before th establishment of mining operations. Annual burning of the landtakes place during the dry season. This is indicated by fire scars on most trees, the
presence of dead t ees, climbers and the predominance of tall grasses and short-livedherbaceous plants here bumt trees once stood. The absence of the regeneration of
woody species in s ch areas may be a consequence of high intensity fires during thedry season.

The woody vegeta ion is largely devoid of any epiphytic vegetation such as treeorchids. The only s ecies found on trees are straggler figs and ferns growing in small
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pockets of d bris lodged in tree forks. The parasitic genera Loranthus was observed
on a few tre e

The flora of he area appears to be rich, and the vegetation survey was extensiveenough to co lect and record most of the species present. The main vegetation types
are described below.

3.11.3 Ever een Forest - Riparian

Riparian fore occurs along the Dikulushi river and the smaller stream close to the
crushing/con ntrate plant. Small pockets of evergreen forest were also found in
drainage depr ssions where soils are deep and moisture content high. No exhaustivesurvey of veg ation along watercourses and drainage lines was conducted.
Riparian tree pecies like Clausena anisata, Khaya nyasica and Diospyros batocanaare very comm n. While the palm Raphia fanifiia, the thorny tree Mimosa grabraa and
various specie of Rhus, intertwined with climbers of mainly the genera Dioscorea and
Smilax form a t icket-like understorey.

With the excep ion of Clausena and Raphia species there was a general absence of
regeneration al ng the river.

3.11.4 Oen oodland with Tall Grass (Chi valMunga)
Open woodland is characterised by the presence of grass and genera associated with
Chipya/Munga oodlands including Acacia, Combretum and Terminalia and emergentspecies like Albi ia adianthifolia. These areas are associated with annual high intensity
fires during the ry season, and scattered within these seasonal fire holes are Acacia
polycantha, A.s berana, and A.nigrescens. Fire scars are prominent on surviving
trees as well a dead and fallen trees. Giant grasses of the genera Loudetia and
Hyparrhenia and a proliferation of herbaceous vegetation during the rainy season are
also a common f ature of these fire-affected areas.
Degraded Miom o with similar characteristics but having additional species such as
Pericopsis angol nsis, Dichrostachys cinerea, Diplorynchus condylocarpon, Grewia,
Pseudolacnostyli maprouneifolia, Peltophorum africanum, Strychnos cocculoides,Annona senegal nsis, Combretum, Lannea Monotes katangensis, Albizia versicolorand A, adianthifo a is prominent along roads near the waste rock dump. An abundanttangle of Smilax raussiana and Aframomum biauriculatum was evidence for past fire

occurrences.

Regeneration in t s woodland type is restricted to Sterculia, Pterocarpus and Lannea,
species well repre ented in the understorey.

3.11.5 0pen Woo land with Short Sparse Grass (Miombo)
This is typical iombo characterised by Julbemardia globiflora, J. paniculata,Brachystegia speci s and lsoberlinia angolensis. Apart from the camp area and roads,
this was the least isturbed woodland in the area. The woodland can be divided into
the following three ubtypes:

1. Good quality alm st pure Julbemardia globiflora - Brachystegia bussei stands.2. Julbernardia pan u/ate - Brachystegia spiciformnis - Isoberlinia angolensis stands.3. Julbernardia glob fora - Brachystegia speciformis stands
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The underst rey is made up of mostly Pterocarpus angolensis, Erythrina abyssinica,E.excelsa, A nona senegalensis, Uapaca kirkiana, U.benguelensis, Combretum molle,Diplorychus ondylocarpon, and Piliostigma thonningii. These occur either as smalltrees or rege eration.

3.11.6 Termiaria

A good num r of termite mounds are scattered across the mine area hosting the
following larg tree species: Azanza gackeana, Dombeya rotundifolia, Bosciaangustifolia, mbretum molle, Ziziphus mucronata, Erythrina abyssinica, E. excelsa,Sterculia quin loba and Diospyros mespiliformis.
Smaller trees nd shrubs observed include Lannea discolor, Markhamia obtusifolia,Steganotaenia raliacea, Euclea schimperi, Byrsocarpus orientalis, Grewia flavescens,and Rytigynia mbellulata.

3.11.7 Grassl nd

Common gras es in the area are Hyparrhenia, Loudetia, Andropogon and Setaria
species. In pla s affected by annual fires, the grass can form a thick vegetation coverup to two metr high. In wetter areas species of Cyperus are found often associatedwith reeds and uIrush.

Woody species ssociated with the grasses are genera such as Acacia, Combretum,Monotes, Pubs gina and Peltophorum. These woody species usually occur as smalltrees at various tages of regeneration, often with basal sprouts bumt off by the annualdry season fires.

3.11.8 Freauen v Distributions of the Dominant Tree Species
Frequency distri utions of dominant tree species were done over the circular sampleplots, therefore t is information is indicative only. The number of dominant and sub-dominant tree sp cies found in Miombo and Munga/Chipya woodlands in the generalmining license ar a are included in Appendix 5.

3.11.9 Diameter istribution

Diameter distribu ons are important for determining stages of growth for woodlands,regeneration and imber extraction potential. The bar graph presented in Figure 3.7
indicates that mo t species encountered were in the smaller diameter classes. This
may be due to va ious factors including fire and historical land use activities by local
people in the area
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Figure 3.7 Gener diameter bar chart based on tree diameters measured for all plots sampled
during the vegetat n survey.

3.11.10Ve etati n Growth Paffems

The vegetation generally intact, although current mining activities have createddisturbances in t e form of roads, camps, dumpsites and the open pit. In addition, soil
compaction, loca ised water erosion, vegetation suppression, waste (liquid and solid)disposal, and ex aust fumes in various forms and quantities may contribute to the
alteration of the p ysical and chemical environment.

Major alterations o the canopy structure are not expected in areas not impacted by
direct mining act ities. As uncontrolled fires are prevalent in the area, the mining
company is enco raging fire suppression and preventive initiatives in the woodlandarea surrounding he mine. The benefits include: (a) improved vegetation cover, (b)
reduced risk of re damage to mining plant and machinery; and (c) improved
visibility/lower air ollution during the dry season.
In the disturbed ar as where vegetation has been markedly altered by human factors,deliberate re-vege ation will improve the working environment. This could includeplanting of pione r species such as: Acacia polycantha, A.sieberana, Albizia

adianthffolia, Peltoi horum africanum, and Dichrostachys cinerea. A small tree seedlingnursery with a cap city of 10,000 plants is to be established and managed as part of
the vegetable gard n. The seedlings can be transplanted during the rainy season.
3.12 Terrestrial auna

3. ?2.1 Wildlife Su e

The type of wildlife location and frequency of occurrence in the project area was
assessed by intervie ing local people. The following questions were asked: -
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* Wha animals were once present in the area?
* Wha animals are found in the area today?
* What in their opinion has caused the changes in animal population structures?In addition, t e Lusaka branch of the International Union for the Conservation of

Nature (IUCN was contacted to obtain a copy of the threatened species 'Red List' for
Katanga Prov ce. Although Dikulushi is well forested, the fauna survey exhibited a
conspicuous a sence of wildlife, with the exception of birds, which were both plentiful
and of varied ecies. The wildlife present in the project area is listed in Table 3.14.

Table .14 - List of Wildlife Reported to be Present in the Dikulushi AreaMammals Reptiles Birds
ush Baby Black Mamba Night JarDuiker Python Sun birdsVe et Monkey Viper Wild dovesTree Frogs RollersLizards Woodpeckers

3.12.2 Wildlife labitats and Anthropoloqical Factors
According to the local people the area once had abundant wildlife. Elephant, baboon,
vervet monkey, uiker, puku and impala were once a common sight in the woodland
and dambo are between Kilwa and Dikulushi. Poaching and cultivation of dambos
has decimated w dlife populations or forced them out of the area.
The woodland s pports a variety of birds; Rollers and woodpeckers were sighted
frequently. Abun ant wild fruit species including Uapaca (masuku), and Ficus are an
obvious source o bird food.

3.13 Aquatic F ra and Fauna

3.13.1 A uatic R sources

The main waterco rse crossing the project area is the Dikulushi river. Two monitoring
sites were selecte to evaluate aquatic resources in the project area, see Table 3.15
for monitoring site location and description. These locations corresponded with the
surface water moni oring sites SW-01 and SW-02.

Table 3.15 - Aquatic ora and Fauna Monitoring Sites.Aquatic Site No. JTM GPS Coordinates Location Description
Dik/AQF-01 639936 N 9016011 Dikulushi River, upstream of the Dikulushiopen pit and the plant area.Dik/AQF-02 640066 N 9017943 Dikulushi River Downstream of the Dikulushiopen pit and the plant area.
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A review of the socio-economic study conducted by Dr. G. Kalaba 2001, which
investigated t e local fishing industry in and around Lake Mweru, was also undertaken.3.13.2 Meth dolo

The following ethods were used to collect data on aquatic flora and fauna:-
(a) Intervi ws with local inhabitants
Interviews wer conducted on site with local inhabitants
(b) Riverin and aquatic flora survey
Most of the rv rine and aquatic flora was identified at site but plants not immediatelyidentifiable wer catalogued, pressed and taken back to Kitwe for later examination.I ~~~~~(c) Review f Dr. Kalaba's study

The United Sta es Environmental Protection Agency (USEPA) protocol for the rapid
bio-assessment of streams and wadeable rivers was used to assess the aquaticenvironment at oth monitoring sites.

The above appr ach provided a comprehensive description of the aquatic conditionsand riverine / aq atic flora and fauna found in the area.
3.13.3 Fish S a as

Dr. Kalaba identi ed numerous fish species in Lake Mweru after consulting secondaryinformation from 974, refer to Table 3.16 for details.
3.13.4 Fishin A tivities (train and nettin
No fishing is cond cted in the Dikulushi River, presumably due to its ephemeral nature,
and the proximity f Lake Mweru, which contains a relative abundance of fish.At Lake Mweru m st fishing is done using nets. Fishing regulations are not respected
or enforced, in pa icular during the closed period from January to March. As a result
there has been a rop in fish catches relative to the intensity of fishing activity, and
certain species g. Labeo altivels (Mpumbu) and Labeo barbus (Mpifu) have
disappeared or be ome rare.

According to the 1 99 Pweto Territorial Report, the quantities of fresh fish produced
from the Lake ha e tripled in recent years. Consumer demand for fresh fish is
increasing, while th demand for salted and smoked fish has decreased. A comparisonbetween marketed h in 1974 and 1999 is provided in Table 3.17.
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Tab! 3.16 Fish Species in Lake Mweru Source: Mulomba Mwanzambala, 1974No Scientific Name Kibemba Name Remarks1. Mormyrus longirostris Kafutwe (Ndomondomo)
2. Mormyrop 

Mulobe
3. Gnathonemus 

Kise
4. Petrocephalus 

Kifutu
5. Hydrocyon 

Manda
6. Sarcolaces odoe Mubombo Now rare7. Disticholus faciolatus Lukusu
8. Labeo barbus Mpifu Now rare9. Labeo altivels Mpumbu Now disappeared10. Chysichtys Monde

11. Auchenoglanis Mbwa-Lupembe
12. Clarias silure Muta (Kabambale)
13. Eutropius Libanga
14. ilapia melanopleura 

Pale
15. Tilapia macrochir Kituku
16. Tilapia sparmanni Katenge
17. Serranachromis 

Makobo
18. Alestes 

Kyaka
19. Tylochromes Maela
20. Synondothis BongweI~~~~~~~ 

T ble 3.17 - Marketed Fish 1999 vs 1974 (Kg).
Commodity 1999 1974

Fresh 338,879 121,879
| Salted 87,569 94,492Smoked 18,835 272,592mall fry 8,059 Figures not available

Current fishing nd try practices at the Lake are almost certainly not sustainable in the
medium to longer t rm.

3.13.5 USEPA Ra id Bio-assessment Protocols - Dikulushi River
N.G. Armitage coM leted a biological habitat assessment of the Dikulushi River at
surface water sampl g point SW/01 and SW/02 in November 2002. The United States
Environmental Prote ion Agency (USEPA) Rapid Bio-assessment Protocol (RBP) was
used to assess the quatic environment at each of the surface water sampling sites.
The Habitat Assess ent Score is based on a scale from 1 to 200 with lower scores
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indicating a igh level of human impact on the water course. Habitat AssessmentScores are d scribed in Table 3.18.

Table 3.18 - D cription of Habitat Assessment Score.
Habitat
Assessment 

Habitat Description (level of human impact)Score
0 - 50 Poor Habitat (habitat which is severely impaired by human activity)51 - 100 Marginal Habitat (habitat which is impaired by human activity)101 - 150 Sub Optimum Habitat (habitat not significantly impaired by human activity)151 - 200 Optimum Habitat (habitat relatively or completely unaffected by humanactivity)

The complete field data collection sheets are included in Appendix V. The results of
the bio-assess ent exercise are summarised in Table 3.19.

Table 3.19 - USE A Rapid Bio assessment of Aquatic Flora and Fauna.
Aquatic L cation Habitat Score Aquatic Habitat DescriptionSite 

(Max 200) _________________D ulushi River,DIPKISW-0l U stem of the 158 Optimal habitat for aquatic flora andD psit 
fauna. (Little impact from human activity).D ulushi River, Optimal habitat for aquatic flora and

DIK/SW-02 d nstream of 186 fauna. (Almost no impact from humant Deposit 
activity).

The results of th USEPA Rapid Bio-assessment exercise indicate that habitat quality
of the Dikulushi iver is optimal, with liffle current human impact at the locationsevaluated using is methodology.

3.14 Air Quall

There is no exist g air quality data for the Dikulushi area because of its remotenessand the absence of industry and infrastructure. Field observations indicate that the
general air quali of the area is good, although, there is a seasonal variation as well
as localised and t mporary deterioration in air quality.
Grassland and fo st fires, charcoal burning and traditional slash and burn agricultureduring the dry se son generate smoke and dust. This air pollution sometimes hangs
over the area and rms a distinctive haze. The haze layer is mainly visible from the air
and is worst durin the coolest months (June and July) when temperature inversionstend to trap the s oke near ground level. The haze frequently persists until the arrival
of the rains in ovember. Local and temporary air quality deterioration is also
associated with do estic (village) fires.

At the mine site, d st and air pollution is generated from open pit operations such as
blasting, drilling an transportation of ore and waste. Plant operations also contributeto dust generation, especially the crushing and screening sections of the plant. Wind
borne dust emanat s at certain times from the ROM ore stockpile, waste rock dump
and tailings dam. inor contributors to air pollution are the diesel generator and mine
vehicles.

African Mining Consulta ts Ltd 37



Dikulushi C pper-Silver Project Environmental Impact AssessmentAnvil Mining Congo SARL

The amount f airborne dust depends on seasonal variations such as dryness andwind. Dust h s been observed to be more of a problem during the dryer months. Theextent of this roblem is not yet fully understood, however Anvil intends to identify thetype of dust nd air pollution generated at site and to monitor respirable dust atstrategic work ng areas as part of their health and safety management plan.

3.15 Noise nd Vibration

There is no hi torical noise data for the Kilwa area or Dikulushi mine site. Due to theremote locatio Of the deposit and absence of infrastructure and industry other thanthe mine, the highest noise levels generated are associated with the elements i.e.wind, rain and thunderstorms. The presence of a significant number of trees and thecapacity of th rolling landscape to absorb sound pressure from these sources meansthat noise leve are extremely low. Daytime noise levels based on the L A90.T Index areestimated to b between 30 and 40 decibels (dB).

It is estimated at noise levels in local villages such as Dikulushi Village situated some4.5 kilometres rom the Dikulushi deposit may reach 55 dB during periods of socialactivity but the verage daytime background noise level is likely to be closer to 45 - 50dB. Due to the absence of electricity in the rural setting, evening noise peaks tend todrop off as da ness falls and inhabitants prepare for sleep. Night time backgroundnoise levels ar likely to be between 30 and 35 dB.

The mine site s the largest producer of noise and vibration in the area. There iscurrently no qu ntifiable information on noise or vibration at the mine site. The plantoperations and diesel generators are the main sources of background noise. Theseincrease durin machine start-up, etc. The largest noise levels are noted duringblasting operati ns at the open pit, which occur on average once per week.
Blasting is also he major source of vibration although plant operations (crushing etc)and large vehic e movements constitute secondary sources of vibration. Due to thelocation of local villages and the nature of the rolling wooded landscape most noiseand vibration (a art from blasting) does not reach local settlements.

3.16 Land Us and Land Capability

Regional land cl ssification based on United States Department of Agriculture (USDA)standards indica s medium to low potential for sustainable development. Oxisols areextremely nutrie t deficient soils and have poor water retention abilities, though theyare easily worke for agricultural use. Prior to project development, the mine site wasnot used for indu try, agriculture or habitation.

Cassava, the mo t common crop, through slash and burn practices is cultivated nearsettlements and t wns. There is no large-scale commercial farming in the study area.
Animal husband is limited to the keeping of goats and poultry. The Tsetse fly was notobserved in the s dy area.

Upland sandy an deeply weathered soils have low soil fertility and support cultivationof (mainly) cassa a. Farming of these upland areas is extensive although fields areabandoned after few years, due to declining yields, for newly cleared and bumt land.
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Old abandon d cassava fields are a common feature of the area. Abandoned fieldsrevert to shr b vegetation and later woodland. There is no cassava cultivation in theimmediate vi inity of the deposit. The only cultivation close to the mine site, beforeproject imple entation, were small maize plots along the Dikulushi River.
Soils in depr ssions, dambo's and wetlands are generally difficult to manage andcultivate due their physical properties and temporary or permanent water logging.
Alluvial soils ong watercourses support cultivation of vegetables and maize. Althoughthey are of lim ted geographical extent, their relatively high soil fertility and easy accessto water make these soils an important natural resource.
3.16.1 Land lassiflcation

Satellite imag ry has been used to identify and outline the distribution of five forms ofland cover fou d in the Dikulushi area. Based on satellite data interpretation and fieldobservations, and cover in the area can generally be described as predominantlywoodland diss cted by streams and rivers with some riparian forest and dambos.
Rural settleme ts dominate along access roads and tracks and along the shores ofLake Mweru. here are no industrial or urban zones within the project area. A landclassification p has been produced from analyses and interpretation of the satelliteimagery.

A LANDSAT-7 nhanced Thematic Mapper scene of the project area was supplied byAnvil. The sce is 180km by 180km and is of good quality with no cloud cover. Theimage was acq ired on the 4 th of May 2002 and contains five spectral bands in thevisible and infra ed spectra. It has a resolution of 30 metres for all channels. The landclassification is based on multi-spectral analysis and supervised classification usingtraining sites an maximum likelihood classification. SPOT panchromatic data with 10-metre resolutio was used to assist feature identification and to support theclassification pr cedure.

Table 3.20 - Land lasses definition and characteristics.
Land Class blefinition Imaae Characteristics.Woodland _ten typical Miombo Reflectance in the near infrared spectralwodland. Well distributed. band with more signal from soil than in densevegetation. Large and uniform features.Dambo / M re or less vegetated water- Low reflectance in all spectral bands.Wetland lo ged area. Commonly forming drainage networks or_ aswamp" features.Built-up I L d used for housing and High reflection in all bands. Forming patchydegraded cr p production. Generally features.land ru I villages along access

ro tes and the shore of Lake
M eru.

Dense D se vegetation often along Very strong signal in the near-infraredvegetation/ wa ercourses and sometimes spectrum. As strips along watercourses andForest on etland. as 'islands' in wetlands.Water OE n water High absorption in all bands.Cropland I Op n non-forested land. Strong reflectance from mineral soil andPasture I Ve etated by grass or crops. some reflectance in the near-infraredGrassland I spectrum.
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Six land co er classes were selected from observations made on the ground. Theseare water; dense vegetation/forest; woodland; dambo/wetland; cropland/pasture/grassland; a d built-up/degraded land. Land class, definition and image characteristicsare describe in Table 3.20

The total are classified is 3,050 km2. Figure 3.8 shows the distribution of land classesand proporti nal land cover. Land class distribution is shown in Table 3.21.

Table 3.21 - Land class distribution
Land Class Percent of

classified area.

Woodland 34%Dambo / wetland / open water 14%Built-up / degraded land 2%Dense vegetation / Forest 35%Cropland / Pasture / Grassland 15%

Built-up or de raded land occurs where land use is most intense although some of theland in this tegory can be naturally occurring features such as sand-spits andbeaches. Buil up land occurs mainly along the shores of Lake Mweru and along roadsand watercou es. There is a strong spatial relationship between cropland and built-upland and it is likely that some un-vegetated (recently planted or fallow) cropland isrecorded in thi category.

Dense vegeta ion / Forest occurs along watercourses where human exploitation isminimal and s il conditions favourable. This vegetation type found away from the maindrainage netw rk is present as very dense woodland or very dense vegetation inswamps.

It is important t note that the crop rotation of cassava, in particular, leaves a large partof all cultivated land fallow.

3.17 Socio-E onomic Study

3.17.1 Introdu tion

Professor G. K laba, an anthropologist/sociologist from the University of Lubumbashi,conducted a S cial Baseline Study between 11th September and 2nd October 2001.This section o the report relies heavily on Dr Kalaba's work supplemented byadditional infor ation collected at Nchelenge by Dr Mutilo Silengo (AMC) and Mr. NArmitage (AMC

3.17.2 ADDroa Methodology

Dr. Kalaba use a semi-structured interview technique to interview key stakeholderswithin the proje t area and the surrounding Kilwa district. The research programadopted the follc ing approach;

1. Review o literature
2. Interview with key informants
3. Direct ob ervations to validate data and information
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The scope o Dr Kalaba's report included a survey of the local community (culture,
religion, stru ture, political profile, project awareness and diet) as well as local
infrastructure nd the presence of Non Governmental Organisation's (NGO's).

Secondary in Formation was consulted in order to map villages and social/cultural
locations. Mr. Armitage conducted a brief urban-social investigation at Nchelenge in
January 2003

3.17.3 Count Overview

Since 1994, t e Democratic Republic of Congo (formerly Zaire) has been racked by
ethnic and civ I war, caused in part by a massive influx of refugees from Rwanda and
Burundi. InM y 1997 President Mobuto Sese Seko (Head of State from 1965 after a
military coup usted Patrice Lumumba) was toppled by rebel leader Laurent Kabila.

The Kabila a ministration was subsequently challenged by a Rwanda and Uganda
backed rebelli n in August 1998. Troops from Zimbabwe, Angola, Namibia, Chad, and
Sudan interve ed to support the Kinshasa regime. A cease-fire between the warring
factions was s gned on 10 July 1999, however, sporadic fighting has continued.

Laurent Kabil was assassinated on 16th January 2001 and ten days later his son,
Joseph Kabila was named head of state. Despite taking a radically different approach
to his father, te new President has been unsuccessful in completely ending the war.
As of March 2 03, Joseph Kabila remains Head of State and the Government.

Democratic el ctions were last held in the DRC on the 2 9 th of July 1984, although a
transition to r presentative government is currently planned. A Supreme Court heads
the judicial bra nch and the legal system is based upon Belgian civil law and Congolese
tribal law. One oing talks are hoping to establish a new constitution after a referendum
on the last dra constitution (1998) was not ratified.

The economy of the DRC is made up of agriculture (65%), industry (16%,) and
services (190/) (CIA, fact book 1991). Major industries include mining (diamonds,
copper, cobal and zinc), mineral processing, consumer products (including textiles,
footwear, ciga ettes, processed foods and beverages) and cement. The main exports
are diamonds, copper, coffee, cobalt and crude oil.

The economy of the DRC has been severely negatively impacted by the civil war.
Since 1998, he DRC has experienced heavy erosion of Government revenue,
escalation of eKternal debt and an exodus of foreign business. The war has intensified
the scale of s ch basic problems as an uncertain legal framework, corruption, raging
inflation and la k of openness in government economic policy and financial operations.

Efforts by the MF and World Bank to introduce policies to secure economic stability
have recently een implemented with enthusiastic backing from the current President.
The new Mini g Code introduced with the support of the World Bank in 2002 is an
example of su h a policy. The code aims to clearly define the relationship between an
investor and th Government.

The populatio of the DRC is 53,624,718 (2001), GDP is approximately US$120 per
capita, literacy levels are 77.3%, life expectancy is 49.3 years, major languages are
French, Swahi i Lingala, Kingwana, Kikongo and Tshiluba. The main religions are
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Roman Cath lic (50%), Protestant (20%), Kimbaguist (10%), Muslim (10%) and
traditional (10 YO).

3.17.4 Provi cial Govemment and Administration

The DRC is made up of ten provinces: Bandundu, Bas-Congo, Equateur, Kasai-
Occidental, Kasai-Oriental, Katanga, Maniema, Nord-Kivu, Orientale and Sud-Kivu.
The province are broken up into districts, which are then divided into territories, sub-
territories, se tors, groupings and finally villages (according to Law No 6 of 1982).

The provincia capital of the Katanga Province is Lubumbashi, 400km southwest of
Dikulushi. Pw to is the capital of the Pweto territory, which includes the Mpweto district
of which Kilwa is the main centre. The official administrative structure follows provincial
divisions outli ed above, with official representation apparent from sector level up to
territory level headed by a Territory Administrator) and then on to district, provincial
and national I vels. From the sector level downwards, more traditional tribal governing
systems oper te.

Katanga prov nce (formerly Shaba until 1997) is endowed with a huge amount of
mineral poten al including large copper, cobalt and uranium resources. In line with the
rest of the D C, however, its economy has been steadily degraded by the instability
caused by civi war.

3.17.5 Traditi nal Govemment and Administration

Chief Kiona N ini heads the Kiona Nzini sector, within which lies Dikulushi. The chief
has overall re ponsibility for all administrative and customary roles including the local
courts and po ice. He is assisted by a council of notables (Village Keepers) from 56
villages belon ing to his sector, 28 from each of two groupings, Kiona Nzini and
Kasongo - Mw ana. These notables form the second tier of authority.

The third tier f authority is made up of landowners. In the Kasongo-Mwana grouping
for example, t ere are three landowners: Kashinda, Kyaka and Ngwena. The last level
of authority fal s to individual village headmen. They have no courts, police or council
of notables. T eir authority is based on traditional values and they are regarded in high
esteem. Local Authority Structure described in Figure 3.9.

|KIONA-NZINI|
|CHIEFTAINCY|

[iona Nzini KasongoM an

| Landowner Kashinda Land Chief Kvaka

i kulushi Village | Katendeshi Village] Lumekete Village
Figure 3.9 Local uthority Structure
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3.17.6 Local o ulation

The populatio of the Katanga Province is around 4.4 million (2001) of which a large
proportion live in or around the main provincial centre, Lubumbashi. Current population
growth rate is estimated to be almost 4%. Statistics taken for the country as a whole
indicate that s me 48% of the population is made up of children aged between 0 and
14 years. The Mpweto sub-territory has an estimated population of 286,882 with a
population de sity of 13 persons per km2.

Within this su -territory, an estimated 27,600 people were found in Kiona-Nzini sector
spread over 7, 573 km . This is the lowest population density in the territory with 3.64
inhabitants per km2. The population of the Kasongo-Mwana Grouping (Dikulushi
Grouping) was an estimated 13,570 people.

3.17.7 Social Fabric and Structure

The Dikulushi ommunity under Chief Lubele is made up of 66 people of the Bazela
ethnic group. hey are organised in small groups of 11 families, averaging 6 persons
per family. Dik lushi is part of the Kasongo Mwana grouping in the Kiona-Nzini sector.
The Bazela or ginated from the settlement of the Baluba Shakandi immigrants in the
East of Lualab , with some groups coming from Maniema. The Baluba Shakandi form
the main tribe n the area of which many tribes are descendant. The main language in
the area is Kiz la, a Luba dialect influenced by Kilomotwa.

The Bazela ar bordered to the west by Baluba Shanhadi, to the north by Basonde
and to the so th by tribes related to the Aruund. Mixing of the Baluba Shanhadi and
the Aruund is ot uncommon.

3.17.8 Ethnic Tribal Groupings

Katanga Prov nce has a diverse mix of ethnic or tribal groupings with their
corresponding languages. The main languages spoken in the province are French,
Swahili, Bemb , Lingala, Kingwana, Kikongo and Kizela. The principal ethnic group in
the study area is (as noted above) the Bazela who occupy the area of Kiona-Nzini and
other nearby reas around Lake Mweru including Lwanza, Kazimuziri, Lukonzolwa,
Mukuba and Izuiba. The Bazela are hard-working agriculturists, fishermen and
traders.

3.17.9 ReliQio s Practices and Beliefs

The main religi n in the area is Christianity, broken up into various denominations such
as Roman C tholics (representing three-quarters of the population), Methodists,
Pentecostals, Garenganze, Jehovah's Witnesses, Seventh Day Adventists, New
Apostolic, the Reformed Church, etc. Amongst the population there still remains a
small section v ith animist beliefs attached to the cult Mbidi Kiluwe (a belief based on
spirits).

As in most rura I African cultures Christianity goes hand in hand with local beliefs. Many
local beliefs r blate to cosmology, and there are a set of explanations about the
universe: the <y, the sun, the moon, the stars, rainbows, lightning and earthquakes.
The explanatio of these natural phenomena in Bazela culture are defined by earthly
associations, i. . the belief that the sky is a big bowl of stone which covers the entire
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earth, or by th belief in spirits. For example, the fear of evil spirits makes the Bazela
people worshi those protective spirits of the land.

The rural cal ndar of festivals is very much dominated by the different seasonal
phenomena s ch as the full moon and the start of the rains. These events often
constitute a rel gious holiday in the area.

3.17.10 Local iet and Family Structure

In a typical Co golese family, two parents will usually support at least three children as
well as one o two relatives/dependants per household, bringing the total average
household nur ber to 6. The household is normally broken up into rooms depending
on sex and f mily standing, one room for the parents one room for the female
members and ependants, one room for the male dependents and sometimes a living
room and kitch n in larger homes.

Cassava is th staple diet in the study area, although maize, flour and rice are also
eaten by the re wealthy. These foods are supplemented by salted, smoked or fresh
fish with, occa ionally, some smoked or dried meat and sweet potatoes.

The main bev rages consumed besides water include home made alcohol called
Lutuku, an opa ue beer Kibuku, Munkoyo and Malovu or palm wine, which are brewed
in relatively hy ienic conditions.

3.17.11 Livelih ods

Almost all the people in the study area rely on fishing or subsistence agriculture to
survive. The ru al calendar is dominated by farming activities as shown in Table 3.22.

The average maize yield is 700 kg/ha and that for groundnuts is 800 kg/ha. Secondary
crops include eans, sweet potato, paddy rice and voandzu (voandzeia subterranean
Mbambara gro ndnuts), which give good yields.

In various part of the territory there are small plantations of tobacco, bananas, palm
trees, and oth r vegetables, particularly in the vicinity of shanties. The production of
food crops ge erally covers the needs of the population. The high cost of transport
constitutes a m 3jor constraint for the economy of Pweto territory.
Table 3.22 - Rurs I Calendars in the Project Area (Agricultural Cycle)

Month Farming Activities
January - March Cultivation of Cassava, maize, rice, and groundnuts Choice of ground
(Wet Season) for the next cultivation. Second sowing of maize (January). Harvesting

and drying, as well as maintenance.
April - July Maintenance and section-fire. Control of reservation of seeds,
(Cool, Dry Seas Ln) beginning of marketing of agricultural products.
August - Septen iber Preparation of new fields.
(Cool, Dry Seas on
October - Dece ber Sowing of maize cassava and rice. Propagation by cufting with
(Hot, Wet Seas n) intercalary sowing: groundnuts, beans and voandzu (Mbambara3 groundnuts).
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3.17.12Livest ck

Apart from G oup Litho Moboti (GLM) - Kundelungu (Nsonga and Kasongo Mwana
groupings), c ttle are not found in the villages of the Kiona-Nzini sector. Most
households k ep a few small livestock for consumption and as traditional capital. Many
households p ssess some chickens, ducks and goats.

3.17.13AricL 'tural Development Potential

The territory cf Pweto possesses excellent agricultural potential, especially the Kilwa
plains. There i abundant fertile land surrounding riverbanks and valleys, which is only
sporadically e ploited by the local people.

Two major ag icultural projects have been implemented in the general area, one at
Mpande for t e cultivation of palm trees and the other a rice growing project at
Sensele. The rst has been only partially successful because of the vagaries of rainfall,
however, the ice project has been very successful. The Diocese of Kilwa cultivates
more than tw nty fields of rice for its own consumption. Further development of this
potential will d pend on future governmental policy and support.

3.17.14 Other ndustries

Few other eco omic activities are carried on. There is some small-scale manufacturing
with members of the Pweto territory being involved in building, carpentry, joinery,
tailoring and s ulpting. Many of these craftsmen are semi-retired workers from larger
commercial c ntres. Building and basket making is also conducted on the lakeshore.

There is a s all-scale tourism sector within the Pweto territory although tourism
potential is ha dly tapped. There are some hotels and restaurants for local tourists at
Kilwa, 55 km om Dikulushi. The local Catholic Church provides accommodation and
housing for for ign tourists and nationals. The 1999 Annual Territory Report mentions
Kabyatu Hotel n Kilwa, which has 14 rooms.

Fish processin (bagging, smoking or salting) is normally undertaken by the fishermen
themselves, a iaiting transfer to the traders in the area.

The mining sector is relatively undeveloped although there are some artisinal
workings. Sort kat Ltd, in Kasambo in sector Mwenge, exploited one gold deposit but
operations ce sed due to low grades. Salt works are present at Kakwale (Kasama),
Kalala (Kizabi), Kilongo, Kibale, Somba (Mwenge) and Kinganza (Kiona-Nzini). Three
copper deposi s have been worked artisinally in the past, including two to the north-
west of Kilwa ( <yaka and Dikulushi) and one to the east of Pweto (Kapulo).

Prospecting c ntinues in the area with the deposits at Kapulo and Kyaka now being
heavily resear hed by Anvil.

3.1 7.15IncomE s

No recent data is available on local incomes. GDP per capita in the DRC is estimated
as US$120 pe annum. Studies from 1973 indicate that the average rural agriculturalist
earned the eq ivalent of $299 per year and a fisherman earned the equivalent of $274
per year.
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3.17.16 Import , and Exports

Imports to the rea include manufactured products such as lamp oil, soap, cooking oil,
bicycles, seco d-hand clothes, wheat flour, sugar, cases of soft drinks and other
products. Major exports include cassava, maize, rice, fresh, salted and smoked fish.

3.17.1 7 Medicg I Services

There is one state owned hospital at Kilwa and 24 state rural clinics. Of these 15 are
found in the c mmunity of Mweru, 6 in Pweto, 1 in Kilwa, 1 in Mwenge and 1 in Kiona-
Nzini (Report 1999:24-25).

The Protestant Garenganze Evangelical Mission operates two hospitals, one at
Chamfubu and the other at Lwanza.

The Franciscan Sisters of Mary (F.M.M) manage one dispensary at Pweto, two
maternity clinis at Lukonzolwa and another dispensary at Dubie. Lepers are treated at
Chamfubu, Lu onzolwa, Dubie and Lwanza.

A common pr blem with all local medical facilities is the lack of sufficient medicines
and general p armaceutical products.

3.17.18 Health Statistics

The epidemiol gical report of the Health Zone of Kilwa for the first seven months of
2001 places m laria as the number one illness with a monthly average of 978 cases;
Diarrhoea, incl ding dysentery average 393 cases monthly; anaemia 263 cases and
sexually transr itted infections 290 cases on average per month. Other illnesses are
present with le s significant occurrence. There has been some progress compared to
the report of 1 74 where measles was the most common infantile illness (Mulomba,
1974:24). Thera, is no information on HIV/AIDS prevalence in the area.

Medicines san Frontieres (MSF) limit their support to the referral hospital at Kilwa and
to 10 of the 28 ealth centres.

There are no d ntal or registered private paramedical services. There is no ambulance
or emergency nedical evacuation service. However MSF have one vehicle, which is
sometimes useJ as an ambulance.

3.17.19Educat on Facilities

There is no re istered school at Dikulushi village, however two elementary kinder-
garten schools ave been established by the local community.

There are 12 e ementary schools at the Christian missions, 10 of which belong to the
Catholic Church and 2 to Protestation missions. The nearest to Dikulushi are at
Kabangu, Luko a and Kasongo-Mwana.

There are four igh schools in the general vicinity: at Kasolo, Dubie, Kasongo-Mwana
and Kabangu ( ntermediate level/elementary high school). Three of these four schools
are Catholic sc ools.
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The dropout rate at the elementary level is 69% for boys and 90% for girls. For those
who complete elementary school, only 21% proceed to high school.

A fishery sch ol exists at Kilwa, which hardly operates because the army currently
occupies its p emises.

3.17.20 Sport gnd Recreation

Soccer is the main sport in the Pweto territory with soccer pitches in abundance.
Recreational ctivities revolve around sport, consumption of alcohol, as well as
organised ev nts such as boxing, theatre, and dances.

3.17.21 Non- ovemmental Oraanisations

These include

* M6dicins Sans Frontieres (MSF) who assist with health issues and the disabled
in the terr ory. Their activities include vaccination campaigns against poliomyelitis
for childre between 0-5 years etc.

* Le Burea Dioc6sain pour le Developpement (Diocese Office of Development)
under the Catholic Church through which wells for abstraction of drinking water
were dug t roughout Kilwa-Kasenge Diocese by MIVA an Austrian organisation.

. La Carita et le Programme Alimentaire Mondial (Caritas and World Food
Programm ), which look after the war displaced at Kilwa.

* Le Group des Volontaires de Kilwa (Volunteers of Kilwa) this group implements
public inte est micro-projects under the leadership of Chief Paul Kabulo wa llunga.
Among it projects is a shelter for visitors at Kilwa hospital and the digging of
drainage t enches in Kilwa.

* World Visi n, which is reported to have had difficulty establishing itself in the area.

3.18 Local esponse to the Dikulushi Mine Project

3.18.1 Fears nd Ex ectations for Pro ect

A survey carri d out among the population of Dikulushi and its immediate vicinity found
that some of te local population had the following fears:

* There will be no repair of the Dikulushi - Lubumbashi road;

* More expatriates will be employed at the expense of local people;

* There will te no effective government control (taxes) on the export of ore; and

* Zambians vill profit more than the local people.

The survey fo nd that some people expected the project to help the local community
by: -
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* Bringing a end to unemployment;

* Opening a clinic and a drug store in the vicinity of the mining site and by equipping
the Gener I Hospital at Kilwa with an ambulance;

* Rehabilitat ng bridges on Kilwa-Lubumbashi road;

* Building a upply shop for essential goods;

* Mechanisi g agriculture and fishing;

* Proving el ctricity to the territory;

* Increasing local workers skill base and providing school equipment;

* Organising cooperatives for fishermen and farmers and providing recreation;

* Recruiting 40% of locals of Kiona-Nzini chieftaincy (25% from Kasongo-Mwana
and 15% f rm Kiona-Nzini) and the remaining 60% from the other groupings of the
territory; arid

* Offering bi :ycles to local chiefs and building cement houses.

Clearly, many f the fears are unfounded or have no real bearing on the project, and
some expecta ons are unduly optimistic. They do give an insight however into the
widely differen ways that a project such as this can be regarded.

3.19 Infrast ucture and Communications

3.19.1 Trans rt

Two construct d gravel roads constitute the main road network in Pweto territory, the
Kapema - Mu otomoya road (303km) and the Kabulembe - Mitwaba Border road
(162km). Kilwa is found along the Kapema - Mututomoya road 137km south of Pweto.

Only one pra ical route exists between Lubumbashi (provincial capital) and Kilwa.
This road is p ssable only during the dry season. The distance by road from Kilwa to
Lubumbashi is pproximately 350 km.

3.19.2 Local F loads

Local roads an paths join sectors and villages one to the other;

* Kabangu- iankalamu road (51 km), joins the sector of Kiona-Nzini with the one of
Mweru at t e junction of the Kilwa-Pweto main road;

* Mutabi-Mw nge road (84 km) joins the sector of Kiona-Nzini with Mwenege. The
lack of a fe ryboat on Luvwa at Mwenge makes this road not fit for traffic;

* Kilwa-Dikul shi (about 55 km)

* Kasongo l\wana-Kabangu-Dikulushi
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3.19.3 Genet I Road Conditions

Roads in the area are typically in a state of disrepair. Various organisations and
individuals pa icularly the Reverend Sister Theodore of Dubie occasionally carry out
voluntary road maintenance.

The vast maj ity of people in the area move around on foot and there are no taxi, bus
or cargo servi es in Kilwa or Dikulushi. There are airstrips located at Kilwa, Dubie,
Pweto and Lw nza.

3.19.4 Comn unications

Microwave ra io provides communication links for the missionaries in the area such as
the Catholic ission of Kilwa and its subsidiaries at Dubie, Lukonzolwa etc., the
Protestant Mi sionaries (Methodist Church of Kilwa) and the public administration
office. A rad i communications system has been set up by Anvil using VHF
broadcasters nd receivers to link Kilwa, Dikulushi and Nchelenge. The Dikulushi Mine
site is equippe with a satellite telephone.

There is no lo al radio broadcasting service in the area although attempts to set up a
rural radio sta ion have been made in the past. Postal communication is facilitated by
the post offic at Kilwa, with the majority of incoming mail comprising newspapers,
publications a d parcels. Outgoing mail is significantly less in bulk and quantity than
incoming mail.

3.19.5 Other nfrastructure

The only sour e of electricity in the region is the hydro electric plant at Konde Falls,
which provide a limited amount of Pweto territory with electricity. Electricity does not
extend to the pweto sub territory which includes Kilwa and the project area. Locally,
power is provi ed by small generators and solar panels (at the missions) and diesel
generators (at ikulushi Mine).

Water reticulat on systems are non-existent in the area; potable water is derived form
wells, borehole s and rivers and is typically of unchecked quality.

A main police base housing 100 officers is located at Kabangu, some 25km from
Dikulushi.
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4 POTE TIAL ENVIRONMENTAL & SOCIAL IMPACTS

4.1 Appro ch Methodology

The identificat on and assessment of Environmental Impacts is based on World Bank
Operational P licy OP 4.01 Section (e). In order to predict and identify the project's
likely current a d future negative and positive impacts the following was undertaken:-

* Review of Mine design studies by Mintek, MDM and Knight Piesold Consulting;

* Interviews vith Dikulushi mine management and operators;

* Site visits t inspect mine area and observe mining operations; and

* A review o historical socio-cultural-economic and environmental data in the project
area.

An environme tal impact matrix was constructed to quantify the impacts in terms of
whether a part cular impact is negative or positive, cumulative or instant, short-term or
long-term, per nanent or temporary. Major potential environmental and social impacts
are discussed detail in Chapter 4 from Section 4.3 onwards.

Due to the fac that mining operations have already commenced, some impacts have
been quantifie using historical data as well as data collected during site visits in
2002/03.

Mitigation me sures that should be implemented to minimise project impacts are
included at the end of each section. These mitigation measures provide the basis for
the developme t of the Dikulushi Environmental and Social Management Plan (ESMP)
in Chapter 6.

4.2 Enviro mental and Social Impact Matrix

The environm ntal and social impact matrix (ESIM) is divided into the following 11
sections base on the major mine components as outlined in Chapter 2 - Project
Description.

* Open P and Underground Development;
* River Di ersion Scheme;

Proces ng;
* Ore Sto kpiles;
* Tailings Disposal;
* Waste ock Dumps;
* Mine W rkshops, Fuel and Oil Storage Facilities;
* Infrastr cture and Communications;
* Barge a d Port Facilities;
* Road a d Airstrip Upgrade; and
* Social-C ultural and Economic Components.
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Each section in the ESIM is then evaluated in relation to the data included in the
baseline stud in order to identify and evaluate potential environmental and social
impacts. The aseline study addressed the following bio-physical and social topics: -

* Climate;
* Air quality;
* Topograp y;
* Geology;
* Hydrogeol gy;
* Hydrology;
* Aquatic flb a and fauna;
* Terrestrial ora and fauna;
* Land use;
* Noise and ibration;
* Infrastruct re and communications; and
* Socio-eco omic conditions.

The impact o the environment of each mine component is then assessed over the 3
stages of mi e life (construction, operation and closure) and in the event of an
accidental rel ase to the environment. Impacts are quantified as a deviation from
observed/mon ored baseline conditions.

A description f each impact is included in the matrix. The ESIM characterises project
impacts accor ing to the following criteria: -

* Overall ne ative or positive nature of impact;
* Probability f the impact occurrence;
* Instant or c umulative nature of impact;
* Scale of im pact i.e. local, regional or national;
* Significanc of impact, i.e., the deviation from baseline conditions;
* Duration o the impact; i.e. until return to baseline conditions,

Environmental aspects/issues and potential impacts associated with each mine
component ar characterised based on a qualitative assessment and quantitative
evaluation, wh re appropriate data is available. Table 4.1 explains the criterion used to

characterise pA tential impacts. The ESIM is presented in Appendix VII.
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Table 4.1 .ating of Environmental Impacts in Environmental & Social Impact Matrix

Impact Criteri n Term Description
Has Occurred

Likelihood of Im act Low
occurring Moderate

_ Negative Overall negative deviation from baseline
Nature of Impaz t Positive Overall positive deviation from baseline

______________ _____ conditions.
Instant Instant deviation from baseline conditions.

Temporal Natu3 Cumulative Deviation from baseline conditions increases
over time.

Local Impact confined to project area. Dikulushi-
Kilwa-Nchelenge.

Geographic Ext nt Regional Will affect areas outside project area,
including Katanga Province.

____ __ _ National Affects the Democratic Republic of Congo.
Low Overall significance of impact to environment

Significance Moderate and people.

Very High
Short Term Shorter than project life.

Duration Medium Term Continuous throughout project life.
Duration Long Term Continues beyond project life.

Permanent Permanent impact.

4.3 Flora nd Fauna

4.3.1 Destru tion and Alteration of Woodland and Riparian Forest

At the end of r iine life natural vegetation will have been completely removed from an
area of approx mately 110 hectares (footprint of operations) where the open pit, tailings
dam and wast rock dumps will have been constructed.

Approximately 00 hectares of woodland will be altered in and around the mine village,
workshops an other installations due to disturbances arising from roads, camps,
dumpsites and mining operations. In addition, soil compaction, localised water erosion,
vegetation su pression, waste (liquid and solid) disposal, and exhaust fumes in
various forms nd quantities will also contribute to the alteration of the physical and
chemical envir bnment affecting flora and fauna.

Most of the ve etation affected by mine development is woodland. Riparian forest and
aquatic flora a d fauna along the Dikulushi River will be removed completely along a
700 metres str tch when the river is diverted to the east of the open pit in Phase II of
mine developm ant.

However, the a -ea where flora and fauna is severely impacted is small in relation to the
vast unexploite woodlands in the Katanga region. The impact is local and is not likely
to affect the ec logy of the region.

Principal conc rns relate to the possible presence of endemic species prior to mine
development a well as translocation of contaminants from waste rock, the plant area
and the tailings disposal facility.
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Any endemic species is likely to have been specific to 'copper clearing' vegetation. The
presence of e demic species was not fully investigated or documented prior to mine
development.

Translocation f contaminants from sulphide rich material through surface water and
groundwater and windblown dust can affect vegetation beyond the mine boundary,
impede re-veg tation during progressive mine rehabilitation and adversely affect future
land use.

4.3.2 Re-vec etation

Re-vegetation will take place progressively from mine closure or as single mine
components a e phased out (e.g. disused parts of the waste rock dump and tailings
dam). Re-veg tation will however be affected by changes to the physical and chemical
environment c used by mine operations. These changes will remain for a relatively
long period of me.

Natural re-veg tation of the open pit area will commence following the cessation of
open pit minin . Re-vegetation will be restricted by the gradient of the pit walls and
presence of rc cky ground, and will most probably arise in the form of grasses and
small bushes. Re-vegetation is likely to occur naturally in the open pit area until
decommissioni g when the pit will be allowed to flood. The flooded pit will provide a
new habitat fo aquatic flora and fauna, although the water could contain elevated
metal concentr tions that may restrict the development and diversity of aquatic life.

The river dive sion channel will provide a further new habitat for aquatic flora and
fauna to dev lop during mine operations, although this habitat is likely to be
significantly di urbed during decommissioning when river flow will revert to the original
stream channe passing through the open pit.

4.3.3 Waste Rock Dump and Tailings Dams

Re-vegetation f the waste rock dump, tailings dam and other installations will be done
progressively a these installations are phased out, or at decommissioning. The nature
of this re-veg tation will be restricted by the lack of organic matter, and possibly
affected by aci rock drainage (ARD). In this case, vegetation could take many years
to become re-e tablished.

4.3.4 Mitidiati a Measures

In order to n itigate the impact on flora and fauna habitats caused by mine
development, ora removal should be restricted to areas such as the open pit and
mine dumps uhere stripping of the natural vegetation is unavoidable. Where it is
practicable top oil should be stripped and stored for future use in re-vegetation work.
Commercial tir ber should be sold and non-commercial timber felled and made
available to the inhabitants of Dikulushi village.

Impacts on th physical and chemical environment by mine operations can be
minimised by c:)ntrolling run-off from mine installations and where appropriate using
dust suppressic n systems in the plant.

The duration cf impacts on flora and fauna can be reduced by the ongoing re-
vegetation an rehabilitation of affected areas. Anvil will develop a detailed
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Decommissio ing and Closure Plan for the open pit, tailings dam, waste dump and
plant area foll wing the completion of ARD studies.

4.4 Surfa e Water

Impacts on surface water quality during operations will arise from contaminated
surface runoff accidental spills and mine drainage water entering the Dikulushi river.

Contaminatio of surface water could arise from erosion of the tailings dam, stockpiles,
waste-rock d ps and other mine components containing elevated concentrations of
metals or other pollutants including process reagents.

Fuel and lubri ant handling spills at the mine site may enter watercourses and could
impact surfac water quality.

Sediment loa is likely to increase in the Dikulushi River when surface runoff erodes
disturbed soil and excavated material.

These impact on surface water quality are likely to occur throughout the life of the
mine. Contan ination of surface water may continue after mine closure. Long-term
impacts on s rface water are subject to the degree of exposure of degradable mine
components s ch as the dumps and the tailings dam.

A significant nvironmental impact would occur if there was an accidental release of
diesel from a f el storage facility or if there was a breach in the tailings dam wall.

A diesel spill vould affect water quality, impacting both flora and fauna. Diesel and
lubricant cont mination can remain for long periods of time and seep into watercourses
if not reclaime and disposed of in an appropriate manner.

A tailings brea h would result in a severe impact to surface water causing siltation and
contamination of the Dikulushi River.

4.4.1 Dikulu hi River Diversion Scheme

Destruction of 700m stretch of the Dikulushi River to make way for the Stage Ill open
pit extension will have a significant environmental impact. Construction of the diversion
channel will ta e place during the dry season to minimise/reduce the impact on stream
flow rates.

The flow regi ne of the Dikulushi River will alter after construction of the diversion
channel due t a change from a meandering natural stream to a relatively straight
man-made ch nnel. The impact of this on the immediate upstream and downstream
sections of the river is not known, but any impact is unlikely to be significant.

Breaching of t e stream diversion embankment at the end of mine life will allow water
to flow into a d flood the open pit. The water that may flow out of the pit into the
Dikulushi Rive is unlikely to affect the long-term water quality of the river.

During floodin of the open pit, the Dikulushi River will experience a significant
decrease in fl w possibly leaving the downstream channel and the diversion canal
largely dry in t e immediate project area.
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Due to evapor tion from the flooded open pit, the pit water level (seasonally) may not
be sufficient o adequately transfer flow across the pit, thereby affecting the
downstream fl w rate permanently. This would not be the case if the diversion channel
continues to b used after mine closure.

The significan ,e of the impacts of the Dikulushi River Diversion Scheme on the
Dikulushi Rive are rated as moderate as the Dikulushi River is relatively small and
there is no d mestic or agricultural water usage within 7 km downstream of the
deposit.

4.4.2 Lake A fweru

Impacts on La e Mweru at the Kilwa and Nchelenge port facilities may have occurred
during constru tion work, however there is no evidence to date that this is a concern.
Possible imp ts include disturbed sediments and accidental fuel and lubricant
releases.

During operati n, potential impacts include disturbance of sediment due to propeller
action especia ly in December when the lake level is at its lowest. Spillage of diesel
and oil during efuelling and servicing of the barge could impact lake water quality.

Concentrate nray spill into Lake Mweru during loading and unloading of the barge. In
the case of a major accident up to 160 tons of concentrate could be spilled into the
lake. The con entrate would, over time, release metals into the lake water. Such an
impact is con idered minor, since it would be an isolated event and occur in a very
large volume f water. Cumulative small spills of concentrate from the trucks or barge
into the lake near the shoreline may locally impact water quality, flora and fauna and
domestic wate use. This contamination would be localised but could occur throughout
the life of oper tions, however, evidence to date would again indicate that this is not a
major concern

4.4.3 Mitipa, ina Measures

Controlling dir ct runoff from contaminated surfaces into watercourses will reduce the
impact of min operations on surface water. The construction of perimeter drains and
sedimentation ponds, adequately dimensioned, monitored and maintained will
reduce/minimi e the impact of contaminated runoff on the receiving environment.

4.5 Groun water

4.5.1 Mine Dewaterin

Mine de-wate ng will lower the water table in the mine area and possibly increase
oxidation of su phide minerals in and around the deposit.

Following the essation of mining operations and mine dewatering the water table will
rebound to n ar baseline levels, flooding the underground mine and open pit. The
groundwater i flow to the mine may be polluted by the presence of metals and other
pollutants as ociated with the deposit. This may restrict future water use and
negatively imp ct aquatic flora and fauna.

Groundwater vailability and quality at Dikulushi village is not likely to be affected by
mining operati ns because the village is 3.5km from the mine site.
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4.5.2 Mine T giin s. Ore Stockpile and Waste Rock DumD

Groundwater c uality may be affected by seepage of contaminated water from the
tailings dam, o e stockpile and waste rock dump. Groundwater contamination is most
likely to be Ac d Rock Drainage (ARD) related and in the form of metals and other
potentially toxi elements found in the deposit. Seepage of contaminated water may
occur through ut the life of the mine and continue post closure. These impacts are
unlikely to be ransmitted to groundwater users outside the mine due to the 3.5 km
distance to the nearest abstraction point (Dikulushi Village). Contamination would
however affect groundwater users at the mine site since potable water is drawn from
boreholes loca ed at the mine.

The degree an probability of groundwater contamination will to a great extent depend
on the chemic I composition of the mine tailings, waste rock and ore stockpiles and
their potential i Dr ARD.

4.5.3 Mitiaat na Measures

Geochemical dharacterisation of the mine tailings and waste rock will determine ARD
potential and the requirement of remedial measures to control, collect and treat
seepage from nine dumps. If the results of the proposed ARD test work on tailings and
waste rock (r er to Dikulushi Environmental Management Plan) indicate the tailings
and/or waste ock solids to have a net acid producing potential (NAPP) the following
mitigation mea sures will be considered by Anvil;

* Perimeter ;eepage interception drains;
* Re-cycling of seepage to the plant and/or treatment prior to discharge; and
* Ongoing rr onitoring of dump seepage and groundwater quality in the vicinity of the

mine, tailin gs dam and waste rock dumps.

4.6 Lands rape and Visual Character

The open pit, waste rock dump, process plant and tailings dam are the most evident
visual impacts at the mine site.

The visual imr act of open pit and waste rock dump development will increase until the
end of Phase 11 when the open pit reserves are exhausted and underground mining
commences. During Phase IlIl a relatively small tonnage of underground development
waste will be Firoduced.

The open pit will be a prominent aspect at the mine site covering an area of 10
hectares but will be visible only from within the mine site or from the air. After
decommissior ing, the pit is likely to form a small lake with steep, partially vegetated
sides.

The waste roc k dump will have a footprint of approximately 10 hectares and attain an
ultimate heigt t of 16 metres (2 lifts of 8 metres). The surrounding woodland will to
some extent screen the visual impact of the dump. As re-vegetation occurs the visual
impact will les sen.

The tailings lam will have a footprint of approximately 20 hectares and attain a
maximum hei Iht of 23.5 metres.
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4.6.1 Mitiaa ina Measures

The impact of mine operations on the landscape and the visual character of the area
could be redu ed by ensuring that operations and mine components are screened
from the surro nding population by vegetation and by ensuring mine components do
not exceed a eight above the tree canopy. Re-vegetation of structures such as dumps
and tailings d ms will be carried out as these components or parts of them are
decommission d. Re-vegetation of the tailings dam walls will be done progressively as
the dam is rai ed while the upper surface of the dam will be re-vegetated at closure.

4.7 Noise nd Vibration

4.7.1 Dikulu hi Mine Site

The main sou ces of noise and vibration are mining equipment, blast hole drilling,
diesel generat rs, crushing circuit, HMS plant (Phase I) and concentrator mill (Phases

These installat ons and operational activities will be running 24 hours per day and will
mostly affect perators and others working close by. Workers are at risk of hearing
impairment.

Open pit blasti g will produce significant noise and vibration levels but only for very
short durations

Dikulushi villa e and other more distant settlements are not likely to be affected by
noise from the mine site because there is 3.5 km of woodland between the mine and
Dikulushi villag which will absorb much of the noise.
The main sou ce of surface vibration in the plant area is the crushing plant and
specifically the primary crusher. The plant is located some 700 metres from the mine
village and is I kely to contribute to village background noise levels. However, noise
levels should n t be a nuisance to village residents.

4.7.2 Port Fa ilities

The barge an trucks operating at both port facilities generate noise and vibration
above baseline levels. Noise levels may be a slight nuisance to people living in Kilwa
and Ncheleng and may also disturb aquatic animals and birds. However, port
operations are aytime only and not continuous.

4.7.3 Mitiaati p Measures

Anvil will imple nent a maintenance and prevention programme for all mine equipment
and machiner! to minimise noise levels. Ear protection will be provided to all
employees wor ing in areas of the open pit and plant site where noise levels regularly
exceed 85dB. egular hearing tests will be conducted on workers at risk and noise
levels will be m nitored in all strategic areas.

Noise levels at he Kilwa and Nchelenge port facilities will be monitored. A complaints
record will be ept by Anvil and, if necessary, used to develop strategies to further
minimise noise evels.
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4.8 Air Q 3lity

4.8.1 Mine ite

Dust will mainl be generated from heavy mine equipment operating on haul roads andwaste dumps, he crushing plant and tailings dam. Open pit blasting will also generate
dust but for s ort durations only. Air emissions from power generators and vehicles
may affect air uality locally.

Air quality det riorates during the dry season when fine particles are easily dispersed
by wind. Dus from the crusher circuit and tailings dam could adversely affectemployee hea h, soil resources and vegetation. Dispersal of dust is likely to continue
post closure u til vegetation has established itself on the waste rock dump, tailings
dam and plant rea.

Respirable du t will be generated at the crushing plant and may affect employee
health if left un nanaged.

Minor local air ollution will arise from diesel generators and mine vehicles.

4.8.2 Mitiqathq Measures

Anvil will use ust suppression techniques such as scrubbers (crusher) and watersprayers (haul roads) to control/minimise dust generation. All employees working industy environ ents will be issued with dust masks. Respirable and total dust levels will
be monitored i strategic areas.

4.9 Soil Re ources

4.9.1 MineS Se

Removal of ve etation during construction of the waste rock dump, tailings dam andplant site has esulted in some soil erosion. However, the main impact on the soilresource is like y to be the result of translocation of contaminants from the ROM pad,waste rock dun p and tailings dam into the soil via surface runoff, seepage and windblow. This may adversely affect future use of soil resources. The degree and duration
of impact on s il resources will depend on the geochemical characteristics of wasterock and tailing material.

4.9.2 Mitiqati ai Measures

Proposed mitig ting measures to protect surface water quality and air quality will alsoprotect soil reso rces.

4.10 Accide tal Releases

4.10.1 Mine Sit

A breach in the tailings dam wall or return water dam will result in the release of siltand contaminat d water into the Dikulushi river. Silt deposition will obstruct stream flowand the tailings omposition will alter stream sediment geo-chemistry. A deterioration
of river water q ality will affect downstream water use and flora and fauna along theriver. Similar im acts would occur in the event of dam wall overtopping.
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A failure of th tailings delivery pipeline will result in tailings spill and contamination of
soil and surfa e water and damage to vegetation.

A major spill cf diesel will release organic contaminants resulting in soil contamination
and possible surface and groundwater pollution.

4.10.2 Mitiga ina Measures

Knight Piesold Consultants designed the tailings dam against a 1:100 year storm. The
tailings dam will be operated as per the Knight Piesold safe operating manual to
minimise/redu e the risk of dam failure. Anvil will conduct regular monitoring of the
tailings dam vall, decant and freeboard, and carry out daily inspection of the tailings
delivery pipeli e.

Anvil will deve op an Emergency Response Plan (ERP) that will be implemented in the
event of an a cidental release of tailings or diesel. Management will be informed and
immediate act on will be taken to stop the release. Local inhabitants will be made
aware of the pill and any dangers it may pose to them. Anvil will clean up any spill
and conduct n investigation into the causes of the release. The findings of the
investigation mill be used by Anvil to develop strategies and measures, which will be
implementedt ensure that a similar accident does not recur.

4.11 Hazar ous and Non-Hazardous Waste Generation

4.11.1 Mine Ste

Used oil and g ease from mine workshops may contaminate surface water and soils if
spilled or allow Dd to enter the mine drainage system.

Washing of r ining equipment may result in the release of lubricants into the
environment.

Scrap metal wi be generated over the life of the mine.

Inadequate st rage and/or handling of reagents and chemicals used in the
concentrator ( hase II) may result in the contamination of surface soils and water.

4.11.2 Mitiaa 7q Measures

Oil traps will be installed in drains at the mine workshops to prevent oil entering the site
drainage syst m and environment. Oil traps will be regularly maintained. The
surpernatant wi 1 be stored in drums in a secure area awaiting collection by Exxon
Mobil. Oil sludg will be disposed of at an approved site.

Used oil from li ht and heavy equipment servicing will be stored in drums in a secure
bunded area w h impervious flooring and roof awaiting collection by Exxon Mobil for
recycling/final d sposal.

All mining equi ment will be washed in designated areas with impervious floors and
collection drain equipped with oil traps.

Concentrator re 3gents and chemicals will be stored under cover in a secure area with
impervious floo
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Scrap metal vill be kept separate from hazardous waste and stored in a dedicatedarea awaiting ale and collection by scrap metal dealers.

Non-hazardou s waste such as containers, drums, timber, metal sheets etc. will be soldto the local co nmunity.

Anvil will deve op and implement a hazardous and non-hazardous Waste ManagementPlan. The pla will identify different categories of hazardous and non-hazardous wasteand describe andling, storage and disposal procedures for the various types of waste.Emphasis will placed on waste reduction, reuse or recycling to reduce the impact ofwaste disposa on the environment.

4.12 Cultur I Heritage

Development f the mine (open pit, rock dump, plant area and other installations)could disturb s tes of archaeological or cultural significance.

Post closure, t e Dikulushi mine may come to be regarded as part of the DRC nationalheritage and t e cultural value attached to it increased, making the mine itself a site ofcultural heritaga.

4.12.1 Mitiqat 7 Measures

Sites of archa ological or cultural significance should be investigated, mapped anddocumented. / ny finds should be preserved by marking or, if necessary, responsiblyrelocating and ecording of artefacts.

No evidence was found to indicate the presence of any sites of archaeological orcultural signific nce at the mine site during the baseline study. However, no extensivearchaeological/ ultural study was conducted prior to the commencement of miningoperations.

4.13 Socio-E conomics

4.13.1 Econon ric lmDacts

Project investm nt will introduce multiplier effects in the regional and local economy.The project wil promote the business of local suppliers and contractors providing
goods and serv ces to the mine.

The direct ecc nomic impact of the project in Dikulushi will be the additional
employment ea nings generated in the local community. These earnings will improve
the local econor iy by facilitating the purchase of additional good and services.

4.13.2 Social II macts

The social impa ts of the project are:-

a) Social Infras ructure
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The construct on and rehabilitation of social infrastructure such as clinics for the directwelfare of em loyees is an important positive impact for the local community.

b) Influx of o tside population

The project is ikely to attract people from surrounding areas seeking employment. Thiswill put the Ic cal population in direct competition with outsiders, a concern alreadyexpressed by local residents. Depending on ability and the availability of jobs, localresidents sho Id be given preferential consideration when hiring.

c) Local Cult re and Customs

The mining pr ject will have an impact on the local customs and culture of the localcommunities, s employees are likely to be drawn from outside the region and thecountry. All en ployees should be sensitive to the cultures, customs and values of localpeople. This s ould be reinforced through company policy and education, especially tonon-Congoles employees.

d) Potential I crease in HIV/AIDS Infections

The project i likely to induce a large number of job seekers from outside thecommunity. T is influx of population in the area has the potential of increasing thechances of th spread of HIV/AIDS infections. The Company should put in place apolicy based n education and prevention, which will be communicated to allemployees an their families. In practice community, church and education groupsshould support this initiative

e) Infrastructu e and Communications

A significant p sitive impact can be expected from road improvements undertaken byAnvil between ilwa and Dikulushi, and from barge traffic across Lake Mweru. Roadrehabilitation w il result in increased mobility for people living in the region as well asthe movement f people and goods between Zambia and the DRC.

The mine site i equipped with a VHF radio link to Kilwa and Nchelenge and a satellitecommunication system including telephone and Internet. This facility benefits both themine and the ocal community. At mine closure this positive impact is likely to bediscontinued.

4.14 Analysi of Alternatives

Mine site const uction began in May 2002. The mine was commissioned in September2002 and the st copper/silver concentrate was produced at the end of that month.Analysis of the nvironmental aspects of the alternative pre-mine development optionsincluding the ' o development option', are not addressed because the mine wasalready operati g before commencement of this EIA study. Anvil took the view thatthere were no i surmountable environmental issues for the Phase I production stage,and that it was ustified in seizing the window of opportunity to push ahead with initialdevelopment o the project as soon as it recognised the significance of the politicalchanges in the ountry in early 2001.
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An analysis of the alternatives relating to future mine development, decommissioningof the Dikulus i River Diversion and extension to the existing tailings disposal facility isdiscussed bel w.

4.14.1 Ooen ast and Underaround Mine Development

Further devel pment of the open pit would cease if there were an early change over tounderground mining. A change to underground mining would result in positiveenvironmenta impacts including:-

* Less surfa, e disturbance (habitat destruction and river diversion);

* MinimalsL rface overburden/waste rock dump requirement; and

* Reduced r uisance from noise and dust;

The high capit I cost of developing an underground mine compared to continuing opencast operation would compromise the project's economic viability and therefore is nota realistic opti n at this stage in project development.

4.14.2 Diver ion of the Dikulushi River

At mine closu e two options are available to mine management with regard to theDikulushi Rive Diversion Scheme. These options are:-

1. The Dikulu hi River Diversion channel is retained as a permanent feature: or

2. The upstre m diversion dam is breached allowing the Dikulushi River to flow intothe open pil.

Option 1 will e sure continued flow of the Dikulushi River (during periods of normalflow) and will void the risk of river pollution caused by the mixing of river and pitwater.

Option 2 may r sult in a deterioration of river water downstream of the open pit causedby the ingress f polluted pit water. A disruption to the river's flow regime may alsooccur due to its low flow and ephemeral nature. It is possible that the water level in theflooded open p may not be high enough to discharge into the downstream Dikulushiriver channel.

The selection o' either option will ultimately depend on future hydrological and hydro-geological stud es to determine post closure pit water quality and quantity, and itspossible use as a perennial water resource for irrigation agriculture and domestic watersupply. The clo ed pit could also provide a potential habitat for aquatic flora and fauna.
4.14.3 Tailinas biS osal

It is currently e visaged that the Phase I tailings dam will be extended northwards toprovide tailings torage capacity for the remaining life of the mine (Phases 11 & 111).Knight Piesold onsulting will complete the detailed design of the new dam extensionin May 2003. T is design report will consider alternative sites. Tailings ARD potentialshould be includ d in the dam design study so that any ARD impacts can be mitigated.
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4.14.4 Conc ntrate ExDort

Dikulushi cop er/silver concentrate is currently transported by road to the Ongopolosmelter in Na ibia and the O'oKiep Smelter in South Africa. Smelting and refining ofthe concentra e at Mufulira mine in Zambia was considered as an alternative to theOngopolo sm Iter because of its relative proximity to Dikulushi and therefore its lowertransport cos and reduced impact on the environment and road infrastructure.However, Zan bian concentrate import taxes at the time and higher smelting costs atMufulira mine exceeded the additional transport cost of moving the concentrate toOngopolo. Th decision to initially use the Ongopolo smelter was therefore based onfinancial consi erations.
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5. ENVIRON MENTAL AND SOCIAL MANAGEMENT PLAN (ESMP)

This Section rovides a specific, measurable, attainable, reliable, and time bound planto manage th environmental and social impacts of the project. The approach is basedon World Ban guidelines, Anvil company policy and industry best practice. The planstake into con ideration the impacts and mitigating measures outlined in Chapter 4 -Potential Envi onmental and Social Impacts and breaks up the management criteriainto the followi g sub sections:

* Environme tal Management Plans

* Environme tal Monitoring

* Non Comp iance Procedures

* Emergenc Management Plan

* Social Man gement Plan

* Decommis ioning and Closure Plans

* Environme tal Protection Costs

The managem nt plans will be initiated with immediate effect and regularly updated toreflect new ine developments and changes to the existing plan. AnnualEnvironmental nd Social Reports will be produced by Anvil. External independentauditing of the SMP will start in 2005 and continue throughout the project once every2 years in orde to evaluate implementation and assess compliance with managementactions.

Dikulushi mine operations commenced in 2002. Therefore this management plan isdesigned to e aluate current project impacts and environmental compliance andintegrates envir nmental protection and sustainable development into the running ofthe project. A ta le of management actions is included in Appendix VIII.

4.15 Environ nental Management Plans

4.15. 1 Surface Water Manaqement

Test work will b conducted to determine the geo-chemical characteristics of Dikulushiwaste rock, ore tockpile and HMS/concentrator tailings and evaluate their potential forAcid Rock Drain ge (ARD) generation. If any of the materials have net acid producingpotential (NAPP a detailed environmental study will be undertaken to assess thelikelihood and sE verity of any surface water pollution and the mitigating measures to beimplemented.

To control/preve t potentially contaminated water from entering surface water coursesadditional drains will be constructed around mine dumps and plant components asshown in Figure .1. All drainage systems will discharge into a sedimentation pond orseries of cascad ng sedimentation ponds. The sedimentation ponds will be designedwith sufficient v lume to allow settling to occur before water is discharged into theDikulushi River. Resulting discharge will be monitored and treated if necessary as
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outlined in th non-compliance procedures. All drains and sedimentation ponds will be
regularly insp cted and maintained to ensure that they are operating efficiently and are
clear of solids

Implementati n of the above management actions is the responsibility of the mine
Health, Safet & Environment (HSE) Department.

4.15.2 Wast Rock DumD

Surface run-cff will be controlled by the construction of bund walls and perimeter
drains around the waste rock dump. Stable dump walls will be constructed in two lifts
of 8 metres h ight with a 15 metre wide berm and overall slope angle of 1:3.

Groundwater quality downstream of the waste rock dump will be monitored on a
monthly basi to evaluate possible contamination resulting from seepage through the
base of the d mp. Groundwater monitoring will be done from one or more boreholes
equipped wit piezometers (refer to Figure 5.1). Groundwater sampling will be
conducted ac ording to the sampling procedures outlined in Appendix II.

Any seepage ssuing from the toe of the dump will be monitored together with surface
runoff (refer t environmental monitoring plan - Section 5.2).

Groundwater Nill be analysed at the mine analytical laboratory for pH, total dissolved
solids, sulpha es and total copper.

Visual assess ent of dust levels will be conducted weekly. Trees around the periphery
of the dump vill be protected to reduce wind blow and dust generation.

Re-vegetation of the dump will be done progressively using the methods specified in
the flora and f auna management plan.

Responsibility for dump management rests with the HSE manager and mine manager.

4.15.3 Tailinc is Dam

The tailings am management plan aims to ensure that potential impacts from the
tailings dam t surface water, ground water and air are controlled/minimised.

Physical insp ctions of the tailings dam will be carried out weekly. Results of these
inspections wi I be recorded in a logbook to be kept at the mine offices. The inspection
will include bu is not limited to:-

* Evidence f slumping, cracking and/or seepage from the dam wall;
* Operation nd integrity of the decant and return water dam;

Condition f the tailings delivery pipeline;
* Recording of dam wall freeboard; and
* Measurer ent of phreatic surfaces in the dam wall using installed piezometers;

Groundwater uality downstream of the tailings dam will be monitored on a monthly
basis to eval ate possible contamination resulting from seepage through the base of
the dam. Gro ndwater monitoring will be done from one or more boreholes equipped
with piezome ers (refer to Figure 5.1). Groundwater sampling will be conducted
accordingto e sampling procedures outlined in Appendix I.
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Groundwater will be analysed at the mine analytical laboratory for pH, TDS, sulphate
and total copp r.

Surface water flow from the tailings dam to the return water dam will be monitored
during dischar e as outlined in the surface water monitoring programme. An additional
perimeter dra n and sedimentation pond will be constructed around the Phase 11
tailings dam a d discharge from this settlement pond will be regularly monitored.

Visual assess ent of dust levels at the dam will be conducted weekly. Trees around
the periphery fthe dump will be protected to reduce wind blow and dust generation.

Concurrent re vegetation of closed areas of the tailings dam will be undertaken using
the methods pecified in the flora and fauna management plan. Progressive re-
vegetation of te dam will be done as the dam wall is raised.

Wall stability, eeboard, phreatic surface, ground water seepage analytical results, and
comments on dust will be documented and a quarterly report submitted to the Mine
manager deta ing areas of concern and recommending possible remedial action.

An external a mpetent person will inspect the tailings dam every 2 years and produce
a detailed rep rt. This report will review design, operation, development, stability and
rehabilitation i sues and assess implementation of the EMP.

In the event of groundwater contamination Anvil will conduct a detailed study/
investigation i cluding groundwater flow modelling to determine the degree and likely
extent of cont mination, and develop measures to mitigate the impact.

In the event f significant dust generation due to wind blow, Anvil will implement
appropriate nreasures to reduce/minimise dust levels. These measures will include
accelerated r vegetation of the dam wall, construction of windbreaks, and maximising
the wetted suI Face of the beach during the dry season.

Tailings dam tability is the responsibility of the mine manager. Dust and groundwater
monitoring wil be the responsibility of the HSE manager.

4.15.4 Solid nd Liauid Waste Management Plan

Anvil will deve op a hazardous and non-hazardous Waste Management Plan to ensure
that solid and liquid waste arising from the mine and off site investments is identified,
collected, stor ad and finally disposed of in an environmentally responsible manner.

The key aspe ts of the Waste Management Plan will be:-

* Identificati n of the various types of hazardous and non-hazardous waste;
* Developm nt of actions to reduce, reuse or recycle waste;
* Establish ent of dedicated storage areas and storage conditions for different types

of waste;
* Installatio of oil traps in drains at mine workshops, equipment refuelling and

washing ays. Development of a preventative maintenance programme to ensure
efficient o eration of oil traps;

* Used engi e oil and oil trap supernatant and sludge, will be collected and stored in
drums in secure area awaiting collection by Exxon Mobil for final disposal under
the fuel s pply contract; and

* Identificati n of biodegradable waste for use in site rehabilitation.

African Mining C nsultants Ltd 66 April 2003



Dikulushi Co per-Silver Project Environmental Impact Assessment
Anvil Mining ongo SARL

The HSE ma ager is responsible for overall waste management at the mine and off
site investme ts.

4.15.5 Flora nd Fauna Management Plan

The Flora an Fauna Management Plan focuses on minimising the negative visual
impact cause by mine development, and on bio-diversity conservation. The plan
involves flora nd fauna protection and progressive re-vegetation.

Areas to be s ripped of vegetation in future mine development will be surveyed prior to
construction. ,ommercial timber will be felled and sold. The local community will be
allowed to coil ct non-commercial timber for use as construction material and fuel.

Topsoil in fut re development areas (extension to tailings dam) will, in so far as it is
practicable to do so, be stored for future rehabilitation. This may not however be
practicable due to the very thin layer of topsoil overlying the heavily leached tropical
acrisols and li isols present in the immediate mine area.

In line with it corporate environmental policy, Anvil will discourage deforestation in
and around t e mine site. This policy will be promoted via community awareness
programmes nd be enforced by mine security.

A section of t e mine garden will be used as a nursery to grow seedlings of indigenous
pioneer spec es such as Acacia polycantha, A. sieberana, Albizia adianthifolia,
Peltophorum fricanum, and Dichrostachys cinere. The seedlings raised will be used in
re-vegetation f the mine dumps and plant area.

During decom rnissioning a layer of bio-degradable waste and seedlings will be applied
to areas of the tailings dam, waste rock and ROM pad not already rehabilitated, to
promote post losure re-vegetation.

The HSE m nager is responsible for implementation of the Fora and Fauna
Management Ian.

4.15.6 Safet Manaqement Plan

Anvil will intro uce international occupational health and safety (OHS) standards at the
mine site to p tect workers and the public from potential hazards.

Inadvertent Al cess to Hazardous Areas

To prevent i advertent access by the public, warning signs will be erected in
hazardous ar as in English, French and Kizela (local dialect). These areas include the
open pit, wast rock dump, tailings dam and plant area.

Mine Effluent 'treams

Warning sign will be erected at the tailings dam, return water dam and effluent
streams to pr vent the public from utilising mine effluent for domestic purposes.
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Hazardous Ma terials

Fire fighting e uipment will be installed in all diesel refuelling areas and oil storage
areas. All fire ghting equipment will be regularly inspected and maintained.

Oil and lubrica ts will be stored in secure bunded areas on impervious floors.

Reagents and chemicals used in the HMS Plant and concentrator will be stored in a
secure covere area on an impervious concrete floor. Only designated personnel will
have access t this area and protective clothing will be worn at all times.

The explosive magazine is managed and operated by Africa Explosives Limited
(AEL). AEL c nforms to international standards for transport, storage and handling of
explosives.

Provision and Waintenance of Safety Eauipment

All employees will be issued with adequate safety equipment, including eye, ear and
respiratory pr tection in areas of high noise and/or dust. Supervisors will ensure that
operators wea the required protection. Daily checks of personal safety equipment will
be conducted Safety equipment such as fire extinguishers and appliances will be
inspected and tested quarterly. All hazardous machinery will be fitted with guards to
protect operat rs. Rotating machinery will have emergency stop buttons.

Trainina

All employees will attend regular OHS classes where they will undergo training on
basic first aid, emergency procedures, emergency equipment, protective clothing and
accessories. C perators working in hazardous areas will receive specific OHS training
on the hazar s, precautions and procedures for operating machinery and the safe
handling, stor ge and use of hazardous materials. Material Safety Data Sheets will be
obtained/deve oped for all hazardous materials on site indicating handling procedures,
potential haza ds, risks and emergency action to be taken in the event of an accident.

Building Maint nance

Building inspe tions will be conducted annually and a regular maintenance programme
implemented t ensure buildings are safe for employees to occupy. The maintenance
programme wi I focus on the physical integrity of buildings, electrical wiring, piping, and
sanitary faciliti s to ensure that all are safe and in good working condition.

4.15.7 TransK ort Manaaement Plan

This will be in plemented to minimise pollution arising from transport and to ensure
road safety:

Mine Road Tr. fflc

Site access ro ds, Dikulushi mine roads and the Dikulushi-Kilwa road will be regularly
maintained an speed restrictions enforced for the safety of road users and the public.
Drivers of ligh vehicles and operators of heavy equipment will be regularly tested to
ensure they a e competent to operate the mobile equipment in their charge. All mine
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vehicles will be maintained in a road worthy condition. Anvil will issue the company's
road safety ru es to all contractors working at the mine, and will monitor adherence.

Barge And Port Facilities

Barge and po facilities at Kilwa and Nchelenge will be regularly maintained. Anvil will
ensure that s fety regulations are adhered to and pollution is prevented/minimised. To
achieve this A ivil will:-

* Conduct aily inspections of fuel storage facilities and carry out all necessary
maintenan e;

* Routinely nspect and check working order of all fire fighting equipment on board
the barge and in the port facilities;

* Trucks wil be inspected before disembarking to check for leaks of fuel or oil, and
these lea s will be repaired before the trucks leave the port facility;

* Barge an speedboat operators will be instructed to look out for evidence of any
fuel or oil pills on the lake surface and will report this to the mine manager and
Port mastE r.

* Monitorin of surface water quality at the port docking facilities will be done
monthly v ith the emphasis on possible diesel and/or oil spillage.

4.15.8 Unde, ground Environmental Management Plan

An Environm ntal Management Plan for the future Dikulushi underground mine will be
developed b Anvil prior to the commencement of mining (possibly in Year 4 of
operations).

4.16 Gene I Environmental Monitoring

Regular moni oring of surface water, domestic water usage, groundwater, soil, noise,
local climatic conditions and air quality will be undertaken by Anvil. The monitoring
programme Wi enable the mine HSE department to quantify the extent and degree of
impact of mi e operations on the surrounding environment and assess compliance
with relevant nvironmental standards.

4.16.1 Surfa e Water Monitorinq

Monitoring of mine discharge to the environment will be done to assess compliance
with DRC Sta utory Regulations and/or international standards.

The surface water monitoring programme is based on the World Bank Pollution
Prevention a d Abatement Handbook (1998) guidelines. Proposed monitoring sites
and monitorin frequencies are:-

* All Sedim ntation Ponds (weekly when discharging); and
* Dikulushi River upstream and downstream of operations (weekly)

The monitorir g sites are shown in Figure 5.1 and sampling procedures are described
in Appendix I

The paramet rs conductivity and pH will be monitored weekly in the Dikulushi River
using a water quality probe. TDS, TSS, total sulphate and total copper will be analysed
for monthly i the mine analytical laboratory. Full suite analysis (refer to baseline
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Section 3.8.4) Nill be conducted every 6 months. Any additional parameters of concern
identified will be added to the monthly monitoring programme.

Sampling of t e sedimentation ponds will commence when discharge occurs and
continue week y until discharge ceases. pH, TDS, TSS, conductivity and total copper
will be analy ed for in the mine analytical laboratory. Full suite analysis of
sedimentation pond water will be conducted every 6 months and any additional
parameters of concern identified will be included in the discharge sampling analysis.

10% duplicate samples will be sent to an independent certified laboratory for Quality
Assurance / C ntrol (QA/QC) analysis every 6 months.

Compliance will be based on World Bank Guidelines (Pollution, Prevention and
Abatement He ndbook, Mining and Milling, 1998) pending promulgation of the DRC
environmental regulations.

3 ~~~4.16.2 Surfac Water Flow

Drainage char nels around the open pit, waste rock dump, tailings dam, ore stockpiles
and plant area will be inspected monthly during the wet season to ensure the drains
are free of de Iris and flow into the sedimentation ponds is unimpeded. This action will
prevent over lowing drains and resulting contamination of the surrounding
environment.

The flow rate of the Dikulushi River will be monitored weekly (during the wet season) at
a location ups ream of the mine site in order to evaluate river element loadings and to
ensure that thi X river diversion scheme is adequately designed.

4.16.3 Dome. tic Water Usa.ge

The Mine Ville ge potable water supply will be monitored quarterly to evaluate drinking
water quality sing the sampling procedures outlined in Appendix II. Water samples
will be analys d at the mine for the following parameters:-

pH Conductivity TDS TSS
Sulphate T. Arsenic T. Chromium
T. ManganesE T. Copper Faecal Coliform

Compliance vI il be based on World Health Organisation (WHO) drinking water quality
standards outl ned in Appendix I.

The HSE dep rtment will regularly liase with residents of Dikulushi Village to monitor
domestic watE r requirements. It is likely that the demand on water supply will increase
with the influx of people seeking employment opportunities.

4.16.4 Ground Water Monitorina

Groundwater uality in the vicinity of the mine will be monitored on a monthly basis to
evaluate poss ble contamination from mine operations. Groundwater monitoring will be
done from bor eholes equipped with piezometers (refer to Figure 5.1). Groundwater will
be analysed Et the mine analytical laboratory for pH, TDS, sulphate and total copper.
Sampling will )e conducted according to the sampling procedures outlined in Appendix
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4.16.5 DustA lonitorin

Ambient and ource dust monitoring will be conducted by the HSE department at
strategic loca ons on the mine to assess the risk to worker health and to evaluate
compliance wi h DRC Air Quality Regulations and World Bank Guidelines.

Anvil will purc hase dust monitoring equipment and train an OHS officer to carry out
dust monitorin g and analysis. Dust monitoring will be conducted monthly at the crusher
plant, analyti I lab and mine village. Dust samples will be analysed for total dust, and
respirable du t particles (<10,um). Copper and lead in dust will also be determined.
Workers in hi h-risk areas will undergo annual silicosis tests.

4.16.6 Noise Monitorina

The HSE dep 3rtment, to assess the risk to worker health and to evaluate compliance
with DRC No se Regulations and World Bank Guidelines will conduct monitoring of
noise levels o the mine.

Anvil will purc hase noise monitoring equipment and train an OHS officer to carry out
noise monitor ng. Noise monitoring will be conducted quarterly in areas identified as
high risk to wc rkers. Workers in high-risk areas i.e. crusher and generator buildings will
undergo annu a hearing loss tests.

4.16.7 Soil Dnitorina

Surface soil n onitoring will be conducted by the HSE department at 5 year intervals to
evaluate poss ble soil contamination. A soil sampling programme will be developed by
the mine.

4.16.8 Local Weather Monitoring

Precipitation, emperature, humidity, wind speed and direction will be monitored daily
to provide ac urate climatic data for the mine site. This meteorological data will assist
in the design of new mine components and identify those areas likely to be affected by
dust blow. An il will purchase a weather station to record daily climatic conditions.

4.16.9 Docu ent Control

An environm ntal monitoring database linked to a geographical information system
(GIS) will be constructed. The database will include sampling locations, date of
sampling, mo itoring results and comments. The HSE department will submit quarterly
monitoring re orts on surface water and groundwater quality, and noise and dust
levels to the 'nine manager highlighting significant results, areas of non compliance
and proposed measures to mitigate any issues of concern. The HSE department will
produce an a nual environmental monitoring report, which will review environmental
performance i all areas of operations.

4.17 Non-C ompliance Procedures

4.17.1 Surfa e Water

If monitoring data indicates discharge from mine sedimentation ponds to be out of
compliance, t en:-
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* The polluti n source will be identified and the relevant mine department notified;

* Immediate action will be taken to bring the discharge back into compliance;

* Daily moni toring of non-complaint parameters will be conducted until the effluent
discharge is brought back into compliance; and

* A non-com pliance report will be issued by the relevant official and submitted to the
HSE mana ger and mine manager.

If potable wate r is significantly out of compliance with WHO safe drinking water quality
guidelines, the n:-

* Water use s will be made aware of the problem;

* An investil ation will conducted to determine if the water supply can be treated and
brought be ck into compliance; and

* An alternal ive water supply will be sourced if the water cannot be treated.

In the event tl at insufficient water is available to supply the Dikulushi village, Anvil will
investigate the possibility of supplementing water supply from mine sources.

4.17.2 Sedimentation Ponds

If solids build up in the sedimentation ponds to the extent that their function and
efficiency is cc mpromised:-

* Responsib le officials will be alerted and the sedimentation ponds will be de-silted;
and

* If the siltin 3 problem persists the design capacity of the sedimentation pond will be
reviewed and/or the ponds will be dredged at the end of each dry season.

4.17.3 Tailinds Dam

If the tailings (lam wall is at risk of failure due to inadequate freeboard, a high phreatic
surface or flo d event, the mine manager will be notified immediately. Emergency
procedures de scribed in the dam safe operating manual will be followed to make the
tailings dam s ife.

4.17.4 Grour dwater

If monitoring d ata indicates a significant deterioration of groundwater quality:-

* The risk tc the mine village potable water supply will be assessed;

* The sourc of groundwater contamination will be determined; and

* Groundwa ter contamination will be modelled to assess the likely extent of
contamina tion and any likely impact on groundwater usage outside the immediate
mine area
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4.17.5 Noise snd Air quality

If monitoring ata indicates that noise and/or dust levels exceed the compliance limits
set by the D RC Environmental Regulations or World Bank Guidelines, the HSE
manager will i form the mine manager. Operators will be made aware of the OHS risks
associated wi h noise and dust and workers in high risk areas will be issued with
appropriate e r protection and/or protective masks.

Possible mea ures to lessen exposure to noise and/or dust in the workplace will be
investigated. hese measures will likely include:-

* Rotation o operators in and out of high risk areas;

* Regular n aintenance of machinery and equipment and replacement of worn out
componer ts; and

* Implemen ation of dust and noise suppression systems.

4.17.6 Soil

If soil monitori g (after 5 years) indicates soil contamination:-

* A soil sun ey will be conducted in the vicinity of the mine to determine the extent
and depth of soil contamination; and

* Based on he results of the soil survey a soil remediation plan will be developed, if
necessary

4.18 Emer ency Management Plan

In the event f an emergency, the HSE manager and mine manager will be notified
immediately nd contingency measures will be implemented. These measures will
focus on mi imising impacts and alerting potentially affected people as soon as
possible. The cause and extent of the impact will be Investigated and appropriate
remediation rieasures actioned. An emergency incident report detailing the type of
emergency, c uses, impacts, remedial measures and action taken to ensure a similar
emergency d es not recur will be prepared by the relevant mine department and
submitted to t e mine manager.

A set of sp cific simple emergency response procedures will be developed and
published on the main office notice boards. This will include contact details of all
relevant offici Is.

In the event f a large-scale pit wall failure, release of tailings to the environment,
major diesel pill or release of concentrate/reagents/chemicals to surface water the
Emergency R sponse Plan (ERP) to be developed by Anvil will be implemented.

4.19 Socia Management Plan

In order to mi igate negative social-cultural impacts and to ensure measures are put in
place to pro note economic diversification and sustainable development beyond
closure Anvil ill implement the following programmes.
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4.19.1 ImIer 7entation of an HIV/AIDS awareness camPaign

AIDS/HIV aw reness seminars and campaigns will be held regularly in association
with regional and local NGO's for the benefit of the whole community. These
campaigns wi I be sensitive to the local culture and customs. A DRC doctor will
conduct medi al awareness seminars on a quarterly basis. Educational AIDS/HIV
awareness p sters will be placed in strategic areas around the mine site, Dikulushi
village and poit facilities. Free condoms will be made available to all mine employees.

4.19.2 MalaribRoll/Back Programme

A malaria aw reness and prevention programme will be implemented to control the
incidence of r ialaria at the mine, mine village and Dikulushi village. Seminars on how
to reduce the isk of contracting malaria will be conducted and awareness posters will
be put up. M squito spraying will be carried out around the mine and local areas.
Employees wi I be encouraged to use treated mosquito nets provided by Anvil.

4.19.3 Unskil led/Semi Skilled Job Seekers Inventorv

An inventory (if job seekers will be created recording, names, addresses, ages, skills,
and ability in order to fairly distribute jobs. Preference will be given to local people
provided they have the necessary qualifications, experience and ability. Unskilled jobs
will be offered to local people only.

4.19.4 EmPlc vee Environmental Awareness

Environmenta workshops will be held to encourage environmental protection and
sustainable development practice within the Company. Anvil's Corporate
Environmenta Policy as well as posters on environmental protection will be displayed
on notice boa ds and in work areas throughout the mine.

4.19.5 Devel pment of Joint Task Forces

The compan! will liase with Local Government, non-governmental organisations
(NGO's) and churches to develop a sustainable development plan for the Dikulushi
and Kilwa ar as. The plan will centre on alternative economic activities such as
sustainable f rming, forestry, fishing, small business and other activities that will be
independent c f the mining project.

4.19.6 Local Business Support

The compan will be proactive in assisting local entrepreneurs to develop their
business ideas and preference will be given to employing local contractors providing
they can dem nstrate ability to carry out work diligently, to the correct standard, within
budget and cn schedule. Anvil will produce an information package on how to do
business with the mine. The package will be available at the mine general offices.

4.19.7 Ener

Anvil will conc uct a preliminary investigation into alternative renewable energy sources
such as hyc ropower, which could provide electricity supply to the mine and
surrounding willages. The Company will engage local government to discuss the
possibility of a joint project. Benefits of a sustainable renewable energy source are
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reduced air er issions from the mine and electricity supply that will continue beyond
the closure of he mine.

4.19.8 Comr unication

A forum will b created where the community can voice its concerns regarding mine
operations. T is forum will also be used by the Company to communicate effectively
with the local ommunity. The forum will comprise company representatives appointed
by the mine nianager and community leaders. Meetings will be held regularly at an
appropriate ve nue.

4.19.9 Social Services

Social service will be provided in association with the local government and NGO's.
Emphasis will be placed on sustainable health and education programmes, which will
continue post losure.

4.19.10 Cultur 31 Heritage

Mine employ es will be briefed on procedures to be followed in the event of an
archaeologica find. The HSE officer will be notified of any find. All artefacts will be
documented, hotographed and removed. An archaeological expert may be contacted
to assess the ignificance of the find and advise on any further action to be taken.

4.20 Envirc nmental Auditing, Reporting and Management Structure

4.20.1 Auditi

Anvil will pre are annual internal reports to evaluate progress in implementing the
Company's e vironmental and social management plans, monitor environmental and
social perforn ance and assess compliance with relevant DRC standards and World
Bank guidelir as. Where actions are found to be inadequate or not achieving the
desired resul s alternative measures will be considered and management plans
amended acc )rdingly. Thus, annual reporting will result in continued environmental
and social im rovement.

In addition to nnual reporting, quarterly reports will be compiled for the following:-

* Surface w ter quality;
* Groundwa ter quality;
* Site air qu lity;
* Tailings di posal facility;
* Sediment tion ponds; and
* Drinking v ater quality.

The annual e vironmental and social monitoring report will review the following:-

* Surface water quality;
* Groundw ter quality;
* Site air qL 3lity;

Waste ro (dump;
* Tailings d sposal facility;
* Sediment ition ponds;
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* Site meteo ology data;
* Drinking w, iter quality;
* Surface w ter flow;
* Soil (every 5 years);
* Noise;
* Waste ma agement;
* Progressive rehabilitation of mine site;
* Safety per frmance/ statistics; and
* Implement tion of social plan.

External envir( nmental and social monitoring reports (audits) will be conducted every 2
years by an ndependent expert to assess environmental and social performance
against existirg management plans, company environmental and social policy, DRC
environmental standards and World Bank Guidelines, where appropriate.

4.20.2 Enviro 7mental Manaaement Structure

Anvil's corpor te management structure is shown in Appendix I. Anvil's head office is
in Perth, Aust alia. A chief executive officer (CEO) supported by a financial controller
and company ecretary head all Anvil operations. The mine manager is responsible for
the operation of Dikulushi mine and reports directly to the CEO. Operations are divided
into 4 depart nents each headed by a manager who report to the mine manager.
These departr ents are:-

* Health, S Fety and Environment Department;
* Mining/Ge logy Department;

Processing Department; and
* Administr tion Department.

The Health, S 3fety and Environment (HSE) Department is responsible for occupational
health and sa Fety and environmental protection. Monthly environmental meetings are
held at man ement level to discuss progress in implementing environmental and
social plans nd any new issues arising. All employees are encouraged to actively
participate in nvironmental management and report any instances of pollution to the
HSE Depart nent. Major environmental occurrences/incidents will be reported
immediately t the mine manager and relevant DRC authorities.

Mine person el responsible for implementation of actions in the environmental and
social manag ment plans are included in the Environmental and Social Management
Plan Tables i Appendix VIII.

4.21 Deco missioning and Closure Plan

The mine De ommissioning and Closure Plan will include the following:-

* Dismantli g and removal of all mining equipment, process plant and machinery;

* Rehabilita tion of open pit, plant area, waste rock dump, ROM pad and tailings dam
and retur to sustainable land use;

* Implemen ation of retrenchment training and counselling plan; and

* Implemen tation of post closure environmental monitoring and inspection plan.
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4.21.1 Disma tlina and Removal of Mine Assets

Prior to mine closure Anvil will prepare a detailed inventory and description of all mine
assets (inclu ling mining equipment, process plant, machinery, buildings and
infrastructure) to evaluate various decommissioning options i.e. reuse, recycling, sale
or appropriate safe disposal, and associated costs. This inventory will enable Anvil to
determine the best course of action for the decommissioning of mine assets with
appropriate co nsideration of the economic, environmental and social implications.

Plant Area

The mine cru ing plant, HMS plant and Concentrator will be dismantled and removed
from site for r use, sale, recycling or disposal. All reinforced concrete foundations will
be broken ou to 0,5 metres depth and the sites re-profiled to re-establish natural
drainage.

The mining ontractor will dismantle the open pit workshop and remove all its
equipment an machinery from site.

Exxon Mobil ill dismantle and remove fuel storage facilities including underground
tanks and pi s. Contaminated soil from fuel handling spills will be removed to an
approved disp zsal site.

Port Facilities

Anvil and the RC/Zambia authorities will study the economic viability of the barge and
port facilities Iost closure. These facilities could be offered to the DRC or Zambian
Governments )r operated by a private company to provide a ferry service between the
DRC and Zam bia.

Buildinas and lousina

Anvil will offer housing and buildings located in the mine area to employees and/or the
local communi ty.

4.21.2 Rehat ilitation of Mine Area

The mine aree will be rehabilitated to establish some form of sustainable land use.

Open Pit

At closure An Ai will construct a perimeter bund wall around the open pit and erect
warning signs to prevent inadvertent access by the general public. All machinery, plant
equipment an I potentially hazardous materials will be removed from the pit. The pit will
be allowed to flood by groundwater ingress and/or inflow from the Dikulushi River. A
study will be u ndertaken to assess the feasibility of converting the flooded open pit into
an aquatic ec system, which could provide sustainable fishing, water supply/irrigation
and/or social e menities to the local community.

Dikulushi River Diversion Scheme

The upstream dam may be breached to allow the river to flow through the disused pit.
The river chan nel will be re-profiled at the dam and the diversion canal backfilled.
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Tailings dam

A detailed dec mmissioning plan for the tailings dam will be developed by Anvil prior to
mine closure. However, decommissioning will involve the re-profiling of the upper
surface of the dam and construction of evaporation paddocks, sealing of the decant
tower and pi e, backfilling and re-profiling of the return water dam, removal of the
tailings delivery pipeline and redundant equipment and materials, maintenance of the
perimeter dra nage system and re-vegetation of the dam walls and upper surface
excluding the ond area.

Plant Area

After dismantl ng of the plant site and breaking out of reinforced concrete foundations
any residual c ntaminated soil will be treated or collected and removed to an approved
disposal site. kfter re-profiling the site will be re-vegetated.

Waste Rock L ump

The upper su face of the waste rock dump will be re-profiled to control surface runoff
and drainage n order to prevent erosion. Perimeter drains will be maintained and the
upper surface will be re-vegetated.

ROM Pad

The ROM pa area will be re-profiled to establish natural drainage, and re-vegetated.

4.21.3 Pre C osure Training and Counsellina

Pre-closure r trenchment training and counselling of employees will be conducted.
Retrenchmen packages will be properly designed to promote sustainable livelihoods.
Provision of raining and counselling will probably require additional personnel and
skills over a 6 month period prior to closure.

4.21.4 Post Closure Monitoring and Insvection

The followin post closure mine site monitoring and inspection programme is
proposed:-

* Monitorin of surface water quality of the Dikulushi river upstream and
downstre m, and within the disused open pit;

* Monitorin of groundwater water quality at the tailings dam and waste rock dump;

* Mine site valk over to inspect the open pit perimeter, river diversion scheme, plant
area, taili gs dam, waste rock dump and ROM pad to assess the success of
decommi sioning activities and re-establishment of natural vegetation across the
mine site.

Mine site mo itoring and inspections are to be conducted at 6 monthly intervals for the
first 2 years after closure. Monitoring results will determine the frequency of
subsequent i spections. Monitoring will continue until such time that the mine site is
fully rehabilit ted and there is no indication of surface or groundwater pollution or
further soil er sion.
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4.22 Enviro nmental Monitoring and Protection Costs

Dikulushi envi onmental protection and monitoring costs are estimated on an annual
basis and in lude one-off costs for the purchase of environmental monitoring
equipment an training of environmental personnel. Costs are quoted in United States
Dollars. A 1 5 contingency has been included in the cost estimate.

4.22.1 Envir mental Protection Costs

Site air and w ter quality, noise and dust levels will be monitored throughout the life of
the mine. The main costs associated with the environmental monitorng programme
are for analyt cal test work. Estimated annual sampling/analytical and staff training
costs are shov in in Table 5. 1.

Table 5. 1 Estii sated Annual Environmental Monitoring Costs

Number Unit Cost Total Cost
Not environmental Monitoring (Per year) US$ USS
I. No. s dimentation pond discharge 80 $15 $1,200
2. Dikulus hi River 52 $15 $780
3. 3 No. g oundwater monitoring wells 36 $15 $540
4. PotablE water supply 4 $15 $60
5. Quality Control/Assurance (10%) 17 $60 $1,020
6. Water sampling bottles 120 $1 $120
7. Dust 12 $16 $192

8. Noise 4 $0. $0
9. Soilr 0 $0 $0

10. Probe dalibration solution 1 $50 $50
11 Annual rear& replacement of all lump sum $8,000$,0
11 enviro mental equipment lump sum $8,00C______

Sub Total $11,962
15% continge icy $1,794
TOTAL (per a inum) US$1 3,750
* Soil surveys will be conducted every 5 years and at closure

Ongoina AnnL al Environmental & Social Manaaement Costs

Ongoing env ronmental and social management costs include health and social
programmes, rogressive rehabilitation and environmental auditing. The cost estimate
for these item ; is shown in Table 5.2.

Table 5.2 Ong ing Annual Environmental and Social Management Costs

Item Description Qty Unit Unit Cost Total Cost
No. US$ US$
1. HIV/AID awareness seminars 4 ea. $2,000 $8,000
2. Malaria oil back program (mosquito spraying) 6 ea. $1000 $6,000
3. Progres ;ive site rehabilitation 2 ha. $1,000 $2,000
4. Social onsultant 30 30 $400 $ 12 000
5. Environ nental auditing I.s. $7,500 $7,500

Sub Total $35,500
15% continge cy $5,325
TOTAL (per a inum) US$40,750
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One-Off Envir nmental & Social Manaaement Costs

The one-off e vironmental and social management costs estimate is shown in Table
5.3.

Table 5.3 - One ff Environmental & Social Management Costs

Item Description Qty Unit Cost Per Total Cost
No. Unit (US$) US$

1. Environn ental monitoring training 3 days $700 $2,100
2. Installati( n of groundwater monitoring wells 3 ea. $4,000 $12,000
3. Installati( n of weir in Dikulushi River 1 ea. $2,000 $2,000
4. Piezome ers tips & HDPE pipe 6 ea. $50.00 $300
5. Noise dE Meter 1 ea. $1,450 $1,450
6. Konimet r (dust monitoring) 1 ea. $3,500 $3,500
7. Gravime ric personal sampler (dust monitoring) 2 ea. $1,000 $2,000
8. Treated nosquito nets 400 ea. $12 $4,800
9. Water Q jality Probe (EC & pH) 1 ea. $1,500 $1,500
10. ARD stu y on tailings and waste rock - I.s. $10,000 $10,000
11. Weather station 1 ea. $ 2,000 $ 2,000
12. Erection of warning signs 25 ea $50 $1,250
13. Establis ment of nursery garden - I.s. $3,000 $3,000

Sub Total $45,900
15% contingo ncy $6,885
TOTAL (per a nnum) US$52,785

The estimate annual environmental protection cost including a contingency of 15% is
US$ 54,506 (f fty four thousand five hundred & six United States Dollars).

The estimate one-off environmental and social management cost including a
contingency cf 15% is US$52,785 (fifty two thousand seven hundred & eighty five
United States Dollars).

4.22.2 Mine ecommissioning Costs

The mine de ommissioning cost estimate assumes that the mine village, offices,
stores, works ops, non-hazardous scrap and reusable materials, mobile assets, barge
and port facil ies are successfully offered for sale to local government, NGO's, the
local commu ity and/or private companies. It is also assumed that the mining
contractor will remove all its equipment from site and undertake any necessary clean-
up works. Ex) on Mobil will remove from site all fuel storage facilities. Decommissioning
costs relate o Ily to the dismantling and disposal of mine components, equipment and
machinery t at cannot be sold, rehabilitation of potentially hazardous areas,
retrenchment training and counselling, post closure monitoring and inspection. Mine
facilities to be decommissioned are:-

* The open it mine;
* ROM pad nd crushing plant;
* Waste roc < dump;
* Heavy Me ia Separation (HMS) Plant;
* Mill and c ncentrator;

*Tailings dom
* Dikulushi ver diversion scheme; and

Sedimenttion pond.
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Design of the Iikulushi underground mine has not yet started and therefore associated
decommission ng costs cannot be estimated.

The decomm ssioning cost estimate is based on regional unit costs for mine
rehabilitation I ctivities (Zambia Copperbelt) and serves only as a general indication of
the final decc mmissioning cost. The estimated cost of mine decommissioning and
closure will be updated throughout the life of the mine as progressive rehabilitation is
undertaken ar d actual costs are incurred. All costs are inclusive of labour charges.

Mine Site Disr iantlina. Disposal and Clean-up Costs

Mine site dism antling, disposal and clean-up costs are summarised in Table 5.4.

Table 5.4 Mine Site Dismantling and Disposal Costs

Item Decito ntRate Cost
No. I_Q__ US$ US$No. ~~~Description |Qty |Unit|US |U$
1. Crushi ng Plant, HMS Plant, Mill & Concentrator

1a. Disma tling of plant and removal of machinery, 3 ha. $18,000 $54,000
pipes, Clectrical cables and all equipment. _

1 b. Break ut of reinforced concrete foundations to 0.5 3 ha. $6,500 $19,500
etres depth, backfill and re-profile area.

lc. Dispos I of non-hazardous waste i.e. rubble etc. in - I.s. $5,000 $5,000
open p t__________________ ____ ___ ____

1d. Clean p or removal and disposal of contaminated 50 m3 $10 $500
____oils. ___________________

Sub total $79,000
15% continge icy $11,850
TOTAL COST US$90,850

Open Pit Dec mmissioning Costs

Open pit decc mmissioning costs are summarised in Table 5.5.

Table 5.5 Open Pit Decommissioning Costs

Item Description Qty Unit Rate USt

1. Oen it
1a. Const ction of perimeter bund wall to prevent 3000 m3 $5 $15,00o

inadve tent access by general public.
1 b. Erectic n of warning signs. 20 ea. $50 $1,000
1 c. Gener I site clean-up - I.s. $2,500 $2,500
1d. Study )f possibility of establishing a sustainable - I.s. $10,000 $10,000

aquatid ecosystem in the open pit. _ ,

Sub total _ $28,500
15% continge icy $4,275
TOTAL COST US$32,775

Dikulushi Riv er Diversion Scheme Decommissioning Cost

Anvil propos s to breach the upstream diversion dam to allow the Dikulushi river to
flow into an through the disused open pit. However, this strategy may change
following hyd ological and geo-hydrological studies to be conducted during the life of
the mine. P ential issues are change to river flow and water quality. Retaining the
diversion can I will mitigate these potential issues but the diversion dam and canal will
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require improv ment/upgrading and regular post closure inspection and monitoring. A
detailed desig study will probably be required. Current anticipated Dikulushi River
Diversion Sche ne decommissioning costs are summarised in Table 5.6.

Table 5.6 Dikulu hi River Diversion Scheme Decommissioning costs

Item Description Qty Unit | USt

1. Dikulus li River Diversion Scheme
1 a. Breachir g of river diversion dam wall to allow river to - .s. $2,000 $2,000

flow into the disused open pit.
I b. Re-profi n river channel at dam site I.s. $3,000 $3,000

Sub total __$5,000
15% contingen :y $750

TOTAL COST __I US$5,750

Tailings Dam L ecommissioning Cost

Tailings dam d ncommissioning costs are summarised in Table 5.7.

Table 5.7 Tailin s Dam Decommissioning Costs

Item Description Un Rate Cost
No._ ____ US$ US$
1. Tailingq Dam

1 a. Re-profi ing upper surface of dam to create 10 ha $2,000 $20,000

evapor ion paddocks to control drainage & rainfall.
1 b. Sealing ecant tower and pipe with mass concrete. - I.s. $1 ,50C $1,500

1c. Remov I of tailings delivery pipeline and redundant - I.s. $1,50C $1,500

equipm nt/materials. . . . _

1 d. Re-veg tation of upper dam wall slopes and upper 12 ha. $1,000 $12,000
surface excluding pool area).

le. Backfilli ig and re-profiling of return water dam. I.s. $500 $500

lf. Mainter ance of perimeter drainage. I.s. $2,500 $2,500

Sub total $38,000

15% contingen :y $5,700

TOTAL COST US$43,700

Waste Rock D jmi & ROM Pad Decommissioning Cost

It is assumed hat the waste rock dump is constructed with overall slope angles of 1:3

and post cIOsL re erosion of the walls will be minimal. It is also assumed that the ROM

pad (transient tockpile) will be completely exhausted before closure.

Waste rock du lip and ROM pad decommissioning costs are summarised in Table 5.8.

Table 5.8 Wastc Rock & ROM Pad Decommissioning Costs
Item = Description Qty Unit | CoSt

No. I_I__ US$ US$

1. Waste lock Dump

1 a. Re-proi ling upper surface of dump to control 3 ha. $2,00( $6,000
_ raa and prevent erosion. _

lb. Mainte ance of dum perimeter drains. - I.s. $2,50 $2,500

1 c. Re-veg itation of upper surface of dump. 3 ha. $1,00( $3,000

2. ROM P _d
1a. Re-pro ling ROM Pad and re-establishing drainage. I I ha. $2,000 $2,000

Sub total $13,50

15% continger cy $2,02

TOTAL COST US15,525
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Pre Closure R trenchment Training and Counsellina

The pre-closur3 retrenchment training and counselling cost is estimated at US$30,000.

Post Closure A fonitoring and Inspection Cost

The estimates annual monitoring and inspection cost (to be conducted by an
independent e (pert) is summarised in Table 5.9.

Table 5.9 Annus I Post Closure Monitoring and Inspection Costs

Item _ Description Qty Unit US$ CoSt
No. ____US$ US$
1. Surfac- & Groundwater Monitoring & Site Walk Over _
1 a. Site visit by consultant & report writing 20 days $55C $11,000
1 b. Consult ants directlindirect costs 14 days $20C $2,800
1 c. Analytic al Costs 10 ea._ $6C $600

Sub total $14,400
15% contingen y $2,16
TOTAL COST US16,560

Summary of /ne Decommissioning & Closure Costs

Mine decomm ssioning and closure costs are summarised in Table 5.10

Table 5.10 'ummary of Mine Decommissioning & Closure Costs

Item escription Cost (US$)
No. _
1. milne Site Dismantling & Disposal Cost $90,850
2. _ pen Pit Decommissioning Cost $32,775
3. Cikulushi River Diversion Scheme $5,750
4. T ailings Dam Decommissioning Cost $43,700
5. _ /aste Rock Dump & ROM Pad Decommissioning Cost $15,525
6. F re-closure Retrenchment Training & Counselling $30,000
7. F ost Closure Monitoring & Inspection (2 years) $33,120

TOTAL ,OST (incl of 15% contingency) US$251,720

The total Diki lushi mine decommissioning and closure cost estimate is US$251,720
(two hundred and fifty one thousand seven hundred and twenty United States Dollars).
This figure inc udes a 15% contingency.
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APPEND IX I - CONTENT OF AN ENVIRONMIENTAL ASSESSMENT

REPORT FO R A CATEGORY A PROJECT, WORLD BANK OPERATIONAL

POLICYi 4.01, WORLD BANK HEALTH AND SAFETY GUIDELINES,

MINING A ND MILLING, POLLUTION PREVENTION AND ABATEMENT

HANDBOOIK, 1998.

(Note that th e Dikulushi Project could possibly be classified as a Category B Project)
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OP 4.01 -- Annex B

THEI -WORLD BANK OPERATIONAL MANUAL January 1999

0 erational Policies
These policies * ere prepared /br use b1w World Bank siall and are not necessarihl a

complete treat) ient of the subject.

Conte: t of an Enviromnental Assessment
R eport for a Category A Project

1. An environ ental assessment (EA) report for a Category A projectl focuses on the
significant env.ronmental issues of a project. The report's scope and level of detail
should be corru nensurate with the project's potential impacts. The report submitted to
the Bank is pre pared in English, French, or Spanish, and the executive summary in
English.

2. The EA rep rt should include the following items (not necessarily in the order
shown):

(a) Exe utive summary. Concisely discusses significant findings and
recom lended actions.

(b) Pol cy, legal, and administrative framework. Discusses the policy, legal, and
admini trative framework within which the EA is carried out. Explains the
enviro ental requirements of any cofinanciers. Identifies relevant international
enviror mental agreements to which the country is a party.

(c) Pro Fect description. Concisely describes the proposed project and its
geogra hic, ecological, social, and temporal context, including any offsite
investn tents that may be required (e.g., dedicated pipelines, access roads, power
plants, water supply, housing, and raw material and product storage facilities).
Indicat s the need for any resettlement plan or indigenous peoples development
plan2 ( ee also subpara. (h)(v) below). Normally includes a map showing the
project site and the project's area of influence.

(d) Ba eline data. Assesses the dimensions of the study area and describes
relevu t physical, biological, and socioeconomic conditions, including any
change anticipated before the project commences. Also takes into account
curren and proposed development activities within the project area but not
directll connected to the project. Data should be relevant to decisions about
project location, design, operation, or mitigatory measures. The section
indicat s the accuracy, reliability, and sources of the data.

(e) En ironmental impacts. Predicts and assesses the project's likely positive
and ne ative impacts, in quantitative terms to the extent possible. Identifies
mitigal ion measures and any residual negative impacts that cannot be mitigated.
Explor s opportunities for environmental enhancement. Identifies and estimates
the ext nt and quality of available data, key data gaps, and uncertainties
associ ted with predictions, and specifies topics that do not require further
attenti Cn.
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(f) Ana ysis of alternatives.3 Systematically compares feasible alternatives to

the pro osed project site, technology, design, and operation-including the

"witho t project" situation-in terms of their potential environmental impacts;

the fea ibility of mitigating these impacts; their capital and recurrent costs; their

suitabil ty under local conditions; and their institutional, training, and

monito ing requirements. For each of the alternatives, quantifies the

enviror mental impacts to the extent possible, and attaches economic values

where Ieasible. States the basis for selecting the particular project design

propos d and justifies recommended emission levels and approaches to

polluti n prevention and abatement.

(g) En ironmental management plan (EMP). Covers mitigation measures,

monito ring, and institutional strengthening; see outline in OP 4.01. Annex C.

(h) Apl endixes

(i) List of EA report preparers-individuals and organizations.

(ii) References-written materials both published and
unpublished, used in study preparation.
(iii) Record of interagency and consultation meetings, including

consultations for obtaining the informed views of the affected
people and local nongovernmental organizations (NGOs). The

record specifies any means other than consultations (e.g.,

surveys) that were used to obtain the views of affected groups
and local NGOs.
(iv) Tables presenting the relevant data referred to or
summarized in the main text.
(v) List of associated reports (e.g., resettlement plan or
indigenous peoples development plan).

1. The EA rep rt for a Category A project is normally an environmental impact

assessment, wth elements of other instruments included as appropriate. Any report for

a Category A peration uses the components described in this annex, but Category A

sectoral and r gional EA require a different perspective and emphasis among the

components. 'he Environment Sector Board can provide detailed guidance on the focus

and componei ts of the various EA instruments.
2. See OP/BP 4.12, Involuntary Resettlement (forthcoming), and OD 4.20, Indigenous

Peoples.
3. Environme tal implications of broad development options for a sector (e.g.,

alternative wa ys of meeting projected electric power demand) are best analyzed in

least-cost plai ning or sectoral EA. Environmental implications of broad development

options for a l egion (e.g., alternative strategies for improving standards of living an a

rural area) ar best addressed through a regional development plan or a regional EA.

EIA is norma ly best suited to the analysis of alternatives within a given project concept

(e.g., a geotht rmal power plant, or a project aimed at meeting local energy demand),

including delu iled site, technology, design, and operational alternatives.
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World Bank Health and Safety Guidelines

Mining and Milling - Open Pit

Pollution Prevention and Abatement Handbook 1998

Guideline Limit for Ambient Air Pollutants

'arameter Reference Time Guideline Limit

Par iculate Matter Annual Arithmetric Mean 100 g/m3
(<1Oum) Maximum 24 - hour average 500 ug/m3

Annual Arithmetric Mean 100 g/m3

Nitroge Oxides, as NO2
Maximum 24 - hour average 200 ug/m3

Annual Arithmetric Mean 100 g/m3
S Iphur Dioxide

Maximum 24 - hour average 500 ug/m3

1) Respir ble particles (PM lo) are particles with a diameter less than 10

micron ieters (gm). These can penetrate the ancilliated regions of the deep lung.

Work Place Air Quality Guidelines

Threshold Limit Values
Parameter Mg/m3

Arsenic 0.5

Carbon Monoxide 29

Copper 1

Free Silica 5.0

Hydrogen Cyanide 11

Hydrogen Sulphide 14

LE ad, Dust & Fumes as Pb 0.15

Nitrogen Dioxide 6

Pa iculate (Inert or Nuisance 10
Dusts)

_ Sulphur Dioxide 5

1) Emplc ees must use protective respiratory equipment when exposure exceeds
the ab ve Threshold Limit Value.
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World Bank Health and Safety Guidelines

Mining and Milling - Open Pit

Pollution Prevention and Abatement Handbook 1998

Table of Guideli e Limits for Effluent Discharge into Receiving Waters

Effluent and Waste Water into Aquatic
Parame Environment

pH _ _ _ _ _ _ _ _ _6 to9
BOD 50 mg/I

Oil and Grease 20 mg/l
Total Su ;pended Solids 50 mg/I

Max 5C above Ambient Tem[perature of
Tempers tured- at the edge of a Receiving waters - max 3C if receiving
designat sd mixing zone waters > 28C

Arsenic 1.0 mg/l

Cadmiul _ 0.1 mg/I

Chromiu m, Hexavalent 0.05 mg/I
Chromiu n, Total 1.0 mg/l

Copper _ 0.3 mg/l

Iron, Tot p 2.0 mg/I
Lead 0.6 mg/l

Mercury 0.002 mg/l

Nickel 0.5 mg/l

Zinc 1.0 mg/l

Cyanide (Free) 0._1 mg/l
Cyanide (Total) 1.0 mg/l
Ammonia 10 mg/I
Fluoride 20 mg/l
Chlorine, total residual 0.2 mg/l
Phenols_ 0.5 mg/I

Phosph grus 2.0 mg/l
Sulfide 1.0 mg/l

Coliform Bacteria < 400MPN/100ml

NOISE

Personnel mu t use hearing protection when exposed to noise levels exceeding 85 dBA.
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WHO Drinking Water Quality Standards

Parameter Concentration
ksbestos 7 million fibres/I
kIkalinity (CaC03) 500mg/l
mmonia 0.5mg/I
luminium 0.05-0.2mg/I
rsenic 0.05mg/l
acteria faecal coliform count 0/100mI (NIL)
arium 1 mg/I

3oron 5mg/I
Oadmium 0.005mg/l
alcium 200mg/I
aesium 5OBq/l
hloride 250mg/l
hromium 0.05mg/l
olour 1 5TCU
opper 1mg/l
yanide 0.2mg/l
onductivity 1500 jS/cm

Ihlorine 50mg/I
obalt 1 mgA

Carbon Dioxide N/A

Carbon Monoxide 1 mg/l
Dissolved Oxygen 10-12mg/l
Fluoride (Fluorine) 1.5mg/l
Hardness (CaCO3) 120mg/l
Iodine 1 OBq/l
Iron 0.3-1 mg/l
Lead 0.05mg/l
Magnesium 150mg/l
Manganese 0.05mg/l
Mercury 1 gg/l
Nitrate 10/mg/l
Nitrite 1 mg/l
Oil and Grease ND
pH 6.5-8.5

Phenol 0.02mg/l

Phosphates 0.4-5mg/l
Alpha-Radiation 0 0.02BqA 1
Beta-Radiation 0. 19Bq/1

Selenium 0.01 mg/l

Silver 0.05mg/l

Sodium 270mg/l
Strontium 10mg/A

Silica N/A

Sulphate 500mg/l

Sulphide (H2S) 0.05mg/l
Total Dissolved Solids 500mg/l
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APPENDIX a1 - ENVIRONMEENTAL BASELINE STUY, SURACE WATER,

GROUND WATER AND STREAM SEDIMIENT SAMPLING PROTOCOL
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Surface Wa r and Groundwater Sampling Protocol

New 500ml p astic, lock-cap fitting bottles were used for the storage of all water
samples. Sam fle bottles were used once only to avoid cross contamination. All sample
bottles were fil ed to the top leaving no air space.

Two x 500mI v later samples were taken for physical, chemical, bacteriological and total

metal analysis These samples were immediately placed in a cool box packed with ice
and maintainei i at a temperature of between 2 and 6 °C.

Water sample for dissolved metal analysis were filtered directly from the stream or

bore hole into a 500ml sample bottle. A peristaltic pump and 45 micron sealed in-line
geo-filter was used for this purpose. The first 50ml of sample water was discarded.
Each 500ml fi ered sample was preserved with 20 drops of Nitric Acid (HNO3). Thus
sample pH w s reduced to <2 to prevent the precipitation of metals contained in

solution. Filte d samples were also immediately placed in a cool box. The rubber
tubing used ith the pump was decontaminated after filtering by pumping distilled
water through he tube in both directions.

Sampling botl es were clearly labelled using indelible ink. The labelling format was
DIKJSWI01 -NF : or F or DIKJGWI01 - NF or F and date. DIK identifies the project, SW
indicates sam le type (Surface water), GW indicates Ground water and 01 denotes
location. F der iotes a filtered sample and NF denotes a non-filtered sample.

Samples are stored in the field in a cool box filled with ice and later transferred to a

refrigerator aw aiting transport to A H Knight Analytical Services in Kalulushi. Samples
were delivere to the laboratory in a cool box with ice and Head Chemist Mr Junuis
Hamadudu to k delivery and signed the chain of custody form.

The Alfred H Knight laboratory is BSI 9002 accredited and has undertaken similar
analyses for large-scale mining companies including Noranda Inc, Phelps Dodge
Corporation a d Anglovaal Mining Limited.

The quality a surance / quality control (QA/QC) procedure adopted was to carry out
duplicate ana yses on 10 % of the surface water and groundwater samples and to
carry out addi ional checks using standard reference materials and spiked samples.
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Stream Sedi ent Sampling Protocol

Sediment sam ling is done in the middle of small streams or 2 metres from the
shoreline in wi ier streams and rivers. The sampling tool consists of a stainless steel
spade. The sr ade is decontaminated with distilled water and finally stream water
before each se diment sample is taken. The sampler equipped with spade wades into
the stream taki 1g care to stand downstream of the sampling point to avoid disturbance
of the stream sediment. The spade is carefully lowered into the water and pushed in to
the sediment t( a depth of approximately 150 mm. The spade containing the sample is
slowly brough back to the surface and poured into zip-lock bags. The following
sediment samr le conditions must be met before the sediment sample is accepted:-

* Overlyi ig water is present indicating minimal leakage;

* The o rerlying water is not excessively turbid indicating minimal sample
disturb nce;

* The su face of the sediment should appear relatively undisturbed, indicating a
lack of ,hannelling or sample wash-out; and

* The de sired penetration depth was achieved.

The sample b gs are labelled with indelible ink. The labelling format was DIKMISED-
01 and date. DIK indicates the project area, SED indicates sample type and 01
denotes samp e location.

Samples are tored in the field in a cool box filled with ice and later transferred to a
refrigerator am aiting transport to A H Knight Analytical Services in Kalulushi. Samples
were delivere I to the laboratory in a cool box with ice and Head Chemist Mr Junuis
Hamadudu to( k delivery and signed the chain of custody form.

The Alfred H Knight laboratory is BSI 9002 accredited and has undertaken similar
analyses for arge-scale mining companies including Noranda Inc, Phelps Dodge
Corporation a d Anglovaal Mining Limited.

The quality a surance / quality control (QA/QC) procedure adopted was to carry out
duplicate anal Ises on 10 % of the sediment samples and to carry out additional checks
using standar( reference materials and spiked samples.

African Mining (onsultants Ltd IX April 2003



I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I



Dikulushi Cop er-Silver Project Environmental Impact Assessment
Anvil Mining ongo SARL

A.PPEND11,IH - ENVIRONMENTAL BASELINE STtJDY (November 2002),

SURFACE WATER, GROUND WATER, SEDIMENT AND SOIL QUALITY

RESULTS
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Surface and Ground Water Quality - Field Results

Surface Water Quality and Stream Flow Rate - Field Measurements

Parameters Stream

Sampling Date PH Conductivity Turbidity Dissolved Temp. Salinity flow Comments

Point (iSl/cm) (NTU) Oxygen (°C) (%) rate I/s
(mg/I)

10:45hrs. Weather- warm, cloudy, rain previous night up to
8am this moming. Water - clear, low flow, pooling and

DIK/SW/01 28/11/02 7.4 46 0 2.0 20.2 0.00 <0.5 stagnant. Sediment- black/grey, high in organic matter, little
amount of debris. Vegetation- dense cover over stream,
garden nearby (N fertiliser used in last 5 days) Fauna -
some small aquatic insects observed (skimmers)

1 0:00hrs Weather- warm cloudy, rain last night up to 8 am.
Water - murky/cloudy/grey, very low flow, stagnant pooling.

DIK/SW/02 28/11/02 6.9 270 10 4.5 20.6 0.01 <0.5 Sediment- Black high in organic matter and debris.
Vegetation - Extremely dense untouched rparan zone with
dense over cover. Fauna -macrophytes observed in the
stream as well as small surface water insects.

African Mining Consultants Ltd Xi April 2003



Dikulushi Copper-Silver Project Environmental Impact Assessment

Anvil Mining Congo SARL

Surface Water Quality (Lake Water) - Field Measurements

Parameters

Sampling Date PH Conductivity Turbidity Dissolved Temp. Salinity Comments
_ Point ______ - (iiSIcm) (NTU) Oxygen (°C) (%)

12:15hrs Weather hot and sunny, intermittent showers within the last
24hrs gentle breeze. Lake is calm Water slightly tainted brown, some

Kil/SW/03 29/11/02 8.5 47 2 8.20 28.6 0 foam on surface, slight fishy odour. Rocky sediment. Sample taken
within 2m of port facility, fishing activities taking place within 30m of
sample, barge left yesterday

08:00hrs Weather - warm and clear no rain within last 24hrs, calm

Nch/SW/04 30/11/02 7.2 52 1 8.2 25.4 0 inland breeze, Water tainted green, with high presence of algae. Two
barges currently harboured at the port, people washing clothes and
selling fish nearby, Cement rings are curing in the water
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Groundwater Quality - Field Measurements

Parameters
Sampling Date pH Conductivity Turbidity Dissolved Temp. Salinity Comments

Point (gs/cM) (NTU) Oxygen (°C) (%)
(mg/l)

08:20hrs Weather- Cloudy overcast, rain/showers just stopped,

DIK/GW/01 28/11/02 6.99 456 0 1.56 23.2 0.01 rain all night. Water- clear ( pumped from borehole and used as
drinking water)

09:10 hrs weather - cloudy cool, rain stopped 1 hr ago after ran

DIK/GW/02 28/11/02 6.81 534 0 6.33 24.3 0.02 during the night. Water clear (pumped from borehole near the pit,
used for drinking)

DIK/GW/03 29/11/02 6.5 80 0 7.0 27.3 0 10.15hrs - Hot clear morning, intermittent rain showers in last
24hrs. Hand pumped well, in Dikulushi village in good condition.
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Surface and Ground Water Quality - Analysis Results

Surface Water Quality - Physical, Chemical & Bacteriological Analysis

Physical, Chemical & Bacterialogical Parareters

Sampling Sample Sampling 
Colour Total Faecal Total Organic

Point No. Date pH Cond. TDS TSS S042- F Cl- NO3 p043$ CN- Turbidity Hazen Coliform Coliform Content

iS/cm mg/l mg/I mg/I mgAI mg/I mg/l mg/l mg/I NTU (units) (100 ml) (100 ml) mg/l

SW-01 DIK/SW/01 28/11/02 7.9 680 505 55 65 0.2 8 <0.1 <0.1 <0.1 7 <5 Nil Nil

SW-02 DIK/SW/02 28/11/02 7.4 384 335 40 50 0.2 8 <0.1 <0.1 <0.1 32 <5 Nil Nil

SW-03 KILUSW/03 29/11/02 8.1 98 87 35 10 <0.1 6 <0.1 <0.1 <0.1 8 <5 6 Nil <10

SW-04 NCHISW/04 30/11/02 7.6 92 76 45 45 <0.1 8 <0.1 <0.1 <0.1 8 <5 Nil Nil <10

African Mining Consultants Ltd XIV April 2003



Dikulushi Copper-Silver Project Environmental Impact Assessment

Anvil Mining Congo SARL

Surface Water Quality - Total Metal Analysis

Total Metals
Sampling Sample Sampling TOC T.AI T.As T.B T.Ba T.Be T.Ca T.Cd T.Cr T.Cu T.Fe

Point No. Date mg/I mg/A mg/l mg/I mg/A mg/I mg/m mg/I mg/I mg/I

SW-01 DIK/SW/01-NF 28/11/02 - <0.1 <0.01 <0.1 <0.1 <0.1 80 <0.01 <0.1 <0.1 <0.1

SW-02 DIK/SW/02-NF 28/11/02 - <0.1 <0.01 <0.1 <0.1 <0.1 42 <0.01 <0.1 0.5 0.2

SW-03 KILUSW/03-NF 29/11/02 <10 2 <0.01 <0.1 <0.1 <0.1 7 <0.01 <0.1 <0.1 <0.1

SW-04 NCH/SW/04-NF 30/11/02 <10 <0.1 <0.01 <0.1 <0.1 <0.1 8 <0.01 <0.1 <0.1 <0.1

NF denotes non-filtered water sample

Surface Water Quality - Total Metal Analysis (cont.)

Total Metals

Sampling Sample Sampling T.Hg T.Mg T.Mn T.Mo T.Ni T.Pb T.Se T.V T.Zn

Point No. Date mg/I mg/l mg/l mg/l mg/I mg/l mg/l mg/I mg/l

SW-01 DIK/SW/01-NF 28/11/02 <0.001 38 0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SW-02 DIK/SW/02-NF 28/11/02 <0.001 21 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SW-03 KIlUSW/03-NF 29/11/02 <0.001 4 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SW-04 NCH/SW/04-NF 30/11/02 <0.001 5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

NF denotes non-filtered water sample
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Surface Water Quality - Dissolved Metal Analysis

Dissolved Metals

Sampling Sample Sampling D.AI D.As D.B D.Ba D.Be D.Ca D.Cd D.Cr D.Cu D.Fe

Point No. Date mg/l mg/I mg/I mg/I mg/m mgl mg/l mg/I mg/I

SW-O0 DIK/SW/01-F 28/11/02 <0.1 <0.01 <0.1 <0.01 <0.1 50 <0.01 <0.1 <0.1 <0.1

SW-02 DIK/SW/02-F 28/11/02 <0.1 <0.01 <0.1 <0.01 <0.1 17 <0.01 <0.1 0.5 0.2

SW-03 KIL/SW/03-F 29/11/02 <0.1 <0.01 <0.1 <0.01 <0.1 4 <0.01 <0.1 <0.1 <0.1

SW-04 NCH/SW/04-F 30/11/02 <0.1 <0.01 <0.1 <0.01 <0.1 4 <0.01 <0.1 <0.1 <0.1

F denotes filtered water sample

Surface Water Quality - Dissolved Metal Analysis (cont.)

Dissolved Metals
Sampling Sample Sampling D.Hg D.Mg D.Mn D.Mo D.Ni D.Pb D.Se D.V D.Zn

Point No. Date mg/l mg/l mg/I mg/l mg/I mg/I mg/I mg/l mg/I

SW-O0 DIK/SW/01-F 28/11/02 <0.001 38 0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SW-02 DIK/SW/02-F 28/11/02 <0.001 19 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SW-03 KIUSW/03-F 29/11/02 <0.001 4 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SW-04 NCH/SW/04-F 30/11/02 <0.001 4 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

F denotes filtered water sample
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Ground Water Quality - Physical, Chemical & Bacteriological Analysis

P i Chemical & Bacterioloaical Parameters

Sampling Sample Sampling . _ Colour Total Faecal

Point No. Date pH Cond. TDS TSS S042 F Cl- NO3 P04
3 CN- Turbidity Hazen Coliform Coliform

u__ ~tS/cm m mrn7F M iX 1 mg/l mgl I- mg/F/ I- -g/1 mg/l NTU (unitsi) m(100ml) (4100nm)

GW-01 DIK/GW/01 28/11/02 6.9 724 470 10 10 <0.1 4 <0.1 <0.1 <0.1 2 <5 Nil Nil

GW-02 DIK/GW/02 28/11/02 7.1 862 535 20 45 <0.1 5 <0.1 <0.1 <0.1 2 <5 Nil Nil

GW-03 DIK/GW/03 29/11/02 7.1 153 103 20 65 <0.1 9 <0.1 <0.1 <0. 1 3 <5 Nil Nil

Ground Water Quality - Total Metal Analysis

Total Metals
Sampling Sample Sampling T.AI T.As T.B T.Ba T.Be T.Ca T.Cd T.Cr T.Cu T.Fe

Point No. Date mg/l mg/I mg/I mg/l mg/I mg/l mg/l mg/I mg/l mg/l

GW-01 DIK/GW/01 28/11/02 <0.1 <0.01 <0.1 <0.1 <0.1 120 <0.01 <0.1 <0.1 <0.1

GW-02 DIK/GW/02 28/11/02 0.1 <0.01 <0.1 <0.1 <0.1 60 <0.01 <0.1 <0.1 <0.1

GW-03 DIK/GW/03 29/11/02 <0.1 <0.01 <0.1 <0.1 <0.1 7 <0.01 <0.1 <0.1 <0.1

NF denotes non-filtered water sample
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Ground Water Quality - Total Metal Analysis (cont)

Total Metals

Sampling Sample Sampling T.Hg T.Mg T.Mn T.Mo T.Ni T.Pb T.Se T.V T.Zn

___ __ Point No. Date mg/l mg/I mg/I mg/l mg/I mg/l mg/l mg/l mg/l

GW-01 DIK/GW/01 28/11/02 <0.001 8 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

GW-02 DIK/GW/02 28/11/02 <0.001 45 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 0.1

GW-03 DIK/GW/03 29/11/02 <0.001 5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

NF denotes non-filtered water sample

Ground Water Quality - Dissolved Metal Analysis

Dissolved Metals
Sampling Sample Sampling D.AI D.As D.B D.Ba D.Be D.Ca D.Cd D.Cr D.Cu D.Fe

Point No. Date m m/ mg/I mg/I mg/l mg/l mg/ mg/I mg/I mg/I

GW-01 DIK/GW/01 28/11/02 <0.1 <0.01 <0.1 <0.1 <0.1 90 <0.01 <0.1 <0.1 <0.1

GW-02 DIK/GW/02 28/11/02 0.1 <0.01 <0.1 <0.1 <0.1 57 <0.01 <0.1 <0.1 <0.1

GW-03 DIKL/GW/03 29/11/02 <0.1 <0.01 <0.1 <0.1 <0.1 6 <0.01 <0.1 <0.1 <0.1

F denotes filtered water sample
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Ground Water Quality - Dissolved Metal Analysis (cont.)

Dissolved Metals
Sampling Sample Sampling D.Hg D.Mg D.Mn D.Mo D.Ni D.Pb D.Se D.V D.Zn

Point No. Date mg/l mg/l mg/ m mg/ mg/ mg/I mg/l mg/i

GW-01 DIK/GW/01 28/11/02 <0.001 8 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

GW-02 DIK/GW/02 28/11/02 <0.001 44 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 0.1

GW-03 DIK/GW/03 29/11/02 <0.001 4 <0.1 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1
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Surface Water Sediment Quality

Surface Water Sediment Quality - Total Metal Analysis

Total Metals
Sampling Sample Sampling Hg Mg Mn Mo Ni

Point No. Date pg9g pg/g g/9g 1g/g _g/g

SS-01 DIK/SS/01 28/11/02 <1 3400 89 <10 <10

SS-02 DIK/SS/02 28/11/02 <1 896 60 <10 <10

Surface Water Sediment Quality - Total Metal Analysis (con)

Total Metals
Sampling Sample Sampling Al As B Ba Be Ca Cd Cr Cu Fe Se Zn V Pb

Point No. Date pHg-/ pj9/9 pg g 1299PR jIg g 1p1/9 9 j/9 g/g 9g9 g IJ9 919g-14 /2g / ig

SS-01 DIK/SS/01 28/11/02 2800 <1 <10 <10 <10 7300 <1 46 22 6800 <1 <10 <10 12

SS-02 DIK/SS/02 28/11/02 1600 <1 <10 <10 <10 996 <1 57 149 4000 <1 20 <10 <10
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Soil Quality - Analysis Results

90Hl Qual TIL Anotal s

Total Metals

Sampling Sample Sampling Al As B Ba Be Ca Cd Cr Cu Fe Se

Point No. Date pj9/9 q91 i919 ij9/ ij/ i& 1/ p_Lg. i La i!19

SOS -01 DIK/SOS-10 (0-10cm) 29/11/02 3100 <1 <10 <10 <10 1600 <1 24 18 3200 <1

SOS -02 DIK/SOS-11 (0 - 1Ocm) 29/11/02 2300 <1 <10 <10 <10 299 <1 15 10 5500 <1

SOS- 03 DIK/SOS-12 (0-10cm) 29/11/02 2800 <1 <10 <10 <10 2500 <1 17 20 7100 <1

SOS -04 DIK/SOS-13 (0- 1Ocm) 29/11/02 2200 <1 <10 <10 <10 199 <1 25 16 3700 <1

SOS- 05 DIK/SOS-14 (0-10cm) 29/11/02 3300 <1 <10 <10 <10 1900 <1 30 48 3500 <1

SOS- 06 DIK/SOS-15 (0 - 1Ocm) 29/11/02 2900 <1 <10 <10 <10 797 <1 30 10 3300 <1

SOS-07 DIK/SOS-15 (0 - 1 Ocm) 29/11/02 3700 <1 <10 <10 <10 595 <1 30 18 5200 <1
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Soli Quality - Tolta Meta A ndalysis Gontinud

Total Metals
Sampling Sample Sampling

Point No. Date Hg Mg Mn Mo Ni Hg Zn V Pb

1/L9 p919 pg9/9 pJA/ J9 p9g/g p/g Jg9/9 pg/g

SOS-10 DIK/SOS-10 (0-1Ocm) 29/11/02 <1 499 90 <10 <10 <1 <10 <10 12

DIK/SOS-11 (0 -
SOS-11 10cm) 29/11/02 <1 797 249 <10 <10 <1 <10 <10 12

DIK/SOS-12 (0-10cm)
SOS-12 DIK/SOS-13 (0 - 29/11/02 <1 998 289 <10 <10 <1 <10 <10 10

1Ocm)
SOS-13 DIK/SOS-14 (0-10cm) 29/11/02 <1 397 199 <10 <10 <1 <10 <10 <10

DIKISOS-15 (0-
SOS-14 10cm) 29/11/02 <1 398 189 <10 <10 <1 <10 <10 15

DIK/SOS-15 (0-
SOS-15 1 Ocm) 29/11/02 <1 299 100 <10 <10 <1 <10 <10 <10

SOS-16 29/11/02 <1 893 228 <10 <10 <1 <10 <10 <10
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APPENDI' C IV - ENVIRONMENTAL SCOPING STUDY (December 2001),

SURFACE WATER, GROUND WATER, SEDIMENT AND SOIL QUALITY

RESULTS
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Environmental Impact Assessment

Anvil Mining Congo SARL

Surface and Ground Water Quality - Field Results

Surface Water Quality and Stream Flow Rate -Field Measurements

_ _________ Parameters Stream

Sampling Descrption Date PH Conductivity Turbidity Dissolved Temp. Salinity flow rate Comments

Point (gS/cm) (NTU) Oxygen (°C) (%) I/s
________ 

~~ ~~~~~~(m g/I)

DIK/SW/01 Dikulushi R 24/10/01 6.7 59 8 3.4 21.9 0 No surface flow, tainted brown water

DIK/SW/02 Dikulushi R 24/10/01 7.0 59 80 1.4 23.1 0 No surface flow, tainted brown water

Nch/SW/01 Nchelenge Lake 05/12/01 5.9 54 9 8.1 26.4 0 Sample taken 5m out from shoreline

Mweru 
at proposed port site in Nchelenge

Groundwater Quality - Field Measurements

Parameters

Sampling Date pH Conductivity Turbidity Dissolved Temp. Salinity Comments

Point (gS/cm) (NTU) Oxygen (mg/I) (°C) (%)

Old Drill hole close to exploration Camp Water Table at

DIKIGW/01 24(10/01 6.5 31 76 1.9 23.8 0 4.7m. Rusty water
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Surface and Ground Water Quality - Analysis Results

Surface Water Quality - Physical, Chemical and Bacteriological Analysis, Environmental Scoping Study Results (October 2001)

Physical, Chemical & Bact riolo icai Parameters

Sampling Sample Sampling Date Colour Total Faecal

Point No. pH Cond. TDS TSS So42- F Cl- NO3 P04
3 - CN- Ca Hazen Coliform Coliform

mS/cm mglI m g/gl mgl mg/l mg/l mg/I mgmg/I (units) (100 ml) (100 ml)

SW-O1 DIK/SW-01-NF 24/10/01 7.6 82 505 10 40 0.2 3 2 8 <0.1 86 <5 1800 26

SW-02 DIK/SW-02-NF 24/10/01 7.9 83 510 50 5 <0.2 6 126 8 <0.1 78 <5 1800 292

SW-03 Nch/SW-01-NF 05/12/01 7.1 80 50 20 50 <0.2 15 5 9 <0.1 6 <5 1400 860
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Surface Water Quality - Total Metal Analysis

Total Metals _ |

Sampling Sample Sampling T.AI T.As T.B T.Ba T.Be T.Cd T.Co T.Cr T.Cu T.Fe

Point No.a-eN -m4g7r0 0.1 0.1 0 .:. 8 1

SW-01 DIK/SW-01-NF 24/10/01 0.1 0.1 <5 0.6 <0.1 <0.01 <0.1 1.8 <0.1 0.2

SW-02 DIK/SW-02-NF 24/10/01 1.4 0.06 <5 0.7 <0.1 <0.01 <0.1 <0.1 <0.1 1.2

SW-03 Nch/Sw-01-NF 05/12/01 <0.1 <0.01 <5 <0.1 <0.1 <0.01 <0.1 0.1 <0.1 0.1

NF denotes non-filtered water sample.

Total Metals

Sampling Sample Sampling T.Hg T.Mg T.Mn T.Mo T.Ni T.Pb T.Se T.V T.Zn T.U

Point No. Date mg/I mg/I mg/l mg/l mg/I mg/ mg/I mg/I m mg/I

SW-01 DIK/SW-01-NF 24/10/01 <0.001 58 0.3 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1 -

SW-02 DIK/SW-02-NF 24/10/01 <0.001 62 0.8 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1 -

SW-03 Nch/SW-01-NF 05/12/01 <0.001 4 <0.1 <0.1 <0.1 <0.01 <0.01 <0.1 <0.1 <0.1

NF denotes non-filtered water sample
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Surface Water Quality - Dissolved Metal Analysis

Dissolved Metals
Sampling Sample Sampling D.AI D.As D.B D.Ba D.Be D.Cd D.Co D.Cr D.Cu D.Fe

- Pint-- Ne. -Date-- mg/ mg/l mg m ml mg/l mg/I mg/i

SW-O0 DIK/SW-01-F 24/10/01 <0.1 0.01 <5 0.4 <0.1 <0.01 <0.1 0.5 <0.1 <0.1

SW-02 DIK/SW-02-F 24/10/01 0.1 0.06 <5 0.5 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1

SW-03 Nch/SW-01-NF 05/12/01 <0.1 <0.01 <5 <0.1 <0.1 <0.01 <0.1 <0.1 <0.1 0.1

F denotes filtered water sample

Dissolved Metals
Sampling Sample Sampling D.Hg D.Mg D.Mn D.Mo D.Ni D.Pb D.Se D.V D.Zn D.U

Point No. Date mg/l mg/l mg/ mg/I mg/I mg/ mg/ l mg/l mg/I mg/l

SW-O0 DIK/SW-01-F 24/10/01 <0.001 58 0.3 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SW-02 DIK/SW-02-F 24/10/01 <0.001 62 0.8 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1 -

SW-03 Nch/SW-01- 05/12/01 <0.001 4 <0.1 <0.1 <0.1 <0.01 0.01 <0.1 <0.1 <0.1

NF
F denotes filtered water sample
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Ground Water Quality - Physical, Chemical & Bacteriological Analysis

Physica, Chemical & Bacteriological Parameters

Sampling Sample SamrptiDw Ete-- _ ys _ 1 Colour Total Faecal _

Point No. pH Cond. TDS TSS S 4
2- F Cl- NO3 P04 - CN- Ca Hazen Coliform Coliform

_ _ __ mS/cm mg/i mg/I mg/l mg/ mg/l mgA/ mg/I mg/l mg/I (units) (100 ml) (100 ml)

GW-01 DIK/GW-01-NF 24/10/01 7.7 44 220 50 <5 <0.2 9 7 3 <0.1 49 <5 -

NF denotes non-filtered water sample

Surface Water Quality - Total Metal Analysis

Total Metals
Sampling Sample Sampling T.AI T.As T.B T.Ba T.Be T.Cd T.Co T.Cr T.Cu T.Fe

Point No. Date mg/ mg/l mgin/ m mg i/I ig/I mg/l mg/l m/

GW-01 DIK/GW-01-NF 24/10/01 0.6 0.12 <5 2 <0.1 <0.01 <0.1 0.3 0.1 17

NF denotes non-filtered water sample
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Surface Water Quality - Total Metal Analysis continued

Total Metals
Sampling Sample Sampling T.Hg T.Mg T.Mn T.Mo T.Ni T.Pb T.Se T.V T.Zn T.U

______ ___________ ___ _ L:?g/ate _rn/l mg/I mgq/ mg/l mg/l mg/l mg/I mg/I

GW-01 DIK/GW-01-NF 24/10/01 <0.001 8 0.4 <0.1 ,0.1 <0.1 <0.01 <0.1 0.1 -

NF denotes non-filtered water sample

Surface Water Quality - Dissolved Metal Analysis

Dissolved Metals
Sampling Sample Sampling D.AI D.As D.B D.Ba D.Be D.Cd D.Co D.Cr D.Cu D.Fe

Point No. Date mg/I mg/l mg/I mg/l mg/i mg/i mg/l mg/l mg/i mg/I

GW-01 DIK/GW -01-F 24/10/01 <0.1 0.12 <5 0.3 <0.1 <0.01 <0.1 0.3 <0.01 0.4

F denotes filtered water sample
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Surface Water Quality - Dissolved Metal Analysis continued

Dissolved Metals
Sampling Sample Sampling D.Hg D.Mg D.Mn D.Mo D.Ni D.Pb D.Se D.V D.Zn D.U

Pos-t No Qate m_ mq! r mg/I mg/l mg/l mg/l r/I mg/I

GW-01 DIK/GW-01-F 24/10/01 <0.001 8 0.3 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

F denotes filtered water sample
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Surface Water Sediment Quality

Sediment Quality - Total Metal Analysis

Total Metals
Sampling Sample Sampling Al As B Ba Be Cd Co Cr Cu Fe

Point No. Date _ pg/g pg/g pggg g pg9g g9 .g!9L9 pgL9

SS-01 DIK/SS-01 24/10/01 800 6 <5 200 <1 <1 <1 17 9 1200

SS-02 DIKISS-02 24/10/01 2500 2 <5 200 <1 <1 1 51 30 4300

NF denotes non-filtered water sample

Sediment Quality - Total Metal Analysis (con)

Total Metals
Sampling Sample Sampling Hg Mg Mn Mo Ni Pb Se V Zn U

Point No. Date pg1g pg9 jg/9g jgg p"g9g 9g g 9 Ag g9 AgLg p91g

SS-01 DIK/SS-01 24/10/01 5 900 20 10 <1 <1 2 <1 4

SS-02 DIK/SS-02 24/10/01 2 1500 146 8 5 <1 3 <1 14

NF denotes non-filtered water sample
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Sediment Pore Water Quality - Dissolved Metal Analysis

Dissolved Metals
Sampling Sample Sampling -D.AFI D-.s -- U. - -- G D.Ba D.Be D.C d D.C D.Gr D.C D.Fe ____

Point No. Date _ pg pggg IJ9/g pgg p1g/g pgLg pgLg pg/g pg/g pg/g

SS-01 DIK/SS-01 24/10/01 4 <0.01 <5 0.3 <0.1 <0.01 0.5 <0.1 0.8 1.4

SS-02 DIK/SS-02-F 24/10/01 1.5 0.02 <5 0.4 <0.1 <0.01 0.1 0.1 0.2 0.3

F denotes filtered water sample

Surface Water Quality - Dissolved Metal Analysis (con)

Dissolved Metals
Sampling Sample Sampling D.Hg D.Mg D.Mn D.Mo D.Ni D.Pb D.Se D.V D.Zn D.U

Point No. Date pg/g 1j9/g Ig/g p9g/g IJ/g wgg - g/g pgpg PWL Ajg/g

SS-01 DIK/SS-01 24/10/01 <0.001 49 0.3 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

SS-02 DIK/SS-02 24/10/01 <0.001 46 0.5 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1

F denotes filtered water sample
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Soil Quality - Analysis Results

Soil quality - Total Metal Analysis

Total Metals

Sampling Sample Sampling Al As B Ba Be Cd Co Cr Cu Fe

Point No. Date pg1 g L jpg jgLp pgL2 1j9/9 q91 !/ ' Aj9/9

SOS-01 DIK/SOS-01 (0- 24/10/01 2500 4 <5 200 5800 <1 2 <1 74 2400

1 Ocm)
SOS-01 DIK/SOS-01 (15 24/10/01 3400 <1 <5 200 1600 <1 1 88 1400 2900

- 30cm)
SOS-03 DIK/SOS-03 (0- 24/10/01 4500 4 <5 200 1900 <1 10 59 1100 5400

1 Ocm)
SOS-03 DIK/SOS-03 (15 24/10/01 4900 <1 <5 400 600 <1 <1 <1 900 4400

- 30cm)
SOS-04 DIK/SOS-04 (0- 24/10/01 3000 4 <5 200 6000 <1 3 61 200 4000

1 Ocm)
SOS-04 DIK/SOS-04 (15 24/10/01 3600 2 <5 400 1800 <1 8 8 200 4900

- 30cm)
SP-01 Nch/SOS-01(0- 05/12/01 489 <1 46 21 <1 <1 <1 4 10 628

15cm)
SP-02 Nch/SOS-01(0- 05/12/01 806 <1 44 31 <1 <1 <1 <1 10 1230

15cm)
SP-03 Nch/SOS-01(0- 05/12/01 561 <1 44 33 <1 <1 <1 3 9 1784

15cm)
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Soil quality - Total Metal Analysis (con)

-Sampfingl Sample Sampling Total M g Mn Mo Ni Pb Se V Zn Ca

Point No. Date pg/9g 1j9/g IJ9Z9 1J9/9 iiPgtZ z z z/ z- 1J A!g

SOS-01 DIK/SOS-01 (0- 24/10/01 6 1800 107 11 3 14 3 <1 15 5800

SOS-01 DIK/SOS-01 (15 24/10/01 1 1500 36 11 2 7 10 <1 10 1600

SOS-03 DIK/SOS-03 (0- 24/10/01 <1 2000 114 11 5 11 3 <1 32 1900

10cm)
SOS-03 DIK/SOS-03 (15 24/10/01 <1 1300 31 10 3 11 1 <1 23 600

- 30cm)
SOS-04 DIK/SOS-04 (0- 24/10/01 2 2000 177 11 6 4 10 <1 16 6000

10cm)
SOS-04 DIK/SOS-04 (15 24/10/01 4 2000 180 10 7 4 6 <1 16 1800

- 30cm)
SP-01 Nch/SOS-01(0- 05/12/01 <1 106 11 <2 <1 <1 <1 <1 1 5200

15cm)
SP-02 Nch/SOS-01 (0- 05/12/01 <1 79 85 <2 <1 4 <1 <1 1 6 1500

15cm)
SP-03 Nch/SOS-01 (0- 05/12/01 <1 31 32 <2 <1 <1 <1 <1 4 679

15cm)
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APPEND IX V - FLORA AND FAUNA SPECIES LISTS, FREQUENCY

DISTRIBUI 'IONS OF TREE SPECIES, RAINFALL DATA and USEPA BIO -

ASSESSMIENT PROTOCOLS
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ENERAL FLORAL SPECIES LIST FOR THE AREA

Woody species

Acacia nigresce s o-If

Acacia polycant a f-Ic

Acacia sieberana 
If

Annona senega ensis 
If

Albizia adianthi lia
IcI~~~~~~~~~~IAlbizia versicol r Ic

Azanza gackea a if

Boehmeria plat phylla If

Borreria sp
lo

Boscia angust lia 
If

Brachystegia b ssei 
c

Brachystegia fl )ribunda Ic

Brachystegia I ngifolia If

Brachystegia s )iciformis Ic

Brachystegia t. xifolia 
f-

Ic
Bridelia macra tha

o-lf
Byrsocarpus o ientalis o-If

Canthium capt m lo

Canthium fran ula 
If

Canthium vulg re lo

Cassia katang nsis
o-If

Combretum m lle If

Combretum m eorense f

Combretum zE yherii 
If

Clausena anis ta Ic

Craibia Ipp

o-lf
Dombeya rotu difolius lo

Dichrostachys cinerea Ic

Diplorynchus ndylocarpon 
c

Diospyros bat cana 
If

Diospyros kir ii 
If

Diospyros me piliformis Ic

Erythrina aby sinica
Ic

Erythrina exc isa o-If

Euclea schim eri o-if

Faurea speci, sa r-If

Flacourtia ind ca If

Ficalhoa lauri olia IC

Ficus sycam rus If

Ficus spp 
r-

lo
Gardenia im rialis

lo

African Mining Ionsultants Ltd xxXVI April 2003



Dikulushi Cop er-Silver Project Environmental Impact Assessment

Anvil Mining C ngo SARL

Gnidia spp
o-if

Grewia flavesc ns 
o-ic

Hymenocardia cida 
If

Julbernardia gl< bifora 
c

Julbernardia pa niculata 
Ic

Khaya anthote 
o-lf

Isoberlinia ang lensis Ic

Maytenus sen alensis r-lo

Markhamia obt sifolia 
If

Monotes katan ensis If

Monotes africa num 
o-lf

Ochna spp 
o-lf

Lannea discol r If

Lantana trifoli If

Lippia spp 
If

Loranthus spp 
o-If

Peltophorum fricanum lo

Pericopsis ane olensis 
If

Piliostigma th nningii 
lo

Pseudolachn tylis maprouneifolia If

Raphia farinif ra lo

Shizophyton r utanenii r-lo

Rothmannia hitfieldii 
If

Rhus longipe 
If

Rytyginia umr ellulata 
r-lo

Schrebra tric oclada 
o-If

Steganotaene araliacea r-lo

Sterculia qun lueloba 
If

Strychnos cu coloides 
o-If

Strychnos in cua If

Strychnos sp osa If

Swartzia ma agascarensis o-lf

Tabernaemo tana angolensis lo

Terminalia m Ilis If

Terminalia s ricea 
If

Uapaca ben uelensis 
Ic

Uapaca kirki .na c

Vitex payos 
o-If

Xylopia kata gensis 
o-lf

Zanha africa a If

Ziziphus aby sinica 
If

SYMBOLS
f = Frequent
c= Commo
o =Occasio al
I= Local
o-If = Occas onal to locally frequent
v-If = very lo ally frequent
If = Locally f equent
Ic = Locally mmon,

African Minini Consultants Ltd XXXVII April 2003



Dikulushi Cop er-Silver Project Environmental Impact Assessment

Anvil Mining C ongo SARL

Sub-shrubs, Climbers and Herbaceous species

Acacia pentag ns o-If

Albuca spp lo

Achylanthus sl p If

Adenia lobata v-lf

Asparangus a iaticus If

Ampelocissus africana lo

Barleria spp c

Cissus cornifo ia Ic

Cissus quadra ngularis If

Cissus spp lo

Commelina be nghalensis c

Clematopsis c ysocarpa Ic

Clerodendru taganyikense c

Clerodendrur uncinatum Ic

Clerodendrur violaceum If

Crotalaria spp If

Fadogia mont cola Ic

Fadogia spp If

Indigofera car itata c

Indigofera spp f Ic

Loudetia simp lex v-If
Mucuna gabri alata o-If

Pteridium aq irium Ic

Tacca leonto taloides If

Smilax kraus iana c

SpuriodaucuE quarrei If

SYMBOLS

f = Frequent,
c= Common
o = Occasion al
I = Local
o-If = Occasi nal to locally frequent
v-lf = very lo ally frequent
If = Locally fr aquent
Ic Locally common,
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FREQUENCY DISTRIBUTION OF DOMINANT AND CO-DOMINANT TREE SPECIES ACCORDING TO VEGETATION TYPES

30

25

X 20

E C!Miombo

15 

UMunga

. 0

z

5

0 _.L~~~~~~~~~~~ 

0 0 A 5 

~~~~ 0 ~~~~~~~e a 
ad
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0 
Si

Names of tree species
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AQUATIC SPECIES IN LAKE MWERU

Fish Species in L ke Mweru

No. Scientil ic Name Kibemba Name Remarks

1. Mormyr us longirostris Kafutwe (Ndomondomo)

2. Mormy op Mulobe

3. Gnatho iemus Kise

4. Petrocp halus Kifutu

5. Hydroc ion Manda

6. Sarcol. ices odoe Mubombo Has become rare

7. Distich )lus faciolatus Lukusu

8. Labeo barbus Mpifu Has become rare

9. Labeo altivels Mpumbu Has disappeared

10. Chysi htys Monde

11. Auche 7oglanis Mbwa-Lupembe

12. Claria : silure Muta (Kabambale)

13. Eutroc ius Libanga

14. Tilapi4 melanopleura Pale

15. Tilapie macrochir Kituku

16. Tilapi sparmanni Katenge

17. Serrar iachromis Makobo

18. Alestc s Kyaka

19. Tylocl romes Maela

20. Synot dothis Bongwe

Source: Mulo ba Mwanzambala, 1974:37
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Rainfa I Data 1970 - 2000 (Kawambwa Weather Station, Zambia)

Monthly Maximum Rainfall (1970- 2000)
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2 200.00
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100.00 * * -
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Bio-assessment Protocol for use in African Mining Consultants
Streams and W deable Rivers

PHYSICAL C ARACTERIZATION/WATER QUALITY FIELD DATA
SHEET

STREAM NAME - E ikulushi Stream LOCATION - Up stream of plant area.

STATION # DI ;SW/01 STREAM CLASS I

FORM COMPLETEI BY Nyundo Armitage TIME 10:45

DATE 26/07/02

UTM E 639936 REASON FOR SURVEY
UTM N 9016011 EIA for ANVIL MINING CONGO SARL

Now Past 24 hours
WEATHER
CONDITIONS rain (steady ram) tam (steady rainm

showers (intermitent showers (mtermittent)
clear/sunny clear/sunny

50 '/.cloud cover 90 % Cloud cover

Has there been heavy rain in the last 7 days

[Y3 No
Air Temperature 27 C
Other

SITE PHOTOGR- bH

#~~~~~~~~~~~~~~~~~~

~. 

I~~~~~~~~
I * \ .-

I~~~~~~~~~~~~~~~~~~~~~~~~~ _k " A. '', 

* _____s___
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Bio-assessmen Protocol for use in African Mining Consultants
Streams and Wadeable Rivers

Stream Subsystem Stream Type
STREAM Coldwater armwate

CHARACTERIZATION Perennial ntermisten Tidal

Catchment Area km 2
Stream Origin
Glacial S -fed
Non-glacial montane Mixture of origind
Swamp and bog Other-

Predominant Surrounding Landuse Local Watershed NPS Pollution

WATERSHED ret3 Commercial o evidenc Some potential sources
FEATURES Field/Pasture Industrial Obvious sources

Agricultural Other
Residential Local Watershed Erosion

o _ Moderate Heavy

RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION
(18 meter buffer) |Treei Shrubs Grasses Herbaceous

Dominant species present _Miombo

INSTREAM Estimated Reach Length 1000 m Canopy Cover
FEATURES

Estimated Stream Width 1.5 m Partly open Partly shaded hade

Sampling Reach Area 1500 m 2 High Water Mark 0.6 m

Area in km 2 (m 2 X1080) L.5 km 2 Proportion of Reach Represented by Stream

Estimated Stream Depth 0.2 m Morphology Types
Riffle 20 % Run 10 %

Flow rate 11/sec Pool 70 %

Channelized Yes N3 Dam Present Yes [N

LARGE WOODY LWD 0.7 m 2
DEBRIS LWD

Density of LWD 0.46 m 2 /km 2 (LWD/ reach area)

AQUATIC Indicate the dominant e and record the dominant species present
VEGETATION Pooted emergenj eOn ed sub Rooted floating Free floating

Floating Algae iAttached Algaq

Dominant species present _

Portion of the reach with anuatic veeetation 90 %

WATER QUALITY Temperature 20.2 oC Water Odors
Specific Conductance 0.046 ,us/cm ormal/Non Sewage
Dissolved Oxygen 2.0 Petroleum Chemical

pH 7.4 Fishy Other_
Turbidity 0

Water Surface Oils
WQ Instrument Used Horiba U 10 WOC Slick Sheen Globs Flecks

F Other

Turbidity (if not measured)
ear] Slightly turbid Turbid

Opaque Stained Other

SEDIMENT/ Odors Deposits
SUBSTRATE Slight Moderate Profuse Sewage Petroleum

Chemical n Sludge Sawdust Paper fiber
Sand

Other Relict shells Other Organic
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Bio-assessmen Protocol for use in African Mining Consultants
Streams and adeable Rivers

INORGANIC SUBS RATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS

(should add up to 10 °) (does not necessarily add up to 100%)

Substrate Diameter % Composition in Substrate Type Characteristic % Composition

Type Sampling Reach in Sampling

Bedrock Detritus sticks, wood, 10%

l__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ coarse plant

Boulder 256mm materials

Cobble 64 - 256mm Muck-Mud black very fme 90%
l ~~~~~~~~~~~~~~~organic

Gravel 2 - 64mm

Marl grey, shell

Sand 0.06 - 2 60% fragments
mm(gritty)

Silt 0.004 - 0.06mm 20(%/.

Clay 0.004 mm (slick) 20%

Mineral 40°/
Organic 60%

SAMPLERS D OTES Sampling point is located next to a small garden (0.5 hectares
approximately), on the left hand side of the stream disrupting
the natural riparian zone.

Weather - warm, cloudy, heavy rain during the night.
Water - Clear, very low flow rate, a large pool is located in
the sampling area.
Sediment - black/grey, mineral sediment, high in organic
matter, little amount of organic debris.
Vegetation - dense cover over sampling point,
Fauna - some small aquatic insects were observed.

Other points - Nitrogen fertiliser was used on the garden 5
days before sampling

28/11/02 - Nyundo Armitage
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Bio-assessment Protocol for use in African Mining Consultants
Streams and Wadeable Rivers

HABITAT AS ESSMENT FIELD DATA SHEET-LOW GRADIENT STREAMS)

Habitat Condition Category

Parameter _
Optimal Sub-optimal Marginal PoorI reater than 50u/o ot

1. Epifaunal ubstrate favorable for 30-50% mix of stable 10-30% mix of stable Less than 10%

Substrate/ pifaunal colonization habitat; well-suited for habitat; habitat stable habitat; lack

Available Cover d fish cover; mix of full colonization availability less than of habitat is

nags, submerged logs, potential; adequate desirable; substrate obvious; substrate

ndercut banks, cobble or habitat for frequently disturbed or unstable or lacking.

ther stable habitat and at maintenance of removed
tage to allow full populations; presence
olonization potential of additional substrate
i.e., logs/snags that are in the form of newfall,
ot new fall and not but not yet prepared

ran_ sient). for colonization.

SCORE 20 [q 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or sand Hard-pan clay or

Characterization materials, with gravel and mud, or clay; mud may bottom; little or no root bedrock; no root

firn sand prevalent; root be dominant; some mat; no submerged mat or vegetation.

mats and submerged root mats and vegetation.
vegetation common. submerged vegetation

SCORE _E 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

3. Pool Variability Even mix of large- Majority of pools Shallow pools much more Majority of pools
shallow, large-deep, large-deep; very few prevalent than deep small -shallow or

small-shallow, small- shallow. pools. pools absent.

deep pools present.

SCORE 20 19 18 17 16 15 14 1 12 11 10 9 8 7 6 5 4 3 2 1 0

4. Sediment Little or no enlargement Some new increase in Moderate deposition of Heavy deposits of

Deposition of islands or point bars bar formation, mostly new gravel, sand or fine fine material,

and less than <20% of the from gravel, sand or sediment on old and new increased bar

bottom affected by fine sediment; 20-50% bars; 50-80% of the development; more

sediment deposition. of the bottom affected; bottom affected; sediment than 80% of the

slight deposition in deposits at obstructions, bottom changing
pools. constrictions, and bends; frequently; pools

moderate deposition of almost absent due to
pools prevalent. substantial sediment

deposition.

SCORE 20 19 18 17 16 15 14 13 12 11 9 8 7 6 5 4 3 2 1 0

5. Channel Flow Water reaches base of Water fills >75% of Water fills 25-75% of the Very little water in

Status both lower banks, and the available channel; available channel, and/or channel and mostly
minimal amount of or <25% of channel riffle substrates are present as standing

channel substrate is substrate is exposed. mostly exposed. pools.

exposed.

SCORE 20 19 18 17 16 15 14 13 12 10 9 8 7 6 5 4 3 2 1 0

6. Channel Channelization or Some channelization Channelization may be Banks shored with

Alteration dredging absent or present, usually in extensive; embankments gabion or cement;
minimal; stream with areas of bridge or shoring structures over 80% of the
normal pattern. abutments; evidence of present on both banks; stream reach

past channelization, and 40 to 80% of stream channelized and
i.e., dredging, (greater reach channelized and disrupted. Instream
than past 20 yr) may disrupted. habitat greatly
be present, but recent altered or removed
channelization is not entirely
present.

Score - 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Bio-assessmen Protocol for use in African Mining Consultants
Streams and M adeable Rivers

7. Channel _he bends in the stream The bends in the The bends in the stream Channel straight;
Sinuosity ncrease the stream length stream increase the increase the stream length waterway has been

to 4 times longer than if stream length I to 2 1 to 2 times longer than if channelized for a long
t was in a straight line. times longer than if it was in a straight line. distance.
Note - channel braiding it was in a straight line.
s considered normal in
oastal plains and other
ow-lying areas. This
arameter is not easily

-ated in these areas.)

SCORE _ 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

8. Bank Stability _anks stable; evidence of Moderately stable; Moderately unstable; 30- Unstable; many eroded
(score each bank) -rosion or bank failure infrequent, small areas 60% of bank in reach has areas; "raw" areas

ibsent or minimal; little of erosion mostly areas of erosion; high frequent along straightIotential for future healed over. 5-30% of erosion potential during sections and bends;
roblems. <5% of bank bank in reach has areas floods. obvious bank

iffected. of erosion sloughing; 60-100% of
bank has erosional
scars.

SCORE _ (LB) Left Bank 10 9 8 7 S 5 4 3 2 1 0

SCORE _ (RB) RightBank 10 i 8 7 6 5 4 3 2 1 0

9. Vegetative More than 900/o of the 70-90% of the 50-70% of the Less than 50%/o of the

Protection (score treambank surfaces and streambank streambank surfaces streambank surfaces
each bank) mmediate riparian zone surfaces covered by covered by vegetation; covered by vegetation;
Note: determine left overed by native native vegetation, but disruption obvious; disruption of

or right side by egetation, including one class of plants is patches of bare soil or streambank
facing downstream. tes, understory shrubs, not well-represented; closely cropped vegetation is vcry

or nonwoody disruption evident but vegetation common; less high;
macrophytes; vegetative not affecting full plant than one-half of the vegetation has been
disruption through growth potential potential plant stubble removed to 5

grazing or mowing to any great extent; height remaining. centimeters or less in
minimal or not evident; more than one-half of average stubble height.
almost all plants allowed the potential plant
to grow naturally. stubble height

remaining.

SCRE_ ( __ L_.

SCORE _ (LB) Left Bank 10 9 8 7 6 a 4 3 2 1 0

SCORE _ (RB) Right Bankl [0 8 7 6 5 4 3 2 1 0

10. Riparian Width of riparian zone Width of riparian zone Width of riparian zone 6- Width of riparian zone

Vegetative Zone >18 meters; human 12- 18 meters; human 12 meters; human <6 meters: little or no

Width (score each activities (i.e., parking activities have activities have impacted riparian vegetation due

bank riparian zone) lots, roadbeds, clear-cuts, impacted zone a great deal. to human activities.
lawns, or crops) have not zone only minimally.
impacted zone.

SCORE _ (LB) Left Bank 10 9 8 7 I 5 4 3 2 1 0

SCORE _ (RB) Right Bank 10 9 7 6 5 4 3 2 1 0

Total Score 158 Optimal Habitat
Average Score = 5.8
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Bio-assessment Protocol for use in African Mining Consultants

Streams and W deable Rivers

PHYSICAL C: HARACTERIZATION/WATER QUALITY FIELD DATA

SHEET

STREAM NAME - Ilikulushi Stream LOCATION - Down stream of plant area

STATION # DI K/SW/02 STREAM CLASS I

FORM COMPLETEI) BY Nyundo Armitage TIME 10:00hrs

DATE 26/07/02

UTM E 640066 REASON FOR SURVEY

UTM N 9017943 EIA for ANVIL MINING CONGO SARL

Now Past 24 hours

WEATHER
CONDITIONS rain (steady rain) stead ra

|soes(intermittent)| showers (Intermiittent)

clear/suny clear/sunny

50 0/.cloud cover 90 % Cloud cover

His there been heavy rain iB the last 7 days

fie No
Air Temperature 27C
Other

SITE PHOTOGR PH

. , 4~~~~~~~~~~~~~4

,' , ' -- -o .

-~~~ f-f

I ~~~~~~~~~~~r.

* ~ ~ ~ ~ ~ ~ ~ FI a~~~~~~~~~~~~. r. - = 

I~~~~~~~~~~~~~f ,,
I~~~~~~~~~~~~~~~~~~~~~~~-c .. 

.,A,^ , I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, _ ____ 
___

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_
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Bio-assessment Protocol for use in African Mining Consultants
Streams and W adeable Rivers

Stream Subsystem Stream Type

STREAM Coldwater armwate

CHARACTERIZATION Perennial ntermitten Tidal
Catchment Area ktn 2

Stream Origin
Glacial Sp fed
Non-glacial montane Mixture of origins
Swamp and bog Other_

Predominant Surrounding Landuse Local Watershed NPS Pollution

WATERSHED pvorest | Commercial o evidenc Some potential sources
FEATURES Field/Pasture Industrial Obvious sources

Agricultural Other
Residential Local Watershed Erosion

3 Moderate Heavy

RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION
(18 meter buffer) Tree Shrubs Grasses Herbaceous

Dominant species present Riparian

INSTREAM Estimated Reach Length _4000 m Canopy Cover
FEATURES

Estimated Stream Width 1 m Partly open Partly shaded bhaded|

Sampling Reach Area _4500 m 2 High Water Mark 0.6 m

Area in km 4..5 km 2 Proportion of Reach Represented by Stream

Estimated Stream Depth 0.2 m Morphology Types
Riffle0% Run 10 %

Flow rate I1I/sec Pool 90 %

Channelized Yes N Dam Present Yes N

LARGE WOODY LWD I m2

DEBRIS LWD Density of LWD 0.22 m 2 /kn 2 (LWD/ reach area)

AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION ooted emer en Rooted submergent Rooted floating ree floatin

Floating Algae Attached Algae
Dominant species present_

Portion of the reach with aquatic veeetation 20 %

WATER QUALITY Temperature 20.6 oC Water Odors
Specific Conductance 0.27 ,us/cm_ Formal/Non Sewage
Dissolved Oxygen 4.5 Petroleum Chemical
pH 6.9 Fishy Other
Turbidity 10L

Turbidity 10 Water Surface Oils
WQ Instrument Used Horiba U 10 WOC Slick Sheen Globs Flecks

o3 Other
Turbidity (if not measured)
Clear Slightly turbid Turbid
Opaque Stained Other_

SEDIMENT/ Odors Deposits
SUBSTRATE Slight Moderate Profuse Sewage Petroleum

Chemical 3 Sludge Sawdust Paper fiber
Sand

Other Relict shells Other Organic
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Bio-assessmenM Protocol for use in African Mining Consultants
Streams and Wadeable Rivers

INORGANIC SUBS] RATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS

(should add up to 100 %) (does not necessarily add up to 100%)

Substrate Diameter % Composition in Substrate Type Characteristic % Composition

Type Sampling Reach in Sampling
Area

Bedrock Detritus sticks, wood, 80%
coarse plant

Boulder 256mm materials

Cobble 64 - 256mm Muck-Mud black very fine 20%I _______ ~~~~~~~~~~~~~~~~~~~~~~~organic
Gravel 2 - 64mm

Marl grey, shell

Sand 0.06 - 2 60% fragments

mm(gritty)

Slit 0.004 - 0.06mm 7()O/,

Clay 0.004 mm (slick) 20%

Mineral 30%
Organic 70%

I _ _ _ _ _

SAMPLERS TNOTES

Weather - warm, cloudy, heavy rain during the night.
Water - Murky cloudy grey, very low flow rate, much of the
water is pooling.
Sediment - black/grey, mineral sediment, high in organic
debris.
Vegetation - extremely dense cover over sampling point,
Fauna - Many small aquatic insects were observed.

28/11/02 - Nyundo Armitage
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Bio-assessmen Protocol for use in African Mining Consultants
Streams and adeable Rivers

HABITAT AS ESSMENT FIELD DATA SHEET-LOW GRADIENT STREAMS)

Habitat _ Condition Category

Parameter
Optimal Sub-optimal Marginal Poor

1. Epifaunal Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10%
Substrate/ substrate favorable for habitat; well-suited for habitat; habitat stable
Available Cover epifaunal colonization and full colonization availability less than habitat; lack of

fish cover; mix of snags, potential; adequate desirable; substrate habitat is
submerged logs, undercut habitat for frequently disturbed or obvious; substrate
banks, cobble or other stable maintenance of removed unstable or lacking.
habitat and at stage to allow populations; presence
full colonization potential of additional substrate
(i.e., logs/snags that are not in the form of newfall,
new fall and not transient). but not yet prepared

for colonization

SCORE 20 H 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

2. Pool Substrate Mixture of substrate Mixture of soft sand, All mud or clay or sand Hard-pan clay or
Characterization materials, with gravel and mud, or clay; mud bottom; little or no root bedrock; no root

firm sand prevalent; root may be dominant; mat; no submerged mat or vegetation.
mats and submerged some root mats and vegetation.
vegetation common. submerged vegetation

present.

SCORE 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0I~~~~~
3. Pool Variabilih Even mix of large- Majority of pools Shallow pools much more Majority of pools

shallow, large-deep; prevalent than deep small-shallow
large-deep, very few shallow. pools. or pools absent.
small-shallow, small-
deep
pools present.

SCORE 20 19 18 17 16 15 14 13 12 11 9 8 7 6 5 4 3 2 1 0

4. Sediment Little or no enlargement Some new increase in Moderate deposition of Heavy deposits of
Deposition of islands or point bars bar new gravel, sand or fine fine

and less than <20% of the formation, mostly sediment on old and new material, increased
bottom affected by from bars; 50-80% of the bar
sediment deposition. gravel, sand or fine bottom affected; sediment development; more

sediment; 20-50% of deposits at obstructions, than
the constrictions, and bends; 80% of the bottom
bottom affected; slight moderate deposition of changing
deposition in pools. pools prevalent. frequently; pools

almost absent due to
substantial sediment
deposition.

SCORE _ 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

5. Channel Flow Water reaches base of Water fills >75% of Water fills 25-75% of the Very little water in
Status both lower banks, and the available channel, and/or channel and mostly

minimal amount of available channel; or riffle substrates are present as standing
channel substrate is <25% of channel mostly pools.
exposed. substrate exposed.

is exposed.

SCORE 20 19 18 l 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

6. Channel Channelization or Some channelization Channelization may be Banks shored with
Alteration dredging absent or present, usually in extensive; embankments gabion

minimal; stream with areas of or shoring structures or cement; over
normal pattem. bridge abutments; present on both banks; 80% of

evidence of past and the stream reach
channelization, i.e., 40 to 80% of stream channelized and
dredging, (greater than reach disrupted.
past 20 yr) may be channelized and Instream habitat
present, but recent disrupted. greatly
channelization is not altered or removed
present. entirely

Score E 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0



Bio-assessmen Protocol for use in African Mining Consultants
Streams and Wadeable Rivers

7. Channel The bends in the stream The bends in the The bends in the stream Channel straight;

Sinuosity increase the stream length stream increase the stream length waterway has been
3 to 4 times longer than if increase the stream I to 2 times longer than if channelized for a long
it was in a straight line. length it was in a straight line. distance.
(Note - channel braiding I to 2 times longer
is than if
considered normal in it was in a straight line.
coastal plains and other
low-lying areas. This
parameter is not easily
rated in these areas.)

SCORE X 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

8. Bank Stability Banks stable; evidence of Moderately stable; Moderately unstable; 30- Unstable; many eroded

(score each bank) erosion or bank failure infrequent, small areas 60% of bank in reach has areas; "raw" areas
absent or minimal; little of areas of erosion; high frequent along straight
potential for future erosion mostly healed erosion potential during sections and bends;
problems. <5% of bank over. 5-30% of bank in floods. obvious bank
affected. reach has areas of sloughing;

erosion 60-100% of bank has
erosional scars.

SCORE (LB) Left Bank 9 8 7 6 5 4 3 2 1 0

SCORE (RB) Right Bank [9 8 7 6 5 4 3 2 1 0

9. Vegetative More than 90% of the 70-90% of the 50-70% of the Less than 50% of the
Protection (score streambank surfaces and streambank streambank streambank surfaces

each bank) immediate riparian zone surfaces covered by surfaces covered by covered by vegetation;

Note: determine left covered by native native vegetation; disruption disruption of

or right side by vegetation, including vegetation, but one obvious; patches of bare streambank
facing downstream. trees, understory shrubs, class soil or closely cropped vegetation is very

or nonwoody of plants is not well- vegetation common; less high;
macrophytes; vegetative represented; than one-half of the vegetation has been

disruption through disruption potential plant stubble removed to
grazing evident but not height remaining. 5 centimeters or less in
or mowing minimal or affecting average stubble height.

not full plant growth
evident; almost all plants potential
allowed to grow to any great extent;
naturally. more

than one-half of the
potential plant stubble
height remaining.

SCORE (LB) Left Bank 9 8 7 6 5 4 3 2 1 0

SCORE _(RB) RightBank 9 8 7 6 5 4 3 2 1 0

10. Riparian Width of riparian zone Width of riparian zone Width of riparian zone 6- Width of riparian zone
Vegetative Zone >18 meters; human 12- 12 meters; human <6

Width (score each activities (i.e., parking 18 meters; human activities have impacted meters: little or no

bank riparian zone) lots, roadbeds, clear-cuts, activities have zone a great deal. riparian vegetation due

lawns, or crops) have not impacted to
impacted zone. zone only minimally. human activities.

SCORE (LB) Left Bank [3 9 8 7 6 5 4 3 2 1 0

SCORE (RB) Right Bank lo 9 8 7 6 5 4 3 2 1 0

Total Score 186 Optimal Habitat
Average Score = 8.6

LI



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I
I
I
I



Dikulushi Cop per-Silver Project Environmental Impact Assessment
Anvil Mining Congo SARL

APPENDIX I I - ENVIRONMENTAL BASELINE STUY. SOCIO-ECONOMIC

DATA (PROFESSOR KALABA's REPORT 2001)

AJiican Mining C rmsultants Ltd Llliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii April 2003



Dikulushi Co per-Silver Project Environmental Impact Assessment
Anvil Mining ongo SARL

Socio- Economic Data

Available Skills in Pweto Territory

Nature of activities Number

Builde s 123

Radio tepairmen 70

Joiner ; 60

Tailors 82

Welde s 42

Boatm en 60

Blacks miths 58

Matw wavers 130

Video 3

Shoe epairer 50

Photo raphers 70

Pit sai yers 58

Total 806

Source: Annual Report 1988

African Mining C onsultants Ltd Llll April 2003



Dikulushi CoF per-Silver Project Environmental Impact Assessment
Anvil Mining Congo SARL

KEY INFORMANTS

1. Mr. Bil Turner

2. Mr. Jar es Morris

3. Bishop J. P. Tafunga Catholic Bishop, Kilwa-Kasenga Diocese

4. Bishop Delphin Mbayo Vice Administrator, Kilwa-Kasenga Diocese

5. Mr. Ka anda Ngoie Head of Kilwa Post

6. Mr. Pw eto, Coordinator of Catholic Schools

7. Metho ist Pastor

8. Garen anze Church Elders

9. Mr. Ki enji, Head of Kabangu Post (Kasongo-Mwana Grouping)

10. Chief c f Kabangu Village

11. Mr. Lu ele, Chief of Dikulushi Village

12. Chief c f Ngwena Village

13. Chief c f Mubanga Village

14. Chief Iatendezi

15. Chief c f Lumekete

16. Chief c f Kashinda

17. Chairp rson and members of Groupe des Volontaires de Kilwa

18. Mr. Ke potwe Limpanti, Former Advisor of Pweto Territory

19. Abbot Kalenga

20. Christ phe Mwale

21. Cleopl as

22. Desire (Prosecutor)

23. Mr. Li bembo, Assistant, Lubumbashi University (Native of Kilwa)

African Mining Consultants Ltd LIV April 2003



Dikulushi CoF per-Silver Project Environmental Impact Assessment
Anvil Mining ongo SARL

TERMS OF REFERENCE FOR SOCIAL IMPACT ASSESSMENT OF DIKULUSHI
PROJECT

I. Community iwareness of the project

1. Who is thec mmunity?

2. Local comm nity

a) Which .re the main villages/towns?
b) What ar e the predominant cultural and religious practices?
c) What al the dominant community structures?
d) What is the structure of the Local Authority?
e) What is its political profile?
f) What is the leadership profile i.e. who are the prominent individuals in this structure?
g) Who de they represent?
h) What ir fluence to they wield with regard to:

i. The community
ii. Local authority

iii. Regional authority
iv. National structures
v. Which are the prominent civil society groups

3. Which are pc tentially affected nearby communities in terms of?

a) Sources of labour
b) Supplying goods and services
c) Government services and administrative centres

4. What is then ature and extent of local awareness of the project?

a) Local understanding of what the project is about
b) Percept ons of the project - positive or negative

5. What are the community fears and concerns of the project?

6. What are the community objections to the project?

7. What are the community expectations of the project?

II. OVERVIEW OF LOCAL ECONOMY

Describe the lo al economy in terms of:

8. Primary indu stries i.e. fishing, agriculture, mining, manufacturing, tourism;

9. Secondary in dustries i.e. consumers of raw material from primary industries and suppliers of
goods and ervices directly to these industries

10. Tertiary ind ustries including commercial and financial suppliers to the dependent
community as well as government at local, regional and national levels

African Mining nsultants Ltd LV April 2003



Dikulushi Co° per-Silver Project Environmental Impact Assessment
Anvil Mining Congo SARL

11. Major impoi ts in the area

12. Exports fron the area

III. EXISTING INFRASTRUCTURE

Describe the in astructure in the immediate vicinity of the mining project. This should include
the nature and c ndition of:

13. Transport

a) Main tnmk roads in the area
b) Local r tads
c) Taxi an 1 bus services
d) Cargo s rvices and;
e) Airfields

14. Communica ions

a) Teleph ne
b) Radio and;
c) postal

15. Physical

a) Power
b) Sewera ge and;
c) Water

16. Commercia

a) Shops
b) Offices
c) Inform 1; business enterprises
d) Market
e) Restau ants and catering facilities; and
f) Accom nodation and tourist facilities

17. Industrial

a) Worksl ops
b) Factori s
c) Small i dustrial enterprises

18. Administra ive

a) Civic a id local authority management
b) Central and regional authority offices; and
c) Non-gc vernmental organizations assisting civil society to meet challenges of

goverr nent institutions

19. Security

African Mining C snsultants Ltd LVI April 2003



Dikulushi Cop per-Silver Project Environmental Impact Assessment
Anvil Mining C ongo SARL

a) National police service infrastructure in the area
b) Local m litary presence
c) Local or metropolitan police services
d) Local pr ivately run security and para-military services and;
e) Local vi gilante groups

20. Medical se *ces

a) Governr nent hospitals and clinics
b) Private clinics
c) Private i nedical, dental and paramedical services
d) Ambula ce services and;
e) Medical evacuation services

21. Education fa cilities

a) Schools creches and childcare facilities at various levels
b) Second, ry education and training facilities
c) Tertiary education and training and;
d) Any tec ical and vocational training facilities in the immediate area of the mine

22. Sport and re reation

a) Local sports politics and structure

IV. SUBSISTENCE

d) The traditional structure of immediate family units
e) Local diet
f) Family consumption of traditional subsistence foodstuffs
g) The carrying capacity of local land to produce these foodstuffs
h) The size of plot of land to support a typical family unit

African Mining C snsultants Ltd LVII April 2003
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IKULUSHI COPPER-SILVER PROJECT 
ENVIRONMENTAL IMPACT ASSESSMENT

.NVIL MINING CONGO SARL

ENVIRONMENTAL AND SOCIAL IMPACT MATRIX

I ~~~~~~~~~~~~Likelihood Nature Tmoa egoii
pact source Phase Impact Description of Impact Of Natpural Extort |ph igc Dr

,, I I I~~~~~~~~~~~~~~~~~~~ccnn ImpaI,c.t

_n Plt I U_____ 
_ __ _ ____ _ _

Phase 1 Removal of all indigenous forestry in the vicinity H d
of the pit as well as destruction of wildlife habitats
Continued removal of indigenous forestry in the Instant

Phase 2 vicinity of the pit as well as destruction of wildlife
habitats

Underground Revegetation of old pit walls may begin, impacts
ra and Fauna Underonto flora and fauna will be reduced as pit Negative Local Moderate Permanent

expansion stops. High
Indigenous flora and fauna will begin to Cu Ilt

recolonise the area but will be restricted by the umulative

Decommissioning perimeter of the open pit as the pit floods with
water. The inundated open pit could become a

potential habitat for aquatic flora and fauna.

Increased sediment loads in the Dikulushi River
Phase 1 from disturbed soils, blasting and excavation are

Phase I likely as well as contamination from fuel and

lubricant spills from vehicles developing the pit.

Water from pit dewatering is likely to alter the
composition of the Dikulushi River water. River

Phase 2 diversion will remove the natural habitat for
urface water ase aquatic flora and fauna. Pit development will High Negative Instant Local Moderate Long Term

affect surface water quality as described for
Phase 1.

Underground Continued addition of water from mine
Phase 3 dewatering systems in to the stream.

Breaching of diversion channel will allow water to
Decommislonn flow into the open pit area temporarily disrupting

Decommissioning the amount of water available to the downstream
environment.

can Mining Consultants Ltd LIX April 2003



IKULUSHI COPPER-SILVER PROJECT 
ENVIRONMENTAL IMPACT ASSESSMENT

NVIL MINING CONGO SARL

Likelihood Nature Temporal Geographl igc fcne Drto

)ac Source Phase impact Description of Impact Of maue Etn
occurring Impact Nature E:tnt Signmcance Durtion

Mine dewatering will reduce the height of the
Phase 1 water table causing a decrease in the amount of

grouuidwatet available and incresaing the Medium

oxidation potential of sulphide minerals, possibly Term

Phase 2 causing increased acid production and metal
dissolution.

Underground Diesel and oil spills could contaminate ground

roundwater Phase 3 water. High Negative Cumulative Local Low

The water table will rebound to its original level
infilling the open pit and underground workings.
Groundwater quality may be affected by diesel Long Term

Decommissioning spills from previous undergoing workings, as well
as surrounding geology resulting in acid

generation and metal leaching, possibly affecting
future users and habitats.

Contamination of soils around the pit due to
Phase I blasting and excavation and removal of soils

from the pit area. High

Soil Phase 2 Continued impact on and removal of soil Negative Instant Local Low Medium

Soil Phase 2 ~~~~~~~~material. Neaie Isat LclLwTerm

Underground
Phase 3 Minimal impact during this phase

I Decommissioning 
I I_I_I

Landscape of the site area is altered by the open
Phase I pit although the impact is currently reduced due Has occurred

to the distance to settlements.

ndscape and Phase 2 Visual impact will increase as development of the

ual Character open pit continues. Negative Instant Local Low Permanent

Underground Infrastructure such as mine shafts etc will impact High
Phase 3 the visual character of the landscape.

Decommissioning Large scar will remain in the landscape which will
I________ Ieventually be revegetated and form a small lake. ._._ ._ .
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)act Source Pha" Impact Description of_Im c Natur Tmporl Geg Significance Duration
occurring impact

Phase I Noise and vibrations will arise from drilling,

Phase 2 blasting, excavatlon and haulage

lolse and Noise and Vibration will mostly be restricted to High Medium

Vibration Underground underground areas reducing noise to Negative Cumulative Local Low Term
Phase 3 surrounding areas but intensifying the impact to

mine workers. _____

Decommissioning No Impact will occur

Dust is generated by drilling, blasting and vehicle
Phase 1 movement. Especially during the dry season.

Vehicles also generate emissions.

Dust is generated by blasting and vehicle
Phase 2 movement. Especially during the dry season

Air Vehicles also generate emissions. High Negative Cumulative Local Moderate Medium

Dust is generated by blasting and vehicle Term

movement. Vehicles also generate emissions.
Underground The majority of air and dust pollution will be

confined to underground areas increasing the
effect of dust on occupational health

Decommissioning minimal impact

Phase 1 Archaeological heritage could be potentially
Phase 2 destroyed or disturbed Negative Instant National Permanent

Underground Archaeological heritage or paleontological
Phase 3 remains could be destroyed or disturbed.

Itural Heritage The Mine may be regarded as parl of local Low Moderate

neritage and history, the cultural value attached
Decommissioning to the mine is difficult to predict, but any value P Cumulative Local Long Term

will be eroded by mine inundation or removed by
decommissioning ' .
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padSourc PhIn Impact DwcriptIon mact of Temporal eogrphic Significance Duraton
occurring Impact

lushi Stream Diversion
Construction 750m of the river will be diverted via a drainage

_ _pography Operation ditch altering local topography. High |Negative Instant Local Low Permanent _

DecommissioningI

Construction Surface water flow will be disrupted while Instant
construction of the diversion channel takes place.

Flow regime will be altered due to the straight High

irface Water Operation nature of the diversion channel compared to the Negative Cumulative Local Low Medium
meandering nature of the current river channel. Term

When the project finishes and the diversion is
Decommissioning breached to allow the pit to flood, flow rates will Moderate Instant

be significantly disrupted for a period of time.

Riverine and Aquatic Flora and Fauna habitats
Construction will be destroyed in and close to the old river High Negative Instant Permanent

channel

qundi Fauna Oeain Aquatic flora and fauna may have the chance to LocalrLow Short

3nd Fauna Operation develop in the new diversion channel. Local Low Shorm
Once the diversion channel is breached, Cumulative

Decommissioning downstream aquatic flora and fauna may be Hg NeaieLong Term
affected by low flow rate due to flooding of the High Negative

abandoned pit.

irchaeology | Construction Risk of Archaeological sites in the area being Low Negative I Instant Local Low Permanent
.rchaeologyndisrupted or destroyed during construction LXI prmanent
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)act ourc PhnsImpat Desripton OfMvZ a of~c Nature Extent

;es Plant
Some dust generation wiil occur during the

Construction construction phase as well as some vehicle Has occurred
exhaust emission.

Dust is generated by crushers, with major impact
occurring during dry months. Effect of dust

(respirable and copper) is likely to affect health of
Phase 1 HMS workers High Medium

kir Quality Diesel emissions from the diesel generators Negative Cumulative Local Moderate Term

(including SOx NOx VOC's and combustion
leads) impacting air quality.

Phase 11n tai As during Phase 1

Some dust may be generated when assets are
Decommissioning removed, exposed areas will be susceptible to Moderate

dust until revegetation.

Surface water runoff regime will be altered by the
Construction removal of vegetation and the compaction of Has occurred Instant

ground

Phasepi Heavy Surface water could become contaminated by
Media Separation processed material and machinery. Impermeable

irface Water Phase 11 layers are also likely to increase surface water Negative Local Moderate Long Term

Concentrator Mill runoff. Moderate Cumulative

and Flotation
Residual, contaminated soil around stockpile

Decommissioning areas and dilapidated assets could affect surface
water quality for a period of time.
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Likelihood Nature Temporal Gographio

)act Scumc Ph*" Impcet Description of Impact Of Nonl _ _ Sinificane Duration
occurring Impact Ntue Eet

Terrestrial flora and the habitats available for
Construction terrestriai faura will be destioyed or disrupted Has ocGurred Instant

during construction
Phase 1 Heavy

nd Ftauna Phase pi Surrounding flora and fauna will be affected by Negative Local Low Long Term
ind Fauna Phase 11 ~~dust generated by crusher plant. Hg

Concentrator Mill Cumulative

and Flotation

Decommissioning Revegetation of the process plant area is likely to
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _o c c u r. _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Some noise and vibration will arise from
Construction construction equipment and vehicles in the first Has occurred

stages of construction

Noise and Phase Heavy Crusher and plant machinery constitutes the Cumulative Medium

Vbration Media Separation largest producer of background noise. If worker Negative Local Low term

Phase II exposure to noise exceed 85 decibels over 8 High
Concentrator Mill hours, this can cause impaired hearing.

and Flotation
Decommissioning Noise will reduce to baseline levels. Instant

Construction

rPhase Heavy Infrastructure in the local area will be significantly

and Media Separation enhanced. Encouraging the development of Has occurred Cumulative Local High Long Term

,imunications Phase II other mineral deposits or other industries.Cu laie LclHgLogTr

Concentrator Mill
and Flotation . . :._._.

Decommissioning Infrastructure will be removed or left to dilapidate High Negative Low
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pact Source Ph&** Impact DOscriptIon of Impact Of T unre GEotentShic G gniane Duration

occurring Impact Naue Ett

Major accidental releases of process or plant Low
chemicals. Low_High

Imnpacts Operation Risk of general worker accident at the Plant Moderate Negative Instant Local Shrom

Accidental spillage of diesel from fuel farm could Low Very High

enter ground- or surface water.
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LIkellhood Nature 1eprlG gpl
act Souce Phas Iimpact Description of Impact Of Te oure Geoaphic |xtnt Signif nce Duration

omurrng impact Naue Etn

kpile_
Construction Removal of vegetation to make way for the Has occurred

stockpiles
Impact to Flora from contaminated surface runoff Instant

a and Fauna Operation and groundwater. Degree of impact depends on High Negative Local Moderate Long Term
composition of stockpile material, duration and Hg eaieLcl Mdrt ogTr

nature of stockpiles.

Decommissloning All stockpiles will be removed, any contamination Moderate Cumulative
DecommIssionIng of soil may affect revegatation. oa Cumulative

Construction Stockpiles are potentially sources of Acid Rock Instant

rface water Operation Drainage, which could affect surface water Moderate Negative Cumulative Local Low Long Term
_________________ ~~quality. C m ltv

Decommissioningt Minor impacts if stock piles are removed.

Construction Percolation of water through stockpiles could

roundwater Operatlon result in contaminated ground water. Moderate Negative Cumulative Local Low Long Term

Decommissioning Minor impacts if stock piles are removed.

Construction Soils are locally affected by earthmovers and Has occurred
other machinery. Any ARD can affect soil quality.

Soil underlying stockpile could become

Soil Operation contaminated by leaching of elements into soil. High Negative Cumulative Local Low Long Term

Surrounding soil could be impacted by dust
deposition arising from the stockpiles l_l_l

Decommissioning Soil underlying stockpiles may remain Mdrt
Decommissioning contaminated for a long period of time. Moderate l_ll
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t8p w6 _" _ WOO- a UJk-lhood Ntre Temporal Geographic Signifcne Duradon

occurring impact . Dbrtio

Construction Local visual character will be affected, but the
extent of the impact will not affect the majority of Instant

Operation local people

idscape and Visual impact will be significantly less after the Moderate Negative Local Low Long Term

ial Character removal of the stockpile, however a large

Decommissioning unvegetated area will be left over which may take Cumulative

some time to revegetate due to potential soil

I_________ _ Icontamination I I I_I

Consction Dust could arise from the movement of material
Construction onto and off the stockpile as well as due to wind Moderate

action. The nature of the stockpile means that a
Air Operation large quantity of dust is not expected Negative Cumulative Local Low Long Term

Dust impact is likely to decrease significantly at
Decommissioning decommissioning
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ILikelihood Nature mp l og he
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ngs Din 
.

Removal of soil and vegetation as well as a
Construction change to the surface water runoff regime Has occurred Instant

caused by the construction of the Tailings Dam.
Tailings dam wall material may wash into the
Dikulushi River. Runoff entering the Dikulushi
River from the tailings dam wall could contain

dissolved elements (copper) and silt .Seepage
Operation of tailings material through the dam wall could

contaminate surface water.
rface Water In the event of tailings discharge into the Negative Local Moderate Long Term

Dikulushi River from the dam or spillway canal, High Cumulative
there could be negative impacts to the water

quality in the Dikulushi River.
Release of tailings into the Dikulushi River during

storm events and seepage of contaminated
Decommissioning water into the river could occur and affect water

quality over a long period of time. Acid
generating tailings material would more severely

effect surface water quality.
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Likelihood Nawt urerlO grpi
aot Source Phas |mpet Dacrlptlon of Impact of Tmatpuol GEteogthic SDuron

_________________________________ occurring Impact Ntr xet Infone Drto

Some impact would have occurred in the
Construction construction phase, from the increase in

groundwater infiltration due to the reduction in
vegetation. Has occurred

Seepage of tailings with relatively high
concentrations of copper and other elements

ound Water Operation could contaminate groundwater. If the tailings
Quality material is acid producing the contamination will Negative Cumulative Local Moderate Long Term

be more severe.
Contaminated water from the tailings dam will Moderate
continue to seep into groundwater for a long

Decommissioning period of time, this impact may have a long
resilience depending on the nature of the

groundwater conditions and the nature of tailings
I___ ___ ___ ____ ___ ___ _ _ m aterial. I

Construction Removal and disturbance of soil by vehicles and Has occurred Instant
_________________ heavy machinery.

Wind erosion of tailings could occur during the
Operation dry season and is likely to affect soils around the Moderate

Soil tailings dam. Negative Local Low Long Term
Cumulative

Wind erosion of tailings is likely to continue
Decommissioning although this impact will gradually decline over a High

period of time when revegetation occurs.
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waot Source Phaee impact Deecription LiUklihood Nature Temporal Geographic Slgnificsnce Duration
_ot Source Phas. .mpad . .s...p ecof Impact Of Nature Extent

occurfing impact______ _____

Construction Removal of all vegetation within the 1.8 hectare Has occurred
area and on access roads.Intt Instant

Extension of tailings deposition area in phase 11
Operation due to addition of 12.8ha tailings dam.

fegetation Vegetation may not immediately recolonise Negative Local Low Long Term

tailings dam area due to possible plant toxicity of High

Decommissioning tailings. Re-vegetation is likely to be grass, Cumulative
bushes and small trees, eventual return to

baseline conditions will take a long period of
time.

Construction Increase in localised air pollution from vehicle Has occurred Instant
emissions as well as increased dust generation.

Dust generation from wind blown tailings
particularly during dry or windy months is likely to

Air Operation spread tailings away from the tailings dam and Moderate Negative Cumulative Local Low Long Term
could be deposited on nearby land affecting the Mdrt eaieCmltv oa o ogTr

nearby mine village or the soil within the vicinity
of the Tailings Dam.

Decommissioning Wind blown tailings are likely to continue to affect High Cumulative
local air quality, until revegetation has occurred., ig

Destruction or unknowing removal of l
Construction Archaeological artefacts. Low Negative

Lrchaeology Opeation Further destruction or removal of archaeological Negative Instant Local Low Permanent

Operationnartefacts in phase C l Ltd LXX Apnl 2003

____________Decommissioning 
no likely impact 
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pact Source Phase Impact Description Ukelihood Nature Temporal Gographic
occurring Impact

Localised visual impact will be relatively severe
Construction but, the area is screened by vegetation and is far Has occurred

away from nearby villages.

The tailings dam is a large open area cleared of

.andscape Operation forest with a large amount of soil exposure. The Negative Instant Local Low Long Term
maximum area the two tailings dams will occupy

is 15 ha High
Visual impact of the tailings dam is likely to

Decommissioning decrease as time goes by and revegetation
occurs

Tailings dam failure - Will result in excessive
loads of contaminated sediments in Medium

watercourses, with impact on aquatic habitats, Low Very High Term

deterioration of water quality and stream
sediments.

Accidental Operation and In case of tailings overflow, overflowing water Negative Instant Local

Releases Decommissioning could carry relatively high concentrations of Moderate

certain elements such as copper. Moderate Short term

Tailings pipe breaches will cause localized
pollution and eventual run off into the Dikulushi Low

River
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Phase impact Description ~Likelihood Nature Temporal Geographic BgMec uao

act Source Ph ImpmpaDc oriptfon | Impct Of Nture Extent

________I_____________ _______________________________ occurring Impact Nauextt Sinfcce urio

to Rock Dump
Contamination Trom tuel and lubricants can have

Construction occurred as well as increased sediment load due High Instant
to disturbed soils exposed to surface runoff.

Acid generation from sulphide minerals in rock
material and dissolution of metals if dumped

material is acid generating. Metals and acid may

rface Water Operation enter watercourses. Contaminated runoff from Negative Local Moderate Long Term
the dumps could overflow storm water drains,

and the sedimentation pond may not adequately Moderate Cumulative
reduce siltation.

Contaminated surface water arising from storm

Decommissioning events and from dump runoff will continue to
enter the Environment for a long period of time

via the sedimentation pond.

Construction Soil will be disrupted by earthmoving equipment. Has occurred Instant

Operation Soils under and around the dump will be affected
Soll by leaching of dump material. High Negative Cumulative Local Low Long Term

Decommissioning Contamination of soil below and around the
waste dump is likely to continue.

Construction Removal of all vegetation in the waste dump
area Has occurred Instant

Operation If the need arises to extend the waste dump, High
Vegetation more vegetation would have to be cleared. Negative Local Moderate Long Term

Indigenous species of trees may not be able to

Decommissioning recolonize the dump area due to the nature of Moderate Cumulative
the waste, lack of soil and possible plant toxicity

of waste rock material.
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Phaee Impact Description Likelihood Nature Temporal Geographic

Act Source Phf Impact Dscripact of Nature n | Tmn l our&clI
occurring Impact *n infcne Drto

Construction Increase in localized air pollution from vehicles
Construction emission as well as increase in dust generation. High nsan

Air Operation Some impact from airborne dust, especially Negative Local Low Mediu
Air Operation ~~~~~during dumping of material. NegaiveaocalLowterm

Decommissioning Some impact from wind blown dust during Low
periods of high winds. Lo

Construction Destruction or unknowing removal of
Condructlon______ Archaeological artefacts.

tural heritage O Further destruction or removal of archaeological Low Negative Instant National Low Permanent
Operation artefacts as the waste dumps are expanded.

Decommissioning no likely impact

Construction Localized visual impact will be relatively severe
but, the area is screened by vegetation and is far High Instant

Visual Operation away from the nearest villages. Negative Local Low Long Term

Decommissioning Impact of the dump decreases with time as Moderate Cumulative
____________ Mining_Consultantsrevegetation occurs.
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Likelihood Nature Temporal Geographic

pactSouro Ph" Impact Description ofImpact of MaturEcuring impaet NtUnt Significance Duration

pact Source Phase j ~~~~~~~~~ofcurpant Imfc
ite Rock DumP .

Construction Insignificant impact
Percolation of precipitation through the dump

could cause an increase in acid and metal loads,
Operation impacting negatively on the ground water quality.

roundwater The impact would depend on the composition of Negative Low Long term
waste material. Moderate Cumulative Local

Depending on the nature and composition of
WRD material, continued percolation of rain

DecommissionIng water through the WRD could affect groundwater
quality __
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Lkelhood . Nature 

prot Source Phas impact Decriptlon of Impact Of Tmpore Exnt SlGneogiphic Duration

i Workshops, Iucl and oil storaue
Construction Some disruption to surface water runoff regime

Possible contamination of surface water from

irface Water Operation accidental releases from fuel, lubricant and Moderate Negative Cumulative Local Low Medium

rFace_____Water___ chemical storage facilities. 
Term

Decommissioning Any remaining diesel or oil spill is likely to affect
water resources.

Construction No impact

Operation Possible contamination of ground water from fuel Medium

roundwater or chemical spills. Low Negative Cumulative Local Low Term

Decommissioning Some residual spill is likely to enter the
Decommissioning groundwater. Lo __ _ __ _ Term

Contruto Some waste will be generated by construction
Construction workers and machinery Medium

Waste O rln Waste oil, scrap metal, etc will be produced Negative Cumulative Local Low Term

Operation MiigCnslatduring operation LXXV

____ ____ ___ Decommissioning -No waste will be generated _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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$Act Source Phase Impact Description of Impact of N Ex _g-ftjiii- Du_raton
occurring Impact Nature xtent

structure and Communications
Construction No impact

Release of waste water and sewerage into the
groundwater regime from the septic tanks.

oundwater Operation Depending on groundwater flow, future or Low Negative Cumulative Local Low Long Term

present boreholes could be affected by seepage
of sewerage

Decommissioning No or minor impacts.

Construction No impacts-
Infrastructure (housing, recreational facilities etc)

frastructure Operation and communications through vhf and satellite High

and phone will benefit all employees, and possibly Instant Local Very High Long Term

nmunlcations local population.
nm ons Decommissioningi Infrastructure (housing) could be retained by

Decommissioning ~~workers.

| Construction | Some waste (oils, fuel) can be expected from
Constructin Imachinery during construction of infrastructure

Waste Operation Waste will be generated from the people living on High Negative Cumulative Local Low Long Term

I I ~~~~~~~~site and from offices.iiiIiI
| Decommissioning | Some infrastructure may be left as waste. | l_ l_l_l_
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pact Source Phs Impact Deacription oL Impact Ntre Temporl Exgenit Significance Duration
occunrnng Impact Ntue Een

ie and Port faclilt_
Lake water i ikely to have been signifi

disturbed by construction of ramps in Kilwa and
Construction Nchelenge, Pollution of water could have arisen Has occurred

from diesel and oil spill,
Pollution of water could arise from spillage from L

irface water diesel and oil from trucks on the barge or during Negative Low Term

Operation barge refuelling. Sediment is disturbed by barge High
propellers, especially during periods when the H

water level is low. Pollution is likely to disperse
and be significantly diluted.

Decommissioning No impact will occur when operations finish

Local air quality could have deteriorated with
Construction increased amounts of dust and vehicle exhaust

fumes
Ar bDiesel fumes(S02 etc) from the barges, trucks High N Cumulative Local Medium

Air and service vehicles slightly affect air quality, But Negative Low Term

Operation will be dispersed and diluted within a short period

of time.
Decommissioning No impact will occur when operations finish

Construction Excavator noise and vibration would have Has occurred
affected the local population in Kilwa

Noise is likely to be of short term duration, from
Noise and the barge and truck engine start up. The affect of Negative Instant Local Low Medium

Vibration Operation this is more likely to be felt by nearby local Moderate Term

residents. Little impact from vibration would be
expected 

l

Decommissioning No impact will occur when operations finish -
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pact Source Phase Impact Description ~~Likelihood Nature Temporal Geographil Sgicane Drto

pact soUrrJ Ph" Impact D criptlon tof Impact of Nature Extent gtcc D ro
occurring Impact

Soil and sediment would have been disturbed by
Construction excavation and the establishment of the port Has occurred Instant Local

,Il and Lake facilities Negative_Low Medium

Sediment Oealn Sediment would be disturbed during low water Negativeatve LownalTerm
4- a iaOperation when barge propellers disturb sediments. High Cumulative Regional

Decommissioning No impact would be expected

Aquatic fauna would have been affected by noise
Construction and construction activities possibly affecting local Instant Local

fisheries, any pollutant would be significantly
diluted. High Medium

Fauna Aquatic fauna would be disturbed by noise and Hih Negative Low Medim

Operation sediment churn up especially when water level is Cumuative RegionaTerm
low. Any pollutant would be significantly diluted

to affect aquatic fauna I

Decommissioning No impact is likely Instant Regional
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Likelihood Nature Tmo G grpic

pact Source Phase Impact Desrton of impact OF T umporel xtong ph signifcance Duration
occrn Impact N E

go and POft fbelitih_ __ ____ __

Construction RAAdi and gragsss at Kilwa and Nchelenge were I .
__ons___r_ct___on removed to accommodate the facilities Hats _u_ _ _ _td_h_taMlt Locaiu

Vegetation Soedisturbance to aquatic flora on lake bed Hh Negative i Low Terim
Operation due to disturbance from propellers High Cumulative Regional Term

Decommissioning No impact is likely _ ___ _ Instant _ _ I

Construction beach at Nchelen_e jf Has occurred Negative Instant Local Low Medium

Transport Operation increase in transport opportunity from the DRC to Hg ~ U.Cmltv eyHgTransport Operation Za n ievraH igh :11% t Cu mulative Reinl Very High LogTrZ am bia and vice versa_____________________________________________

Decrease in transport opportunity from the DRC Regional Long Term
Decommissioning to Zambia and vice versa jModerate Negative Instant Moderate

Construction Noise of graders would have temporarily Instant
impacted local population

Noise will be a definite impact on the lake, the
barge is the largest vessel on the lake and High Negative Low Medium

Noise Operation motorized vessels are few. The duration of noise Cumulative Regional erm
will last 6 hours/day on average but will only

affect small portions of the lake for short periods
I______________ as the barge travels.

Decommissioning Traffic levels are likeymount of nose pollution Moderate lOjq Instant Low Long Term

Construction The facilities are relatively small and the port
facility fits into and enhances the urban setting in Has occurred 1 * Instant Moderate Permanent

ndscape and Operation Kilwa and the industrial setting in Nchelenge Local
ual Character . l - l

Decommissioning Facilities will begin to depreciate when Moderate Negative Cumulative Low Long Term
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Likelihood Nature TmpflGorhi
ipsot Source Ph&" Impact Description of Impact Tmraturel | Enpthic Significance Duaton

occurring Impact Naue Een

Construction Employment of construction workers andLoa
Construction_____ sourcing of local materials

Revenue is derived from jobs, customs, link to Has occurred f Instant
the Congo increase in export opportunity, other Very High

Operation barges to operate, or larger fishing vessels
cio -economic A port facility, can be a magnet for other Long Term

export/import industries to locate at Kilwa or High Cumulative Regional
_________________ Nchelenge

There will be an impact to the economic ties
Decommissioning between Zambia and Congo across Lake Mweru, Moderate Negative Instant Low

if operations cease
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pat Source Phas Impact Description e impact Nature Temporal xeograph SIgnfIcance Duraton
occurring Impact

id and Airstrip Upgrade

Construction Spillage of fuels and lubricants into watercourses High Instant
__________________ may occur.

Water Operation Risk of water pollution from accidents/spillages Negative Regional Low Medium
Water Operation ~~~~~~~will increase. Moderate NeaieCumulative ReinlLwTerm

Decommissioning Traffic levels are likely to decrease significantly Instant
and therefore the risk of water pollution n a

Construction Dust increased due to road upgrading etc Instant

Diesel fumes (SOx VOC's, C02, combustion
leads, etc) from trucks leading to air pollution and

greenhouse gas production. Although the
amount of transport is unlikely to produce a High cumulative Medium

Air Operation severe impact to local air quality, as the nature of Negative Regional Low Term

the area will significantly disperse and dilute
pollutants.

Localized dust generation along roads will occur

Decommissioning Traffic levels are likely to decrease significantly Moderate Instant
and therefore the amount of air pollution Moert_Istn
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Likelihood Nature Temporal Gecogrphic Slgntftcanc. Duration

poct Source Phas Impact Decription of Impact of Nature Extent
occurring Impact

Construction Noise of graders and other heavy vehicles would Has occurred Instant
have temporarily impacted local population

Noise from haulage trucks, aircrafts and other
traffic will affect people and wildlife along road

network, airstrip and in-flight path.
Noise from haulage trucks and other vehicles will Medium

Noise Operation affect the route from Dikulushi to Kilwa, High Negative Cumulative Regional Low Term

Nchelenge to Ongopolo mine (Namibia) the
impact of noise will be more apparent in rural
areas such as Dikulushi, but the amount of

I_____ vehicle movement is relatively low.

Decommissioning Traffic levels are likely to decrease significantly Moderate Instant

and therefore the amount of noise_pollution__________

Construction Road network will improve and grow. Facilitate
transportation not only for mine activities Road Has occurredVeyHg LogTr

If rastructure Operation disruption may take place during construction -.. y. Cumulative Regional
ifrastructure Operation ~~~stages.____________ uuaie Rgoa

Decommissioning Road infrastructure may degenerate if High Negative Low Short

Decommissioningnmaintenance is stopped HighI In NgoTerm
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pact Source Phae Impact D"critpn ielf Impact of r Temporal Geographic SIgntne nes Duntbn
occurring Impact Nature Extent Sltiiac Drio

There would have been temporary disruption to Instant

Construction road users. Negative Low Short term

Increase in risk to Road Users

Communication for the population in the area will High

Operation be facilitated due to road network upgrade.
Revenue from customs and Immigration will De Very High

enhanced by the increase in amount of Moderate
international traffic.. ______-..__

Social The risk to the safety of road users will decrease Instant Regional

Road infrastructure will deteriorate to pre mining High Long Term

levels.
The availability of transport in the form of hitch Cumulative

Decommissioning hiking and buses for local people are likely to Negative Moderate

decrease. Moderate
Revenue from customs and Immigration will
decrease significantly due to the decrease in Instant

international traffic.,
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pact Source Phase mpact DescriptionLikelihood Nature Temporal Gerophle c nlnw Dmo
PM Source | P.°hs" |WpmpSt Doserlpton 1 of Impa t Of | Nature Extent Signifane Duraton

l 
~~~~~~~~~~~~~~~~~~occurrlnip Impact 

lal ._. _.: _._ _ _

The capital and economic investment of the

Construction project in the area will induce multiplier effects in
the regional and local economy. The project is

Regional going to promote the business of local and
Regimpa lOperatlon regional suppliers and contractors providing High Cumulative Regional Very High Long Term

Impacts ~~~~~~~goods and services to the mine

Project decommissioning will induce negative

Decommissioning economic multiplier effects as local and regional
business will lose business from the mine. _

The direct economic impact of the project in

| Construction | Dikulushi will be the employment generated in
the local community. These earning are going to

ployment and Operation promote the local economy through increased

cal Economy 
cpurchases of good and services _ | High ?qi .l Cumulative Regional Very High Long Term

Project decommissioning may result in i4
unemployment and a decrease in the anount of

Decommissioning disposable income in the area affecting the local

I_________ I ____________ econom y.

The construction and rehabilitation of social

Construction infrastructure such as clinics for the direct
welfare of employees is an important positive -

Social Operation impact for the local community High | I Cumulative Regional Very High Long Term

ifrastructure Project decommissioning may result in a

DecommissionIng decrease in support to local social infrastructure
| Decommissioning ^ provided by the project resulting in its

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ e p re c ia tio n_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Source Phase impact ~~~~~~~~~ Likelihood N4ature Temporal Geoographic

pact80u 
o Ph" Impa D lpf on dImpact of Nate Exont Signcane Duntn
occurring Impact Ntue Ett Siifcne Drto

Construction High exp ataion uf the benefits of the project
Construct____ have already been identified in the Baseline

takeholder study. If local people are not adequately informed Low Negative Cumulative Regional Low Short

xpectation Operatlon about the nature and limitations of the mining 
Term

Decommissioning project, resentment could arise if expectations
are not met

Development of dependency on the mining
Construction project, arising from the receipt of financial and

social benefits received from the mine by local

Operation people and businesses over the lifetime of the

lependency _mine. High Negative Cumulative Regional Low Short

lependency ~~~~~The cessation of mining could result in a loss of Hg NetieCmliv RgonlLwTerm

these benefits and create a significant impact to

Decommissioning local people and business in the form of loss of
income and the depreciation of social

infrastructure _

The project is likely to attract people from
Construction surrounding areas seeking employment

increasing the population in the area and
therefore increasing the demand on basic

Population Operation amenities, the competition for employment and High Neutral Cumulative Regional Low Long Term

______________ ~~~the_risk_of disease.
Although population is likely to decrease, the

Decommissioning effects of the increased population may remain in
the local community with empty housing and the

feeling of desertion.
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ipcr stourc Ph"* Impact Description of Impact of Nature ExtenI Significance Duration
occurring Impact

Construction The mining project will have an impact on the
Construction local customs and culture of the local

communities, as some employees are drawn
ocan Cultur Operation from outside the region and the country. Moderatete Neutral Cumulative Regional Low Long Term

The impact to local culture and customs is likely

Decommissioning to remain in the community for a long period of
time

The project is likely to induce a large number of
Construction job seekers from outside the community This

influx of population in the area has the potential
of increasing the chances of the spread of

Disease diseases such as malaria ad Hhe Moderatete Cumulative Regional Very High Long Term

Operation development of health programmes should -

significantly reduce tnis risk and enhance local

Decommissionlng health
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APPENDIXVn III - ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN
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ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN
Area | Management Actions Timing of t Responsibility I Documentation

I Theme ReIsInManagment

Tailings Dam
Evaluation of dam wall erosion and Monthly inspections will be undertaken HSE and

Dam Wall seepage, and risk of a tailings breacht to evaluate wall stability and document May End Processing

to ensure dam wall stability. water levels/seepage -003 O Dept

Tailins Evalation f minium freboard Monthly inspections will be undertaken HEad Qatrytiig

FreeboarT iinsc |egulations omplianc to reducesrof to measure freeboard. Inspections will May End PHcesasindg udaterlyepota i
Freeboard discharge reuain opinet euers f be carried out daily during the rainy 2003 Operations Poesn a eot

prevention. dam overflow, season. Dept including, dam

Evaluation of ground water saturation Pil o ters will be sunk within and H ftability,

Phreatic level tailings w dal stability caused by around the tailings dam and phreatic 2M0a0y3 End Processing compliance,
stuailiontngsura wall stability.cuedb level measured monthly203Oeain Dept phreatic level,

One piezometer within the tailings dam ground water

Groundwater To evaluate the contamination of and one piesometer outside h tailings HSE and seepage quality,

Ground water quality ground water caused by tailings water dam will be sampled once per month ay En Processing us eves an

assurance. seepage using a bailer, and analysed for pH, 2003 Operations Dept c ons

TDS, Sulphate and Copper. concerns

Tailings Maintenance of tailings dam to ensure Piezometers, slurry delivery systems May End HSE and

Maintenance discharge that the Tailings Dam is working as per and decant piping will be inspected once 2003 Oet Processing

prevention. design. per month and maintained perations Dept
A section in the

annual

Flora and To retain surrounding flora to act as a Vegetation surrounding the tailings dam environmental
Flora and fauna wind break and to encourage will be retained and concurrent May End report will

Fauna protection concurrent rehabilitation of the dam rehabilitation measures will be 2003 Operations timing and

during operation implemented to revegetate closed areas. progress of

rehabilitation
efforts
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Area Management Reason Actions Timing of Responsibility Documentation
______________ Theme __________________ Management

Quarterly tailings
dam report,

including, dam
wall stability,

To evaluate the amouriL oF lailinlys lublf~~nrI oeviuae heamontof aih yzsiuit Visual assessments on dust will be HSE: andfrhnd
Air Qualityt Air quality through wind erosion and to identify car ed ou monthly indicting diCtl May End Processing compliance,

Air Quality assurance. areas of risk to the surrounding of wind and amount of dust occurring 20 prtos Dp hetclvl

environment gon ae
seepage quality,
dust levels and

additional

______________________________________________________________________ 
concernsn

Waste Management Plan

Groundwater To evaluate the contamination of One outside the Waste Rock Dump will HSE and

Ground water quality ground water caused by Waste Rock be sampled once per month using a May End Pr
Groundswater squrality grou m water causedepy Waste Rock bailer, and analysed for pH, TDS, 2003 Operations rocessing
assurance. Dump water seepage Sulphate and Copper. Dept_____________

Control of surface runoff from Waste Surface run-off will be controlled by the
Surface Run Surface water Rock Dump to ensure that any construction of bund walls and perimeter May End HSE and

off quality contaminated surface runoff the Waste drains around the waste rock dump. Any 2003 Operations Dept
assurance. RokDm scnrle.surface runoff or seepage from the toe Dept

drain will be monitored.
A section in the

annual

Flora and To retain surrounding flora to act as a Vegetation surrounding the Waste Rock environmental
Flora and fauna wind break and to encourage Dump will be retained and concurrent May End report will

Fauna protection concurrent rehabilitation of the Waste rehabilitation measures will be 2003 Operations timing and

Rock Dump during operation implemented to revegetate closed areas. progress of

rehabilitation
efforts

To evaluate the amount of tailings lost Visual assessments on dust will be HSE and

Air Quality Air quality through wind erosion and to identify cieut month indist dire May End Processing
Air Qality assurance. areas of risk to the surrounding ofrwind and amounth of idusatin drcin 2003 Operations Droeptin

environment of wind and amount of dust occurring Dept
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Araa | Management Reason Actions Timing of Responsibility Documentation

Waste Management Plan
Reduction, reuse, recycling or Strategies to reduce or reuse waste, will

Mine Village responsible disposal of waste to reduce be investigated and proper disposal May End

(household) the impact of waste and to ensure that sites will be identified, prepared and 2003 Operations HSE

Waste waste is disposed of in a responsible signposted
manner.

Biodegradable To reuse biodegradeable waste as a Depending on mine garden demand May End
Waste fertiliser ~~~~~~~~biodegradable waste will be used for May3 Oeraind HSE

Waste fertiliser ~~~~~~~~~~~~~~~~compost 2003uOperation

To ensure clinical waste is responsibly A small incinerator will be constructed Annual waste

Clinical Waste environmental disposed of so that the risk of for the burning of clinical waste and 2003 Operations HSE report outlining

protection. contamination to workers is eliminated ashes will be disposed of in a fill site waste disposal
Strategies to reduce or reuse waste will sites and

Workshop To reduce the impact of waste and to be developed, material will be recycled measures,

Waste ensure that waste is disposed of in a where possible, scrap metal will be 2003 Ens HSE sures,
responsible manner disposed of in a prepared/signposted plan, and areas

area plan aondcarea
Oil traps will be installed at mine of concern

Waste Oil To ensure that waste oil does not workshops, and vehicle bays. Waste oil May End HSE and fuel
contaminate the environment will be collected regularly and disposed 2003 Operations supplier

of by the fuel- or lubricant supplier.

Grounwater Check function and isolationof septic No boreholes can be located within 150 Ma En

Septic Tanks qualiIty ftina to prevent gondwate m from septic tank. No surface water 20y End HSE
assurance. ccioa ndtamievnatigoun, wte use near or downhill of any septic tank. 203 Operations

conAamonauLon. 
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Area Management Reason Actions Timing o Responsibility fDocmentation
I Theme Mana ment

Transport Mana ement Plan
Regular maintenance of the barge and l

port facilities will be conducted ensuring May End
that diesel storage facilities are 2003 Operations HSE

adequate and any leaks are quickly
contained/repaired

Maintenance, environmental quality Checking of trucks and vehicles for any
evaluation and pollution prevention to oil or diesel leaks will be carried out M End

Barge and Port ensure that the barge and port facilities before any truck embarks onto the 2ay3 Operations HSE

Facilities are in good working order, minimise the barge; leaks will be repaired or

General risk of pollution and monitor pollution contained
environmental impacts. Monitoring of surface water around the A section on

protection. vicinity of the port areas will be transport and
conducted on a monthly basis with May End HSE possible
emphasis on checking for organic 2003 Operations alternative fuel

carbon and lead arising from possible sources will be
diesel spillage included in the

Maintanence and leak prevention to Monitoring and maintenance of feul May End annual

Feul Storage reduce the risk of spills entering the storage facilities will be undertaken 2ay3 Operations HSE environmental

environment. regularly. report

To of reduce the impact of transport diesel will be carried oute of fow sulphur May Endrain
Fuel and machinery emissions on air quality implemented 2003 Operations

Vehicle On site roads, as well as the Dikulushi
Transport and Health and To ensure that roads are maintained Kilwa road will be regularly maintained. May End HSE

Infrastructu safety. and the risk to road users is minimised Speed restriction imposed on site roads 2003 Operations

______________ 
~~~~~~~~~~~~~~and the Dikulushi -Kilwa road.

Local Social servi'ce TbeeiloatrvlrsAnvil will develop a policy on the Ma End

Transport provision. To benefit local travellers transportation of people across Lake 2003 Operations HSE
_____________ ican__________ M ining_____________________ M weru on their barges 2003__Mw eru_on their_barge
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Area hManaement Reason Actions Manaement Responsibility Documentabon

Flora and Fauna Management Plan
Imprtantspecies inareas which will be A section will be

Flora and Protection, and value retention to Impopae speientared whicte HSE under included in the
ensure that important plant species are develpeddwllpbeideniliedextratedl

Fluid fzuuq rconserved and to retain the valueof andorepnatd Othr esth t u ay peratndu pr Mone oannual

protection. tespcs.be used or sold will be harvested before 2uu3 Manageruns repo,rt ndiatng

actions taken.

A section of the mine garden will be
used as a nursery to grow seedlings of

pioneer species such as Acacia
polycantha, A. sieberana, Albizia A section will be

Concurren Revgeatonadianthifolia, Peltophorum africanum, included in the
Concurrent Revegetation to ensure that and Dichrostachys cinere. The seedlings HSE under annual

the area quickly returns to baseline raised will be planted during the rainy May End approval of environmental

Flora Rehabilitation. vegetative levels to reduce visual de season in areas that have been 2003 Operations Mine report describing

iahatat, fo stube fl and fauna. significantly altered and are no longer Manager actios completed
a an . required for use. The nursery will be and future

maintained as a bank for revegetation planning

and will be allowed to develop fully after
revegetation of all areas is satisfactorily

complete after decommissioning.
A section will be

HSE under included in the

Fauna~Floaauna To ensure that important animal Important species in areas which will be May Ed apoa of envrnmenal
Fauna fauna species arerconserved. developed will be identified extracted 2 OpEnd Mnapprovl iof

protection. spce r osre.and rehabitated 20 Oprtos Minaer report describing
Manager ~actions

________________________________________________________________________________________comompleted.
Archaeological Plan

All mining personnel will be briefed on
the possibility of uncovering an A section on

Cultural archaeological artefact. If an artefact is Archaeology will

Archaeology heritage To ensure that archaeological heritage found the HSE officer will be notified and May End HSE be included in the

protection. is not destroyed the artefact photographed and removed 2003 Operations annual
to a safe place. An outside expert may environmental

be brought into evaluate the significance report
of the find
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Area Management Reason ofActions Tng of Responsibility Documentation
Area ~ Theme RaoAcon i Mana ement

Underground Management plan
A safety guide book will be produced

describing important aspects of

Safety guidelines appropriate for underground safety including likely
Safety .. .hazards, safety equipment, clothing and May End HESafety guide

Guidelines "indergrond mining will be develoaes toE po c 2 hnok will be
ensure worker safety neergny preeedures, Oeain

Health and maintenance systems, ventilation safety, produced before

safety. communications systems, evacuation underground
procedures and emergency drills. _ mining

Allocation of safety responsibility to commences

ensure that HSE is effective in enuring underground safety will be reassigned to May End
Safety that the mine is compliant with safety udrrudsft ilb esindt 03Oeain S

______________ ~~~~~~regulations members of HSE.203Oeain
Environmental

Establish an additional Environmental Management
General anagemet Plan t ensureAn underground environmental Plan will be

Environmental environmental contamination and possible damage to management plan including, waste May End HSE Plishe

Protection protection. the environment is identified and water, dust, noise and vibration 2003 Operations before

mitigated for. management will be developed. underground
mining

commences

Safety Management Plan

Identification and signposting of All areas of significant hazard
Hazardous hazardous areas to ensure that workers (dangerous materials, noise and dust May End

Areas are alerted to risk areas and directed to areas) will be sign posted and safety 2003 Operations HSE

wear safety protection signs will regularly be checked and
maintained

Provision of adequate safety clothing Clothing and safety accessories will be A section on
Safety Health and and accessories to ensure that workers checked by shift bosses during weekly My Edthese aspects will

Equipment safety are protected from any work related safety briefs to make sure they are 200 Operaons HSE be incude ine

safety. d~~rsk. appropriate and are used by workers in 03nOperation
risk areas Safety Report

Fire To ensure that any fire is quickly put out
Extinguishers to avoid damage to workers and Fire extnguishers will be checked once May enHSE

infrastructurepequre203Orain HE

Buildings To ensure infrastructure safety Buildings will be regularly checked and May End HSE
pipes and water supply maintained. 2003 Operations
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Area Theme Reason Actions Mal agement Responsibility Documentation

The ROM pad will be inspected daily for

ROM PAD To confirm the structural integrity of the any sign of structural failure. Corrective May End Engineering
ROM pad action will be taken if required to reduce 2003 Operations

the risk of ROM pad failure.

Emergency To ensure that any risk to worker safety Emergency stop buttons will be installed May End HSE

Stop Buttons can quickly be addressed on the rotating machinery 2003 Operations

To ensure that first aid is readily First aid posts will be established, a nd Ma En
First Aid available to workers nominated workers trained in basic first- 2003 Operations HSE

aid. ~~~~~~~~~~~~~A section on
Hazardous materials on site will be these aspects will
adequately labelled and stored in be included in the

Hazardous To ensure worker safety and reduce appropriate, signposted locations May End HSE Annual Mine

Materials risk of environmental damage installed with facilities to effectively 2003 Operations Safety Report

ensure that any spillage of hazardous
chemicals do not enter the environment.
Supervisors will conduct safety briefings
once per week and discuss all relevant

Safety To ensure that workers are adequately safety aspects for their area of May End

Briefings informed of safety procedures responsibility. Supervisors will check 2003 Operations HSE
safety equipment daily and be

responsible for the induction of visitors
and new personnel.
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Area Management Reason Actions Timing of Responsibility Documentation
Theme _TManagement

Social Management plan
Awareness seminars and campaigns will
be held conjunction with local authorities

and NGO's for the benefit of the
community.. A local aoctor wiii conduct -Cuntinued

regular awareness seminars and May by NGO or
educational posters will be placed in 2003 local Anvil will
strategic areas around the mine site. authority develop a

The possibility of providing free close

To reduce the impact of infectious and condoms to employees will be association

Diseases Health and generic diseases on the local examined. with a
safety. generit and Im plocal Control of Malaria will be undertaken by relevant NGO

population and employees regular spraying of mine and local areas to facilitate

including Dikulushi village using an the social
approved spray. Seminars on reducing Continued management A section on

the incidence of malaria will be May by NGO or plan social
conducted regularly (at the same time as 2003 local development will

the AIDS awareness seminar). authority be included in the
Educational posters will be put up and Annual

treated mosquito nets will be provided to Environmental
employees. Report

To ensure that management has Anvil will create a database of Job

Job Seekers Social service information on applicants so that jobs seekers indicating skills, age, sex, May End Human
provision. can be allocated preferentially to local residence and will positively discriminate 2003 Operations Resources

people for local people
Anvil will discuss with Government and Anvil will

Joint To develop sustainable health, experienced NGO's the formulation of May develop a

Management education and economic strategies to plans and strategies to implement 2003 Dec 2003 close

Task Forces help the local community. sustainable health, education and association
Sustainable economic development with a

development. Anvil will go into discussion with relevant NGO

Local Business Ensure that sustainable development order to develop plans and strategies to May End to facilitate

Support continues in the area after mine closure implement the sustainable development 2003 Operations management

of local businesses plan
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Area Management Reason Actions Timing of Responsibility Documentation
Theme __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Management 

_ _ _ _ _ _

Anvil will develop a strategy to

Communication To inform employees and local people communicate with local people and

with Local Social service of the intentions of the Company and to employees about the nature and policy May End
witheLoale provision. provide a forum for local people to voice of the mine, expected life span and its 2003 Operations HSE

People any concerns or queries economic plans, and will provide a forum

for local people to voice concerns

To ensure that employees do not Anvil will

Socio- become overly dependent on the Anvil will discuss sustainable May End associate

Economic project and can diversify into other development with Government, and 2003 Op t with a

Dependency activities using the mine as a experienced NGO's in order to formulate perations relevant NGO

springboard for economic development plans and strategies for sustainable to facilitate

Economic Sustainable To encourage the diversification of local health, education and economic the social

Diveconoication development. economy so that local people are less development. May end management
Diversification deedn ntemn.2003 Operations pa

To use renewable energy sources in Anvil will investigate options for

Energy the longer term to minimise the impact establishing an alternative power supply May End HSE
on air quality and the depletion of non to the mine and surrounding villages in 2003 Operations

renewable energy joint consultation with Government

To provide employees and the Anvil will develop joint strategies with Anvil will

Social Services Social service surrounding community with better Government and NGO's to provide May End associate
provision. health and education facilities social services that will be sustainable 2003 Operations with a

andIeducation facilities after mine closure. relevant NGO
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Area Management Reason |Actions Timing of Responsibility Documentation
Theme _TManagemnent

Environmental Monitoring (General)
pH and EC measured weekly, additional

TDS, TSS, Sulphate, T. Cu analysed Quarterly report

To accurately assess impacts on the monthly. Full suite analyses will be May End HSE indicating water

Dikulushi River conducted twice a year. Additional 2003 Operations Huality Icvels and

Surface Water parameters of concern to be included in compliance

Quality monthly analysis.
pH, TDS, TSS, EC, and T. Cu will be Quarterly report

Sedimentation ponds will be monitored analysed weekly when discharging. Full May End indicating water

to confirm that discharge is within suite analyses will be conducted twice a 2a Oen HSE quality levels and

effluent standards year. Additional parameters of concern 003 peratons compliance if

to be included in monthly monitoring discharging

Surface water To ensure that localized flooding does Inspections will be undertaken once per
quality wa not occur, to minimise direct surface month during the rainy season to ensure May End E To be included in

quality runoff into the Dikulushi River and to channels are free of debris and that 2003 Operations HS annual report

assurance. reduce the risk of malaria . stagnant pools are free of mosquitoes

To contain contaminated surface run-off Sediment Ponds will be constructed at May End HSE

for possible treatment or rec cling the locations outlined in Figure 5.1 2003 Operations

Surface Water 
Quarterly report

Flow 
indicating

To confirm the sedimentation ponds are Sedimentation ponds will be inspected May End HSE freeboard level

functioning according to design monthly and freeboard recorded 2003 Operations and
recommendations

for dredging

Flow rate will be mesured weekly May EndAnnual report on
To aid design of the diversion system during the rainy season 2003 Operations HSE flow rate will be

during the ainy season2003 OperaIon produced

pH, conductivity, TDS, TSS, Sulphate, Quarterly report

Arsenic, Chromium, Manganese, Faecal will be produced

Surface Water Potable water To benefit residents of Dikulushi village Coliform and Copper will be analysed May End indicating
Usage assquality and villages downstream of the mine quarterly. Full suite analyses will be 2003 Operations HSE rindi atn

assurance. site conducted twice a year and additional quality and
parameters of concern included in the compliance

programme
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Area Management Reason Actions Timing of Responsibility Documentation
Theme Management

Rsiilts from nroundwater analysis will
Groundw r Gounwaiter To evaluate contamination and effect evaluate ARD potential. Quality to be May End HSE To be included in

Groundwater quality on potable water supply. checked if drinking water is derived from 2003 Operations annual report

pit dewatering.

To minimise threats to future landuse Inspections will be carried out of areas May End To be included in
Soil Loss and sedimentation of watercourses. were soil surface is susceptible to 2003 Operations HSE annual report

Soil resource erosion..

Soil protection. To evaluate the extent of soil Total copper levels will be analysed May End Annual report on
Sonailaio contamination, and assess the potential Toalcopeulvlswllyeaaye May3 Oeraind HSE soil

Contamination for using soil for rehabilitation annually 2003 Operations contamination.

Noise levels at selected noisy locations May End Annual report will

will be measured once per quarter 2003 Operations HSE be produced
indicating noise

To evaluate the risk of chronic hearing levels and

Noise loss to workers and to evaluate Employee hearing health assessments affected

compliance will be carried out annually on workers May End HSE employees and

who are most at risk actions
implemented to

Health and reduce effects.

safety. Quarterly report
Respirable dust levels at work stations at MEiniarti rodust

the crusher plant will be monitored once May End HSE indicabng dust

To evaluate the risk of chronic per month 2003 Operations levels and actions

Air Quality respiratory illness to workers and to implemented to

evaluate compliance reduce effects

Respiratory health assessments of Annual report will
workers in nsk areas will be conducted May End HSE be produced

annually 2003 Operations summap2sing
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Area Management Reason Actions Timing of Responsibility Documentation
Theme Management

A section on

A weather station will be set up to Meteorology will

Climate measure temperature, rainfall, wind May End HSE be included in the
To evaluate maximum rainfall events, speed and direction on a daily basis. 2003 Operations Annual

and map the areas of most risk to dust spe n ieto nadiyai.Environmental
pollution 

Report

To evaluate the ptential of ARD fro Report on ARD
Acid Rock General palns at ok 0vrb romnan A complete ARD test programme should May De 03 HSE / Chief testwork and

Drainage environmental tailings, waste rock, overburden and be carried out as early as possible. 2003 Geologist evaluation by

protection. Tosocple.ARD expert. o

Toensure that analytical results are of Samples will be sent for full suite May End HSEua resultwil be
Quality Control. good quality analysis twice annually for quality control 2003 Operations HSE prouct edor be

______________________________ at a different certified laboratoryprdc.
Personnel will be trained to sample

Personnel To ensure that environmental water, air, noise and to measure flow May End HSE To be included in
monitoring is undertaken correctly . and piezometers using the appropriate 2003 Operations annual report

equipment
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Non Compliance Procedures
Component out of Step 1 Step 2 Step 3 Step 4 Responsibility

_ _ _ _ _ _ _ _ _ _ _ _ _ _C o m p lia n c e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Undertake

Gcnoral _ . _ - . - Alert Mine Manager and Identifv best course of action and HSF

Procedure Out ot Compiance iaenniy wource responsible person action review its HSE
effectiveness

Dikulushi River is out of
compliance with WB

guidelines Measures to reduce Identifying source of

Sedimentation pond is discharge should be pollution rests with the

Surface Water out of compliance Identify source of Notify person in charge of implemented. Treatment Implement, HSE. Restoring compliance
pollution pollution source. will be viewed as the last sample, monitor HSE and offending party

available option ifHSanofedgprt
Sedimentation pond pollution reduction is under the authority of the

discharge is out of unsuccessful. Mine Manager.

compliance

HSE is responsible for

Find alternate water sources if evaluating compliance.
Potable water is out of Plant problems, water is dangerous out of Investigate options to Wan uses Mitigatory actions should be

compliance weather watepis iangerosyoto treat water on site Wanues undertaken by the HSE
compliance ~~~~~~~~~~~~~officer under the authority of

the Mine Manager
Surface Water

Usage HSE is responsible for

Water supply at Clarify reason for Investigate possibilities for Locate and test Install additional evaluating water supply.

Dikulushi village is decrease in water correcting shortage e.g. by alternative supplies of pumps and Mitigatory actions should be

running low supply supplementing water to potable water piping. Warn undertaken by the HSE
Dikulushi Village users officer under the authority of

the Mine Manager
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Component out of Step I Step 2 Step 3 Step 4 Responsibility

Compliance
Investigate options -

Sediment has built up C i dredging sediment / HSE to alert responsible

affecting th ability of Check If mine or rasing pond walls etc Implement and persons who should act

ponds the pond to settle fines have chan ed e metalurgis an during the dry season, monitor after authorisation from the

effectively h placing dredged material Mine Manager
in the tailings dam

Determine cause Determineappropriate HSE to alert responsible

Possible dam wall and effect, eg Alert Mine Manager and Plant actions to increase dam Implement and persons who should act
Tailings Daminstability hev an orManager wall stability e.g. ad monitor after authorisation from the

hreavy arai, porwaste rock, lower Mine Manager

operating problems freeboard

Review options to
increase freeboard Implement short HSE to alert responsible

Freeboard is below Plant problems, Alert Plant Manar (building up wall sides, term corrective persons who should act

minimum guidelines weather age decanting more water to action after authorisation from the
the plant or immediately Mine Manager

Tailings Dam sedimentation pond)
Undertake actions to

Phreatic level is too decrease phreatic level HSE to alert responsible

high causing risk to Alert responsible Investigate actions to (pumping water out of persons who should act

dam wall stability person decrease phreatic level peizometers into the after authorisation from the
plant or sedimentation Mine Manager

ponds)

Contain contamination or HSE to alert responsible

Ground water is Identify source of pump out contaminated Careful review of persons who should act
Ground water contaminated pollution Alert responsible person groundwater into Tailings cost implications after authorisation from the

dam or settlement pond Mine Manager
for treatment
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Component out of Step 1 Step 2 Step 3 Step 4 Responsibility
Compliance______________

Investigate options to HSE to alert responsible

Soil Soil is contaminated Identify source of Notify person in charge of nestcgant mination or Review cost persons who should act
pollution pollution source. ttreduc conainaton ort implications after authorisation from the

to treat soil on site Mine Manager

Noise levels are out of Alert workers in
compliance noise areas Investigate

Identify risk areas Ensure that workers wear Rotate affected workers options to

Noise Hearing loss in workers by comparing noise defenders out of risk areas regularly reduce noise
becomes significant hearing loss to

work stations HSE to alert responsible

Complaints about noise Identify area of high Investigate ways of reducing Rotate affected workers Repair cause persons who should act

increase significantly noise noise impact out of risk areas regularly P after authorisation from the

Air Quality is out of Alert workers in Mine Manager

compliance dusty areas Investigate

Air Quality Respiratory illness in Identify risk areas Ensure that workers wear Rotate affected workers options to

workers becomes by comparing respiratory protection out of risk areas regularly reduce dust and
significant respiratory illness air pollution

to work stations
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Decommissioning Plan
Area Management Theme Reason Actions Responsibility

Post Closure Mo nitoring
Surfce aterquaity Accurately cissesthe' erpac-tof 3urfaee wateF dkSchaFge

Surface Water Surface water quality from the site into Dikulushi River and evaluate HSE

compliance

Groundwater Groundwater quality To evaluate Acid Mine Drainage and possible Post closure monitoring parameters will be established HSE
assurance. contamination

assurance. contamination based on operational monitoring results. Post closure

Soil Soil resource To evaluate the extent of soil contamination, and monitoring will be conducted once every quarter until HSE
protection. assess the potential for soil use in rehabilitation decommisioning inspections are satisfied, then at an

To evaluate the extent of rehabilitation and evaluate agreed frequency thereafter.

Post Closure General post closure environmental status, establishing
Inspection environmental recommendations for any additional rehabilitation or HSE

protection. mitigation measures. Evaluate the success of
sustainable planning.

Open Pit
Reprofiling To ensure long term physical stability Pit wall will be re profiled in accordance with industry best Engineering

Reprofiling To ensure long term physical stability practice Engineering

Revegetation To reduce visual impact Soil and grasses will be planted concurrently as sectors HSE

Rehabilitation. become disused at feasible locations
To ensure that the flooded open pit can develop into an The feasibility of creating an appropriate aquatic ecosystem

Ecosystem aquatic ecosystem supporting aquatic flora and fauna will be reviewed including the analysis of pit water, HSE

Development which has the possibility of being used sustainably by ecological assessment, and the stocking of appropriate

the surrounding community aquatic flora and fauna.

Closed Dumps, ROM pad and Tailings Dam Management

Reprofiling Toe ensure that the erosion of mine dumps is reduced Slopes will be reprofiled and evaporation paddocks will be HSE
and that dump areas are stabilised redeveloped on the tailings dam surface

To ensure that any mechanical components from the

Dismantling dumps do not pose a threat to the surrounding All pipelines and non-essential infrastructure will be

Rehabilitation. community and so that they can be reused recycled or removed HSE
responsibly disposed of.

Revegetation of specific areas of the rock dumps and

Revegetation To ensure that the area returns quickly to baseline tailings dam as these become disused. The addition of
conditions organic matter, soil and saplings from the nursery will be HSE

I___ done where appropriate to facilitate revegetation
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Area 0 |Management Theme- Reason Actions ResponSibility

Flora and Fauna management Plan

To ensure that the area returns quickly to baseline Actions to encourage revegetation will be implemented
Flora Rehabilitation. T conditions where appropriate after closure and the extent of revegetation will be analysed HSE

conditlons_____ where____________ appropriate__ annually until decccomisioning inspections are satisfied.

Dismantling plan
General An inventory of all infrastructure on site will be conducted

Infrastructure environmental To retain all value from decommissioned infrastructure indicating, value, state, extent of piping and electrical

and Plant protection and and responsibly remove any unsafe infrastructure from cables, etc.a plan will be formulated to either sell off assets, HSE

Machinery sustainable the site make remaining infrastructure safe or remove assets for

development. responsible disposal.

The Barge and port facilities provide benefits to

Barge and Port Sustainable To ensure the benefit of cross-border transport is international traffic and commerce. Anvil will develop a HSE

Facilities development. retained phased approach to handover or sale of the barges to local

I____________ ___________________ ______________________________________________ operators or Government appointees.

Safety Management Plan

Hazardous 1o ensure that surrounding Community are aware and Dangerous areas will be identified and signed posted and

Areas Health and Safety. alerted to dangerous areas fenced if necessary and the local community informed of HSE
_____________ ____________ _______ I al rted to d a n g e o us are as I.th e d a n g e rs

Social
{ Training | Sustainable To ensure that staff have socio-economic stability after Counselling and training options for staff will be provided 2 Social

Trainig l development. closure years before closure. Consultant
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Emergency Procedures
immedijaw Mobilisation Warning to Implementato-n- invesniaaUon -iE Undertaking o-f

General alert to o f Emergency Implementation of affected Evaluation of Impact of Remediation causes of the measures to

Procedure designated TsfDce Emeorgency Actios erso nsMaue causesnftt ensure no
personnel TakfreprosMaue cietreoccurrence.

Plant shut-down.

Tailings Dam Mine Mining equipment
Breach Manager Yes mobilised to seal

breach with waste The extent and

ActinkoDwsra nature of the breach
Diesel AtostDonrem will be evaluated by

Storage Engineering immediately secure users will be analysing water
Facility Manager If required breach and construct warned quality, sediment, Opinfo

Breach ~~~~~~~~~~emergency dams toOpinfo
Breach contain discharge flora and fauna remediation Measures to

Concentrator Pln oti icag -will be Causes of the Measures to

Storage Manager If required appropriate means oec accident will be ecurrence will

Breach actions to be investigated be undertaken
Affected people followed

Major Actions to recover will be warned If concentrate is determined

Concetrate Engineering concentrate from of aydnes urcvrbe
Spill (During Manager If required spilled area will be any dangers actions to treat

Trucking or immediately acnette affected areas will be
shipping) implemented a concentrate considered

Open Pit Wall Mine Immediately Back analysis of
Collapse MiningMConsuanagundertake rescue c

Collapse Manager ~~~~operationscas
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APPEND] X IX - DIKULUSHI MINE ADMINISTRATIVE STRUCTURE
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HEAD OFFICE

Chief Executive Officer (Perth)
(Bill Turner)

Financial Controller (Perth) Project Manager (Dikulushi) mCopany Secretary (Perth)
(Choong Tan) (Mike O'Sullivan) (Tara Robson)

Administration Department Processing Mining/Geology Department' Health Safety Environment Department

Department

MINING/GEOLOGY DEPARTMENT

Mining Manager
(Expatriate)

Exploration Manager Su Exarvaeyor

(Expatriate) (Exatrate

Mine Geologists Survey Assistants
(1 Exp., 1 DRC) I

F _ Pit Technicians
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PROCESSING DEPARTMENT

Process Manager
(Expatrite

Metallurgist Maintenance Manager Laboratory Technician

(Expatriate) (Expatriate) (Expatriate)

Plant Foreman FMaintenance Foreman

F (Expatriate) (PyxnntrintA) S pler

Plant Operators Day Labourer Crusher Operator FEL Operator Labourer

HEALTH, SAFETY AND ENVIRONMENT DEPARTMENT

HSE Manager
(Expatriate)

Deputy HSE Manager

Local Assistant Driver
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ADMINISTRATIVE DEPARTMENT

A Admimistration Manager 2

(Expatriate) 

(General Offices ( Stores Camp [ Security |Lubumbashi Office 
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