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C1l ESIA STUDY AREAS

Defining the geographic extent of study areas is a key element of an
environmental and social impact assessment (ESIA). For the assessment of
local impacts, the area should be large enough to efficiently analyze and
minimize the obvious potential effects from the project on the receiving
environment. The area should also not be too large so as not to dilute or
confound the potential project-related effects with other human-induced and
natural influences. The assessment of potential broader or regional
cumulative effects from the project in association with other human activities
and natural factors requires a larger geographic area, and may be based on
ecological and/or land use and planning criteria. Such a study area is termed a
Regional Study Area (RSA).

Typically, the assessment of impacts within the local area of the project, or the
Local Study Area (LSA), is based on the spatial extent of the project’s footprint
and an associated buffer zone. The buffer zone includes potential immediate
indirect effects on the receiving environment. Study areas may also be specific to
environmental discipline and individual components of the project such as a
particular ore body, plant site or other facility.

Impact assessment study areas for the Tenke Fungurume Mining (TFM) project
were selected based upon the expected areas of influence of the project for each
of the following environmental and social disciplines:

o Air quality.

¢ Noise and vibration.

e Visual aesthetics.

e  Groundwater.

e Hydrology, water quality and aquatic resources.

o Terrestrial (soils, flora, fauna, natural habitats and biodiversity).
e Protected areas.

e Socio-economics.

e Cultural heritage.

The assessment LSA for each discipline is based on the spatial extent of the
footprint, including alternative project elements, and an associated buffer zone
that includes potential immediate indirect effects on the receiving environment.
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Specifically, the assessment LSAs include the following components associated
with the TFM project:

e Mine pits at Kwatebala, Goma and Fwaulu.
e  Waste rock facilities.

e Limestone quarry.

e Processing plant site (and alternatives).

o Tailings storage facility (and alternatives).
e Water dam (and alternatives).

e  Work camps (and alternatives).

e Roads (and alternatives).

e Airstrip.

However, some discipline (e.g., noise, hydrology, groundwater, water quality)
could not conduct an assessment of the Goma and Fwaulu pits due to lack of
detailed mine design and/or baseline data. These disciplines therefore assessed
the Goma and Fwaulu pits in a qualitative manner as part of the cumulative
effects assessment. A full assessment of these pits will be conducted prior to their
development.

The assessment RSAs were developed based on the cumulative effects
assessment case (Section A5.5.1) and included the area of the following
components or their effects:

e Potential mining of ore at Kwatebala, Goma, Fwaulu and Fungurume.

e Potential expansion of the proposed Kwatebala processing plant to a
production of 200,000 tonnes per year of copper.

e Potential construction of a second processing plant north of Fungurume
with a production of 200,000 tonnes per year of copper.

e Potential construction of an above-ground 250-hectare tailings storage
facility north of Fungurume.

e Potential disposal of waste rock near Goma, Kwatebala and Fungurume
pits.

e Potential expansion of the construction camp and additional facilities as
required.
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In general, RSAs were purposefully kept large due to the lack of definition of
many of the above components.

Baseline study areas are presented in Section B1.

C1.1  AIR QUALITY

Anticipated emissions from the processing plant could have a downwind impact
of up to 10 kilometers, so air quality study areas were based on this distance. The
air quality assessment RSA was selected to investigate the cumulative effects of
the TFM project with potential future expansions, including construction and
operation of a second processing plant north of Fungurume and mining at
Fungurume. The RSA thus encompasses two 20 by 20 kilometer square areas,
with one centered on the proposed Kwatebala processing plant and one centered
on the Fungurume processing plant (Figure C1.1-1) (The two squares overlap,
thus the left edge of the square centered on the Fungurume plant site is indicated
by a dashed line). The air quality assessment LSA was selected to be a single
20 by 20 kilometer square area centered on the proposed Kwatebala processing
plant (Figure C1.1-1). The LSA allows for the assessment of the effects of the
mine facilities on local air quality.

C1.2 NOISE AND VIBRATION

The noise and vibration assessment RSA for the project was selected based on:

e Extent of TFM project activities.
e Expected sound level and vibration emissions.

e Locations of sensitive receptors.

The RSA for noise and vibration is a 16 by 30 kilometer rectangle surrounding
the ore bodies between Tenke and Fungurume (Figure C1.2-1).

The assessment LSA for noise and vibrations extends two kilometers from the
limits of project activity except for material transport routes, such as roads and
the airstrip. The LSA extends 500 meters from these routes on both sides
(Figure C1.2-1). Study area limits for a North American traffic noise assessment
are typically 200 meters from a public road. A 500-meter buffer for the material
transport route was conservatively designed to include all potentially affected noise
and vibration receptors along the routes. Specific villages and towns within the
LSA were also assessed. Neighboring villages and towns are all potential noise
or vibration-sensitive receptors located within the LSA boundary.
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The two-kilometer radius for stationary noise sources was based on the result of a
preliminary noise study for the processing plant site. This study indicated that a
1.3-kilometer radius is the distance at which noise sources from the processing
plant site will diminish to an acceptable level. The radius distance of
two kilometers was then assumed to include all the noise-sensitive receptors
potentially affected by project activity.

The vibration study focuses on the blast activities in the mine site and the
limestone quarry. The vibration study assesses all structures within a
one-kilometer radius of the mine site and the quarry site boundary
(Figure C1.2-1).

C1.3 VISUAL AESTHETICS

The visual aesthetics assessment study areas were based on the viewshed of each
project component. The viewshed is the area from where the current landscape,
or the future landscape, plus project facilities (e.g., waste rock facilities or
processing plant stacks) can be seen.

The visual aesthetics assessment shows that the industrial mining activities
planned by TFM may typically cause visual impacts over distances of
approximately seven to eight kilometers from the location of the facility. The
visual impact (visual contrast) of an object diminishes quickly as the distance
between the observer and the object increases. This inverse relationship is well
recognized in visual analysis literature (e.g., Hull and Bishop 1988). The
principle is graphically illustrated in Figure C2.5-1. The impact of an object in
the foreground of a scene (0 to 800 meters) is greater than the impact of the same
object in the middle ground of the scene (800 meters to 5 kilometers), which, in
turn, is greater than the impact of the object in the background of the scene
(greater than five kilometers).

In hilly terrain a development such as a mine or processing plant begins to blend
into the background beyond seven or eight kilometers. At this distance the visual
impact becomes insignificant. The maximum distance from the mine and
associated major infrastructure at which visual impact could be an important
factor has been set to 7.5 kilometers for the purposes of the ESIA. The
assessment LSA for visual aesthetics is considered to be areas within
7.5 kilometers of the Kwatebala pit and processing plant as well as the Goma pits
(Figure C1.3-1). The assessment RSA was considered to include these areas plus
areas within 7.5 kilometers of the potential future plant north of Fungurume.
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C1.4 GROUNDWATER

The groundwater assessment for the RSA covers the general area between Tenke
and Fungurume (Figure C1.4-1). The southern boundary is several kilometers to
the south of the Dipeta River valley. The northern boundary is some six to
seven kilometers north of the Kwatebala Hill and the proposed tailings storage
facility. The RSA includes the Kazakenene drainage and other tributaries of the
Mofia River.

The boundaries of the assessment LSA are shown in Figure C1.4-1. The LSA is
centered on the Kwatebala deposit and the associated mine infrastructure. Impacts to
groundwater from the project are expected to occur primarily within this area,
although there will likely be some minor impacts outside this area.

C1.5 HYDROLOGY, WATER QUALITY AND AQUATIC
RESOURCES

The assessment RSA for surface water hydrology, water quality and aquatic
resources Covers:

e Portions of the Mofia and Dipeta river catchment (399 and 345 square
kilometers, respectively)'.

e A small portion of the Tshilongo River catchment (45 square
kilometers) near Tenke. Proposed and potential future mining activities
in the projects concession area will occur within these areas
(Figure C1.5-1). Population growth at Tenke and Fungurume has the
potential to impact the upper Tshilongo River catchment and the Dipeta
River, respectively.

The Dipeta River flows generally from west to east and drains the southern
regions of the concession area. The Mofia River flows generally from west to
east and drains the northern regions of the concession area. The Tshilongo River
flows generally northwards, just to the west of Tenke.

" Note: The entire Mofia and Dipeta river catchments are much larger; only those portions potentially
affected by the project are included in the assessment RSA.
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The Dipeta River is fed by several tributaries that flow generally northwards into
the Dipeta River, through the concession area. These main tributaries include the
Konka, Kakapidi, Kampangu, Kasingnga, Kanwesi, Kamakanda and Kalengile
rivers. Three main tributaries flow generally southwards towards the
Dipeta River. These are the Shimpidi, Sokalwela and Kalengimiawa rivers.

The Mofia River is fed by several tributaries that flow generally northwards
through the northern extents of the concession area. These tributaries include the
Longe, Kiomba, Kasana, Kazakenene and Kabomboy rivers.

The assessment LSA of 130 square kilometers covers the area where mining and
its associated activities have the potential to directly impact surface water
(Figure C1.5-1). The mine site is located in the upper Dipeta, Shimpidi,
Sokalwela and Kasana catchments, while the limestone quarry, airstrip and
construction camp/permanent village will be located in the Kabomboy
catchment. Construction and operation of access roads have the potential to cause
localized effects in several other subcatchments of the Mofia and Dipeta rivers,
thus these roads and a buffer zone on each side are included in the LSA
(Figure C1.5-1).

C1.6 TERRESTRIAL

The terrestrial assessment RSA contains the mine and its associated facilities as
well as areas where future development is likely to occur. Expansion of the TFM
project may include construction of a processing plant north of Fungurume and
mining of the Fungurume hills. The assessment RSA was thus determined to be a
16 by 30 kilometer rectangular area surrounding the ore bodies between Tenke
and Fungurume (Figure C1.6-1).

The terrestrial assessment LSA was designed to capture the direct effects of the
physical footprint of the mine and its alternatives on terrestrial resources
topography, geomorphology, soil, flora, fauna and biodiversity. The assessment
LSA also attempts to capture the immediate indirect effects of mining activities
(e.g., fugitive dust, changes in surface water flow or disturbance of wildlife). The
LSA is large enough to predict the potential effects of the mine on the soil,
vegetation and the home ranges of animals living within or next to the project
area.
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The terrestrial assessment LSA is approximately 142 square kilometers in size. It
is based on the spatial extent of the footprint, including alternative project
elements, and to include potential immediate indirect effects on the receiving
environment (Figure C1.6-1). All project components were buffered by
500 meters. In the case of roads, this created a study area corridor about
1,000 meters wide (500 meters on either side of the road). After this initial
buffering exercise, the LSA boundary was “smoothed” to include narrow strips
of land or small holes in the buffered coverage.

C1.7 PROTECTED AREAS

An assessment RSA for protected areas in parts of the Democratic Republic of the
Congo (DRC) within 100 kilometers of the TFM project was assessed in order to
provide a basis to evaluate potential indirect impacts of the project (Figure C1.7-1).
An assessment LSA, including all potential project impact areas, plus a 500-meter
buffer zone (equivalent to the terrestrial study area), was also assessed to provide a
basis to evaluate potential direct impacts of the project (Figure C1.6-1).

C1.8 SOCIO-ECONOMICS

Socio-economic assessment study areas include consideration of potential effects
at the national, regional and local levels. The assessment RSA for
socio-economics includes the nation (for macro-economic impacts at the level of
the country), Katanga Province and the Kolwezi District (Figure C1.8-1). The
socio-economic assessment LSA includes the footprint of the mine and its area of
direct and indirect influence, including the adjoining towns that will be most
affected (e.g., Tenke and smaller villages) (Figure C1.8-2). The assessment LSA
falls within the jurisdiction of the Kolwezi District.

In addition to the urban areas of Tenke and Fungurume, 39 villages and hamlets
fall within the assessment LSA. The LSA includes the following five regions:

e Urban Tenke and Fungurume.
e Suburban villages of Mpala and Bloc Mitumba.
e Villages along the national road between Fungurume and Tenke.

e Villages directly between the railroad and the direct concession area
including: Mwela Mpande Gare, Kwatebala Gare, villages between
Kasanga and Mulumbu and villages along the Tenke to Salabwe Road.

e Northern villages around the limestone quarry site and the airport and
Lukotola.
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Study Areas

All towns shown within Figure C1.8-2 are within the socio-economic LSA.
Background information on land use was not available for some of the outlying
towns.

C1.9 CULTURAL HERITAGE

The assessment RSA for cultural heritage follows the assessment RSA for
terrestrial resources and includes all project expansion areas. The assessment
RSA for culture heritage is a 16 by 30 kilometer rectangular area
(Figure C1.6-1).

The assessment LSA for cultural heritage follows the terrestrial assessment LSA
for the project (Figure B1.6-1). This LSA is about 142 square kilometers in size
and has a 500-meter buffer zone surrounding all project aspects and alternatives.
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C2.1 TOPOGRAPHY AND GEOMORPHOLOGY

C2.1.1 Introduction

This section presents the environmental and social impacts assessed for the
effects of the Tenke Fungurume Mining (TFM) project on topography and
geomorphology. The information presented meets the requirements of the TFM
project’s terms of reference (Section E8) and includes details on:

o Potential issues regarding changes to topography and geomorphology.
e Project activities that may affect topography and geomorphology.

e Mitigations measures incorporated in the project design to minimize
environmental and social impacts.

e Impact assessment approach and results for key topography and
geomorphology issues.

e Sustainability assessment approach and results for key topography and
geomorphology issues.

e Cumulative assessment approach and results for key topography and
geomorphology issues.

o Identified measures relating to topography and geomorphology to
promote long-term economic and social sustainability in the project area.

This section is organized as follows:

e Section C2.1.2 describes the study areas.

e Section C2.1.3 discusses the approaches and results for the impact and
the sustainability assessments.

e Section C2.1.4 provides the cumulative effects assessment.

e Section C2.1.5 discusses the conclusions of the assessment.

Baseline information concerning topography and geomorphology has been
provided in Section B2.1.

A glossary of terms and acronyms used is provided at the back of this volume.
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C2.1.2 Study Areas

The study areas for the topography and geomorphology impact assessment are
the same as those for the topography baseline.

The impact assessment Regional Study Area (RSA) is a rectangle approximately
16 by 30 kilometers in size (Figure C1.6-1). The RSA contains the impact
assessment Local Study Area (LSA), numerous urban settlements (including
Fungurume, Tenke, Mulumbu and Lukotola) and wvarious infrastructure
developments (including an airstrip, powerlines, roads and railway tracks). The
RSA contains nearly the entire Dipeta catchment and the southern portion of the
Mofia catchment. The RSA includes areas likely to experience indirect impacts
or downstream effects from project development within the LSA.

The topography and geomorphology LSA is located between the towns of
Tenke and Fungurume and is made up of the ore body complex (Kwatebala Hill,
Goma hills and the Kavifwafwaulu [Fwaulu] hills), the mine and its facilities, the
main access road, and all other infrastructure relating to the project. The LSA
also includes the site of the proposed limestone quarry north of Fungurume
(Figure C1.6-1). The LSA represents the area predicted to have the highest direct
impact due to project development.

C2.1.3 Impact Assessment

C2.1.3.1 Issue Scoping

The anticipated key issues relating to topography and geomorphology are:

e Initial removal and disturbance of unique or important topographic
features important for social or biological reasons.

o Changes in the landscape and underlying geomorphology (shape, slope
and elevation of land features) which may represent important issues to
people or the environment.

A number of issues relating to topography and geomorphology were noted during
the public consultation process (Section A6). These include:

e Concern that removal of the entire Kwatebala Hill over time will change
the area’s visual character.

e Concerns that changes in topography such as roadway construction may
affect economic development, particularly the movement of agricultural
products to market.
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e The way future socio-economic benefits from the land may be impacted
by topographic changes (including effects on agricultural production,
and the loss of the artisanal mining economy).

This section of the TFM project’s environmental and social impact assessment
(ESIA) focuses directly on the specific topographic and geomorphic changes, but
other ESIA sections address the implications of those changes. ESIA sections on
visual aesthetics, hydrology, hydrogeology, land use, socio-economics and
closure all discuss the implications of changes to topography and
geomorphology.

C2.1.3.2 Key Questions and Indicators

Two key questions were established to determine the environmental impact of
the TFM project on topography and geomorphology. The key questions listed in
Table C2.1-1 address the aspects of impact assessment and sustainability
assessment for topography and geomorphology.

Table C2.1-1 Key Questions for Topography and Geomorphology

Impact Assessment

TG-1 What effect will the project have on topography and geomorphology?

Sustainability Assessment

TG-2 How can the project influence topography and geomorphology to have a long-term positive effect?

Indicators relating directly to topography include slopes, heights of features, and
variability of terrain. Topographically unusual terrain is also included. Changes
in these indicators are discussed in this section. Indicators relating to visual
appearance, socio-economic effects and effects on water flow are addressed in
those ESIA sections (see Sections C2.5, C4.1 and C2.11).

C2.1.3.3 Assessment Criteria
Assessment criteria for topography and geomorphology are presented in

Table C2.1-2. The screening system for sustainability consequence is provided in
Section AS.
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Table C2.1-2 Impact Description Criteria for Topography and Geomorphology
Direction® Magnitude(b) G;ig;zﬁg'c Duration'® Reversibility(e) Frequencym

neutral: no negligible: no local: effect short-term: reversible: low:
change in measurable restricted to less than impacts can be | occurs once
topography effect on slopes the LSA 3 years slightly to or rarely
negative: a and landscape- | agional: medium- completely medium:
change in Ifevel topographiC | effect extends | term: repalzje_ddor occurs
topography that eatures beyond the 3 to 20 years remedie intermittently
affects function | low: sllght LSA long-term: !rrever5|ble: high:
fqr human or changes in more than |mpacts. cannot | Jirs
b|olqg|ca! slopes or Qverall 20 years be rep_alred or continuously
services in a topographic remedied
way not layout
demqnstrably moderate: locally
positive prominent
positive: a changes in
change in slopes or overall
topography that | topographic
improves layout
function for : ;

high: regionally
human or prominent
blolqglcal changes in
services slopes or overall

topographic

layout

(a)
(b)
(c)
(d)

a 20-year operations period.

(e)

Reversibility: effect on the resource (or cannot be reversed).
Frequency: how often the impact occurs.

C2.1.3.4 Key Question TG-1

Linkage Evaluation

Golder Associates

Direction: positive or negative effect for measurement indicators as defined for the specific component.
Magnitude: degree of change to analysis indicator.
Geographic Extent: area affected by the impact.

Duration: length of time over which the environmental effects occurs. Considers a two-year construction period and

Key question TG-1 is: What effect will the project have on topography and
geomorphology?

A cause and effect diagram for topography and geomorphology is presented in
Figure C2.1-1. As earthmoving activities during the construction, operations and
closure phases of the TFM project have the potential to affect topography and
geomorphology, this linkage is valid.
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Figure C2.1-1
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Assessment Methods

Mitigation

Plans for mine, road and facility development (Section A4) were reviewed in the
context of known baseline conditions for topography and geomorphology.
Professional experience was used to develop an understanding of the potential
effects of the TFM project, specifically in relation to changes in topography and
geomorphology generally caused by mining, processing plant sites, waste rock
facilities, quarries and linear developments, such as roads. Preliminary closure
plans (Section D5) and goals to mitigate (minimize) effects over the long term,
were used to develop an assessment of long-term impacts.

The following mitigation measures will be employed to minimize impacts on
topography and geomorphology:

e During construction, operations and closure, erosion control measures
will be applied as described in Section C2.4 (soils). Reducing surface
effects on soils, such as erosion, has the added benefit of reducing
formation of gulleys (trenches) that would represent an undesirable effect
on topography.

e During construction, operations and the beginning of the closure phase,
water management systems, as described in Section C2.12 (water
quality) will be used in the mine areas to minimize silt disturbance, silt
suspension and silt deposits in downstream watercourses. Although
mainly related to water quality effects, this mitigation also limits changes
in the watercourse topography that could occur with the build-up of
finely eroded materials.

e During operations, mine slopes will be engineered and constructed so
that they are stable. Safety procedures will be followed to ensure that on-
site staff and the general public are not placed at risk due to steep
topography which will be in place temporarily during operations.

e Reclamation will occur progressively where feasible, during the
operations phase, and will be completed in the closure phase.
Reclamation will help to reduce the post-closure slope changes that
would occur at mine and quarry sites during operations will help
enhance topographic diversity and will help restore geomorphic terrain
that may have been lost during operations. Public consultation regarding
appropriate land uses will help ensure the reclaimed landscape is
appropriate for future land use activities.
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Results

The topography of the mine areas will be most affected. The ore bodies will
affect Kwatebala, Goma and Fwaulu hills, ultimately removing most or all of
these prominent topographic features, while increasing internal mine slopes
(highwalls up to 155 meters high will have slopes of about 39 degrees).

The rock will be mined in five-meter benches. Associated with mine areas, waste
rock facilities will be created next to mining areas. At Kwatebala Hill, the
maximum height of the main waste rock facility will be 100 meters, with a side
slope ratio of 1:1.5 (33.7 degrees). The waste rock stockpile east of Goma hills is
expected to be about 55 meters high. These two waste rock stockpiles will
represent locally prominent topographic features.

Other stockpiles for low-grade ore will be built on top of the waste rock facilities
located near the processing plant. This ore will be processed following
processing of the higher grade ore. Additional planned stockpiles include:

e Storage areas for materials such as lime and sulfur.
e Short-term ore stockpiles.

e Temporary topsoil stockpiles of smaller sizes.

At closure, highwalls along the edges of mine pits will be flattened, making
topography of mine areas easy for people and equipment to move across. Lower
benches of mine pits will be left as is, as the mine pits will be allowed to fill with
water at closure. Closure of rock stockpiles in mine areas will involve:

e Grading to pre-determined slopes for safety and drainage.
e Compacting the surface of the piles for safety and strength.

o Constructing of rock-lined channels to direct runoff water to local
watercourses.

e Replacing topsoil on the tops of the stockpiles. The topsoil will be
reseeded with native grasses and forbs (herbs), or be returned to rain-fed
agricultural use.

o The sides of the stockpiles will be left as exposed rock.

The topography of the quarry area will be affected in a similar way to the mine
areas, but on a smaller scale. Quarry rock faces will be mined and material will
be removed (about 90,000 tonnes of material annually), reducing the size of the
quarry hill. Baseline quarry topography includes moderately steep rock faces,
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which will be mined during the operations phase of the TFM project. At closure,
these rock faces will be left in place for potential future operation of the quarry.

The topography associated with linear features such as new or rebuilt roads for
the TFM project will be altered slightly in some areas to create a flat linear route
of adequate size. Side cuts in hills will be made to create some linear features,
but minimal impacts are expected due to the use of appropriate reclamation
techniques. The topography of the plant site, camp site and other new
infrastructure facilities will be flattened to accommodate buildings. Storage areas
for materials such as lime and sulfur will be developed, but these will appear
small when compared with other topographic features in the area. Because
relatively flat sites have been selected for these facilities, a limited topographic
impact will be observed. At closure, process materials will be removed from the
site.

The topography of the tailings storage facility will be altered with the
development of a dam structure with a slope of about 14 degrees, and the gradual
filling of the pond area to create a relatively flat-topped surface. The
embankment (dam) will be constructed primarily of waste rock and will go
through a phased development over the course of the TFM project’s operations.
At closure, the surface of the tailings storage facility will be left in place but will
be covered with a layer of waste rock and a layer of salvaged topsoil, allowing
for a small degree of local topographic diversity to be established. Revegetation
will occur to minimize erosion from the sides and surface of the tailings storage
facility.

Impact Analysis

During construction, topographic impacts will occur at the mine and quarry
areas, along new road routes, at the tailings storage facility and at the processing
plant site. Most impacts will initially consist of leveling of the terrain and will be
very small. These impacts are considered negligible in magnitude, local in
geographic extent, long-term in duration (because they make permanent changes
to the landscape) and of medium frequency during the TFM project period.
Impacts on topography and geomorphology will not be reversed. The
environmental consequence of these effects will be negligible (Table C2.1-3).
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Table C2.1-3 Residual Impact Classification for Key Question TG-1
Direction | Magnitude Geographic Duration Reversibility | Frequency Environmental
Extent Consequence

Key Question TG-1:

What effect will the project have on topography and geomorphology?

Construction Phase

negative negligible local long-term irreversible medium negligible
Operation Phase

negative ‘ moderate | local ‘ long-term ‘ irreversible | medium ‘ moderate
Closure Phase

negative ‘ moderate | local ‘ long-term ‘ irreversible | low ‘ moderate

During operations, topographic impacts at the mine, quarry areas and tailings
storage facility will increase over time. The mine will increase in size and depth,
the quarry headwall will move over time and the tailings storage facility will
increase in height. The waste rock facility and storage stockpiles (mainly those
for lower grades of ore, as described above) will be built up. Locally, some
topographic impacts will be very large, but in the context of the entire LSA the
topographic and geomorphic impacts are more appropriately rated as moderate.
On the basis of all planned topographic and geomorphic changes, impacts are
considered moderate during operations within a local geographic extent. Effects
on topography and geomorphology will be long term and mostly irreversible. The
frequency of changes to topography and geomorphology will be medium during
operations. The overall environmental consequence during operations is rated as
moderate.

During the closure phase, reclamation will be completed, with some leveling and
smoothing of topography, most notably at the mine areas. Permanent changes
will remain at the site of the mine and quarry areas, tailings storage facility,
processing plant facilities and along the edges of some linear developments, such
as roads. Effects after closure will be moderate, local, long-term and irreversible,
with a low frequency of impact. The overall environmental consequences at
closure are rated as moderate.

These impact ratings do not specifically address the direct aesthetic, hydrology
and social effects associated with such changes. These are discussed in the
appropriate sections of this volume.

Prediction Confidence

The baseline status of topography and geomorphology in the LSA is well
understood. Information concerning the effects of the mine and quarry areas,
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tailings storage facility, plant site and other infrastructure is adequate to have a
high confidence in the impact predictions in this section.

C2.1.3.5 Key Question TG-2

Key question TG-2 is: How can the project influence topography and
geomorphology to have a long-term positive effect?

Assessment Methods

In general, assessment methods are the same for key questions TG-1 and TG-2.
Plans for mine, road and facility development were reviewed in the context of
known baseline conditions for topography and geomorphology. Professional
experience was used to develop an understanding of the potential effects of the
TFM project, specifically in relation to the long-term (post-closure) changes in
topography and geomorphology caused by mining, processing plant sites, waste
rock facilities, quarry and linear developments, such as roads. Key question TG-1
emphasizes potential negative effects of losses of existing topographic features
while key question TG-2 emphasizes the potential long-term benefits of
topographic changes in a socio-economic context.

Mitigation

The post-closure landscape will be developed with specific principles. Sites will
be returned to a safe and stable condition with all steep slopes bermed and
fenced. The sites will be returned to a topographic condition that will support,
wherever feasible, a self-sustaining ecosystem compatible with the surrounding
environment and post-mining land use. However, reclamation of the open pit
mine is not considered practical at this time, and no commitments are being made
to revegetate the highwalls. The social and economic implications of mine
closure will be studied and appropriate transition strategies will be developed for
the benefit of employees and the local community, as set out in the TFM
project’s reclamation and closure plan (Section DS5). Based on the results of
public input, consideration will be given to modifying closure plans to allow
rapid integration of new or previously existing sustainable economic land uses.

TFM will evaluate the possibility of conserving some of the more outstanding
geomorphology in the RSA based on the potential for future mineralization
developments. This will be combined with the program for the protection of
threatened plant species which is described in Section C3.1. The area four
kilometers southwest of the TFM camp and north of Lutanda may be considered
as a potential site, since it comprises an unusual horseshoe-shaped landform
(Photograph C2.1-1).
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Photograph C2.1-1 Horseshoe-Shaped Land Form Just North of Lutanda

Results

It is anticipated that, in the long term:

o Local areas will have changes in slopes.

e The height of geographic features, such as the hills being mined, will
change.

e Topographic diversity, such as different patterns of slopes, will be
created in some areas and very flat landscapes created in other areas.

Following reclamation, although topography will not be returned to the same
condition it was in before the TFM project, the landscape can be developed to
suit specific certain end land uses that will enhance socio-economic sustainability
once the TFM project is complete. For example, flat areas left at the plant site
may be used for ongoing industrial use or may be partly converted for
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agriculture. Flat areas created for camps may be used for villages. Pit lakes
developed in mine pits may have potential uses for the local population,
depending on the results of water quality monitoring (Section B.2.3). Specific
topographic features such as rocky hilltop areas may be left in place to sustain
specific kinds of biological diversity.

Impact Analysis

The positive impacts that can occur for topography and geomorphology, in
relation to longer-term sustainability, are projected to be moderate. Positive
impacts will be confined locally within the LSA, will affect those individuals
who can take advantage of the new topographic features for their benefit and be
long-term in duration. The probability of successful enhancements to topography
for sustainability is considered medium. Assuming that the unusual
geomorphological feature south east of the TFM camp is conserved within the
RSA, the sustainability consequence for the TFM project is rated as moderate
(Table C2.1-4).

Table C2.1-4 Residual Impact Classification for Key Question TG-2
Magnitude Span or Reach Duration Probability of Sustainability
Success Consequence
Key Question TG-2: How can the project influence topography and geomorphology to have a
long-term positive effect?
moderate ‘ a few people long-term medium moderate
Prediction Confidence

The principles guiding long-term development of the post-closure landscape are
designed to ensure that landscape will have sustainable socio-economic value to
local populations. Because of the general nature of these principles, prediction
confidence that positive benefits to the landscape for sustainability can ultimately
be realized is rated as low to moderate.

Monitoring

No monitoring is proposed specifically for topography and geomorphology.
Monitoring for the effectiveness of erosion control measures, slope stability and
reclamation success are described in Volume D.
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C2.1.4 Cumulative Effects Assessment

Linkage Evaluation

Should the TFM project be expanded from 115,000 tonnes per year production to
400,000 tonnes per year, the physical extent of topographic modification would
increase considerably with additional areas being mined and additional areas
required for tailings storage facilities, waste rock facilities and processing plants.

Assessment Methods

Mitigation

Results

Detailed plans for the additional development of the project to expand to
400,000 tonnes per year are not yet available. However, the general concept for
such a development was reviewed in the context of known baseline conditions
for topography and geomorphology. Professional experience was used to develop
an understanding of the potential effects of an expanded TFM project,
specifically in relation to the long-term (post-closure) changes in topography and
geomorphology caused by mining, processing plant sites, waste rock facilities,
the quarry and linear developments, such as roads. Principles developed for
closure plans and other project goals to mitigate (minimize) long-term effects
over the long term were considered in the assessment of long-term impacts.

In addition to mitigation as proposed for key question TG-1, an expended
400,000 tonnes per annum project would have to create a more detailed plan for
watershed restoration, due to the greater level of impact on the Dipeta watersheds
due to the project.

The effects on topography and geomorphology with a larger, 400,000 tonnes per
year project would be greater in magnitude than those predicted for key question
TG-1, but the types of impacts expected would be similar. Changes in slopes and
heights of existing landforms would be anticipated (principally those hills
impacted directly by mining). New waste dumps would be developed,
representing locally prominent topographic features, which in some cases would
be temporary. Permanent effects would occur due to the development of new
tailings storage areas. Three to four times the land area of the project would be
affected in such a cumulative case, depending on economies of scale and
advances in technology that might help to reduce this impact.
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Impact Analysis

Table C2.1-5

For the cumulative development case, impacts will occur across much of the
LSA and likely in additional ore-bearing hills outside of the LSA, such as the
Fungurume hills. The expanded TFM project would cover considerably more
land area than those in the project case assessed under key question TG-1. The
impacts for the cumulative case are predicted to be moderate to high in
magnitude (following all mitigation including reclamation and closure), regional
in geographic extent, long-term in duration (because they make permanent
changes to the landscape) and of medium frequency during this period. Impacts
will not be reversible. The consequence of these effects will be high
(Table C2.1-5).

Direction | Magnitude

Residual Impact Classification for the Cumulative Case
Geographic . A Environmental
Extent Duration | Reversibility | Frequency Consequence

Key Question TGe)-1: What effect will the project have on topography and geomorphology?

negative

moderate to long-
high

regional no medium high

term

Prediction Confidence

The baseline status of topography and geomorphology in the LSA is well
understood. Information concerning the effects of a larger, 400,000 tonnes per
year project is limited, but a general understanding of the effects of such a project
is in place. The prediction confidence for this assessment is rated as moderate.

C2.1.5 Conclusions

Residual impacts are summarized in Tables C2.1-3, C2.1-4 and C2.1-5.

Following mitigation, the TFM project will have a negligible environmental
consequence for topography during the construction phase, a moderate
environmental consequence during the operations phase and a moderate negative
environmental consequence in the long term. Potential moderate long-term
negative impacts, due to the loss of specific existing topographic features, are
partially offset by possible positive long term sustainability impacts from a socio-
economic perspective. These possible improvements are related to specific kinds
of land use that are rated moderate in overall sustainability consequence.
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Under the cumulative development case, a project expansion from 100,000 to
400,000 tonnes per year production could considerably increase the extent of
impacts on topography and geomorphology, resulting in a high level of
environmental consequence for such a development. However, the uncertainty of
predictions under the cumulative development case is higher than the uncertainty
for the TFM project, making it difficult to assess environmental consequences for
the cumulative case.
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C2.2 GEOLOGY

No assessment is required for this discipline. This section is included to allow
for consistency in section numbering between Volumes B and C.
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c2.3 GEOCHEMISTRY

No assessment is required for this discipline. This section is included to allow
for consistency in section numbering between Volumes B and C.
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C24 SOILS

C2.4.1 Introduction

This section presents the environmental assessment for the effects of the
proposed Tenke Fungurume Mining (TFM) project on soil resources, according
to the project’s terms of reference (Section E8). The information presented
includes details on:

The various soil types and distribution within the study areas.
The capability of soils for agriculture.
An assessment of soil types for reclamation suitability.

The potential for soil erosion with mitigation measures presented to
minimize erosion effects.

The volume of soils available for reclamation activities.

An assessment of constraints or limitations to achieving vegetation
restoration based on anticipated soil conditions.

The effect of the project on soil quantity and capability.
The effect of the project on unique copper-rich soils.

An assessment of the potential for long-term sustainable use of soils and
possible development options.

This section is organized as follows:

Section C2.4.2 describes the study areas.

Section C2.4.3 discusses the approaches and results for the impact and
sustainability assessments.

Section C2.4.4 provides the cumulative effects assessment.

Section C2.4.5 discusses the conclusions of the assessment.

A glossary of terms and acronyms used in the section is provided at the back of
this volume.

C2.4.2 Study Areas

The assessment Regional Study Area (RSA) for soils is a rectangular area
approximately 16 by 30 kilometers in size (Figure C1.6-1). The RSA contains the mine
Local Study Area (LSA) as well as numerous urban settlements (including Fungurume,
Tenke, Mulumbu and Lukotola) and areas projected to be used by the expanded
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project. The RSA contains nearly the entire Dipeta catchment and the southern portion
of the Mofia catchment, encompassing approximately 49,470 hectares.

The soils assessment LSA follows the terrestrial (including soils, flora, fauna and
biodiversity) LSA for the project (Figure B2.4-1). The LSA has a 500-meter
buffer zone surrounding all project aspects and alternatives to account for
possible impacts that edge effects may have on flora and fauna. The soils LSA
encompasses approximately 14,190 hectares.

Impact Assessment

This section presents the results of the impact assessment on soil resources.
Impacts were evaluated for all three mines (Kwatebala, Goma and Fwaulu) as the
area of disturbance for each was known at the time of the assessment. An
assessment of cumulative effects, which includes the effects of the Fungurume
mine, is provided in Section C2.4.4.

C2.4.3.1 Issue Scoping

The anticipated key issues related to soil resources are:

e Mining activities will result in soil removal and disturbance and may
cause changes in soil quality/productivity due to disrupted biochemical
cycles, loss of soil organic matter, increased soil erosion/sediment
delivery, soil compaction, mixing of soil horizons and soil types and soil
contamination.

e The project mining activities may result in some loss of unique soils
with high levels of exchangeable copper and cobalt and the associated
floral community.

Sustainability issues related to soil resources are:

e Development resulting from the TFM project, along with increased
population growth, increased agricultural land clearing and food
production may intensify the long-term deterioration of soil
quality/productivity.

Several issues relating to soils were noted during the public consultation process
(Section A6). These include:

e Concerns about loss of agricultural land due to the construction of mine
facilities and roadways.
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e Concerns about the loss of trees and vegetation in the concession, the
impact this may have on soil erosion, and subsequent impacts on
damage to or loss of agricultural land.

e Concerns regarding the location of the waste rock facilities and other
mine infrastructure, which communities feel should avoid existing
agricultural lands.

C2.4.3.2 Key Questions and Indicators

Table C2.4-1

A linkage analysis for potential impacts to soil resources is presented in
Figure C2.4-1. The linkage diagram details the potential direct and indirect
pathways between the project, soils and other resources. Other resources affected
by changes in soil quality productivity include vegetation, surface water quality,
groundwater quality, land use and visual aesthetics. Section 2.4.3.4 provides a
detailed linkage for changes to soil quality/productivity. Section 2.4.3.5 provides
a detailed linkage for the loss of unique soils. Section 2.4.3.6 provides the
linkages for sustaining soil productivity/quality.

The key questions for soil resources are listed in Table C2.4-1.

Key Questions for Soil Resources

Impact Assessment

SR-1 What effect will the project have on soil quality/productivity?

SR-2 What effect will the project have on loss of unique soils?

Sustainability Assessment

SR-3 How can the project have a long-term positive effect on soil quality/productivity?

Performance monitoring involves periodically measuring the short- and long-
term impacts and giving feedback of the results to managers and decision-
makers. Performance monitoring is measured using performance indicators.
Performance indicators need to be measurable and quantifiable, linked to project
activities and meet the specific information needs and scope of authority of the
various users. Various users may include field staff, mine managers and decision-
makers (World Bank Group 1996). The monitoring and evaluation of project
impacts and the success of implemented mitigation measures should be objective
and not based on personal judgment or pure description.
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Figure C2.4-1
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The impacts on soil resources will be measured through a series of performance
indicators tailored to site conditions (Table C2.4-2). These indicators will be used
for monitoring and evaluating the project impacts and the effectiveness of
mitigation measures on soil resources during the life of the project. These key
indicators are listed in Table C2.4-2 and are used as part of the soil action plan

outlined in Section D3.1.1.

Table C2.4-2

Potential Soil Resource Indicators and TFM Context

GRI Indicator®

ESIA Indicator

TFM Context

EN 23  foreach
reporting
period,
report on
land
disturbed
and
rehabilitated

area of land disturbed
and reclaimed

TFM is committed to post-mine reclamation and closure. This will
be outlined in annual development and reclamation reports showing
the land disturbed and rehabilitated. These reports will also provide
an indicator of lost soil productivity.

volume and areas of
topsoil/subsoil salvage
storage replacement

TFM is committed to the salvage, storage and protection of
productive topsoil. This will be outlined in annual development and
reclamation reports showing the volume and areas of salvage, storage
and replacement.

crop yields

TFM is committed to reclaim disturbed areas to agriculture or
miombo woodland land uses where feasible and in consultation with
the surrounding communities. This will be verified by measuring
crop yield on reclaimed agricultural land using productivity plots on
agricultural and miombo woodland.

number and
effectiveness of erosion
control measures

TFM is committed to developing, implementing and monitoring a
comprehensive surface water and erosion control plan. The
number of erosion control structures and areas revegetated as part
of the erosion control plan will be reported annually. Erosion control
effectiveness will be monitored by an on-site inspection and
reporting program.

number of reported
“spills” and the
mitigation measures
used to clean up spills

TFM is committed to developing and implementing a spill response
plan. Annual operating reports will outline the number of spills,
volume of soil contaminated and mitigation measures used to
prevent and clean up spills.

area of unique soils
disturbed

volume of unique soil
salvaged

area of unique soils
replaced

TFM is committed to reclamation and protection of some of the
identified unique copper-cobalt soils and their associated floral
communities. This will be outlined in annual development and
reclamation reports showing the volume and areas of salvage, storage
and replacement of unique soils.

@ Global Reporting Initiative (GRI 2005b).

C2.4.3.3 Assessment Criteria

The soil impact criteria used to assess impacts on resources resulting from TFM
mining activities are presented in Table C2.4-3. The screening system for
sustainability consequence is provided in Section AS.
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Table C2.4-3 Impact Description Criteria for Soil Resources
Direction® Magnitude® Geographic Extent" Duration® Reversibility® | Frequency”
positive, negligible: local: short-term: less | reversible or low:
negative or no measurable effect effect restricted to the than 3 years irreversible occurs once
neutral for the (less than 1 percent) on Local Study Area (LSA) medium-term: or rarely
measurement the measured endpoint regional 3 to 20 years medium:
endpoints low: effect extends beyond long-term: occurs
less than 10 percent the LSA into the more than intermittently
change in the measured | Regional Study Area 20 years high:
endpoint (RSA) occurs
moderate: beyond regional: continuously

10 to 20 percent change
in the measurable
endpoint

high:

more than 20 percent
change in the measured
endpoint

effect extends beyond
the RSA

(a)

®  Magnitude: degree of change to analysis indicator.
©  Geographic Extent: area affected by the impact.

(d)

a 20-year operation period.
@ Reversibility: effect on the resource (or resource capability) can or cannot be reversed.

(U]

Frequency: how often the impact occurs.

C2.4.3.4 Key Question SR-1

Direction: positive or negative effect for measurement indicators as defined for the specific component.

Duration: length of time over which the environmental effects occurs. Considers a two-year construction period and

Key question SR-1 is: What effect will the project have on soil quality/productivity?

Issues that are related to soil quality/productivity during the construction,
operation and closure phases of the project include:

e Soil removal and disturbance.

e Loss of soil organic matter/changes in biochemical cycle.

e Soil erosion/sediment delivery.

e Sedimentation.

e Soil compaction/change in soil structure.

e Mixing of topsoil and subsoil.

e Mixing of different soil types.

e Soil contamination.

e Reclamation.

These identified issues are discussed below.
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Linkage Evaluation

Figure C2.4-1 provides a linkage evaluation of the project phases and soil
quality/productivity linkages. During the construction phase, activities such as
site clearing, topsoil salvage and storage, subsurface stripping and construction of
processing facilities, roads and tailings dams can affect soil quality/productivity.
During the operations phase, activities such as mining, waste rock disposal,
tailings production and leaks and spills can affect soil quality/productivity.
During the closure phase activities such as site preparation, soil replacement and
revegetation can affect soil quality/productivity.

Soil Removal and Disturbance

The main disturbances from the TFM project will be plant construction, tailings
storage facility construction and open pit mining. The mining process results in
the physical removal of the entire soil profile. Soil removal and disturbance can
also affect vegetation, land use and visual aesthetics (Figure C2.4-1). This is a
valid linkage.

Loss of Organic Matter/Changes in Biochemical Cycle

Soil organic matter content affects soil fertility, soil aggregate stability, soil
infiltration, resistance to crusting and soil structure. The sustainability of soil
nutrient supply in disturbed tropical soils has been identified as a potential issue.
Organic matter content is a key soil characteristic that determines many factors of
the sustainability of tropical soil fertility (Young 1976).

Soil organic matter develops over time, under equilibrium conditions, where the
rate of input from decomposing plant material approximately equals plant uptake
(Hausenbuiller 1972). Changes in soil organic matter content will affect both soil
carbon and nitrogen content. Organic nitrogen is the dominant form of soil
nitrogen in tropical soils (Young 1995). This form of nitrogen in most tropical
forest soils is not available after a long period of cultivation and, by extension,
after severe disturbances such as mining.

Tropical and subtropical soils are often very low in nutrients, have a low pH, low
phosphorus availability and possible aluminum toxicity as outlined below:

e Tropical soils have low cation exchange capacities indicating that the
soil is highly limited in retaining nutrients, are easily disrupted by
agricultural practices and exhibit a tendency to inactivate available
phosphorus (Young 1976).

e pH is a useful indicator of chemical fertility. The pH affects solubility of
minerals and the activity of soil microbes to convert organic minerals to
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soluble inorganic forms (plant nutrients). Slightly acidic soils to neutral
soils with pH values of 5.3 to 7.0 are favorable for cultivation and
nutrient release.

Phosphorus (P) is one of the most deficient plant nutrients in weathered
tropical soils. Phosphorus deficiency is widespread in the tropics, due to
either phosphorus fixation or low total phosphorus reserves in organic
matter and strong weathering (Juo and Franzluebbers 2003). Tropical soils
contain high iron and aluminum oxides that react with soluble phosphate
ions released during mineralization to form less soluble iron and aluminum
phosphates. This process is known as phosphorus fixation. Much of the
phosphorus content and other cations are derived from the organic fraction.

Strongly acidic soils (pH < 5.2) are widely encountered in the humid
tropics. These soils can also lead to mineral deficiencies (Juo and
Franzluebbers 2003).

The amount of aluminum (Al) and manganese (Mn) present in the soil
solution may become toxic to various crops. High concentrations of
aluminum affect root growth, uptake, translocation of nutrients and
immobilization of phosphorus.

Maintaining the topsoil in tropical and subtropical soil is necessary to offset some
of the limitations caused by low cation exchange capacity, low acidity, low
phosphorus availability and possible aluminum toxicity.

The TFM project has the potential to cause a net loss of soil organic matter
during salvage operations or when soil is stockpiled. Decomposition and
mineralization of soil organic matter can occur when soil is stockpiled over a
long period. A net loss in soil organic matter results in lower soil fertility and a
loss of soil structure and tilth (suitability for agricultural purposes). Loss of soil
organic matter leads to changes in the biochemical cycle. Both can effect
vegetation and land use. This is a valid linkage.

Soil Erosion/Sedimentation

Soil erosion is the displacement of soil by wind or water. According to
Wischmeier and Smith (1961) the following features can effect soil erosion:

Rainfall.

Soil credibility.
Slope length.
Slope gradient.
Vegetative cover.

Erosion control practices.
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Soil erosion risk is related to soil erodibility and erosivity. Soil erodibility is the
susceptibility of a soil to erosion. Erosivity is the capacity of water to erode soils.

Soil erodibility is affected by soil organic matter, soil texture and soil structure.
Generally soils high in silt and very fine sand are more susceptible to erosion
than other soils. Soil with higher levels of organic matter and well-developed
aggregate structure are less susceptible (prone) to erosion. The amount of soil
vegetative cover is an important factor in erosion control, especially in high
rainfall areas. Soil water erosion is greater where the raindrops reach the ground
with high kinetic energy (i.e., not intercepted by vegetation).

Sediment delivery is the movement of displaced soil particles (sediment) off site
into an ephemeral, intermittent or perennial watercourse.

The TFM project has the potential to increase soil erosion and/or sediment
delivery through removal of vegetation, changing soil structure and organic
matter and entraining (transporting) the sediment in runoff from the cleared
areas. Soil erosion/sediment delivery needs to be minimized on areas stripped of
vegetative cover prior to mining activities, during mining operation and on the
post-mining landscape. Soil erosion/sediment delivery can affect surface water
quality, land use and visual aesthetics. This is a valid linkage.

Soil Compaction/Change in Soil Structure

Soil compaction results in reduced soil pore space (the spaces between soil
particles). Soil compaction occurs when force compresses the larger soil pores
and reduces the air volume of the soil. Compacted soils have higher bulk
densities than non-compacted soils. Soil compaction results in:

e Decreased movement of water and air into and within the soil profile
(Gupta and Allmaras 1989).

e Decreased available soil water storage for plant use.
e Decreased water infiltration and increased surface runoff and erosion.

e Soil compaction can also modify soil hydrology, groundwater recharge
and increase the risk of runoff and water erosion.

e Reduced plant root growth and penetration (Wolf and Hadas 1984).

e Decreased plant root penetration into the soil profile with resulting
decrease in availability of soil water and nutrients to plants.

The potential of a soil to compaction depends on the soil’s physical properties
(such as texture and water content) and the amount and nature of the force
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applied. Soil compaction is a potential issue whenever vehicular traffic passes
over soil intended to support plant growth. Soil compaction is most severe under
moist conditions, high loads and areas of repeated traffic use. Soil compaction
issues can take years to remedy or improve.

Alteration of soil structure can result from a reduction in soil porosity, an
increase in soil density and a loss of soil aggregates. Alteration of soil structure
can impact vegetation growth, especially root development.

The TFM project has the potential to cause both soil compaction and an
alteration of soil structure. Soil salvage operations will involve equipment traffic
and activity on soils that could result in soil compaction and alteration of soil
structure. Repeated vehicular traffic in the plant and mine area over the life of the
project could also result in soil compaction. Soil compaction or change in soil
structure can impact vegetation and land use. This is a valid linkage.

Mixing of Soil Horizons

The organic matter horizon of tropical soils contains the majority of soil nutrients
(Young 1976). Care should be taken to ensure that this horizon is preserved during
project construction for later use in reclamation. The availability of plant nutrients,
such as phosphorus, can diminish in soils due to depletion of plant litter caused by
clearing and other processes such as leaching, oxidation and mineralization.

The TFM project has the potential to mix soil horizons by overstripping or
understripping during reclamation material salvage and replacement operations.
Overstripping or understripping may be caused by equipment operator error,
equipment limitations or variability in soil horizon depths. Mixing of soil
horizons can also result in reduced or altered post-mine land capability. This, in turn,
can impact vegetation and land use. Mixing of soil horizons is a valid linkage.

Mixing of Soil Types
Within the project LSA there are two distinct soil types:

e Soils high in exchangeable copper-cobalt on mineralized outcrops.

e Soils low in exchangeable copper-cobalt on agricultural land and
miombo woodland.

Mixing of these two soil types during salvage and reclamation activities could
result in soils with phytotoxic levels of copper and cobalt in areas designated for
agricultural crops or low levels of copper and cobalt in areas reclaimed to
copper-cobalt vegetation.
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The project has the potential to mix soil types through operator error or the
inadvertent mixing of soil types during salvage operations. Mixing the soil types
can also result in reduced or altered post-mine land capability which, in turn, can
impact vegetation and land use. This is a valid linkage.

Soil Contamination

The chemistry of soils and their capability can be altered by leaks, seepage, and
spills of substances from industrial sources.

The TFM project has the potential to cause soil contamination resulting from
spills and leaks during construction and operation phases. Soil contamination can
result in the alteration of soil chemistry and physical properties. Soil
contamination can impact vegetation, surface water and groundwater quality.
This is a valid linkage.

Reclamation

Land reclamation is the reconditioning of the land to a state suitable for some
future use. Land reclamation includes the stabilization, contouring, maintenance,
conditioning, reconstruction and revegetation of the land surface. Alberta
Environment (2006) describes land reclamation efforts as the removal of
equipment, buildings or other facilities, the decontamination of the site and the
stabilization, contouring, maintenance, conditioning or reconstruction of the
surface of land. Often the goal of reclamation is returning the land to equivalent
land capability so that it is able to support land uses similar to those that existed
prior to disturbance. Reclamation affects land use, vegetation, surface water
quality, groundwater quality and visual aesthetics. This is a valid linkage.

Assessment Methods

Mitigation

A reconnaissance-level baseline soil map was produced based on field studies
and remote sensing imagery data (Section B2.4). The baseline soil map outlined
nine soil map units. The proposed mine development footprint was superimposed
on (laid over) the baseline soils map. The areas of each soil unit disturbed were
calculated and compared to the baseline areas of each soil type.

The following mitigation measures for each wvalid linkage will be used to
minimize impacts on soil quality/productivity:
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Soil Removal and Disturbance

Soil removal and disturbance will be an issue during construction and operation
phases. Mitigation measures will include the following methods:

e Progressive reclamation will take place, where possible, to minimize the
mine footprint.

Loss of Organic Matter/Loss of Biochemical Cycle

Soil productivity and the loss of the soil biochemical cycle will be an issue
during the construction, operation and closure phases. Mitigation measures will
include the following methods:

e Selective salvage and storage of topsoil layers.
e Minimizing the length of time topsoil will be stockpiled.

e Replacement of a reconstituted soil profile, as much as feasible, with
soils from the salvage program.

e Incorporation of organic matter in the topsoil along with direct topsoil
salvage and replacement, placement of composted organic material,
mulching and “green manuring”.

e Nutrients deficient to plant growth could be added to the soil, with
fertilizer amendment.

Soil Erosion/Sediment Delivery

Soil erosion/sedimentation during the construction and operation phases will be
mitigated using the following methods:

e Minimize denuded area at any given time by practicing progressive
vegetative clearing just prior to construction and mining activities.

e Promptly revegetate exposed areas and topsoil stockpiles to control
erosion.

e Locate salvaged topsoil storage piles away from areas of high erosion
potential.

e Use physical erosion control measures such as silt fences, interceptor
ditches and berms, rock check dams, sediment ponds, mulches,
tackifers, mats or netting to control erosion prior to the establishment of
a protective vegetative cover.
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Construct roads and landscape features so natural drainage patterns are
not impeded and that runoff to road ditches enters natural drainage
systems or contoured containment areas.

Establish a monitoring plan for identifying potential erosion problems
early and implement mitigation measures where necessary.

Establish a sustainable self-sufficient vegetative community on the
post-mine project landscape.

Additional erosion control techniques are provided in the soil action plan
(Section D3.1.1).

Soil Compaction

Soil compaction will be an issue during the construction and operation phases of
the TFM project. Soil compaction will be mitigated using the following methods:

Minimize vehicular traffic, where possible, during soil salvage, soil
replacement and reclamation operations.

Avoid soil salvage, soil replacement and reclamation operations during
wet weather, unless sediment runoff controls are in place.

Chisel or deep plow reclaimed soil with suspected compaction problems
before topsoil replacement and revegetation.

Where required, mulch and incorporate organic matter, such as straw or
wood waste, into the surface layers of reclaimed soils.

Revegetate with deeper-rooting grasses, trees and shrubs to loosen
compaction.

Mixing of Soil Horizons

The mixing of soil horizons will be an issue during the construction, operation
and closure phases of the project in areas where both the topsoil and subsoil are
salvaged and replaced. Mitigation will use the following methods:

Selective soil salvage and storage of soil horizons.
Any salvage subsoil should be segregated from topsoils.

Selectively replace subsoil and topsoil horizons.
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Results

Mixing of Soil Types

The mixing of agricultural/miombo woodland and copper-cobalt soil types will
be an issue during the construction, operation and closure phases. Soil mixing
will be mitigated using the following methods:

e Plan separate soil salvage and placement operations for the copper-rich
and barren (i.e., normal) soil types.

o Designate separate storage locations for copper-rich and non-copper-
rich soils.

Soil Contamination

Soil contamination will be an issue during the construction and operation phases.
Soil contamination will be mitigated using the following methods:

e Develop a comprehensive spill response and clean-up plan.
e Designate fuel and chemical storage, fueling and use areas.

e Design project facilities with secondary containment systems that
minimize contaminant spills.

Progressive Rehabilitation

Progressive rehabilitation will be conducted during the operations phase and will
run concurrently with the mining and processing operations where possible. The
progressive rehabilitation program will only pertain to portions of the tailings
storage facility dam walls. Transmission line and road right-of-ways and other
areas that will not be used later will be rehabilitated after construction, as will
any areas no longer in use (e.g., abandoned roads). The details of the
rehabilitation measures to be implemented for the whole project at closure are
described in detail in the reclamation and closure plan (Section D5).

A total of 2,397 hectares (16 percent of the LSA) of soil will be disturbed during
the operation phase by the mine, tailings storage facility, processing plant site,
roads, low-grade ore stockpiles, waste rock facilities and soil storage piles over
the life of the project (Table C2.4-4). The most disturbance will occur in soil map
unit 2 (1,414 hectares, 9.5 percent of the LSA) and soil map unit 3 (378 hectares,
2.5 percent of the LSA). Soils in these two units are mainly Oxisols with
organically enriched A horizons.

Golder Associates



ESIA -49- Tenke Fungurume Mining
Soils March 2007
Table C2.4-4 Disturbance of Soil Map Units in the Local Study Area
Loss from Percent of Percent of Area of Area of Percent of
. Project g . Disturbed Soil | Disturbed Soil Loss from g . Percent of
. Baseline Individual Soil LSA : . . Individual Soil
Soil Map Percentage | Development PR . Fully Reclaimed Partially Project P LSA
. Area h Unit Disturbed Disturbed X Unit Disturbed .
Unit of LSA during . X after Closure Reclaimed Development Disturbed
(ha) . during during @) (0 Lost after
Operations . . (ha) after Closure | after Closure after Closure
Operations Operations (b) Closure
(ha) (ha)
1 2,148 14 396 18 2.7 0 273 396 18
2 7,858 53 1,414 18 9.5 222 595 1192 15
3 3,641 25 378 10 2.5 49 112 329 9
4 477 3 33 7 0.2 10 21 23 5 0.2
5 221 1.5 16 7 0.1 <0.1 16 16 7 0.1
6 131 0.9 121 92 0.8 0 0.5 121 92 0.8
7 295 2 20 7 0.1 14 6 <0.1
8 8 0.1 3 38 <0.1 0 <0.1
9 36 0.2 15 44 0.1 13 38 0.1
Total 14,816 100 2,397 16 300 1,022 2,096 12.2

(a)

(b)
(c)
(d)

a total of 1,075 ha will not be reclaimed at all.

Notes:
ha =

hectare.

Due to rounding conventions, numbers may not equal totals.
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An area fully reclaimed will have one meter of subsoil and a topsoil layer replacement and should support land uses (agriculture and miombo woodland) at a similar
capability to that that existed prior to disturbance.

An area partially reclaimed will have a layer of topsoil replacement and will support a self sustaining plant community.
The loss after closure is the area disturbed during operations minus the land that is fully reclaimed.
Total adds precisely to 2,097, but is 2,096 due to rounding of above numbers to whole numbers. Thus, 2,397 = 300 + 2,097. Of this 2,097, 1,022 is partially reclaimed and
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After reclamation and closure about 300 hectares will be fully reclaimed. It is
assumed that the processing plant topsoil piles will be returned to agriculture or
miombo woodland that is able to support land uses similar to those that existed
before disturbance. This will leave 2,097 hectares un-reclaimed after closure.
However, approximately 1,022 hectares of this 2,097 hectares will be partially
reclaimed with a topsoil layer that should support a self sustaining plant
community. This includes the following areas and disturbances:
o Tailings storage facility and waste rock facilities — A topsoil layer
will be placed over large portions of these facilities. Please see Section
D5, Reclamation and Closure Plan, for details on where topsoil will be
used. A rock cover will be used on portions of the facilities. Low-grade
ore stockpiles are planned to be processed and will not be revegetated
unless they are left in place at closure. A topsoil layer will be placed
over areas that were occupied by low grade ore stockpiles after these
stockpiles are processed. All topsoiled areas will be revegetated with a
self sustaining plant community.
e Roads — The roads will be recontoured and revegetated unless
communities want the facilities to remain open and maintained.
e Water reservoir — The water reservoir will remain and will not be
returned to terrestrial vegetation.
e Mine pits — Mine pits will be closed so that public safety is not at risk.
No topsoil will be used to reclaim the open pits.
The majority of the residual disturbance and partially reclaimed area occurs in
soil map unit 2 (1,192 hectares, 8 percent of the LSA), soil map unit 1
(396 hectares, three percent of LSA) and soil map unit 3 (329 hectares,
two percent of the LSA) (Table C2.4-4).
Impact Analysis

The residual impact classification of the TFM project on soil productivity/quality
during the operation phase is negative in direction, moderate in magnitude, local
in geographic extent, long term in duration, reversible, high frequency and has a
moderate environmental consequence (Table C2.4-5). Successful reclamation
will significantly lower the environmental consequence. The residual impact
classification of the TFM project on soil productivity/quality following closure is
negative in direction, moderate in magnitude (following soil salvage and
reclamation), local in geographic extent, long term in duration, reversible, high
frequency and has a moderate environmental consequence (Table C2.4-5).
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Table C2.4-5 Residual Impact Classification for Key Question SR-1

Environmental

Direction Magnitude Geographic Extent | Duration | Reversibility | Frequency Consequence
Key question SR-1: What effect will the project have on soil quality/productivity?
Operation Phase
negative | moderate | local | long-term | reversible | high | moderate
Closure Phase
negative | moderate | local | long-term | reversible | high | moderate

Prediction Confidence

The soil impact classification and soil map unit types rely on several sources of
information. The project description and soil information is provided from a
reconnaissance-level soil map. In addition, this assessment relies heavily on the
planned soil salvage, storage and reclamation plans to return the disturbed areas
to pre-disturbance conditions. There could be inaccuracies in the reconnaissance-
level soil map, especially for detailed site-specific information. There are some
uncertainties regarding the effectiveness of soil salvage and some uncertainties
about the reclamation of tropical soils. Overall, the prediction confidence for the
impacts to soil quality/productivity is moderate.

Monitoring

The impact of TFM mining activities on soil quality/productivity will be
monitored by the following methods:

e Annual reporting on the soil salvage and reclamation activities including
area disturbed, area and volume of soil salvaged, area recontoured, area
of soil replacement, area of reclaimed land treated with amendments
such as ripping, mulching and/or fertilizers and area reclaimed to
designated land use.

e Annual monitoring on the effectiveness of erosion control efforts
including erosion control structures and measures implemented.

e On-site reports of noticeable erosion issues, including sediment delivery
to watercourses.

e Annual reporting on the effectiveness of the spill response plan,
including a summary of significant spill incidents and mitigation
measures. On-site spill incidence response reports will be completed as
required.

o Establishment of reclamation success monitoring plots to determine the
effectiveness of reclamation activities. Monitoring criteria will be
established based on reference areas and the post-mining land use being
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re-established. Productivity monitoring will be performed on areas
where the post-mining land use is agricultural.

Indicators for the monitoring program are provided in Table C2.4-2. A full
monitoring program is provided in the soil action plan in Section D3.1.1.

C2.4.3.5 Key Question SR-2

Key question SR-2 is: What effect will the project have on loss of unique soils?

Unique soils in the context of the project are the copper-cobalt soils of
map unit 6. The key question includes all issues relative to the loss of this unique
soil during the construction, operation and closure phases of the project. The loss
of unique soils with high levels of exchangeable copper and cobalt and their
associated flora community has been identified as a potential issue of concern in
the project area. Specific issues related to this key question include:

e Soil removal and disturbance.

e Reclamation.

Linkage Evaluation

Soil Removal and Disturbance

The TFM project will result in the complete removal of soil high in exchangeable
copper-cobalt located on the ore bodies that will be mined. These soils support a
unique floral community. The loss of these soils will effect this vegetation
(Figure C2.4-1). This is a valid linkage.

Reclamation

Reclamation of unique soils will need to occur if a portion of the land can
support the unique floral communities that existed before mining disturbance.
Unique soil reclamation affects land use, vegetation and visual aesthetics
(Figure C2.4-1). This is a valid linkage.
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Assessment Methods

A reconnaissance-level baseline soil map was produced based on field data and
remote sensing imagery data. The map outlines areas of copper-cobalt soils. The
proposed mine development footprint was superimposed on the soils map. The
areas of copper-cobalt soils potentially to be disturbed by mining activities were
calculated and compared to baseline areas of this soil type.

Mitigation

The loss of unique copper-cobalt rich soils will be an issue during the
construction and operation phases. The loss of these soils will be minimized by
the following methods:

e Salvage some copper-rich soils and the host rocky substrate, and store
them in a separate area and use for reclamation of copper-cobalt flora by
replacing soil in designated areas.

e Direct salvage and replacement of copper-rich soil and rocky substrate
to identified off-site areas, where feasible.

Results

Unique copper-cobalt soils occupy a small percentage of the LSA (131 hectares,
1.0 percent of the LSA). Approximately 121 hectares of these unique soils will
be disturbed by mining activities (Table C2.4-6).

Table C2.4-6 Disturbance of Unique Soil Map Units in the Local Study Area

Loss from | Percent of Percent of | Loss from Percent of

. Project Individual . Individual
. Baseline . . LSA Project . .. |Percent of LSA

Soil Map Percentage |Development| Soil Unit . Soil Unit | ..

. Area h . Disturbed |Development| . Disturbed after

Unit of LSA during Disturbed . Disturbed

(ha) . . during |after Closure Closure
Operations during Operations (ha) after
(ha) Operations P Closure
6 131 0.9 121 92.6 0.8 121 92.6 0.8

ha = hectare.

Impact Analysis

The residual impact classification of the TFM project on loss of unique soils in
both the operation and closure phases is negative in direction, high in magnitude,
local in geographic extent, long term in duration, reversible, high frequency and
has a high environmental consequence (Table C2.4-7). The reversibility of
impacts is assumed here because, during the operations phase, there is an
opportunity to reverse some of the mine disturbance through reclamation. A high

Golder Associates



ESIA -54- Tenke Fungurume Mining
Soils March 2007

environmental consequence for copper-cobalt soils is not unexpected given that
these soils occur on the target ore bodies. The reclamation of about 13 hectares of
these soils is not sufficient to change the closure phase ranking. These copper-
cobalt soils in and of themselves are not a highly valued resource, but the copper-
cobalt flora supported by these soils is very highly valued. Effects on this flora is
evaluated in Section C3.1.

Table C2.4-7 Residual Impact Classification for Key Question SR-2

Direction | Magnitude Gegg{:&hic Duration Reversibility Frequency %'LV;LZZT:::ZI
Key question SR-2: What effect will the project have on loss of unique soils?

Operation Phase

negative | high ‘ local ‘ long-term ‘ reversible ‘ high ‘ high

Closure Phase

negative | high ‘ local ‘ long-term ‘ reversible ‘ high ‘ high

Prediction Confidence

The impact classification for loss of unique soils relies on reconnaissance-level
1:20,000 soil map and limited field surveys. There could be inaccuracies in the
1:20,000 soil map in identifying all the copper-cobalt soils in the LSA since there
was not a comprehensive inspection of other possible outcrops where copper-
cobalt soils may exist. There are also some unknowns regarding the ability to
operationally salvage and replace thin layers of copper-cobalt rich soils. Overall,
the prediction confidence for the TFM project on loss of unique soils is moderate.

Monitoring

The impact of the TFM mining activities on unique soils will be monitored by:

e Annual reporting on areas of unique soils disturbed and volume of
unique soils salvaged, stored and replaced on the post-mine landscape.

C2.4.3.6 Key Question SR-3

Key question SR-3 is: How can the project have a long-term positive effect on
soil quality/productivity?

The development of the project will have both direct and indirect effects on soil
productivity/quality (see Section C2.4.3.4 and Section C2.4.3.5). The direct effects of
the mine on soil quality/productivity are outlined in the previous two sections. The
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indirect effects of the TFM project may include more people moving into the area
looking for employment and economic opportunities. Associated with this population
increase may be more land clearing and cultivation activities. There will be a greater
demand for food from the increased population and many of the migrants who move
into the area may engage in land clearing and cultivation activities for subsistence.

Linkage Evaluation

The effects of the increasing population, such as increased land clearing and
cultivation activities on soil quality/productivity and agricultural capability, are
outlined in Figure C2.4-2. Figure C2.4-2 also outlines the mitigation measures that
can be used to sustain soil quality/productivity and agricultural capability.

Increased land clearing and farming activities will have the following effects on
soil quality/productivity:

e Loss of soil organic matter/changes in biochemical cycle.
e Change in soil physical properties.

e Increase in soil erosion.
Each of these effects is discussed below.

Loss of Soil Organic Matter/Change in Biochemical Cycle

Continuous cultivation can lead to changes in soil organic matter/biochemical
cycles and declining yields of agricultural crops. Organic matter contents can
drop dramatically if land is continuously cultivated and not left fallow
(uncultivated). This can cause deterioration of the nutrient status of the soil,
topsoil erosion, deterioration of the soil’s physical properties, multiplication of
pests and diseases and an increase in weeds (Nye and Greenland 1960). An
increase in population may also increase the pressure on the land by lengthening
the cropping (growing) periods and shortening fallow periods. The
accompanying loss of soil organic matter and plant nutrients can lead to a
long-term decline in soil quality/productivity.
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Figure C2.4-2 Linkage Diagram for Indirect Effects to Soil Resources
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Change in Soil Physical Properties

Increased cultivation and the accompanying long-term loss of soil organic matter
can also affect soil properties such as aggregate stability and infiltration capacity.
The soil’s physical properties will change when the fertility (nutrients) has been
depleted by too much cropping. This will lead to a long-term decline in soil
quality/productivity.

Increase in Soil Erosion

Increased land clearing and cultivation will reduce vegetative cover, alter some
soil characteristics and increase the risk of accelerated soil erosion. The adverse
effects of soil erosion include a loss of soil, a reduction in crop yields and a
long-term decline in soil quality/productivity.

Assessment Methods

Mitigation

In general, assessment methods relied on professional experience in relation to
the changes in soil quality/productivity due to increased land clearing and
cultivation.

The efforts required for minimizing disturbance of soil resources during
construction and operation are generally within the control of the project. The
efforts required for minimizing the deterioration of soil resources that may
indirectly result from mining development are somewhat beyond the control of
the project. TFM does not have the responsibility, authority or the capacity to
completely mitigate changes in soil quality/productivity or long-term
consequences to agricultural capability resulting from increasing population and
changing land use patterns. Mitigation measures required to sustain soil resource
quality/productivity will require long-term efforts that involve active community
participation and input.

Loss of soil organic matter, change in soil physical properties, soil erosion and
subsequent decline in soil quality/productivity and agricultural capability may be
potentially minimized through mitigation measures such as agricultural credit,
agroforestry, green manuring and soil mulching. A brief description of these
mitigation measures are outlined below.

It is important to note that the major constraints in implementing these mitigation
measures are social and economic, not technical. Community involvement and
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participation are essential to the success of the proposed mitigation measures.
The assumption that individuals or communities will be able to easily move from
present practices to more intensive practices with unfamiliar technologies and
inputs is unrealistic. The poor economic and social situation people face means
they are often unwilling to risk trying new methods or technologies. Successful
adoption of new practices is often dependent on a well-organized agricultural
education (extension) effort, strong local leadership and community cohesion. In
addition, the efforts need to build on local knowledge and capacity and may not
be exactly replicated from one area or community to another.

All the proposed mitigation measures, such as adoption of agroforestry or
mulching technologies, will require a well-organized and motivated extension
team. This extension team, if in place, could also provide advice or input on
implementing mitigation efforts for other disciplines.

Agricultural Credit

Improved access to agricultural credit for crops, purchase of farm inputs, crop
storage, animal husbandry or small business or enterprise expansion will have
many beneficial effects. These effects will include maintenance of soil
quality/productivity and agricultural capability since it will offer the
opportunities for farmers to purchase inputs such as fertilizer or adopt new
farming technologies. The provision of agricultural credit is complex and needs
to fit local conditions and be flexible. The details of any agricultural credit
program, whether in the form of a rotating credit fund, loans to individuals, loans
to groups or credit cooperatives, will need to be determined at a later date. TFM
is not in the business of providing agricultural credit but may consider providing
“seed” money to start-up an agricultural credit program. Agricultural credit for
fertilizer is known in the concession area, and most villagers are interested
(George Koppert, pers.comm.). Innovative credit mechanisms, such as barter of
fertilizers for future crop production, may be appropriate.
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Agroforestry Systems

Agroforestry is a collective name for land use systems where woody perennials
are deliberately used either spatially (space-based) or temporally (time-based) on
the same field as agricultural crops or animals. Social forestry is the practice of
using trees and/or tree planting to pursue social objectives, such as economic
development, through the delivery of benefits to local people. Community
forestry, a form of social forestry, refers to activities taken by a community on
communal lands. Community forestry is based on people’s participation in the
process. These systems should have the following characteristics (Nair 1993):

e Productivity — maintain or increase production of preferred
commodities as well as the productivity of land. This could include
increased output of tree products, improved yield crops, reduction in
cropping system inputs and/or increased labor efficiency.

e Sustainability — conserving the production potential or the resource
base through the beneficial effects of soil agroforestry to achieve and
indefinitely maintain conservation and fertility goals.

e Adoptability — any introduced new or improved agroforestry systems or
technologies need to conform to local farming system practices so that
they are more easily adopted.

Agroforestry systems can range from low-input swidden (slash and burn)
agricultural systems that are presently practiced in the LSA, to more complex and
labor-intensive alley cropping (hedgerow intercropping where perennial trees or
shrubs are grown with arable crops) (Young 1994; Hudson 1995). An appropriate
agroforestry system is very closely linked to its economic feasibility and must
also respond to socio-cultural factors. Improved agroforestry systems hold
promise for maintaining or improving soil fertility and reducing erosion. The
agroforestry system best-suited for the project area needs to be explored in more
detail.

Soil Mulching

Soil mulching is the layering of plant residue on the soil surface underneath the
crop. Soil mulch reduces soil water erosion, raises the organic carbon content of
the topsoil, promotes the formation of water-stable aggregates, enhances soil
structure, moderates soil temperature and increases organic matter status. Mulch
can also aid in reducing weed growth and which may result in reducing labor
inputs. Mulching’s effect on reducing soil water erosion is caused by minimizing
the impact of raindrops hitting the soil surface, reducing the runoff velocity and
allowing for more water infiltration (Hudson 1995).
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Results

Some mulching is practiced in the area, but mulching does not appear to be
practiced extensively. Widespread implementation of mulching as an agricultural
practice would require a large participatory extension campaign. The feasibility
and implementation of mulching as an agricultural practice needs to be explored
in more detail. Mulching offers promise as a soil conservation technology for
maintaining soil fertility and reducing soil erosion.

Green Manuring

Green manuring is the practice of turning undecomposed green plant tissue into
the soil. The function of a green manure crop is to add organic matter to the soil
in order to increase soil fertility, improve soil structure and reduce erosion.
Specific crops, such as those that bind nitrogen, could be grown for the purpose
of green manuring.

Green manuring also offers promise as a soil conservation technology for
maintaining soil fertility and reducing erosion. Green manuring adoption by local
farmers will require the provision of appropriate farm equipment, such as plows
or hoes for incorporating plant tissues into the soil. A collaborative extension
effort with farmers will also be required. The feasibility and implementation of
improved green manuring technologies needs to be explored in more detail.

It is anticipated that long-term soil quality and productivity can be sustained by
implementing mitigation measures such as agricultural credit, agroforestry, soil
mulching and green manuring.

Impact Analysis

The residual impact classification of sustaining soil quality/productivity based on
proposed mitigation measures is high to moderate in magnitude, reaches half the
community, has a medium probability of success and a medium sustainability
consequence (Table C2.4-8).
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Table C2.4-8 Residual Impact Classification for Key Question SR-3

Magnitude Span or Reach Duration Probability of Final Sustainability

Success Consequence

Key question SR-3: How can the project have a long-term positive effect on soil

quality/productivity?

Agricultural Credit

high | half the community | long-term ‘ medium ‘ moderate
Agroforestry

moderate | half the community | long-term ‘ medium ‘ moderate
Soil Mulching

moderate | half the community | long-term ‘ medium ‘ moderate
Green Manuring

moderate | half the community | long-term ‘ medium ‘ moderate

Prediction Confidence

Monitoring

The impact analysis is based on incomplete knowledge of the span or reach or the
probability of success of the proposed mitigation measures. The number of
people who would be interested or able to participate in the proposed mitigation
measures, the exact nature of the mitigation measures and the training and
extension efforts required is not precisely known. Overall, the prediction
confidence of sustaining long-term soil quality/productivity is high. Agricultural
programs, if correctly managed, can be very successful in rural Africa.

A detailed monitoring and evaluation program will need to be developed once the
exact nature and feasibility of the mitigation measures are known. The
monitoring program will need to assess both the implementation effectiveness of
the proposed mitigation measures and the effectiveness of the efforts in
maintaining soil quality/productivity. Some of the criteria for consideration
include:

e Number of individuals or communities participating in agricultural
credit, agroforestry, mulching or green manuring programs.

e The pay-back rate on any agricultural credit loans facilitated by TFM
community development actions.

e Number of extension visits to individuals or communities.

e Number of individuals or communities adopting new agroforestry, green
manuring or soil mulching technologies.
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o The agricultural yields on lands where agroforestry, soil mulching or
green manuring practices were implemented.

A more detailed discussion of soil monitoring is outlined in Section D3.1.1.

C2.4.4 Cumulative Effects Assessment

There are currently no other planned mining developments in the LSA or RSA.
There is a possibility that mine production for the TFM project may expand from
115,000 tonnes of copper production per year to 400,000 tonnes per year
(Section A4.17).

Linkage Evaluation

An expansion from 115,000 tonnes of copper production per year to
400,000 tonnes per year would significantly increase the disturbance footprint.
Additional areas would need to be mined and additional areas would be required
for tailings storage facilities.

Assessment Methods

Mitigation

Detailed plans for the additional development of the project to expand to
400,000 tonnes per year are not yet available. However, the conceptual expanded
project footprint (Figure A4.17-1) was superimposed on the reconnaissance-level
soils map to determine the area of each soil unit that would be disturbed. The
LSA was expanded for this exercise to include all of the expanded project
footprint. As the Goma and Fwaulu pits were already assessed in the impact
assessment, the main difference was the inclusion of the Fungurume pit and
waste rock storage facilities. Areas projected to be disturbed could not be directly
compared to soils within the RSA as soil mapping was not conducted for the
RSA.

The same general principles used to develop the mitigation recommendations for
the 115,000 tonnes of copper production per year scenario were used to develop
the 400,000 tonnes per year scenario. A 400,000 tonnes per year project would
need to develop a larger soil salvage, storage and reclamation plan. A more
extensive erosion control and spill response plan would also be required.
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Results

The effects of a larger, 400,000 tonnes per year project on soil
quality/productivity and the loss of unique copper-cobalt soils would be greater
in magnitude. A total of 3,092 hectares of soil will be disturbed during the
operation phase of the expanded project (Table C 2.4-9). Most of the disturbance
will occur in soil map unit 2 (1,670 hectares), soil map unit 3 (591 hectares) and
soil map unit 1 (590 hectares).

After reclamation and closure, approximately 396 hectares will be fully
reclaimed. It is assumed that the processing plant, roads, and topsoil piles will be
returned to agricultural or miombo woodland that is able to support land uses
similar to those that existed before disturbance. A total of 2,696 hectares will
either remain disturbed or will be partially reclaimed to a self-sustaining plant
community. This includes the following areas and disturbances:

o Tailings storage facilities, waste rock facilities and low-grade ore
stockpiles — A topsoil layer will be placed over most of the areas
covered by these facilities. Rock materials will be used as cover for the
remainder. All topsoiled areas will be revegetated.

e Plant sites and roads — Plant sites and roads will be recontoured and
revegetated unless communities want the roads to remain open and
maintained.

e Water reservoir — The water reservoir will remain and will not be
returned to terrestrial vegetation.

e Mine pits — Mine pits will be closed so that public safety is not at risk.

Most of the residual disturbance and partially reclaimed areas occurs in soil map
unit 2 (1,431 hectares), soil map unit 3 (541 hectares) and soil map unit 1
(510 hectares).

Impact Analysis

The larger, 400,000 tonnes of copper production per year scenario will result in
larger impacts throughout the LSA. To properly assess the magnitude of the
effect, these losses would best be compared to the soil units available within the
RSA. However, no soil map exists for the RSA. Therefore, the total projected
soil loss (2,696 hectares) for the cumulative case was compared to the size of the
RSA (48,000 hectares) to provide a rough estimate of the proportion lost. Using
these figures, it is estimated that up to seven percent of the RSA’s soils will be
affected. This is equivalent to a low-impact magnitude.
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Table C 2.4-9 Disturbance of Soil Map Units for Cumulative Case

Area Occupied

Loss from Project

Percent of Individual

Area of Disturbed Soil

Area of Disturbed Soil

Loss from Project

Percent of Individual

Solijl l\_llap by Soil Unit Qevelopmept Soil Unit Dis_turbed Fully Reclaimed after Partially Reclaimed Development after Soil Unit Disturbed
nit (ha) during Operations Lost du_rlng CIOSlEIaEe after CI?Sure CIost:g)e Lost after Closure
(ha) Operations (ha) (ha) (ha)

1 2,148 590 27 79 390 510 24

2 7.858 1,670 21 239 813 1,431 18

3 3,641 591 16 50 294 541 15

4 477 33 07 10 21 23 5

5 221 28 13 0 16 28 13

6 131 127 97 0 2 127 97

7 295 20 7 14 4 6 2

8 8 3 38 3 0 0 0.5

9 36 30 85 2 0 28 79

Total 14,816 3092 396 1539 2696

(a)

(b)
(c)

Note:

ha

An area fully reclaimed will have one meter of subsoil and a topsoil layer replacement and should support land uses (agriculture and miombo woodland) at a similar
capability to that that existed prior to disturbance.

An area partially reclaimed will have a layer of topsoil replacement and will support a self sustaining plant community.
The loss after closure is the area disturbed during operations minus the land the is fully reclaimed.

= hectares.

Due to rounding conventions, numbers may not equal totals.
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The cumulative impacts of the expanded TFM project in the operation phase are
predicted to be negative in direction, low in magnitude, regional in geographic
extent, long term in duration, reversible and high frequency. The reversibility of
impacts is assumed here because, during the operations phase, there is an
opportunity to reverse some of the mine disturbance through reclamation. The
environmental consequence of these effects is predicted to be low
(Table C2.4-10).

Table C2.4-10 Residual Impact Classification for Cumulative Effects Case

Direction Magnitude Geggtr:'?thic Duration Reversibility Frequency %’L‘::;:Z’:::;zl
Key question SR)-1: What effect will the project have on soil quality/productivity?
Operation Phase
negative | low | regional | long-term | reversible | high | low
Closure Phase
negative low | regional | long-term | reversible | high | low
Key question SR)-2: What effect will the project have on loss of unique soils?
Operation Phase
negative | high | regional | long-term | reversible | high | high
Closure Phase
negative | high | regional | long-term | reversible | high | high

The cumulative impacts of the expanded TFM project in the closure phase are
predicted to remain low in magnitude (following all mitigation, including
reclamation and closure), regional in geographic extent, long term in duration,
reversible (following all mitigation, including reclamation and closure) and high
frequency. The environmental consequence of these effects is predicted to be
low (Table C2.4-10).

The expanded project would also result in a greater loss of unique copper-cobalt
soils than those assessed in key question SR-2. A comparison of the effects to
these soils within the RSA is not valid as the expanded project will be primarily
located on copper-cobalt soils. The cumulative impacts in both the operation and
closure phases are predicted to be high in magnitude, regional in geographic
extent, long term in duration, reversible (following salvage, reclamation and
closure), and high frequency. The environmental consequence of these effects is
predicted to be high (Table C2.4-10).

Prediction Confidence

Information concerning the effects of a larger, 400,000 tonnes of copper
production per year project is limited, but a general understanding of the effects
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of such a project are in place. The prediction confidence for this assessment is
limited by uncertainties in the accuracy of reconnaissance-level soil mapping, the
effectiveness of soil salvage and reclamation of tropical soils, also limited
information about the exact nature of the 400,000 tonnes per year scenario.
Overall, the prediction confidence for the cumulative effects impacts on soil
resources is moderate.

C2.4.5 Conclusions

Residual Impacts

The TFM project will have a moderate environmental consequence on soil
quality/productivity during the operation phase. Following closure and
reclamation, the project will have a low environmental consequence on soil
quality/productivity. The project will have high environmental consequence for
the loss of unique copper-cobalt soils in both the operation and closure phases
(Table C2.4-11). Again, the reversibility of impacts is assumed based on
opportunity to reverse some of the mine disturbance through reclamation.
Overall, the prediction confidence for the TFM project on soil resources is
moderate.

Table C2.4-11 Summary of Residual Impact Classification for Soil Resources

Direction Magnitude Geggtr:sthic Duration Reversibility Frequency %’L‘::;ZZTS:;ZI
Key question SR-1: What effect will the project have on soil quality/productivity?

Operation Phase

negative moderate local long-term reversible gfnq.nggﬁg{j moderate
Closure Phase

moderate low local long-term reversible zlognmnggﬁglr; moderate
Key question SR-2: What effect will the project have on loss of unique soils?

Operation Phase

negative ‘ high | local ‘ long-term ‘ reversible ‘ high ‘ high
Closure Phase

negative ‘ high | local ‘ long-term ‘ reversible ‘ high ‘ high
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Sustainability Effects

The overall sustainability consequence for sustaining soil quality/productivity
based on proposed mitigation measures is moderate (Table C2.4-8). There is a
high level of uncertainty in predicting the sustainability consequence since the
span or reach and probability of success in implementing the mitigation measures
is not clearly known at this time. The feasibility and appropriateness of the
proposed mitigation measures also needs to be explored in more detail. Overall,
the prediction confidence for sustaining soil quality/productivity is low due to
these uncertainties.

Cumulative Effects

The cumulative development case looked at the impact of a project expansion
from 115,000 tonnes of copper production per year to 400,000 tonnes per year.
This would increase the disturbance footprint considerably. The expanded project
would have a low environmental consequence on soil quality/productivity
(Table C2.4-10). The expanded project would have a high environmental
consequence for loss of unique soils. There is, however, more uncertainty in
predicting the environmental consequence of a project expansion. Overall, the
prediction confidence for the cumulative effects impacts on soil resources is
moderate.
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C2.5 VISUAL AESTHETICS IMPACT ASSESSMENT

C2.5.1 Introduction

This section presents the environmental assessment of the effects of Tenke
Fungurume Mining project (the TFM project) on visual aesthetics as per the
project’s terms of reference (Section E8). The information presented includes
details about:

e Potential issues regarding changes to visual aesthetics.
e Project activities that may affect visual aesthetics.

e Mitigation measures incorporated in the project design to minimize
visual aesthetic impacts.

e Impact assessment approach and results for key visual aesthetics.

o Sustainability assessment approach and results for key visual aesthetics
issues.

e Identified measures relating to visual aesthetics to promote long-term
economic and social sustainability in the project area.

e Cumulative assessment approach and results for key visual aesthetic
issues.

This section is organized as follows:

e  Section C2.5.2 describes the study areas.
e  Section C2.5.3 discusses the impact assessment approach and results.
e Section C2.5.4 provides the cumulative effects assessment.

e  Section C2.5.5 discusses the conclusions of the assessment.

Baseline information concerning visual aesthetics has been provided in
Section B2.5.

A glossary of terms and acronyms used is provided at the back of this volume.

C2.5.2 STUDY AREAS

The Regional Study Area (RSA) and Local Study Area (LSA) for the visual
aesthetics impact assessments are provided in Section C1.5. The LSA for this
assessment comprises a 7.5 kilometer radius circle around the Kwatebala ore
body, a similar circle around the Goma ore body, the new access road between
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the plant site at Kwatebala and Fungurume, and another 7.5 kilometer radius
circle around the limestone quarry to the north of Fungurume (Figure C1.5-1).
The Goma pits were included in the impact assessment as sufficient information
was available to conduct the assessment as the time the work was carried out. An
assessment of the Kavifwafwaulu (Fwaulu) pit was not conducted due to its
relatively small size, low profile, distance from villages and late start-up date.

The RSA includes the LSA plus a 7.5 kilometer radius circle around the proposed
future expansion plant site north of Fungurume (Figure C1.5-1).

Receptors for the assessment included the villages of Salabwe and Mwanga
Muteba as these are the villages closest to the mine site. Owing to the close
proximity of the villages of Mulumbu, Kiboko and Amoni to the preferred
processing plant site, and the possibility of air and noise effects, the residents of
these villages will be relocated. The assessment was therefore done on the
assumption that their relocation will have been completed prior to the
commencement of the mine development activities. These villages were
therefore not used as receptors for the assessment. The site of Mulumbu was,
however, used as a vantage point from which to view Kwatebala Hill and the
processing plant.

C2.5.3 IMPACT ASSESSMENT

C2.5.3.1 ISSUE SCOPING

The visual impact associated with the proposed project was raised only once
during the scoping process, by the dean of the polytechnical school in
Lubumbashi. Visual issues are generally not considered to be important by
people in an impoverished state, but this may change with time, particularly if the
community’s standard of living improves.

The activities of TFM that may potentially affect visual aesthetics include:

e Vegetation removal and soil stripping.

e Development of the pits (removal of Kwatebala, Goma and Fwaulu
hills).

e Placement of waste rock and ore stockpiles.
e Construction of the processing plant site.

e Emission plumes from the processing plant.

Airborne dust caused by site clearing, materials handling, wind erosion of bare
surfaces and by vehicles traveling along unpaved roads.
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The main visual issues concern the visibility and intrusiveness of the mining,
plant and infrastructure in relation to concentrations of people. In particular, the
activities of the affected people are important — tourism facilities or conservation
areas within the line of sight of the mining and mining infrastructure would be
more sensitive to visual disturbance than other activities. No tourism,
conservation or other highly visually sensitive land uses were identified during
the scoping. Visual impacts are expected to be mainly along views from the
National Road Number 1 between Fungurume and Tenke and from villages and
towns in the LSA.

C2.5.3.2 KEY QUESTIONS AND INDICATORS

The key questions for visual aesthetics are listed in Table C2.5-1.

Table C2.5-1 Key Questions for Visual Aesthetics

Impact Assessment

VA-1 What effect will the Kwatebala mine, processing plant and associated infrastructure have on visual aesthetics?

VA-2 What effect will the access roads, power lines and limestone have on visual aesthetics?

VA-3 What effect will the Goma mine and its associated facilities have on visual aesthetics?

Sustainability Assessment

VA-4 How can the project influence the quality of the visual resource to have a long-term positive effect?

Indicators for visual aesthetics come from the visual impact process
(Figure C2.5-1) and include:

e Visual intrusion — Significant change in landscape character, judged on
the basis of the criteria described in Table C2.5-2.

e Visibility — The area/points from which the activity will be visible.

e Visual exposure — Visibility qualified with a distance rating and
receptor identification to indicate the degree of public exposure of the
project. Judged in accordance with number and location of receptors
who can see the project infrastructure within a radius of approximately
7.5 kilometers. Beyond 7.5 kilometers, in hilly terrain, a large industrial
project will begin to merge into the background. (The effects of distance
on visual impact are shown in Figure C2.5-2).

e Receptor sensitivity — Ranking of activities into sensitivity categories.
The measure includes the type of land use that is affected (for example,
households, nature conservation, road users); each activity has a
particular sensitivity to visual disturbance. The measure also uses the
frequency with which visual issues were raised in stakeholder
consultation as an indicator of stakeholder concern.
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C2.5.3.3 ASSESSMENT CRITERIA

Assessment criteria for visual aesthetics are presented in Table C2.5-2.

Table C2.5-2 Impact Description Criteria for Visual Aesthetics
Direction® Magnitude (Intensity)® GE‘:(?:’:(P)'C Duration'® Reversibility® Frequency"”

positive, negligible: visual impact causes very | local: short-term: reversible or low:

negative or slight change in landscape character effect restricted to | > 3 years irreversible occurs once

neutral for the and affects few people and activities the LSA medium- medium:

measurement sensitive to visual change regional: term: occurs

endpoints low: visual impact causes slight effect extends 3t0 20 intermittently
change to landscape character and beyond the LSA years high:
affects few people and/or activities into the RSA long-term: occurs frequently
sensitive to visual change <20 years or continuously

moderate: visual impact causes very
noticeable change in landscape
character and affects some people
and/or activities sensitive to visual
change

high: visual impact causes major
changes in landscape character and
affects many people and/or activities
sensitive to visual change

Direction: positive or negative effect for measurement indicators as defined for the specific component.
Magnitude: degree of change to analysis indicator.
Geographic Extent: area affected by the impact.

CRONCHC)

operations period.

Duration: length of time over which the environmental effects occurs. Considers a two-year construction period and a 20-year

©  Reversibility: effect on the resource (or cannot be reversed).
@ Frequency: how often the impact occurs.

C2.5.3.4 Key Question VA-1

Key question VA-1 is: What effect will the Kwatebala mine, processing plant
and associated infrastructure have on visual aesthetics?

Linkage Evaluation

The visual impacts are linked, in a cause and effect relationship, to the clearing of
vegetation during construction. The visual impacts are also linked to the changes
in topography and geomorphology that will result from the proposed
development, and to the plant design and the air quality management actions
practiced (Figure C2.5-3). Dust raised by site clearing, materials handling, wind
erosion of bare surfaces and vehicles traveling along unpaved roads will also be
visible. Significant emissions of particulate matter and visible mist from the
sulfuric acid plant stack would not only signify possibly unacceptable air
pollution, but would also be visually intrusive. Changes in land use and socio-
economic conditions attracting migrants into the area could cause large-scale
changes in visual aesthetics as a result of the need to clear miombo woodland for
agriculture. Disturbance of stream courses and water quality could also have
visual aesthetic effects. Finally, reclamation and closure will help to reduce
some of the effects to visual aesthetics during closure.
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Figure C2.5-3 Visual Aesthetics Linkage Diagram

PROJECT ENVIRONMENTAL KEY
ACTIVITIES CHANGES QUESTIONS

Stripping of miombo
Flora woodland

Erosion of degraded
soils

Geomorphology

Creation of artificial

landforms
Soil
Removal of natural Change in visual
landforms aesthetics

Operation
Dust and emissions

Changes in stream
courses and water
quality

Reclamation and
closure
Land Use

Socio-
economic

Golder Associates



ESIA
Visual Aesthetics

-75-

Tenke Fungurume Mining

March 2007

In the absence of important heritage issues there are no forward linkages from
visual impact to other topic areas.

Assessment Methods

Plans for the mine, processing plant and ancillary infrastructure were reviewed in
the context of the known baseline conditions for visual aesthetics. The indicators
defined in Section C2.5.3.2, namely visual intrusion, visibility, visual exposure
and receptor sensitivity were assessed individually and then combined, using
professional experience, as the basis for the evaluation of visual impact
(Figure C2.5-1).

Visual intrusion was measured in accordance with a qualitative structured rating
scale in a negative direction from high to negligible, or in a positive direction
(Table C2.5-3). Visual simulations were prepared which show the appearance of
the different elements of the project in the landscape. The rating scale in
Table C2.5-3 was then applied, using the simulations as a measure of change.

Table C2.5-3 Measurement of Visual Intrusion

High Moderate Low Negligible Positive
if the proposed if the proposed if the proposed if the proposed |if the proposed
activity: activity: activity: activity: activity:

- has a substantial
negative effect on the
visual quality of the
landscape

- contrasts dramatically
with the patterns or
elements that define
the structure of the
landscape

- contrasts dramatically
with land use,
settlement or enclosure
patterns

- is unable to be
‘absorbed’ into the

- has a moderate
negative effect on the
visual quality of the
landscape

- contrasts moderately
with the patterns or
elements that define
the structure of the
landscape

- is partially compatible
with land use,
settlement or enclosure
patterns (tourist
cottages and estates in
the general area)

- has a minimal effect
on the visual quality
of the landscape

- contrasts minimally
with the patterns or
elements that define
the structure of the
landscape

- is mostly compatible
with land use,
settlement or
enclosure patterns

- is ‘absorbed’ into the
landscape

- has no effect, or
an effect that is
not measurable

- has a beneficial effect
on the visual quality of
the landscape

- enhances the patterns
or elements that define
the structure of the
landscape

- is compatible with land
use, settlement or
enclosure patterns

extensive area and/or
intensive change over a
localized area

localized area

landscape - is partially ‘absorbed’
into the landscape
result: result: result: result: result:
notable change in moderate change in imperceptible change |negligible change |positive change in
landscape landscape in landscape in landscape landscape
characteristics over an characteristics over a characteristics characteristics characteristics
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Mitigation

Visibility was measured using geographic information system (GIS) viewshed
analysis. A viewshed is all areas from which a reference point can be seen by an
observer. Selected points (generally worst case) were selected as the reference
points from which viewsheds were determined. For example, the visibility of
mining at Kwatebala was taken from the highest point of the hill. Visibility of the
processing plant was measured from an elevation ten meters above the ground in
the center of the plant area.

Visual exposure was determined from the viewsheds, from available mapping of
the study area and from the ESIA mapping of land use within the 7.5 kilometer
cut off zone, beyond which visual impacts in this type of terrain become
insignificant. Visual exposure takes the index of visibility and adjusts it for
distance from the view and the number of people who see it (or could see it in the
future).

Receptor sensitivity was determined from a knowledge of land use within the
study area and from the results of the stakeholder consultation during the course
of the ESIA, in which issues raised by members of the public and the government
were captured.

The following mitigation measures will be initiated as practical during the
construction phase to minimize impacts on visual aesthetics and will continue to
be implemented during the operation phase of the project.

e Bush clearance should be kept to the minimum necessary for the
construction of the plant, the mining infrastructure, the limestone
quarry, the access road, the power line, and ancillary facilities.

e Every effort will be made to leave as many trees intact as possible,
especially those that will contribute to screening of the development
from view.

e To ensure that trees around the perimeter of the development areas are
not lost unnecessarily, the construction area will be fenced or, in cases
where this is not practical, trees that are not to be removed will be
marked with paint.

e The design of the plant and buildings should make use of earth colors
and avoid bright and reflective colors.

e Planting of clusters of native trees around the perimeter of the facility
will soften its intrusiveness. TFM should plant fast-growing indigenous
trees at the end of the construction phase.

e After consultation with potentially affected villages, planting of
indigenous trees at the edges of the villages facing the facilities may be
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done to help screen the inhabitants of Salabwe, Mwanga, Mwanga
Sangu and Mulumbu Kiasa from views of the facilities. The
concurrence and cooperation of the local village leaders and population
in planting and maintaining the trees will be necessary to implement this
mitigation.

Fast-growing indigenous trees will be planted in a dense screen along
the boundary of the town of Tenke, and at the perimeter of the limestone
quarry, subject to agreement with local stakeholders. This simple but
effective means of visual screening will be undertaken during the
construction phase of the Kwatebala mine, giving the trees the chance to
grow to maturity before mining at Goma and Fwaulu starts.

Some portions of the final outer slopes of the tailings dam walls that are
not buttressed by waste rock are suitable for rehabilitation. These
sections will be rehabilitated concurrently as the facility is being
constructed. This will be achieved by placing topsoil on the slopes and
encouraging native grasses to establish, within limits of technology
under development through the BDAP (Appendix D3.1-II). As the
height of the walls is increased incrementally, the additional sections of
walls that will form final exposed surfaces will be rehabilitated.

Dust plumes caused by construction activities, wind erosion of bare
surfaces and vehicles traveling along unpaved roads will be controlled
by wet suppression or, where insufficient water is available, by a
commercial dust suppressant.

Unless site security or safety may be compromised, the use of outside
lighting that projects downward will be considered over flood lights.

Installation of an alkaline scrubber in the sulfuric acid plant stack will
minimize or eliminate visible plumes. A sulfuric acid plant stack
normally only emits a visible plume for a short period of time (15 to
30 minutes) after a cold startup, or for a few minutes if certain upset
conditions occur during normal operation.

Dust plumes from waste rock blasting will be reduced by judicious
design of the blast to prevent the ejection of fly rock and dust into the
air.

A management program will be implemented for copper-cobalt miombo and
gallery forests vegetation types (Section D3.1.13) and for conservation of a
portion of the unique topography (sinuous, low hills) (Section C2.1). A land use
management plan will be developed that has visual aesthetics as one of its
guiding principles, and which will be discussed with the local authority and local
communities, (Section C3.1).
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Results

Visual simulations showing the processing plant and the waste rock facility are
shown in Figures C2.5-4 to C2.5-7, as seen from Mulumbu, Salabwe and
Mwanga, together with the existing views from the same locations. Visual
simulations were prepared for Mulumbu even though this village will be
relocated during or prior to construction. These simulations represent a ‘worst
case scenario’ for someone standing close to the mine. Figures C2.5-7 shows
ground level and aerial views of the processing plant. Figures C2.5-8 to C2.5-10
present viewsheds of Kwatebala Hill, and future viewsheds of the processing
plant and the waste rock facility.

Impact Analysis

Visual Intrusion: The magnitude of change in the landscape that will be caused
by the mine and processing plant will be moderate at Mwanga Muteba
(Figure C2.5-6) and Salabwe (Figure C2.5-5) and high at Mulumbu
(Figure C2.5.4). There will be intensive alteration of landscape characteristics
over a moderately large area during construction of the mine and plant and
operation of the mine. The visual quality of the existing landscape is high and the
introduction of a major industrial facility into this setting will contrast
significantly with the existing patterns of land use and the natural habitats.
Because of the scale of the facility, a local change in visual quality may be
expected (Figures C2.5-4 to C2.5-6). In addition to the physical changes to the
landscape, caused by the initial clearing of vegetation for the mine and the
construction of the processing plant, visual intrusion will be caused by the
ongoing operation of the mine, the movement of heavy vehicles and the
generation of dust on unpaved roads around the mining area, between the mine
and the waste rock stockpile and on the tailings dam. Subject to the proposed
mitigation, the magnitude of visual intrusion caused by dust impact should be
low to moderate.

Visibility and Visual Exposure: Visibility of the mine, the plant, the waste rock
and the tailings storage facility will be moderate (refer to Figures C2.5-8 to
C2.5-10). The viewsheds are based on topography only and do not take the
screening effects of vegetation into account. The extent of visibility illustrated in
the figures is therefore conservative, since miombo woodland has a major
influence on visibility in the LSA (refer to Photographs C2.5-1 and C2.5-2). The
viewsheds also show the most visible areas, being derived for points on the top of
Kwatebala Hill, from ten meters above ground level at the processing plant, and
from the top of the waste rock facility. The viewsheds therefore represent worst
case theoretical visibility of the mining and mining infrastructure.
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Les haldes de stériles vues depuis Mwanga (simulation visuelle) / The waste rock facility viewed from Mwanga (visual simulation)
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Photograph C2.5-1 Miombo Woodland in the Study Area Which Minimizes
Visibility of Other Areas

Photograph C2.5-2 Miombo Woodland in the Study Area, Showing the
Patchwork of Open and Closed Areas and the Effect This
Has on Visibility in the Study Area
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The hilly terrain in which the project is situated results in fragmented viewsheds
which do not extend, uninterrupted, over long distances. Even the top of
Kwatebala Hill, which is the highest point in the area, is not visible over
extensive areas (Figure C2.5-8). East of Kwatebala, there are few vantage points
from which the hill is visible, owing to the complex topography. On the western
side, Kwatebala will be visible from the Goma hills. To the north and south, the
terrain dips into the Mofia and Dipeta river valleys, and Kwatebala Hill
disappears from view, becoming visible again from the high ground in the north,
along the Mofia Plateau some eight kilometers distant, and in the south along the
prominent ridge which runs parallel to the National Road Number 1 east of
Tenke.

Visual exposure to mining of Kwatebala Hill will be limited to the villages of
Salabwe (population 235), Mwanga Muteba (153), Mwanga Sangu (35) and
Mulumbu Kiasa (113). Slight distortion of the contour data results in the
visibility of the hill from Mwanga Muteba not being apparent from
Figures C2.5-8 to C2.5-10. The villages of Mulumbu, Amoni and Kiboko would
have been in clear view, but TFM proposes to resettle these communities before
mine operation begins and the views are consequently not considered in the
analysis.

The mining of Kwatebala Hill will not be exposed to view from Fungurume and
will be seen only from the northern end of Tenke. At distances greater than about
7.5 kilometers, the visual exposure of communities to views of the mining will be
negligible even if in full (theoretical) view. Tenke is about eight kilometers
distant. Visual exposure of other communities to views of mining on Kwatebala
Hill will also be negligible.

When the screening effect of miombo woodland is taken into consideration, the
actual visual exposure of populations around the mine is very limited and is
significantly less than that forecast by the viewshed analysis. Photographs C2.5-1
and C2.5-2 show some of the typical patterns of miombo in the study area. It is,
for example, difficult to find a location in Mwanga in which a view of Kwatebala
is not obscured by miombo. Overall visibility of the mine is considered to be
moderate, while the visual exposure of populations to the view is low.

The processing plant is situated below and immediately to the northeast of
Kwatebala Hill and will be less visible in the surrounding landscape than the first
phase of mining, being at a lower elevation. The plant will be visible northward
past Salabwe and Mwanga (Figure C2.5-9). To the south, it will be visible over a
almost totally hidden from view, with the exception of distant views from the hills
south of Kafwaya, some ten kilometers away.
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Theoretically, the plant will be exposed to views from Salabwe at a distance of
about four or five kilometers. No other villages will be in view. The plant will be
screened from the southwest as a result of Kwatebala Hill - while this will change
once the hill has been mined away, visibility will continue to be limited. Overall,
visibility of the processing plant is considered to be moderate, while visual
exposure of the local population to the view will be low.

The tailings storage facility will be a valley fill and will be visible only from the
immediate surrounding area. The waste rock facility, which is proposed adjacent
to and immediately northeast of the tailings storage facility, will be visible in the
immediate vicinity of the waste rock facility, with views extending northward to
just beyond Salabwe and Mwanga (Figures C2.5-5 and C2.5-6 and
Figure C2.5-10). Beyond the Mofia River, the waste rock facility will again be
visible in the distance from the rising terrain leading up to the Mofia plateau. The
dump will be invisible to the south, beyond Kwatebala Hill. Visually exposed
villages will include Salabwe and parts of Mwanga, as well as the small hamlets
of Mulumbu Kiasa and Mwanga Sanga.

Overall, visibility of the waste rock facility will be moderate and visual exposure
of local populations to the view will be moderate.

Taking into consideration the small number of people who currently reside
within the line of sight of the mine, the processing plant, the waste rock facility
and the tailings storage facility, the distance from these imposed features and the
screening effect of the existing local vegetation, the actual visibility and visual
exposure of people to these facilities is rated as low to moderate. This could
increase to moderate over time, if substantially more people settle in the area and
if the vegetative cover is significantly reduced.

Receptor Sensitivity: A wide range of stakeholders were consulted during the
public consultation process, including the Democratic Republic of the Congo
(DRC) authorities, both local and central, local businesses, non-governmental
organizations (NGOs) within and beyond the project area, tribal authority
structures and local inhabitants. The impact of the project on scenic quality was
raised only once, by the Dean of the polytechnical school in Lubumbashi. When
made aware of such impacts, most stakeholders were indifferent, but some
indicated that they would view the visible presence of the development in a
positive light, as a sign of economic progress that could benefit them.

Considering the impoverished state of the people in the region, it is
understandable that they would rank the prospect of an improvement in their
material well-being above the scenic beauty of their surroundings. This attitude
reflects their current socio-economic status rather than signaling an inherent
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indifference towards aesthetic values. Over time, their priorities may change as
investment in the region brings about improvements in their material well-being.

No visually sensitive land uses, such as conservation areas, tourism facilities or
other areas (existing or planned) in which views are considered to be important
exist within the LSA. The nearest recognized conservation area is the Upemba
National Park, the southern boundary of which is approximately 75 kilometers
north of the LSA (Figure B1.2-1). Receptor sensitivity to the mining
development will therefore be limited to the villages described and to road users
close to Tenke. Currently, and for the next decade at least, local stakeholder
concern about scenic quality is likely to remain low. The sensitivity of the
exposed population to visual change will therefore be low.

Magnitude of Visual Impact: While the visual intrusion caused by the facility is
expected to be high, the overall magnitude of impact of the proposed
development in terms of key question VA-1 is rated as low to moderate, taking
into consideration the small number of people affected by the views, the limited
visibility from these communities, the lack of sensitivity of the communities to
visual disturbance and the absence of other visually sensitive land uses in the
areas exposed to view (Table C2.5-4).

Table C2.5-4 Residual Impact Classification for Key Question VA-1
Direction Magnitude Geographic Duration Reversibility | Frequency Environmental
Extent Consequence

Key Question VA-1:

What effect will the Kwatebala mine processing plant and associated
infrastructure have on visual aesthetics?

Construction Phase

negative moderate local long-term no high moderate
Operation Phase
negative low to local long-term es high low to
9 moderate 9 y 9 moderate
Closure Phase
. . low to
negative low local long-term yes high moderate
The overall residual impact (environmental consequences, based on the screening
system in Volume A, Table A5.9-2) are considered to be low to moderate for all
three phases of development (construction, operation, closure).
Prediction Confidence

The predictions are based on quantitative assessment of visibility, visual
simulation of effects and analysis of population exposure and sensitivity. There
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are no known uncertainties that could significantly alter the assessment and the
prediction confidence is therefore rated as high.

Monitoring

Monitoring during the construction phase will verify that vegetation clearance is
kept to a minimum (Section D3.1.12) and that dust is kept to acceptable levels
(Section D3.1.3). Monitoring of dust (for aesthetic purposes) during the project
operational phase will be done by observation using qualitative structured
procedures to check and record dust blow from the various mining and mining
infrastructure facilities. Dust plume monitoring will include those caused by
blasting, materials handling and vehicular traffic and tailings wind blow
(Section D3.1.3). The planting of trees as visual screens will be monitored, as
will mine site landscaping.

Monitoring of erosion control and rehabilitation will include structured
assessment of the re-establishment of indigenous grass cover (Section D3.1.12).
Monitoring of the effectiveness of erosion control, slope stability and
rehabilitation measures are described in Section D3.1. Further details on
monitoring are provided in Section 3.1.2.

C2.5.3.5 Key Question VA-2

Key question VA-2 is: What effect will the access roads, power lines and
limestone quarry have on visual aesthetics?

Linkage Evaluation

The visual impacts are linked, in a cause and effect relationship, to the changes in
vegetation structure caused by clearing of miombo woodland and to air quality
management actions practiced. Dust raised by blasting, materials handling and
traveling along unpaved roads will greatly increase the visibility of these
activities. The linkages will be the same as described in Figure C2.5-3 for key
question VA-1.

Assessment Methods

Plans for the limestone quarry and ancillary infrastructure were reviewed in the
context of the known baseline conditions for visual aesthetics. The indicators
defined in Section C2.5.3.2, namely visual intrusion, visibility, visual exposure
and receptor sensitivity were assessed individually and were then combined,
using professional experience as the basis for the evaluation of visual impact.

The study measured visual intrusion in accordance with a qualitative structured
rating scale in a negative direction (from high to low - Table C2.5-3). Visibility
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was not quantified, but was judged in accordance with the physical attributes of
the features and the landscape. Visual exposure was determined from the
environmental and social impact assessment (ESIA) mapping of land use within
the 7.5 kilometer cut-off zone, outside of which visual aesthetic impacts are
expected to be insignificant. Receptor sensitivity was determined from
knowledge of land use within the study area and from the results of the
stakeholder consultation during the course of the ESIA, in which issues raised by
members of the public and the government were captured.

Mitigation
The access road and power line routes and the limestone quarry are not located
near large human settlements, subject to the villages of Mulumbu, Kiboko and
Amoni being resettled as planned. The following mitigation measures will be
employed to minimize impacts on visual aesthetics:

e Management of Dust Impact: During construction and operation of the
road and quarry and construction of the power line, dust plumes will be
managed by wet suppression or, where insufficient water is available, by
a commercial dust suppressant (Section D3.1.3).

e Vegetation Screening: As much of the existing vegetation as possible
will be left intact during construction of the linear infrastructure. The
miombo woodland will be a highly effective screen of all project
activities. At the limestone quarry, fast-growing indigenous trees will be
planted at the perimeter of the area under the direct control of the mine
in the early stages of the mining development.

Impact Analysis

Visual Intrusion: The limestone quarry is located approximately 10 kilometers
north of Fungurume and three kilometers west of the airfield. It will cause
intensive alteration of landscape characteristics over a small area. The visual
quality of the existing landscape is moderate to high and the insertion of the
quarry will contrast significantly with the existing patterns of land use and
natural habitats. A significant but highly localized change in visual quality is
expected.

The access road and the power line will be linear intrusions across the same
landscape, contrasting with existing patterns of land use and natural habitats and
causing localized changes in visual quality. Unless mitigated, the visual intrusion
of dust generated by traffic on the access road will be more significant than the
appearance of the road itself.
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Visibility and Visual Exposure: Details of the mine plan for the limestone
quarry are not available but the location is well established. The quarry will be
visible only from limited perspectives up to 7.5 kilometers away
(Figure C2.5-11) due to the location of the quarry in reasonably level terrain
covered in arable grassland and open woodland. Depending on the direction of
flight, it will be visible from aircraft taking off and landing at the airfield.

The access road and power line will cross undulating terrain characterized by
arable land and open woodland. The power line will generally be most visible up
to approximately 500 meters away and where it crosses ridgelines. The road will
be similarly visible, and will be seen mainly in short sections entering and
leaving woodland patches. Visibility will increase if dust is not managed - in this
environment in the dry season, heavy vehicles will generate clouds of dust that
are visible for several kilometers.

The Mulumbu access road will not be significantly exposed to view from
permanent habitation, subject to the inhabitants of the three villages of Mulumbu,
Kiboko and Amoni being resettled as planned. Taking into consideration the
screening effects of miombo woodland, visual exposure of the local inhabitants
to the quarry, power lines and road is expected to be low. This could increase to
moderate if many more people settle in the area over time and if the vegetation
cover is significantly reduced.

Receptor Sensitivity: The visual impact of the access road, power line and
quarry on scenic quality was not raised during the stakeholder consultation. As
described in Section C2.5.3.4, stakeholders in the LSA are presently not highly
sensitive to visual aesthetic changes, if the changes are due to activities bringing
employment to the areca. No visually sensitive land uses occur within the
viewshed of the facilities that could increase the sensitivities to visual change.

Magnitude of Visual Impact: While the visual intrusion of the roads, power
lines and the quarry is expected to be moderate to high, the overall magnitude of
impact of the proposed development in terms of key question VA-2 after
construction is rated as low, taking into account the screening effects of miombo
woodland, the absence of human settlement in the affected area and the low
apparent sensitivities to visual aesthetic change. This may change to moderate if
these variables undergo significant alteration over time.

Prediction Confidence

There are no known uncertainties that could significantly alter the assessment
and the prediction confidence is rated as high.
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Table C2.5-5

Residual Impact Classification for Key Question VA-2

Direction

Geographic Environmental

Magnitude Extent Duration Reversibility Frequency Consequence

Key Question VA-2: What effect will the access roads, power lines and limestone quarry have on

visual aesthetics?

Construction Phase

negative

| low | local | long-term | no | high | low

Operations Phase

negative

| low | local | long-term | no | high | low

Closure Phase

negative

| low | local | long-term | yes | high | low

C2.5.3.6 Key Question VA-3

Key question VA-3 is: What effect will the Goma mine and its associated
facilities have on visual aesthetics?

Linkage Evaluation

The visual impacts are linked, in a cause and effect relationship, not only to the
changes in topography and geomorphology that will result from the proposed
development, but also to the plant design and the air quality management actions
practiced (Figure C2.5-3). Dust raised by blasting, materials handling and
traveling along unpaved roads will greatly increase the visibility of these
activities.

Changes in land use and socio-economic conditions attracting migrants into the
area could cause large-scale changes in visual aesthetics as a result of the need to
clear Miombo woodland for agriculture. Disturbance of stream courses and water
quality could also have visual aesthetic effects.

In the absence of important heritage issues there are no forward linkages from
visual impact to other topic areas.

Assessment Methods

Visual intrusion was measured in accordance with the same structured rating
scale from high to low (in a negative direction) that was set out in
Section C2.5.3.4. Visual simulations were prepared which show the appearance
of the project in the landscape from the most important receptors. The rating
scale in Table C2.5-3 was then applied, using the simulation as a measure of
change.

Visibility of the mining was measured using GIS viewshed analysis from the
highest point on the Goma hills. Visual exposure was determined from the view
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Mitigation

shed and from the ESIA mapping of land use within the 7.5 kilometer cut off
zone, beyond which visual impacts of an industrial facility in this type of terrain
become insignificant.

Receptor sensitivity was determined from a knowledge of land use within the
study area and from the results of the stakeholder consultation during the course
of the ESIA, in which issues raised by members of the public and the government
were captured.

The following mitigation measures will be employed to minimize impacts of
mining on visual aesthetics:

e Vegetation Screening: As much of the existing vegetation as possible
will be left intact during construction of the mine for its screening effect
in addition to its aesthetic value. The miombo woodland will be a highly
effective screen of the mining. Fast-growing indigenous trees will be
planted in a dense screen along the boundary of the town of Tenke,
subject to agreement with local stakeholders. This simple but effective
means of visual screening will be undertaken during the construction
phase of the Kwatebala mine, giving the trees the chance to grow to
maturity before mining at Goma and Fwaulu starts. The cooperation of
the local authorities and population in planting and maintaining the trees
will be necessary and measures to encourage this will need to be

investigated.
Results
Visual simulations comparing the current and future views from Tenke towards
Goma hill are shown in Figure C2.5-12. The viewshed modeling for the Goma
hills is shown in Figure C2.5-13.
Impact Analysis

Visual Intrusion: The magnitude of change in the landscape that will be caused
by the mining operation will be high, with intensive alteration of landscape
characteristics over a moderately large area. The visual quality of the existing
landscape is high and the introduction of the mining facility will contrast
significantly with the existing patterns of land use and natural habitats.
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Visibility and Visual Exposure: Like Kwatebala, Goma is a high point in the
landscape. Because of its location at the western end of the Dipeta River valley, it
is visible along the Dipeta River to the east for considerable distances, with
(theoretical) views extending all the way to Mwela Mpande some 17 kilometers
away. Views to the north are restricted by intervening terrain. Immediately to the
east, the hill is very visible and forms a landmark from Tenke. It is also visible
from a large area to the south on the main Kolwezi Road (Figure C2.5-13).

The population in Tenke (11,000 people) will be exposed to views of mining at
Goma. The nearest point on the Goma hills is less than 700 meters from the
eastern edge of the town of Tenke. This exposure would gradually reduce as the
hill is mined away and the mining continues below natural ground level, leaving
the waste rock facility visible.

Salabwe (at a distance of about seven kilometers) and the tiny settlements of
Mwanga Sangu and Mulumbu Kiasa are also (theoretically) exposed to views of
the Goma hills. In practice, these villages are likely to be screened from views of
Goma by miombo woodland. Other areas of visual exposure include a section of
the National Road Number 1 to Kolwezi which is presently underutilized because
of its very poor condition. If the road is upgraded and traffic volumes increases,
the mining will be visible to road users in the final section of the route between
Fungurume and Tenke.

The magnitude of visual exposure of the population at Tenke to the mining
activities on the Goma hills is expected to be high, assuming mining from east to
west. Exposure of other communities to views of the mine is expected to be low.

Receptor Sensitivity: The discussion in Section C2.5.3.4 on visual sensitivity
with respect to mining of the Kwatebala Hill applies, in general, to mining of the
Goma hills as well. If Goma were to be mined at present, public concern for
scenic quality would be rated as low. Due to the proximity of Tenke to the
mining area and the probability that local residents will become more concerned
about scenic quality as their material well-being improves, this rating may
escalate to moderate by the year 2015, when mining at Goma is scheduled to
start.

Magnitude of Visual Impact: The impact of the proposed development in terms
of key question VA-3 is rated as high due to the proximity of Tenke
(Table C2.5-6).  Effects at closure are expected to be moderate due to
reclamation of the waste rock stockpile.
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Table C2.5-6 Residual Impact Classification for Key Question VA-3
Direction | Magnitude Geographic Duration | Reversibility | Frequency Environmental
Extent Consequence

Key Question VA-3: What effect will the Goma mine and its associated facilities have on

visual aesthetics?

Construction Phase

negative

| high ‘ local | long-term ‘ no ‘ high ‘ high

Operations Phase

negative

| high ‘ local | long-term ‘ no ‘ high ‘ high

Closure Phase

negative

| moderate ‘ local | long-term ‘ yes ‘ high ‘ moderate

Prediction Confidence

Monitoring

TFM proposes to start mining Goma in 2017 and it possible that there will be
changes in surrounding land use before then, the exact nature of which are not
known at this time. There is also very limited mine planning information
available. Accordingly, the prediction confidence for the proposed mining
operations at Goma is moderate.

Monitoring requirements will be as proposed for mining of Kwatebala as
discussed in Section C2.5.3.4.

C2.5.3.7 Key Question VA-4

Key question VA-4 is: How can the project influence the quality of the visual
resource to have a long-term positive effect?

Assessment Methods

Mitigation

The assessment methods for this question were qualitative, using professional
judgment and experience. Key questions VA-1 to VA-3 concern the assessment
and management of negative visual effects caused by the construction and
operation of the development, while key question VA-4 emphasizes the potential
for long-term sustainable benefits in visual quality.

The post-closure landscape of the TFM project will be developed to meet the
criteria set out in the project reclamation and closure plan (Section D5), and will
include measures to ensure that an ecologically stable environment remains,
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Results

which is not harmful to surrounding inhabitants and which does not aesthetically
blight surrounding areas. Proposals to leave behind an aesthetically acceptable
environment include measures to rehabilitate disturbed areas, including the
slopes of tailings storage facilities, with indigenous species.

TFM will commit to a management program for copper-cobalt plant species
(Section C3.1) and for conservation of a portion of the unique
topography/geomorphology that occurs in the concession area (Section C2.1). It
will also be important to develop a land use management plan, negotiated with
the local authority and local communities (Section C3.1).

The project will cause permanent changes to landforms in the LSA. It is likely
that some of these changes will be useful, particularly where very flat landscapes
have been created as a result of benching for the plant. These spaces will be at a
premium in the hilly countryside of the project area and will probably be put to
continued industrial use, rural settlement or even agriculture.

The pit lakes that will be associated with the final landform of the mining area at
Kwatebala, Goma and Fwaula will have potential for community use, if safe
access to the water level is provided. Subject to an appropriate rehabilitation
strategy, these enclosed environments can be converted into places which are
aesthetically pleasing and which have a long-term and sustainable use.

It is probable that the improved economic circumstances that will prevail in the
local communities as a result of the project will cause a significant and beneficial
change in the appearance of the local rural villages and towns. With more money
circulating in the economy, there will be improved living conditions, people will
upgrade and paint their houses and the overall appearance of the villages close to
the project will change to reflect a community that is better able to sustain itself.
Successful development interventions in the local area will therefore play an
important role in visual quality.

Impact Analysis

The positive long-term visual aesthetic impacts that are forecast will be of
moderate magnitude and will reach over half the community (Table C2.5-7). The
probability of success is medium and the overall sustainability consequence is
medium. The creation of a conservation area would have moderate visual
consequence at a local scale, which could escalate to high if the use of the area is
promoted for walking trails or other public uses. The sustainability consequence
is rated as medium.
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Table C2.5-7

Residual Impact Classification for Key Question VA-4

Areas of
Visual Interest

Magnitude

Span or
Reach

Duration

Probability of
Success

Sustainability
Consequence

Key Question VA-4: How can the project influence the quality of the visual resource to have a

long-term positive effect?

Reclamation and mine closure and upgrading of villages due to improved socio-economic
conditions

. half the .
mining areas moderate . long-term medium moderate
community
local villages moderate half the . long-term medium moderate
community
Creation of a conservation area
local area | moderate | few long-term high moderate

Prediction Confidence

The confidence in the predictions for aesthetic benefits associated with the
closure of the mine are moderate. For the aesthetic benefits that will result from
the evolving socio-economic development strategy in the RSA, the prediction
confidence is low, since benefits will depend on the success of this long-term
program.

Monitoring

Monitoring of the rehabilitation of the mining and plant processing areas will be
covered under the reclamation and closure plan (Section D5). No specific
aesthetic monitoring is proposed. No monitoring is proposed for positive changes
in visual aesthetics in settled areas as a result of improved socio-economic
conditions or as a result of the creation of a conservation area.

C2.5.4 Cumulative Effects Assessment

Linkage Evaluation

Should the TFM project be expanded from 115,000 tonnes per year production to
400,000 tonnes per year, the physical extent of the mining, processing plant,
waste rock and tailings facilities would expand considerably.

Assessment Methods

Detailed plans for the increased levels of production to expand to 400,000 tonnes
per year are not yet available. Consequently, it is uncertain whether there will be
a significant change in the location of some of the facilities and where this
change would occur. In the absence of this information, the general concept of
the expansion was reviewed in the context of known aesthetic baseline
conditions. Professional experience was used to assess the changes, specifically
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Mitigation

Results

in relation to the additional mining required, the expanded processing capacity
and the requirements for a four-fold increase in capacity in the waste rock
stockpiles and tailings disposal facility. The principles developed for closure
plans and other project goals to mitigate negative effects were considered in the
assessment of impacts.

The type of mitigation proposed for impacts VA-1, VA-2 and VA-3 would apply
to the expanded facility. If additional tailings storage and waste rock facilities
were required, similar methods would be necessary to mitigate the impacts. Dust
management would become an issue which required particular attention, taking
into consideration the increase in traffic on unsurfaced roads.

The effects of the 400,000 tonne per year case on visual aesthetics would be
greater in magnitude than the corresponding 115,000 tonne per year case, but the
types of impacts would remain the same. It may be expected that the waste rock
and tailings facilities that are proposed for the 115,000 tonne per year case would
be expanded as much as possible at the existing sites within the constraints
imposed by terrain and thereafter new sites would have to be developed.
Approximately four times the land that would be needed for the base case would
be affected by the expansion. It is unlikely that sites could be found that have less
visibility and visual exposure than the existing sites, so it is anticipated that the
numbers of people affected by views of the sites will increase by at least
four times and probably by more. Development of the Fungurume deposit would
raise issues similar to those affecting the Goma deposit, because of the proximity
of the town to the working areas on the mine.

Impact Analysis

For the cumulative development case, impacts will occur across a much greater
area in the LSA and, in addition, in localities outside of the LSA, such as
Fungurume. Visual exposure of mining and mining infrastructure is expected to
increase significantly above the base case, probably by more than the
proportionate four times enlargement. The impacts are predicted to be moderate
in magnitude (following all mitigation), regional in geographic extent, long-term
in duration and of high frequency. The impacts will be partly reversible by means
of rehabilitation. The environmental consequence of these effects will be high for
construction and operation and moderate to high after closure (Table C2.5-8).
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Table C2.5-8 Residual Impact Classification for Key Question VA-5
Direction | Magnitude Geographic Duration Reversibility | Frequency Environmental
Extent Consequence

Key Question VA-5: What cumulative effect will the project have on visual aesthetics?

Construction Phase

negative ‘ moderate | regional ‘ long-term | no ‘ high ‘ high

Operations Phase

Closure Phase

negative

negative ‘ moderate | regional ‘ long-term | no ‘ high ‘ high
low to regional long-term es high moderate to
moderate 9 9 y 9 high

Prediction Confidence

While the visual aesthetics baseline is well understood, the absence of detailed
information about the 400,000 tonnes per year case limits the prediction
confidence of the assessment of the cumulative effects of the development to
low.

C2.5.5 Conclusions

Impacts are evaluated separately for the Kwatebala mine, the limestone quarry
and access road/power line, and the Goma mine as well as accumulate effects, in
Table C2.5-9.

The TFM project will cause visual aesthetic impacts of low to moderate
magnitude and low to moderate environmental consequence. The facility will be
intrusive in a predominantly natural environment, but the effect of this will be
minimized by the limited visibility of most of the mining, plant and
infrastructure, the absence of large populations exposed to the views and the lack
of sensitivity of those viewers who will see the developments to visual aesthetics
issues.

Under the cumulative development case, the project expansion from
115,000 tonnes per year to 400,000 tonnes per year could significantly increase
the visual exposure of local people to mining and processing. This would
increase the magnitude of the impact and would raise the environmental
consequence to high for construction and operation, and moderate to high for
closure (Table C2.5-9).
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Table C2.5-9 Summary of Residual Effects for Visual Aesthetics

Direction

Geographic Environmental

Magnitude Extent Duration Reversibility | Frequency Consequence

Key Question VA-2: What effect will the access roads, power lines and quarry have on visual

aesthetics?

Construction Phase

negative ‘ low ‘ local ‘ long-term ‘ no | high | low

Operations Phase

negative ‘ low ‘ local ‘ long-term ‘ no | high | low

Closure Phase

negative ‘ low ‘ local ‘ long-term ‘ yes | high | low

Key Question VA-3: What effect will the Goma mine and its associated facilities have on visual

aesthetics?

Construction Phase

negative ‘ high ‘ local ‘ long-term ‘ no | high | high

Operations Phase

negative ‘ high ‘ local ‘ long-term ‘ no | high | high

Closure Phase

negative ‘ moderate ‘ local ‘ long-term ‘ yes | high | moderate

Key Question VA-5: What cumulative effect will the project have on visual aesthetics?

Construction Phase

negative ‘ moderate ‘ regional ‘ long-term ‘ no | high | high

Operations Phase

Closure Phase

negative

negative ‘ moderate ‘ regional ‘ long-term ‘ no | high | high
low to regional long-term es high moderate to
moderate 9 9 y 9 high

Reclamation and closure, and upgrading of villages due to improved socio-
economic conditions, will result in a medium sustainability consequence
(Table C2.5-7). Similarly, creation of a conservation area will lead to a medium
sustainability consequence.
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C2.6 MAJOR HAZARDS

C2.6.1 Introduction

This section presents the assessment of major project hazards for the public and
the environment, according to the Tenke Fungurume Mining (TFM) project
terms of reference (Section E8). Major hazards include the natural risks imposed
on the mine operations due to extreme meteorological or seismic events.
Additionally, accidents or malfunctions in the processing plant operations may
impact both on and off-site members of public and the environment. Rail and
road transportation accidents may also spill hazardous materials both on and off
the TFM project site. Transportation activities also have the potential to cause
injuries or fatalities from accidental collisions.

The information presented includes details on:

e Potential issues regarding major hazards.

e Project activities that may increase the risk of impacts to the public and
environment.

e Mitigation measures incorporated in the project design for these
impacts.

This section is organized as follows:

e Section C2.6.2 describes the study areas.

e Section C2.6.3 discusses the impact assessment and sustainability
approach and results.

e Section C2.6.4 provides the cumulative effects assessment.

e Section C2.6.5 discusses the conclusions of the assessment.

Baseline information concerning major hazards has been provided in
Section B2.6.

A glossary of terms and acronyms used in this section is provided at the back of
this volume.
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C2.6.2 Study Areas

The study areas for the major hazards impact assessment are the same as those
for the baseline described in Section B2.6. No formal regional or local study
areas were used.

The natural risks study areas vary based on the particular risk being discussed.
Although the area of focus is the immediate vicinity of the project, data from a
much wider area has been used to better assess risks associated with climatic and
seismic events. The processing plant study area is adjacent to the processing
plant described in the project description (see Section A4.4). Transportation
corridors for both on site and off site transport define the transportation study
areas as described in the project description (see Section A4.2).

C2.6.3 Impact Assessment

C2.6.3.1 Issue Scoping

The key project issues relating to major hazards are the potential impacts to the
public and environment due to:

e Natural hazards including extreme seismic, meteorological and
geotechnical events.

e Processing plant hazards from accidents or malfunctions.
e Mining operations hazards from accidents or malfunctions.

e Transportation hazards from accidental spills or collisions.

Issues relating to major hazards noted during the public consultation process
(Section A6) include a number of concerns related to increases in traffic. These
include:

e Concerns regarding increased dust generated by traffic, particularly
during the dry season, and resulting potential impacts on women,
children and food vendors who frequently use roadways both for
transportation and as areas of commercial activity.

e Concerns regarding potential accidents as result of increased traffic
along roads near and through the concession.

Finally, there were public concerns regarding potentially dangerous open culverts
constructed by TFM in the concession, and the need to mitigate public risk.
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Mitigation measures discussed included dust suppression, which is addressed in
Section C2.8, air quality. In addition, several safety measures will be
implemented about safe driving practices for TFM staff and contractors,
including speed limits, drivers’ education, vehicle scheduling, and vehicle
maintenance and, most importantly, public education. These measures will
reduce the potential for accidents along roadways within the concession.
Mitigation of collision risks is addressed in Section C4, social impact and in this
section.

C2.6.3.2 Key Questions and Indicators

The key question for major hazards is presented in Table C2.6-1. A sustainability
assessment key question does not apply to major hazards (Section C.2.6.3.5).

Table C2.6-1 Key Question for Major Hazards

Impact Assessment

Key question TG-1: What effect will major hazards associated with the project have on the public and
environment?

Indicators for major hazards include the engineering design basis for facilities
and the operational control of the mine, plant and transportation activities. These
indicators are discussed in this section and they relate to risks of major hazards
occurring. The indicators are also reflected in the Global Reporting Initiative
(GRI) Mining and Metals Supplement (GRI 2005). The sustainability benefits
relative to natural hazard management are included in the mitigation measures
proposed. There is no need for a separate key question related to long-term
positive effects for the sustainability assessment. The linkage between natural
hazards and other disciplines is further discussed in Section C2.6.3.5.

C2.6.3.3 Assessment Criteria

The criterion for assessing major hazards was developed in a project risk
assessment framework beginning with the project concept phase and continuing
throughout the mine life cycle. At the project concept phase, all project risks
were generally assessed according to the complete range of project consequence
categories, including:

e Commercial.
e Social.

e Technological.
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e Logistical.
e Environmental.
e Operational.

e Economical.

Project risks were identified according to:

e Hazard scenario issues.

e Contributing factors.

e Consequences.

e Control strengths and weaknesses.
e Risk estimate.

e Treatment actions.

Assessment criteria were defined in terms of a project risk matrix with
five categories of likelihood and severity of consequences. A risk rating from
low to significant was defined through different levels in the risk matrix. The
project risk matrix, with the public safety and environment consequence
categories relevant to the TFM project’s environmental and social impact
assessment (ESIA) is presented in Table C2.6-2.

As shown in the project risk matrix, the assessment criteria for major hazards are
different from those used in other sections of the ESIA. Risk criteria were used
to evaluate residual impacts (following implementation of mitigation measures)
based on the frequency that a specific public or environmental consequence
could occur. Assessment criteria for the other ESIA sections were not defined as
risks but were ranked according to a list of criteria. However, the environmental
consequences in both approaches are similar.

The TFM project’s overall concept risk assessment includes general risk
scenarios for all project impact categories, including those for major hazards (as
described in Section C2.6.3.1, on issues scoping). As the project was developed
to support the ESIA, detailed hazard scenarios were identified along with
mitigation and monitoring measures. These hazard scenarios provided the basis
for the major hazards impact assessment. Risk criteria shown in the project risk
matrix were qualitatively applied. More detailed risk assessments will be
completed when the project progresses to detailed engineering, construction and
operation phases.
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Table C2.6-2 ESIA Risk Matrix

CONSEQUENCE SEVERITY
GAEEIRY Ver; )Low ch){tv Mod3e)rate Hi49)h Very5 z-ligh
Public Safety no physical effects medical treatment irreversible disability fatality multiple fatalities
Environment negilégl;(i)t;iecaplhgf?‘i;atlsor short-term local effects medium-term regional effects | long-term regional effects Iong-tereTf:;gsystem

A)
probable
B)
likely
C)
possible
D)
unlikely
E)
rare

LIKELIHOOD

Risk Rating
significant
high
moderate

low
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C2.6.3.4 Key Question TG-1

Key question TG-1 is: What effect will major hazards associated with the project
have on the public and environment?

Assessment Methods

Mitigation

Natural hazards were identified during the preliminary engineering for the mine.
This was done to develop a design and operating basis to minimize seismic risks,
extreme meteorological risks and geotechnical risks. Baseline data described in
Section B2 were used to determine applicable designs to protect against all
natural hazards in the region.

Processing plant hazards were identified through a formal Preliminary Process
Hazard Identification Study (HAZID) of the engineering drawings
(MinProc 2007). The processing plant was divided into units to be studied
individually and then was studied as a complete processing plant. Events ranging
from fire and explosions to pollution were studied to identify specific hazard
scenarios including causes, consequences, safeguards and recommendations to
minimize potential risks. These hazard scenarios covered a range of issues
including worker safety, process technology, operating efficiency and
environmental releases. Those hazard scenarios impacting the environment and
public safety were assessed as major hazards for the ESIA.

Mining hazards were also identified during preliminary engineering in order to
develop a design and operating basis to minimize public and environmental risks.
Site investigations were done to support design criteria.

Transportation hazards were identified during development of the feasibility
study for transport and logistics (MinProc 2007). The volume of reagents and
fuel to supply the mine operations were studied along with the product exports to
determine rail and truck requirements. Transport routes were studied along with
material properties, packaging and exposure volumes to assess spill hazards and
risk mitigation measures. In addition, transport collision hazards, both on-and-off
site, were assessed. Major internationally recognized protected areas located
along transport routes with ports were reviewed and supplemental risk mitigation
risk proposed for these areas.

Risk mitigation measures will be implemented for all potential major hazard
scenarios. Designs for the processing plant, mine site and tailings storage facility
are developed from international standards to minimize risks to within acceptable
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levels for the public and environment. The transportation program incorporates
mitigation measures to minimize risks from accidental spills and collisions.

Measures to minimize natural risks for the mine including the tailings storage
facility, waste rock facilities, ore stockpiles and return water dam include:

e Geotechnical testing of tailings, fill, waste overburden and foundation
materials.

e Design for placing the waste rock facility against the north embankment
of the tailings storage facility.

e Tailings storage facility (TSF) containment designed for extreme storm
and wet year’s water cycle.

o Spillway for the closure phase of the TSF.

e Slope stability analyses.

e International standards for acceptable factors of safety.

e Design earthquake ground motions and deformations.

e Conservative selection of design storm.

e Site-wide storm water management including drainage from dumps.
e Embankment freeboard.

e Procedures preventing ponding (water build-up) near the crest of waste
rock facilities.

o Installation of instrumentation to monitor stability of dams.
e Regular inspections, maintenance and monitoring.

e  Only reputable transport firms will be hired, and the safety records of
these firms will be reviewed.

o The project will conduct audits of transport company safety
performance and will have a mechanism in place to investigate spills, if
any occur.

e In protected areas:

-~ Audits will be performed to ensure transport firms are not impacting
such areas with spills or other accidents.

— Traffic will generally be developed during day light driving
conditions to minimize risk of accidents and especially collisions
with wildlife.

— Reduced speed limits will be observed on a case by case basis.
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Measures to minimize natural risks for the processing plant include:

e Safe shut-down design.

e Tank, vessel and piping design for seismic loads.
e Drainage ditch design for storm events.

e Tank and vessel design for wind loads.

e Foundation design for geotechnical conditions and extreme seismic
events.

e Foundations and site drainage ditch design for geotechnical conditions
and extreme flooding events.

Measures to minimize processing plant hazards include:

e Interlocks automatically linking equipment controllers to prevent
releases due to power loss, equipment failure or operator error.

e Drains to containment areas in case of liquid releases.

e Emergency power for critical equipment.

o Safe designs allowing for internal storage in case of pump failure.
e Standby pumps.

e Extensive monitoring of process variables for control.

e Fire safeguards including hazardous classification, non-flammable
construction material, fire walls, high-temperature flash point diluting
(diluting agent), low-velocity flow rates and safety instrumentation.

e Process risk analysis to minimize risk of accidental sulfur dioxide and
sulfur trioxide releases from the sulfuric acid plant impacting the public
and environment.

e Site-wide storm and wash water containment.

e Emergency response procedures for local communities.

Measures to minimize mining hazards associated with the ore and soil stockpiles
and the waste rock facilities (not resulting from a natural hazard) include:

e Geotechnical testing of waste overburden, ore and foundation materials.
e Physical and chemical stability of waste rock facilities.
e Design for slope stability.

e Regular inspections, maintenance and monitoring.
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Measures to minimize transportation hazards associated with accidental spills
and collisions include:

e Rail and road traffic management considerations to minimize public and
environmental exposure on and off site.

e Transportation risk assessment for reagents, fuel and products before
operations start.

e When needed, use of convoys, escorts and travel restrictions
(e.g., vehicle speed and daylight driving).

e Packaging cargo to limit spill potential and severity.

¢ Road maintenance monitoring.

e Equipment quality, maintenance and real-time tracking.
e Driver training, procedures and experience.

e Emergency response procedures.

e On-site road design.

Results

Natural Hazards

A natural hazard is a naturally occurring event that could lead to potential failure
of project facilities that would impact the public or the environment.
Three principal natural hazards are identified as:

e Seismic.
e Extreme meteorological events.

e Geotechnical events.

The issues associated with each principal natural hazard are summarized later in
this section. All the issues identified from stakeholder consultations were also
included in these hazard scenarios. Reference is made to the map presented in
Figure C2.6-1 (from the tailings engineering assessment) to identify facilities that
may potentially be impacted by natural hazards.
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Site-specific seismic hazards were studied (Golder 2006a) to develop design
values for the peak horizontal ground acceleration based on a maximum credible
earthquake. Results are summarized in the baseline study presented in
Section B2.6. Ground motions from an earthquake could potentially cause the
following hazard scenarios:

e A landslide into the tailings storage facility or return water pond which
could cause water to rise above the top (overtopping) or breaching of the
embankments.

e Liquefaction of the embankments and/or foundations which could cause
water to spill over or breach the embankments.

e Liquefaction of waste rock facilities, stockpiles and excavated slopes
which could cause a flow slide (e.g., mud slide).

e A power failure causing a processing plant shutdown causing releases
into the environment.

e Damage to processing plant structures causing releases into the
environment.

e Rupture of containment facilities (e.g., process tanks) causing releases
into the environment.

e Damage to chemical stockpiles, (e.g., sulfur) causing releases into the
environment.

The seismic criteria used for engineering design was presented in the project
description (see Section A4.6.1.2). An operating basis earthquake of 0.12 gravity
units lateral acceleration was designed for. The engineering design used will
reduce the risk of such consequences for all events up to the maximum credible
earthquake. Extensive geotechnical investigations are being conducted to support
the engineering designs. The principal embankment is located to the north of the
tailings storage facility and an additional risk mitigation measure in the proposed
design is the placement of the waste rock facility against this embankment.
Additional engineering and operational risk mitigation measures are described
earlier in this section.

The Dam Break Assessment (the likelihood and consequences of an instability of
one or more of the tailings storage facility perimeter embankments, even after an
occurrence of the maximum credible earthquake) determined that the risk of
embankment failure is negligible (see Section 9.10.5.6 of MinProc 2007; see also
Section 8.4 of MinProc 2007 for design standards).

Extreme meteorological events include high-intensity rainfall, causing flash
floods and erosion, and high wind events. Baseline data presented in
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Section B2.6 were used to develop engineering design storm events. Extreme
storm events could potentially cause the following hazard scenarios:

e A landslide into the tailings storage facility, return water pond or
evaporation pond which could cause overtopping or breaching of the
embankments.

e Erosion and failure of the embankments which could cause release of
water or tailings to the environment.

e The creation of a large wave from high winds that could overtop or
breach the embankments.

e Concentrated flow of water over the outer slope of the waste rock
facilities could cause erosion and a localized flow of saturated waste
rock material.

e Ponding of water next to the outer rim of the waste rock facility could
cause a localized slide of material along a saturated slippage face.

e Overloading of storm water control ditches, berms, catchments, and/or
the access road which could cause uncontrolled discharge of high-
sediment storm waters and loss of infrastructure (i.e., loss of pumps,
piping and power lines that may be required to control the risk).

e Flooding could cause overloading of the containment areas in the
processing plant and release chemicals to the environment.

Storm event criteria for engineering design is presented in the TFM project
description (see Section A.4.5 and Appendix E9). The engineering design used
will reduce the erosion and overtopping risks for all events less than these
extreme events. The design storm events that have been used are:

e 1 in 100 year wet season, or normal wet season plus occurrence of a
probable maximum flood.

e All closure design work: one in 1,000 year wet annual rainfall will be
contained; in events exceeding this, storm water will be drained through
a permanent spillway channel.

As described above, the principal tailings storage facility embankment will be
buttressed (supported) with a waste rock facility which will also minimize risks
from extreme storms. Additional engineering and operational risk mitigation
measures were described earlier in this section.

The feasibility report (MinProc 2007) notes that the likelihood of an embankment
overtopping due to a severe storm event is less than one in 100,000 or below the
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risk matrix criteria (see Section 9.1.0.5.6 on dam break assessment). The
consequences are also estimated to be low.

Unforeseen geotechnical conditions could occur as an isolated event or along
with a seismic or extreme storm event. These events could potentially cause the
following hazard scenarios:

e A landslide into the tailings storage facility or return water pond which
could cause overtopping or breaching of the embankments.

e A landslide along the embankments due to poor foundation conditions
that could cause overtopping or breaching of the embankments.

e A landslide at the waste rock facilities or excavated slopes due to poor
foundation conditions which could cause a flow slide.

Site investigation and geotechnical testing will minimize the potential for these risks.
Engineering design criteria for waste rock facilities in terms of heights and slopes were
presented in the TFM project description (see Section A.4.4). Additional engineering
and operational risk mitigation measures are described earlier in this section.

A hazard assessment has not yet been carried out for the eastern tailings facility
located north of Fungurume (Figure C1.6-1), which may be required toward the
end of the 20-year mine life. Natural hazards in relation to this facility will be
assessed prior to construction.

Processing Plant Hazards

Reference is made to the processing plant units described in the layout presented in
Figure C2.6-2 (from Figure A4.4-3) to identify locations of potential major hazards.

Hazards associated with the processing plant facilities were identified through a
formal HAZID study, as described in the assessment methods section. The
following deviations have been considered for individual processing plant units
and the complete processing plant site:

e Loss of operations/interruption.
e Explosion.

e Fire.

e Harmful/noxious materials.

e C(ritical equipment.

e Noise.
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Occupational hazards.
Physical hazards.
Pollution.

Violent release of energy.

Maintenance access.

Results from this study included identifying the following major hazard scenarios
leading to public or environmental risks:

In the sulfuric acid plant the loss of electrical power to the scrubber
could impact on public safety. Safeguards include interlocks to prevent
releases. During detailed design, consequence modeling will be carried
out for this hazard scenario in order define the risks to the public and, if
appropriate, additional mitigation measures.

In the leaching unit, loss of electric power to the leach off gas scrubber
could release some volume of toxic sulfur dioxide that could impact
public safety.

Discharge of process liquors due to equipment or operator failure which
could pollute the surrounding environment. Safeguards include
preventative interlocks and minimizing risk through containment.

In the solvent extraction area there may be some potential conditions for
serious fires which could cause off-site public and environmental
effects. Safeguards include several engineering and operational
measures are described earlier in this section.

A release, as a result of tank failures or overfilling, could pollute the
surrounding environment. Safeguards include building containment
areas.

In the sulfuric acid unit, fires and release of sulfur dioxide or sulfur
trioxide could result in public and environmental impacts. Safeguards
include detailed hazard and consequence modeling studies.

Loss of diesel fuel from storage could pollute the environment.
Safeguards include containment to industry standards for combustible
liquids.

Any release of harmful or noxious pollutants to the atmosphere could
require emergency evacuations in the local communities.

Selected safeguards were identified for each hazard scenario above and a
summary of the engineering, administrative and operational risk mitigation
measures is presented earlier in this section.
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Mining Hazards

Many mining risks are associated with natural hazards. Some hazards result from
the man-made facilities constructed on-site and are not the result of a seismic or
extreme storm event. Unforeseen geotechnical conditions could occur as an
isolated event and potentially cause the following hazard scenarios:

e A landslide along the embankments due to excessive seepage (piping)
and/or oversteepening of the embankments. A landslide could cause
overtopping or breaching of the embankments.

e A landslide or slumping at the waste rock facilities or excavated slopes
due to oversteepening of the slopes which could cause a flow slide.

The likelihood of embankment piping erosion is negligible and the associated
consequences are very low (see Section 9.10.5.6 of the feasibility report dam
break assessment).

Some amount of explosives will be used for the waste rock. The storage and
handling of explosives will be managed by a contractor specializing in these
activities. The contractor will be a blasting services company fully licensed in
the DRC. Once the type of explosives to be used is determined the type of
storage appropriate to that type of explosives will be identified. Details on
blasting safety measures is described in Sections A4.3.3 and D3.1.11.

Transportation hazards associated with mining operations on-site are assessed in
the following subsection. Engineering and operational risk mitigation measures
are summarized earlier in this section.

Transportation Hazards

Major hazards associated with rail and road accidents due to spills or collisions
were assessed during a detailed feasibility study on transport and logistics and
project development planning. Transportation corridors for rail and road traffic
both off-site and on-site are described in the project description, (see
Section A4.2). An analysis of the transportation options is described in
Section A3.1.15. In addition, projections for project-related traffic are described
in Section C2.13. Transportation hazards summarized in this section reference
the assessments from these other sections.

Off-site transportation of reagent and fuel supplies for mine operations and
export of copper and cobalt product will require adequate logistics planning. The
process will use port unloading and storage, rail, dry port transfer of bulk
materials from rail to road vehicle and road transport to the mine site, as
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Table C2.6-3

described in Section A4.2. The bulk of raw materials and equipment imports and
product exports will move through four possible ports: Richards Bay or Durban
(South Africa), Dar es Salaam (Tanzania) and Walvis Bay (Namibia). An
overview map showing the transportation corridors for both rail and road from
these ports to the mine site is presented in Figure C6.2-3.

In addition to the rail and road transportation corridors highlighted in
Figure C2.6-3, the 38 major river crossings along all corridors are numbered.
Major water crossings refer to those permanent rivers of sufficient width to be
marked on maps at a 1:4,000,000 scale. The rivers range from very major
(Zambezi, with an average discharge at mouth of 7,000 cubic meters per second,
although the volume at crossing is much lower) to much smaller rivers. River
lengths from headwaters to crossing locations begin at approximately
50 kilometers and range into hundreds of kilometers. The total crossings for each
of the four corridors are provided in Table C2.6-3 (from Table A4.2-4).

Major Water Crossings for Off-Site Transportation Routes

Length of Route to Total Major Water Water
Port Mige site (km)® Crossings Crossing Numbers (from

Figure C2.6-3)

Richards Bay 3,210 18 15-27, 29-31, 37-38

Durban 3,400 17 15-27, 28,32, 37-38

Dar es Salaam 2,100 17 1-14, 16, 37-38

Walvis Bay 2,400 9 15-18, 34-38

@ km = kilometers.

These river crossings along with public settlements next to the corridors are
assessed as sensitive environmental and public exposures to potential spills.
Other sensitive areas include internationally recognized protected areas along
these routes (three on the route to Dar Es Salaam; four on the routes to Durban
and Walvis Bay; and five on the route to Richards Bay). High-volume bulk
materials will be transferred from railcars to road trucks at a suitable facility in
Ndola (Zambia), Mufulira or Lubumbashi both in the Democratic Republic of the
Congo (DRC). A larger-scale map of this area to the mine site is presented in
Figure C2.6-4. On the final part of the truck transport route, truck traffic may
bypass the national road (until maintenance is improved to allow heavy traffic)
from Likasi to Fungurume (Figure C2.6-5). The principal on-site roads are also
shown on this map including the bypass road to limit public exposure around
Fungurume. Public exposure from vehicle, bicycle and foot traffic along the
truck roads will affect the risk of accidental collisions with the mine trucks, both
on- and off-site. Impacts from incremental traffic along the roads near the plant
site are assessed in Section C2.13.
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Construction supplies and equipment, reagents, fuel, products and equipment for
operations will be transported along the off-site corridors. The primary materials
to be transported along the on-site roads will be ore and waste rock as described
in the project description (see Section A4.2).

The estimated supplies required for the “first fill” to be transported to the site in
advance of operations are listed in Table C2.6-4 (from Table A4.2-2). A total of
approximately 765 full truck trips (not including back haul) are required to
supply these quantities. In addition to this, around 670 full truck trips are
required to transport equipment, steel and cement for the construction of the
process plant. Three hundred vehicles for the mining fleet, cranes and other
mobile equipment will also be transported to site.

There will also be a requirement for 70,000 tonnes of aggregate and sand for
construction, which will be sourced close to the process plant site.

During operations, the estimated daily truck and rail supply import requirements
are shown in Table C2.6-5. The daily truck and rail product export requirements
are shown in Table C2.6-6 (from Tables A4.2-2 and 3).

As shown in these tables, an estimated total average daily volume of 11 bulk
trucks, two magnesia container trucks and two fuel tanker trucks will travel the
off-site roads from the origins shown to supply the mine with needed materials
during operations. It is estimated that 10 trucks per day of limestone will only
travel on-site between the quarry and the plant. Also, an average of 10 trucks per
day will export copper and cobalt product from the mine site. These 10 trucks
may be used in a back-haul mode with trucks supplying the mine. Railcar volume
between the dry port and the import and export ports average five sulfur rail cars
per day inbound and eight copper rail cars per day outbound.

Transportation hazards from the accidental spills are dependent on exposure to
the environment and the public. The consequences will depend on the acute
toxicity of the material, the volume spilled and its relative fate and persistence.
Spill risks are dependent on the transportation exposure in terms of trip
kilometers, the spill accident frequency, the public and environmental exposure
and the spill consequences. Collision risks are dependent on the transportation
exposure in terms of trip kilometers, the injury accident frequency and the public
exposure. Risk mitigation measures will address all of these factors in the
transportation program.
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Table C2.6-4

First Fill Quantities of Reagents to be Imported to the Site

Reagent

First Fill and Initial Stock

Average Number of

(tonnes) Trucks Required

grinding media 215 6
flocculant 70 2
coagulant 137 7
extractant 634 19
diluent — cubic meters 1,701 57
quicklime 5,158 152
hydrated lime 4 <1
tri sodium phosphate 1 <1
hydrazine 1 <1
sodium hypochlorite 243 7
magnesium oxide 1,500 7
sulfur 9,403 277
sulfuric acid® 1,000 33
glucosol CH,4 9 <1
bentonite clay 21 1
antiscalant 16 <1
polyolefin prills (19 mm) 99 3
sodium hydroxide 801 24
garnet 161

anthracite 157

boric acid 24 1
soduim lauryl sulphate 0 <1
strontium carbonate 1 <1
strapping 10 <1
sodium hydrosulfide 10 <1
zinc ion exchange resin 47 2
nickel ion exchange resin 36 1
carbon 13 <1
cobalt packaging 68 2
diesel 2,742 91

Total

24,282

765

mm = millimeters.

(@)

Imported only for first fills, for the commissioning of the acid plant. After this, sulphuric acid

will be produced on-site.
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Table C2.6-5 Estimated Annual Material Transport Requirements during Operations
Annual Average Daily Average(a)
. - Mode of |Backload
Material 34t 40 t Origin T rt| Possibl
t m® |Containers|Tankers| t m® . Containers|Tankers ranspo ossible
Trucks |Rail Cars
Richards
sulfur 72,947 | n/a n/a n/a 200 [ n/a 6 5 n/a n/a Bay /Dar es | road / rail | yes
Salaam
quicklime 39,528 | nl/a n/a n/a 108 | n/a 3 n/a n/a n/a Ndola road only | yes
limestone 108,540| n/a n/a nfa | 297 | na | 10® n/a n/a nfa | Quarry® road only | no
magnesia 11,745 n/a 559 n/a n/a | n/a n/a n/a 2 n/a Durban road only | no
containers
coagulant / diluent 1,106 | 1,229 n/a 41 n/a 3 n/a n/a n/a <1 Durban road only | no
tankers
fuel tankers 13,161 |16,451 n/a 548 n/a 45 n/a n/a n/a 2 Ndola / Dar road only | no
es Salaam
consumables 5,000 | n/a n/a n/a 14 n/a <1 n/a n/a n/a various road only | yes
Durban /
other reagents 6,525 | n/a n/a n/a 18 n/a 1 n/a n/a n/a Walvis Bay / | road only | yes
Dar
copper cathode 115,000| n/a n/a n/a 315 | n/a 9 8 n/a n/a Tenke road / rail | yes
cobalt rounds 8,000 | n/a n/a n/a 22 n/a 1 n/a n/a n/a Tenke road only | yes
cobalt hydroxide 4,545 | nla n/a n/a 12 n/a <1 n/a n/a n/a Tenke road only | yes
@ Daily figures represent the number of units that would be required if only that method of transport were used.
®) Limestone transport is based on 30-tonne dumptrucks

(c)

Sourced from the Mofia pit on the concession.
Note: Included are: gas cylinders, lubricants, spare parts and tires.
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Table C2.6-6 Product to be Shipped from Site and Alternative Transport Routes

Len?th No. of Major Mode of Product Daily Average
Port R:ute Water Transportation (tonnes 40 t Rail
(km) Crossings per year) | Tonnes Trucks Cars

Dar es Salaam 2,1 00 17 road/rail copper 315 9 (mine to 8 (Zamb|a
Durban 3,400 17 road/rail 115,000 Zambia) to port)
Dar es Salaam 2,100 17 road
Walvis Bay 2,400 9 road °°b§"(t)gg)eta' 22 1 n/a
Durban 3,400 17 road
Dar es Salaam 2,100 17 road cobalt
Walvis Bay 2,400 9 road hydroxide 12 <1 n/a
Durban 3,400 17 road 4,545

n/a = Not applicable.

The following major hazard scenarios leading to public or environmental risks
were identified from the preliminary assessments described above. All issues
identified from stakeholder consultations were also included in these hazard
scenarios.

e Accidental spills of reagents at port facilities that could cause
environmental releases.

e Sulfur storage and handling hazards include potential fires and
explosion (from dust and hydrogen sulfide gas) and evolution of
hydrogen sulfide gas.

e Accidental spills of fuel or diluent, high-volume reagents (sulfur,
magnesium oxide, quicklime) and low-volume but high-toxicity
reagents in transport or storage could cause releases into the
environment.

e Accidental collisions resulting in public casualties.
e Dust on-site from transportation activities impacting the nearby public.

e Public exposure to dangerous open culverts for on-site roads could lead
to public injuries.

Selected safeguards were identified for each hazard scenario above. Mitigation is
listed below. A summary of the engineering, administrative and operational risk
mitigation measures is presented in an earlier section.

e Existing modern handling and storage facilities and risk management
programs will be used in all ports.
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Impact Analysis

Risk mitigation measures for transport include design of containers, use
of formed sulfur and operating procedures, as discussed in the project
description (see Section A4.2.2.1). Port and transfer facilities will carry
out detailed risk assessments before operations.

A risk management program will be used to implement accident
prevention and emergency response measures (Section D7) especially
near sensitive environmental exposures (Figure C2.6-3 and in any
internationally-recognized protected areas) and public exposures. This
risk-based approach will be incorporated into the mine’s hazardous
materials management program. Risk mitigation measures include
accident prevention (these measures are summarized in an earlier
section) and consequence minimization, such as container design, to
minimize spill severity following an accident.

Public exposures to rail crossings and to truck road traffic will be
minimized where possible (i.e., procedures at rail crossings, bypass road
from Likasi to Fungurume and around Fungurume as shown in [Figure
C2.6-5], design of Class 3 roads on-site to separate pedestrian and
bicycle traffic from mine vehicle traffic. The class 3 roads will include
a physical or visual barrier between the two traffic paths [Section
A4.2.1.2]). Equipment, driver and administrative prevention measures
are described in an earlier section.

Dust impacts and associated mitigation measures are addressed in
Section C2.8.

Mitigation measures include improved designs and construction
scheduling to minimize exposure.

During construction and operation, impacts from major hazards will be managed
through minimizing risk. Risk analyses will be conducted within an ongoing
management program to control risks from all major hazards. Residual natural
risks and those from the processing plant, mine and transportation activities are
expected to be in the low to moderate risk rating as defined in the project risk
matrix. Such ongoing analyses minimize risk to the public and to environmental
resources. The residual risks are within international standards for mining
operations.

During the closure phase, natural risks will be managed through implementing
engineering risk mitigation measures as part of the closure plan. Residual natural
risks are expected to be in the low risk rating as defined in the project risk matrix.
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Prediction Confidence

Risk estimates are made taking into consideration variation in data and prediction
confidence. However, risk ratings are also dependent on the success of the
proposed mitigation measures as described in this major hazard assessment.
Overall, the prediction confidence for this ESIA assessment is considered
moderate. As the project progresses to detailed engineering, risk estimates will be
refined in an ongoing risk management program. It is expected that mitigation
measures will also be implemented as appropriate depending on the results of
future risk assessments. As a result, the estimated residual risks from major
hazards are expected to remain in the low or moderate categories.

Monitoring

Monitoring programs were summarized in the risk mitigation measures.
Monitoring programs include instrumentation and inspections for geotechnical
assessments and for processing plant operations.

C2.6.3.5 Sustainability Assessment

Sustainability assessments were completed for the physical, biological and social
impacts from the TFM project in order to address how the project can influence
these impacts to have long-term positive effects. Major hazards are assessed
according to the risks of negative effects occurring; therefore a sustainability
assessment is not applicable for major hazards. However, some mitigation
measures that minimize the risk of major hazards occurring may also affect other
physical, biological and social impacts. These are addressed in the relative
sustainability assessments.

An example is presented in the sustainability Section C2.1.3.5 for topography
and geomorphology. The post-closure landscape of the TFM project will be
developed with specific principles. Sites will either be returned to a safe and
stable condition or appropriate safeguards will be put in place to minimize public
exposures, which in some areas will represent an enhancement over the baseline
condition. These measures will minimize the risk of slumping (a potential major
hazard) and are assessed in the residual impact classification for sustainability in
Section C2.1.3.5.
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C2.6.4 Cumulative Effects Assessment

Assessment Methods

Mitigation

The cumulative effects assessment considers expanding the project to a
production rate of 400,000 tonnes per year of copper. Such an expansion would
require construction of a second processing plant north of Fungurume and mining
of the Fungurume deposits.

Although detailed plans for an expansion are not yet available, the concept was
reviewed in a relative comparison with the base case assessment for major
hazards. The following assumptions were made:

e Mining of ore at Kwatebala, Goma, Fwaulu and Fungurume.

o Expansion of the proposed Kwatebala processing plant to a production
of 200,000 tonnes per year of copper.

e Construction of a second processing plant north of Fungurume with a
production of 200,000 tonnes per year of copper.

e Use of an above-ground tailings storage facility north of Fungurume, in
addition to the existing western tailings facility.

e Deposition of waste rock near Goma, Fwaulu, Kwatebala and
Fungurume hills.

Assessment methods were based on those used for the base case assessment.
Professional experience was used to extrapolate the assessment (see
Section C2.6.3) for a general understanding of the above assumptions.

Most of the mitigation measures proposed for key question TG-1 are relevant for
an expanded 400,000 tonnes of copper per year project and would be applied to
the new facilities and operations. However, specific assessments would be
required to refine which mitigation measures are appropriate, and whether
specific assessments to refine the use of mitigation measures will help determine
if further mitigation is appropriate, especially for the increased exposures from:

e New processing plant.
o New tailings storage facility.
e New mine operations.

e New waste rock facilities.
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e Increased volume of transportation for reagents, fuel and products.

Mitigation measures would develop from the standard hazard identification
studies completed as the expansion project moves from concept to development.
Some measures applied for the base case may not be practical for the expansion
case. For example, buttressing the base case tailings storage facility embankment
with the waste rock facility may not work for the expansion tailings storage
facility.

Results

The principal effects of the expansion project on major hazards would be an
increase in the exposure to hazard scenarios associated with the increase in
number of facilities and volume of transportation required. However, the types of
hazard scenarios are expected to be similar. Similar mitigation measures would
also generally apply although these would be verified through hazard
identification studies.

Impact Analysis

During construction and operations, impacts from major hazards will be managed
through risk minimization in a similar process for the expansion project as for the
base case project. Risk analyses will be completed within an ongoing
management program to control risks from all major hazards. It would still be
expected to keep residual natural risks and risks from the processing plants,
mines and transportation activities in the low to moderate risk rating as defined in
the project risk matrix.

During the closure phase, natural risks will be managed through engineering risk
mitigation as part of the closure plan. Residual natural risks are expected to be in
the low risk rating as defined in the project risk matrix.

Prediction Confidence

Overall, the prediction confidence for the base case assessment of major hazards
is considered moderate. Although hazard identification studies have not been
completed for the expansion project, it is expected that risk mitigation measures
will be implemented as appropriate depending on the results of future risk. As a
result, the prediction confidence is lower for the expansion project, but would be
similar to the base case once future studies are completed.
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C2.6.5 Conclusions

Following implementation of mitigation measures, the residual risks of major
hazards for the public and the environment as a result of the TFM project are
estimated to be low to moderate and within international standards.

For the cumulative effects case with a project expansion from 115,000 to
400,000 tonnes of copper per year, it would still be expected to keep residual
risks from major hazards in the low to moderate risk rating, as defined in the
project risk matrix.
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C2.7 CLIMATE

No assessment is required for this discipline. This section is included to allow
for consistency in section numbering between Volumes B and C.

Greenhouse gases, which affect climate, are assessed in Section C2.8.
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C2.8 AIR QUALITY IMPACT ASSESSMENT

C2.8.1 Introduction

This section presents the environmental assessment for the effects of the Tenke
Fungurume Mining (TFM) project on air quality as per the project’s terms of
reference (Appendix E8). The information presented includes details on:

e Project activities that may affect air quality.

e Potential issues regarding changes to air quality.

e Methods used for the analysis of air quality effects.

e Impact assessment approach and results for key air quality issues.

e Mitigations incorporated in the project design for these impacts.

e Sustainability assessment approach and results for air quality issues.

e Identified measures relating to air quality to promote long-term
economic and social sustainability in the project area.

The primary airborne compounds associated with the proposed project include
sulfur dioxide (SO,), nitrogen dioxide (NO,), inhalable particulate matter (PMy),
total suspended particulates (TSP), volatile organic compounds (VOCs) and
carbon dioxide (CO,). In the immediate area of the processing plant, minor
amounts of sulfuric acid mist will also be released. These pollutants would
originate from the proposed processing plant, materials handling activities,
crushing and milling, drilling and vehicle entrainment. Other emissions would be
associated with blasting activities and would include carbon monoxide (CO).

The predicted ground-level concentrations of the above compounds have been
assessed with respect to applicable local and international regulatory
requirements (Section A2.7). Details on the methodology and approach to the
assessment are provided in Appendix C2.8-1.

This section is organized as follows:

e Section C2.8.2 describes the study areas.

e Section C2.8.3 discusses the impact assessment and sustainability
assessment approach and results.

e Section C2.8.4 provides the cumulative effects assessment.

e Section C2.8.5 discusses the conclusions of the assessment.
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The baseline information regarding local climatic conditions in the region as well
as ambient air quality is given in Sections B2.7 and B2.8 respectively.

A glossary of terms and acronyms used is provided at the back of this volume.

C2.8.2 Study Areas

A Local Study Area (LSA) of 20 kilometers by 20 kilometers was selected to
allow for the assessment of project-specific impacts on local air quality
(Figure C1.1-1).

The LSA was used to identify specific sensitive receptors for the assessment.
Any named villages in the region that were identified within two kilometers of
the proposed mine, facilities, limestone quarry and within distances of
500 meters from roadways were considered sensitive receptors. The villages
identified as sensitive receptors for the air quality assessment are
(Figure C1.1-1):

e Tenke.

e Fungurume.

e Kafwaya.

o Kwatebala Gare.

e  Mulumbu Kiasa.

e Mwela Mpande Gare.
e Bloc Mitumba.

e Salabwe.

e Mwanga Bijimba.

e Mwanga Muteba (Shungu).

These villages were determined to be the primary residential areas within the
LSA, based on the results of the socio-economic surveys (Section B4.1). The
villages of Mulumbu, Amoni and Kiboko are not included in the list of sensitive
receptors since they will be relocated (Section D4.4).

A Regional Study Area (RSA) was also defined for analysis of impacts of the
expanded project. It is a larger area (i.e., 31.5 kilometers [east-west] by
20 kilometers [north-south]) and includes a potential plant site north of
Fungurume (Section C1.1).
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C2.8.3 Impact Assessment

C2.8.3.1 Issue Scoping

As  described above, air emissions may occur during = site
preparation/construction, operation and closure. Each of these phases is
discussed below in the context of potential air quality issues.

Site Preparation and Construction

Early site preparation and construction will comprise different activities
including land clearing, topsoil removal, material loading and hauling,
stockpiling, grading, bulldozing, compaction, etc. Each of these activities has the
potential for fugitive dust generation. It is therefore likely that dust emission
rates will vary substantially from day to day depending on the level of activity,
the specific operations and the meteorological conditions. The type of particulate
matter associated with fugitive dust, however, is of a large enough diameter that
much of it will fall out within a relatively short distance from the source
(i.e., within the boundaries of the project site). Heavy-duty vehicles and
stationary construction equipment would generate diesel exhausts.

Operation

During the operation phase of the proposed project (with a copper production of
115,000 tonnes per year), atmospheric emissions would be generated from the
processing plant, mining operations as well as related vehicle activities. The
sources of emissions from the processing plant would consist of the sulfuric acid
plant stack, leach stack, the iron removal vents and the copper precipitation
vents. Non-stack fugitive emissions from the plant include volatile organic
compound (VOC) emissions from the solution extraction facility and sulfuric
acid mist emissions from the electrowinning tankhouse. The sources of emissions
from the mining activities will consist of materials handling, crushing, wind
erosion from storage piles, vehicle fuel combustion, vehicle entrainment, drilling
and blasting (if this option is considered). Atmospheric emissions from these
sources would include nitrogen dioxide (NO,), carbon monoxide (CO), inhalable
particulate matter with a diameter of less than 10 micrograms (PM,y), total
suspended particulates (TSP) and greenhouse gases such as carbon dioxide
(COy).

Closure

Closure operations would normally consist of demolition of the plant and
rehabilitation of the tailings and waste rock storage piles. Demolition operations
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result in a potential for dust generation but emissions vary substantially from day
to day depending on the level of activity. As the particulate matter consists of
large matter the fallout is normally close to the activity. Thus the activity would
not result in high concentrations that would have long-term health or ecological
impacts beyond the proposed plant boundaries.

Issue Summary
Air quality assessment issues related to construction include:

e Particulate emissions (dust) from the construction and site clearing
operations.

e Tailpipe emissions from heavy-duty vehicles and construction
equipment.

Air assessment issues related to operation include:

e Particulate emissions will arise from the mining and processing
operations (i.e., wind blown dust from storage piles and tailings,
material handling, drilling and blasting activities), as well as from traffic
associated with the operations.

o Emissions from the operation of the proposed project (i.e., vent and
stack sources) will potentially result in increased ambient air
concentrations at sensitive receptors (i.e., human settlements and
agricultural land).

e Tailpipe emissions from heavy-duty vehicles.
Air assessment issues related to reclamation and closure include:

e Particulate emissions from the demolition of the processing plant.
e Tailpipe emissions from heavy-duty vehicles and demolition equipment.

e If the exposed surfaces (i.e., tailings storage facility, waste rock
facilities and mining areas) are not rehabilitated, particulate emissions
due to wind erosion may increase ambient air concentrations.

Air quality issues of stakeholders stem from historical experiences with other
mines. During consultation, stakeholders raised issues regarding air pollution
including:

e Potential effects on human health, such as respiratory and other
diseases.
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o Effects on natural vegetation.

e [Effects to agriculture, such as fruit trees not bearing fruit, crops failing
or not growing well, or reduction in the fertility of agricultural soils.

e Greenhouse gases.

e Dust emissions may escape from the tailings in the tailings storage
facility when the water evaporates.

The majority of the air quality impacts associated with the project are expected to
occur during the construction and operation phases of the project. With the
exception of dust along the access road, potential air quality impacts during
project operations are expected to be greater than those during construction.

C2.8.3.2 Key Questions and Indicators

Table C2.8-1

The potential air quality issues have been summarized in a series of key
questions that are provided in Table C2.8-1. As part of the impact assessment a
sustainability key question was included to allow for the consideration of
potential air quality improvements in the region and adjacent to the project.

Key Questions for Air Quality

Impact Assessment

AQ-1 What effect will construction emissions have on air quality in the receiving airshed?

AQ-2 What effect will emissions from operation of the proposed project have on air quality in the receiving
airshed?

AQ-3 What effect will closure emissions have on air quality in the receiving airshed?

Sustainability Assessment

AQ-4 How can the project have a long-term positive effect on the receiving airshed?

The Global Reporting Initiative (GRI 2005a) and International Federation of
Consulting Engineers (FIDIC 2006) were used to identify key air quality
indicators. Table C2.8-2 provides a description of these indicators and how they
have been adapted for use in the ESIA.
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Table C2.8-2 Indicators for Air Quality

GRI Indicators FIDIC Indicators"™ ESIA Indicators
EN10  oxides of nitrogen (NOx), sulfur ENO3  quantities of key air changes in air quality as a
dioxide (SO3), and other significant pollutants emitted in all | result of the proposed
air emissions by type including phases of project project

particulate matter (i.e., inhalable
particulate matter (PM+o ) and total
suspended particulates (TSP)

EN8 greenhouse gas (GHG) emissions ENO1 quantities of GHGs changes in GHG emissions
emitted in all phases of
project

@ Global Reporting Initiative (GRI 2005).
® " International Federation of Consulting Engineers (FIDIC 2006).

C2.8.3.3 Assessment Criteria

The air quality assessment for the project has focused on the potential impacts
during project operation. While on-site emissions will occur during construction,
most of these are expected to be lower than during operations. Therefore, only a
qualitative assessment was conducted for construction (key question AQ-1). The
quantitative impact assessment completed for operations (key question AQ-2)
represents a conservative evaluation of the possible impacts associated with on-
site emissions during normal facility operations. The potential effects of closure
on air quality were assessed qualitatively due to the intermittent nature and type
of emissions at closure.

The objective of the air quality assessment is to predict changes in ambient air
quality and ascertain whether the applicable standards and guidelines are
achieved. Air quality effects on workers within the active project area
(i.e., within the facility fenceline) are governed by occupational health and safety
guidelines and thus were not considered in the assessment.

The air quality assessment has considered the range of potential emissions that
could occur from the operations of the project. The assessment has included a full
evaluation of TSP and respirable particulates (PM,y), emissions associated with
the mine vehicle exhausts, mining operations, on-site and off-site traffic, the
refining operations and those due to wind erosion. While the air quality effects
due to particulate emission sources are expected to the be the most notable
impact associated with the project, the air quality assessment has also considered
the combustion emissions of sulphur dioxide (SO,) oxides of nitrogen (NOx) and
carbon monoxide (CO), as well as release of VOCs and odor. Combustion
emissions are due primarily to the emissions from the on-site mine fleet while
sulfite (SO;) emissions are primarily associated with the acid plant and hydrogen
sulphates (H,SO,4) due to acid plant and electrowinning processes. Windblown-
dust results from the exposed areas.
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The impact of air emissions released into the atmosphere can be broad, having
direct and indirect effects on humans, animals, vegetation, soil and water. For
these reasons, environmental regulatory agencies have established ambient air
concentration limits for a range of air quality compounds. A summary of the air
quality guidelines standards used in this assessment is provided in
Section A2.7.1.
Air quality impacts associated with the project are evaluated according to the
assessment methodology that has been described in Section AS. This approach
involves quantifying the emissions, assessing the residual effects to air quality,
and estimating the environmental consequences. Each impact is first described in
terms of the direction, magnitude, geographic extent, duration, reversibility and
frequency. The impact assessment criteria for air quality are provided in
Table C2.8-3.
Table C2.8-3 Impact Criteria for Air Quality
Direction® Magnitude(b) G‘E‘)’(’;’;iﬁﬂ‘,'c Duration'” Reversibility(e) Frequency(f’
negative: an low: local: effect short-term: | reversible: low: occurs
increase in concentrations | restricted to less than effects on air once or rarely
emissions and/or do not exceed | the LSA 3 years quality will medium:
ambient . Lhe guijder:ines regional: medium- cease _when ooeUrs :
concentrations eyond the effect extends | term: 3-20 operations intermittently
DTOJect site beyond the years cease high: ocours
high: , IéS{-\Alnto the long-term: continuously
concentrﬁtlons S more than
excged the 20 years
applicable
guidelines
beyond the
project site

(a)
(b)
(c)
(d)

a 20-year operation period.

(e)
®

C2.8.3.4 Key Question AQ-1

Direction: positive or negative effect for measurement endpoints.
Magnitude: degree of change to analysis endpoint.
Geographic Extent: are affected by the endpoint.

Duration: length of time over which the environmental effect occurs. Considers a 2-year construction period and

Reversibility: effect on the resource (or resource capability) can or cannot be reversed.
Frequency: how often the environmental effect occurs.

Key question AQ-1 is: What effect will construction emissions have on air
quality in the receiving airshed?
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Linkage Evaluation

Figure C2.8-1 provides the linkage diagram for key question AQ-1. During the
construction phase, tailpipe emissions are expected to be lower than those during
the operation phase. However there is potential for relatively high dust generation
during construction. Despite this, there are a number of mitigation options
available to reduce fugitive dust levels. This linkage is valid.

Heavy-duty vehicles and stationary construction equipment would generate
diesel exhausts. These pollutants disperse into the surrounding air while the
vehicle is in operation. This linkage is valid.

Both the effects of dust and emissions from construction lead to key
question AQ-1 (Figure C2.8-1). Other disciplines potentially affected include
visual aesthetics, flora, fish and fish habitat and people.

Assessment Methods

Mitigation

Results

Due to the intermittent nature of construction and clearing activity and the
relatively lower combustion emissions a qualitative assessment was completed.

Dust control measures which may be implemented during the construction phase are
outlined in Table C2.8-4. Control techniques for fugitive dust sources generally
involve watering, chemical stabilization, and the reduction of surface wind speed
through the use of physical covers such as windbreaks and enclosures. Additional
mitigation is described in the air quality action plan (Section D3.1.3).

Carbon Dioxide (CO,)

Total diesel usage for the construction of the processing plant and mining (peak
for the period 2007 to 2008) was given to be 8,943 and 5,337 kiloliters per year,
respectively. The estimated carbon dioxide emissions from the construction
phase would be about 0.06 million metric tons per year. This should be seen in
the perspective of the annual DRC, Africa and global emission rate of GHGs,
which is approximately two million metric tons, 861 million metric tons and
26,778 million metric tons, respectively expressed as carbon dioxide (CO,)
equivalent (CO,E) (Marland et al. 2006). The combination of the processing
plant construction and initial mining operations emissions therefore contribute
approximately 2.12 percent of the DRC GHG emissions and 0.004 percent of
Africa’s total GHG emissions. This is equivalent to 0.0001 percent of global
GHG emissions.
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Figure C2.8-1
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Table C2.8-4

Potential Dust Control Measures for the Project

Construction
Activity

Control Measures

truck transport and
road dust
entrainment

Where possible and for high-risk sites, pave or treat the surfaces of major TFM traffic routes.
Paving is highly effective but is expensive and unsuitable for surfaces used by very heavy vehicles
or subject to spillage of material in transport. In addition, dust control measures will usually still be
required on the paved surfaces. The use of gravel can be moderately effective, but repeated
additions will usually be required.

Reduce vehicle speeds on paved roads or treated surface roads at the site and on unpaved
surfaces near villages. Speed controls on vehicles have an approximately linear relationship to
dust emissions.

Wet suppression of unpaved or untreated roads should be applied during dry windy periods, using
a water truck.

Chemical suppression can also be used in conjunction with wet suppression. This involves the use
of chemical additives in the water, which help to form a crust on the road surface and bind the dust
particles together. Chemical stabilization reduces watering requirements, but any savings can be
offset by the cost of the additives. Repeat treatments are usually required at intervals of one to four
weeks. The method is best suited to permanent site roads and usually not cost-effective on
temporary roads, which are common in mines and construction sites.

Inspect haul roads for integrity and repair if required.

Provide hard-standing areas for vehicles and regularly inspect and clean these areas.

Reduce mud/dirt carry-out onto paved roads through appropriate vehicle routing and/or washing.

Reduce unnecessary traffic.

Limit load size to reduce spillage.

Minimize travel distances through appropriate site layout and design.

excavation and
earthworks

Revegetate dry, exposed areas, when appropriate, to stabilize surfaces.

Only remove secure covers in small areas and not all at once.

All activities must be damped down, especially during dry weather.

stockpiles and
storage mounds

Design the height and slope of the stockpiles to reduce wind entrainment. For example, a flat
shallow stockpile will be subject to less wind turbulence than one with a tall conical shape.

Keep stockpiles or mounds away from the site boundary, sensitive receptors and watercourses. If
necessary, take into account the predominant wind direction to reduce the likelihood of affecting
sensitive receptors.

Seed, revegetate or turf long-term stockpiles to stabilize surfaces or use surface binding agents.

Where possible, enclose stockpiles or keep them securely sheeted.

Store fine material (such as under three millimeters in size) inside buildings or enclosures.

Minimize drop heights to control the fall of materials.

tailings storage
facility

Maintain active portion of the facility in a wet state.

Apply water if monitoring indicated dust is an issue.

Cover facility at closure with topsoil and revegetate.
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Impact Analysis

Table C2.8-5 provides the results of the impact analysis for dust emissions and
all combustion emissions. Dust control measures as outlined in Table C2.8-4 will
be used to keep dust levels from exceeding applicable guidelines. The magnitude
of the impact associated with dust and all other compounds are expected to be
low and the geographic extents are expected to be local. The duration will be
limited to the construction period and will be short term. Effects will be
reversible once construction stops and cleared areas are revegetated. The
frequency of the effect will be medium as construction activities will be
intermittent. Based on the above criteria the environmental consequence is
expected to be low.

Table C2.8-5 Residual Impact Classification for Key Question AQ-1

Parameter Direction Magnitude Duration | Reversibility | Frequency

Extent

Geographic Environmental
Consequence

Key Question AQ-1:  What effect will construction emissions have on air quality in the receiving airshed?

(b)

fugitive dust negative low® local short-term reversible medium low
combustion . . .
o negative low® local® short-term reversible medium low
emissions

@ Magnitude based on professional judgment and the assumption that construction effects will be lower than

operational ones.

Geographic extent based on professional judgement and the assumption that construction effects will be lower than
operational ones.

(b)

Combustion (tailpipe) emissions are expected to be low in magnitude and local in
geographic extent. There will be less vehicular traffic than during operations
(operations emissions are quantified later in this section for reference) when the
mine haul fleet will be active, and vehicle traffic will be intermittent. The
duration is short term and effects are reversible once construction is over.
Frequency is medium. As a result of the above criteria estimates, the
environmental consequence is predicted to be low.

Prediction Confidence

The impact predictions are made using professional experience and judgment
from other mining projects in similar environments. If mitigation for dust is
carried out effectively, there is a high level of confidence in the predictions.

Monitoring

As construction is of short duration (two years) and the sources of emissions are
intermittent with impact being near site, monitoring of fugitive emissions is not
considered necessary.
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C2.8.3.5 Key Question AQ-2

Key question AQ-2 is: What effect will emissions from operation of the proposed
project have on air quality in the receiving airshed?

Figure C2.8-2 provides the linkage diagram for key question AQ-2. The effects
of the proposed operations on the airshed within the LSA and RSA may have an
effect on the social (people), aesthetic and fauna and flora environments. For
example, ground-level particulate (dust) emissions could have the potential to
affect human health as well as impact flora and fauna. Under some conditions,
elevated particulate deposition could cause damage to crops. This linkage is valid
and was carried through to an impact analysis.

Assessment Methods

The assessment of changes in ambient air quality was completed by using the
following steps:

e Determining potential receptors.
e Determining the emissions generated by the project operations.

e Predicting the project-related ground-level concentrations that may
occur at the identified receptors.

o Comparing predicted air concentrations with applicable guidelines.

The simulation of ground-level concentrations and deposition due to proposed
activities was undertaken through the application of the United States
Environmental Protection Agency’s (US EPA) ISCST3 model. A detailed
description of the modeling methodology is provided in Appendix C2.8-I.

Fugitive dust emissions were estimated using emission factors published by the
US EPA in its AP42 document “Compilation of Air Pollution Emission Factors”.
The US EPA AP-42 emission factors are of the most widely used in the field of
air pollution. Empirically derived predictive emission factor equations are
available for vehicle-entrained dust from roadways, drilling and blasting and for
materials handling operations. Wind erosion is calculated using a more detailed
model to take into account the complexity of the source. Appendix C2.8-11
provides a comprehensive review of the emission factors used for the fugitive
dust sources while Appendix C2.8-1II provides a summary of the source and
emissions data used in the simulations.

Predicted concentrations were compared to applicable air quality standards
(Section A2.7).
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Figure C2.8-2 Linkage Diagram for Air Quality Key Question AQ-2
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A summary of the emissions for the operation phase is provided in Table C2.8-6.

Table C2.8-6 Summary of the Routine Emissions for the Operation Phase

Emissions (g/s)
Source SO, co," co™ NO™ | PMe® | Tsp© | P9 yoc
SO;

115,000 Tonnes per Year Copper Processing Plant Emissions
sulfuric acid plant 13.89 0.00 0.00 0.00 0.00 0.00 0.52 0.00
leach 2.33 1,780.77 0.00 0.00 0.00 0.00 0.00 0.00
iron remover 1 0.00 568.93 0.00 0.00 0.00 0.00 0.00 0.00
iron remover 2 1.93 96.45 0.00 0.00 0.00 0.00 0.00 0.00
iron remover 3 1.93 96.45 0.00 0.00 0.00 0.00 0.00 0.00
iron remover 4 1.93 96.45 0.00 0.00 0.00 0.00 0.00 0.00
CO dissolution scrubber 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00
copper precipitator 1 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00
copper precipitator 2 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00
copper precipitator 3 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fugitive Emission Sources
materials handling 0.00 0.00 0.00 0.00 0.10 0.29 0.00 0.00
drilling 0.00 0.00 0.00 0.00 0.42 0.80 0.00 0.00
blasting 4.01 0.00 136.22 32.05 0.03 0.06 0.00 0.00
storage piles® 0.00 0.00 0.00 0.00 14.47 84.69 0.00 0.00
vehicle entrainment 0.00 0.00 0.00 0.00 8.67% 30.41% 0.00 0.00
crushing of limestone 0.00 0.00 0.00 0.00 0.62 0.68 0.00 0.00
vehicle emissions® 0.43° | 1,289.00 7.38 5.16 8.88 8.88 0.00 0.00
pre-heater® 0.01 2.00 0.01 0.004 0.01 0.01 0.00 0.00
ixer settier and tank 0.00 0.00 0.00 0.00 0.00 0.00 0.00 85.05
electrowining tankhouse 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.00

@ Tailpipe emissions based on the maximum diesel fuel usage during 2019 of 15,045,000 liters per year.

® Emissions were calculated for 20 tonnes per year of diesel used.

© A 0.05 percent sulfur content in the fuel was assumed.

(d)
(e)

g/s = grams per second.

SO, = sulfur dioxide.

@ CO, = carbon dioxide.

@ CO = carbon monoxide.

® PMo = inhalable particulate matter with a diameter of less than 10 micrograms.

0 NO. = nitrogen dioxide.

0 TSP = total suspended solids.

) Emissions from vehicle entrainment were calculated assuming a 80 percent control efficiency on the road surfaces.

o Some intermitted sources of CO, emissions consist of the acid plant startup (5,439 tpa), emergency generators (2,287 tpa)
and the fire pump (8,552 tpa).

(m) The emergency generators (intermitted source) have a CO emissions of 0.88 g/s.

™ The emergency generators (intermitted source) have a NOy emissions of 10.34 g/s.
© The emergency generators (intermitted source) has a PM emissions of 0.12 g/s.
® The storage piles consist of the waste rock and low grade ore stockpiles, lime stockpile and the tailings. Emissions exclude

rainy season. Rainy season was taken into account during simulations.
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Some solid waste will be landfilled. The impact from the landfill sites will be due
to the dust produced from wind erosion and vehicle activity, and potential
decomposition gas produced by the waste.

Mitigation
The following mitigation measures will be implemented during the operation of
the proposed project:

e Mill feed conveyors covered.

e Enclosed conveyor at the crushed ore bin.

e Emissions from the limestone crusher are directed to a bag house.

e Wet grinding will be implemented for the ROM material.

e A scrubber will be used for the sulfuric acid plant start-up conditions.
Scrubber efficiency used in the model was based on information
provided by the engineering team.

e Mitigation to keep sulfuric acid emissions from the tankhouse to below
occupational health and safety levels may include: plastic beads spread
on the electrolyte surface; chemical addition to the tankhouse to change
the surface tension of the liquid.

e The control efficiency of a typical bag house ranges from 79 percent
(hood only) to 99 percent (totally enclosed). It is not practical to
accurately predict the actual bag filter efficiency from the proposed
process, as this is largely linked to operating conditions. The thickness
and the nature of the filter cake on the bag surface are important as this
has a significant effect on the filter efficiency. The aging of the filter
bags and frequency of cleaning also influence the overall efficiency. For
the current study, the lower range (approximately 80 percent) control
efficiency was assumed as a conservative approach, however, it is
expected that the actual efficiency will be larger than this.

Results

Model simulations were undertaken to determine ground-level concentrations of
the compounds described above. Averaging periods were selected to facilitate
comparisons between predicted concentrations and applicable ambient air quality
guidelines and standards. Average total daily deposition rates were also
presented.

Maximum ground-level concentrations predicted to occur outside of the project
footprint during normal operating conditions are given in Table C2.8-7. A
comparison to applicable and reference standards/guidelines is also supplied in
the table.
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Table C2.8-7 Summary of the Highest Predicted Off-Site Ground-Level
Concentrations
Higl)est A?ﬁg;:gle Reference [pug/m?]
Parameter CoFr,'lrce:r::rtaetciion
Off-Site [ug/m?] Wg’r':u?)ﬁ?k WHO® DRC NMC US EPA
Sulfur Dioxide (SO,)"®
24-hour 100 (150) 500 125 500 365
annual 25 100 50 100 80
Nitrogen Oxides (NO,)
24-hour 10 200 - 200 -
annual 0.2 100 40 100 100
Particulate Matter (PM,)
24-hour 420 500 - 500 150
annual 100 100 - 100 50
Carbon Monoxide (CO)
1-hour | 50 - - | - | 40,000
Volatile Organic Compounds (VOC)
24-hour | 2,600 - - | - | -
Acid Mist (SO3/H,SO,)
1-hour | 120 - - | - | -

(a)

and Milling — Open Pit. World Bank 1995a.

(b)

Handbook.
©

Sulfur Dioxide (SO5)

Thresholds outside project property boundary — World Bank Environment, Health and Safety Guidelines — Mining
Pollutant concentration limit at property boundary. World Bank 1998. Pollution Prevention and Abatement

Value given in brackets for the SO, predicted concentrations is for the start-up of the sulfuric acid plant.

Based on a copper production rate of 115,000 tonnes per year, the predicted
ground level 24-hour and annual SO, concentrations are within all applicable and
references standards/guidelines for all averaging periods.

During start-up conditions at the sulfuric acid plant, the SO, emissions are
predicted to increase. As a result the maximum 24-hour ground-level
concentration is predicted to be 150 micrograms per cubic meter off site. This is
still within the World Bank and DRC standards/guidelines.

No figure is presented for SO, concentrations as the spatial extent is small and
the values are less than guidelines.

Nitrogen Dioxide (NO,)

Predicted NO, ground-level concentrations beyond the site boundary are within
all applicable standards/guidelines for all averaging periods.
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No figure is presented for NO, concentrations for the same reason as discussed
for SO,.

Inhalable Particulate Matter (PM,,)

The highest daily ground-level concentrations (assuming 80 percent control
efficiency on the unpaved road surfaces) are predicted to be 420 micrograms per
cubic meter directly off-site in the dry season (Figure C2.8-3). This concentration
is in line with the World Bank guideline of 500, but exceeds the US EPA
reference guideline of 150. An annual average concentration (that assumes a
six month wet season) of 100 micrograms per cubic meter was predicted just
beyond the plant boundary (Table C2.8-7; Figure C2.8-4). This is in line with the
World Bank and DRC guideline of 100 micrograms per cubic meter.

Carbon Monoxide (CO)

Predicted hourly carbon monoxide ground-level concentrations directly off site
(due to blasting, process activities and vehicle tailpipe emissions) are within all
applicable and reference standards/guidelines.

Carbon Dioxide (CO,)

TFM proposes to use electric power to power the plant. Therefore, greenhouse
gas emissions will be less than if diesel or other fuels were used to power the
plant. The estimated carbon dioxide direct emissions from the mining operation
and processing plant would be about 0.14 million metric tons per year (averaged
over the period 2009 to 2018). This should be seen in the perspective of the
annual DRC, Africa and global emission rate of GHGs, which is approximately
two million metric tons, 861 million metric tons and 26,778 million metric tons,
respectively expressed as carbon dioxide (CO,) equivalent (CO,E) (Marland, et
al. 2006). The mine’s emissions therefore contribute approximately 8.09 percent
of the DRC GHG emissions and 0.02 percent of Africa’s total GHG emissions.
This is equivalent to 0.0005 percent of global GHG emissions.

Volatile Organic Compounds (VOC)

The solution extraction (SX) facility will consist of a single circuit comprising
three extractions, two stripping and one wash stage. Parallel streams of high-
grade (HG) and low-grade (LG) pregnant leach solutions will be fed to the
extraction stages for copper recovery. The SX organic stream will comprise
29 percent by volume diluent Shellsol 2325 (or equivalent) and 70 percent by
volume of extractant — Lix 984N (or equivalent). The plant will contain an
operating inventory of approximately 2,500 cubic meters of organic. The design
operating temperature for SX is 40 degrees Celsius. The VOC emissions from the
plant were calculated to be 1,240 tonnes per year, using methodologies proposed
by the National Pollutant Inventory (1999) (see Appendix C2.8-1V).
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Ontario has developed a health-based ambient air quality criterion
(2,600 micrograms per cubic meter — 24-hour average) and a health-based
interim Point of Impingement standard (7,800 micrograms per cubic meter —
30-minute average) for mineral spirits and, in particular, light aliphatic solvent
petroleum naphtha which has the same chemical properties as Shellsol.

The daily ground level concentrations directly off site (2,600 micrograms per
cubic meter) were within the Ontario ambient health air quality criterion.

The 30-minute predicted ground level concentrations, based on the Point of
Impingement standard (odor guideline) from Ontario for mineral spirits, extends
approximately 2.3 kilometers east to west (approximately 600 meters west of the
plant).

Acid Mist (H,S0,/SO5)

The Office of Environmental Health Hazard Assessment (OEHHA) provide an
acute health screening level for acid mist of 120 micrograms per cubic meter.

Based on a copper production rate of 115,000 tonnes per year, the predicted
ground level 1-hour acid mist concentrations of 120 micrograms per cubic meter
(directly offsite) are within the OEHHA acute screening level. (A detailed
discussion on the acid mist emission calculations is given in Appendix C2.8-V)

During start-up conditions at the sulfuric acid plant, the acid mist emissions are
predicted to increase. As a result the maximum 1-hour ground-level
concentration is predicted to be 120 micrograms per cubic meter further off site.
This is still within the OEHHA acute health screen level.

Impact Analysis

The residual impact classification summary for the compounds assessed in the
operation scenario is provided in Table C2.8-8. The environmental consequence
is expected to be low for SO,, NO,, PM,, (24-hour), CO, VOCs, odor and acid
mist. The environmental consequence is predicted to be moderate for GHGs in
terms of the contribution to the DRC and PM10 (annual) where 80 percent
control efficiency is applied to unpaved road surfaces and the bag house.
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Table C2.8-8 Residual Impact Classification for Key Question AQ-2

Parameter Direction Magnitude S:t(:e gnl;aphic Duration Reversibility | Frequency Eg:sr:::::nr::tzl

Key Question AQ-2: What effect will emissions from operation of the proposed project h

ave on sensitive receptors?

medium-

SO, 24-hour negative low local term reversible high low
SO, annual negative low local gfﬁllum- reversible high low
NO, 24-hour negative low local trgrerilum- reversible high low
NO; annual negative low local gfﬂlum- reversible high low
PM;o 24-hour | negative low local grerilum- reversible high low
PM,, annual negative low local H;(;?:um- reversible high low
CO 1-hour negative low local g?ri'um' reversible high low
GH.G . negative low® regional medium- reversible high moderate
emissions term

voc medium-

(naphtha 24- | negative low local term reversible high low
hour)

odor negative low local [gtre::um- reversible high low
acid mist negative low local g?ri'um' reversible high low

(a)

Relative to the DRC’s current emissions.

Prediction Confidence

It is important to note the limitations and assumptions on which the assessment
was based. The most important of these include the following:

Assumptions were made for the bulk density of material, silt content and
particle size distribution to estimate wind erosion emissions as this
information was not available for the current study.

Assumptions were made on the parameters of the bag house facility as
no information could be provided for this source.

The diameter and exit velocity for the copper removal vents were
estimated as this information was not available.

The assessment of PM;, was based on 80 percent control efficiency on
unpaved road surfaces.

PM,y and TSP emissions were calculated for dry conditions and thus
would be negligible during wet conditions.
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e Although a scrubber will be in place for the start-up of the sulfuric acid
plant, double the emissions of the routine operations was assumed for
these conditions.
Monitoring

Given the potential for significant PM,;, concentrations due to the proposed
development, ambient monitoring should be established during operations to
measure these concentrations at the site and in the vicinity of human settlements.

The monitoring of source emissions at the processing facility would assist in the
establishment of a comprehensive emissions inventory to aid in future dispersion
modeling exercises. If this confirmatory monitoring indicates that emissions vary
significantly from the current estimates, additional monitoring and modeling may
be warranted for those emissions.

Monitoring is more fully described in Section D3.13.

C2.8.3.6 Key Question AQ-3

Key question AQ-3 is: What effect will closure emissions have on air quality in
the receiving airshed?

Linkage Evaluation

Closure activities would normally consist of demolition of the processing plant
and rehabilitation of the tailings storage facility and waste rock facilities.
Demolition activities result in a potential for dust generation and therefore the
linkage is valid (Figure C2.8-1).

Vehicular activity will occur during closure although traffic will be much less
than during operation. The linkage is valid.

Assessment Methods

Mitigation

Due to the intermittent nature of the closure phase operations and the type of
emissions from the demolition activities (mainly large particulate matter, with
fallout close to the site), a qualitative assessment was undertaken using
professional judgment.

Dust control measures which may be implemented during the closure phase are
outlined in Table C2.8-4 (as for construction activities).
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Impact Assessment

Dust created by demolition activity will vary substantially from day to day
depending on the level of activity. Overall, the magnitude of this effect is
considered to be low (Table C2.8-9). As the particulate matter consists of large
matter the fallout is normally close to the activity and thus the geographic extent
will be local. Duration is expected to be short term, effects are reversible and the
frequency is medium. The environmental consequence is therefore predicted to
be low.

Table C2.8-9 Residual Impact Classification for Key Question AQ-3

Parameter Direction Magnitude Geographic Duration Reversibility | Frequency Environmental
Extent Consequence
Key Question AQ - 3: What effect will closure emissions have on air quality in the receiving airshed?
fugitive dust negative low® local® short-term reversible medium low
combustion negative low® local® short-term reversible medium low
emissions

(a)
(b)

Magnitude based on professional judgment and the assumption that closure effects will be lower than operational ones.

Geographic extent based on professional judgment and the assumption that closure effects will be lower than operational
ones.

Concentrations due to tailpipe emissions will be low in magnitude and relatively
localized. The environmental consequence is therefore predicted to be low.

Prediction Confidence

The impact predictions are made using professional experience and judgment
from other mining projects in similar environments. If mitigation for dust is
carried out effectively, there is a high level of confidence in the predictions.

Monitoring

As closure operations are of short duration and the sources of emissions are
intermittent with impact being near site, monitoring of fugitive emissions is not
necessary.

C2.8.3.7 Key Question AQ-4

Key question AQ-4 is: How can the project have a long-term positive effect on
the receiving airshed?

Linkage Evaluation

As most air quality effects will cease upon closure of the project there are few
measures that can be taken to provide long-term improvements to local air
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quality. However, benefits that could accrue from project activities or offsets
include:

e Improvements to the local electrical grid and establishment of a local
power distributor. This would lead to less dependence on wood and
charcoal for cooking and better indoor air quality.

e Improvements to roads. Local and regional roads are in a poor state of
repair. Improvements made for the project would have an ancillary
benefit in terms of reducing dust emissions and improving travel times
and fuel efficiency.

e Promotion of simple, fuel efficient stoves for household use would lead
to an improvement in indoor air quality.

e Promotion of agroforestry and harvesting of non-timber forest products
would lead to less deforestation as well as some tree planting and would
aid in carbon sequestration.

These linkages are all valid. However, a linkage diagram is not presented.
Assessment Methods
A qualitative approach was taken for the assessment of sustainability. The
sustainability actions described below are potential courses of action that may or
may not receive community support. Key to the sustainability approach is that
the communities will be engaged to determine which ideas are best suited to local
needs.
Mitigation

Local Electrical Grid and Distributor

The power supply for the processing plant will come from a hydroelectric power
plant. This plant will be upgraded, in part, to provide service to the project. This
in and of itself will be a sustainable benefit as the upgrade will allow other
industry to use renewable energy as opposed to fossil fuels.

The power distribution network, including refurbishment of existing substations
and construction of a new transmission line to the Kwatebala processing plant,
will be improved. Electricity likely will be provided to growth centers at
Fungurume and Tenke to focus growth in a controlled manner. This electrical
distribution could be expanded under community development programs to
include local residences. While currently few residents could afford to pay for
electricity, this will change as direct and indirect jobs are created. Over time,
consideration could be given to establishment of a private electrical distribution
utility that could provide electricity, first to the growth centers and the permanent
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village, and later to the public as they become more affluent. This utility could
then persist beyond the life of the mine.

Improvements to Roads

The roads within and adjacent to the concession are in poor condition
(Section B2.13). The TFM project will include upgrading some portions of the
National Road Number 1, as well as the Fungurume bypass road. This will have a
positive effect on the users of these roads, and could result in fuel efficiencies.
Currently, the National Road Number 1 is in such bad condition that traffic is
very slow. Should sections of the roads be paved, such as the section that passes
through Fungurume, a long-term benefit to residents could result. Treating the
surface of this section would reduce dust emissions, provide residents with a
better walking surface and eliminate potholes that are breeding grounds for
malarial mosquitoes.

Consideration could also be given to establishment of a small business to
maintain project roads on the concession. After closure, this company could
continue its maintenance activity if the local and regional economies could
support a tax base to pay for such services by that time.

Household Stoves

Indoor air quality is poor within the concession due to the use of wood and
charcoal for cooking (Section B2.8). Incomplete combustion can range from
80 to 90 percent, with carbon monoxide and other compounds being produced
that can be significant health hazards (Smith 2005). The exposure to these
harmful substances is highest for women and children. The use of simple but
efficient stoves, which vent to the outside, could have a benefit to these
populations. Provision of stoves to the communities as gifts would not be
sustainable. Rather, a small business could be encouraged to produce stoves for
sale to TFM. This business could then develop a market within the local
communities.

Promotion of Agroforestry and Non-Timber Forest Products

Agroforestry can be defined as “the deliberate growing of woody perennials on
the same unit of land as agricultural crops and/or animals, either in some form of
spatial mixture or sequence” (Nair 1993). Non-timber forest products (NTFP)
include all biological materials, other than timber, that are taken from forests for
human use (DeBeer and McDermott 2002). This may include foods, medicines,
spices, essential oils, resins, latexes, ornamental plants, wildlife, fuelwood and
other raw materials. As discussed in the flora assessment (Section C3.1),
agroforestry initiatives and increased use of non-timber forest products would
promote the planting of trees and therefore carbon sequestration.
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Impact Analysis

The scoring for the above sustainability actions, as presented in Table C2.8-10,
shows that the proposed actions could have moderate sustainability
consequences. Discussion with community leaders and local non-governmental
organizations (NGOs) will be necessary to determine the best course of action.

Table C2.8-10 Summary of Sustainability Assessment for Air Quality Key

Question AQ-4

Magnitude

Sustainability

Span or Reach Duration Probability of Success
Consequence

Key question AQ-4: How can the project have a long-term positive effect on the receiving airshed?

Local Electricity Distribution

moderate

| half the community | long-term | medium | moderate

Improvements to Road System

moderate

| half the community | long-term | medium | moderate

Household Stoves

moderate

| half the community | long-term | medium | moderate

Non-timber Forest Products (NTFP)

moderate

| half the community | long-term | low | moderate

Prediction Confidence

Monitoring

Results from improvements to the electrical and road systems can be predicted
with confidence. However; it is unknown how receptive the local population
would be in adopting new stoves or methods in land management and use. The
success of an agroforestry project and the promotion of using non-timber forest
products (NTFP) would be largely dependent upon non-governmental
organizations (NGO) working with the communities. A key to success would be
the support and involvement of village chiefs or key individuals within the
community. The confidence in predicting the success of the sustainability
initiatives is low, but the consequence of success may justify the effort and cost
involved.

A monitoring and evaluation program will need to be developed and
implemented once the exact nature and feasibility of the sustainability efforts are
known. The monitoring program will need to assess the success and effectiveness
of the proposed sustainability programs. The factors that should be considered in
the monitoring program include:

e Number of households with electricity.
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o Kilometers of road improvements made.
e  Areas under forest.

e Success rate for small businesses in road maintenance and stove
production.

e Number of households with stoves.

e Number of individuals or communities participating in the agroforestry
and NTFP programs.

C2.8.4 Cumulative Effects Assessment

As no other mines are within the airshed of the proposed project, the cumulative
effects assessment will deal with TFM activities only. No interaction is expected
to occur with the nearest existing mine, the Kakanda Mine, that is 21 kilometers
to the southeast. Emissions (haul fleet) from development of the Goma and
Fwaulu pits also were assessed for the cumulative effects analysis.

Key question AQ-1, is: What effect will cumulative operations have on air
quality in the receiving airshed?

Key Question

The expanded project is anticipated to result in changes to air emissions from
construction, operation and closure activities of the mine (Table C2.8-11).

Table C2.8-11 Key Question for Cumulative Effects to Air Quality

Impact Assessment

Key question AQ.-1:  What effect will cumulative operations have on air quality in the receiving airshed?

Linkage Evaluation

The cumulative effects assessment consists of the proposed operating conditions
at the mines, the potential expansion to 400,000 tonnes per year copper
production (a 200,000 tonnes per year processing plants at Kwatebala and
Fungurume respectively) and the activity at the limestone quarry. No other
known projects in the vicinity of the concession are reasonably foreseeable.

Air assessment issues related to the future cumulative effects include:

e Emissions from the operation of the future project expansion, including
Goma and Fwaulu, (cumulative impacts) will potentially result in
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increased ambient air concentrations at sensitive receptors (i.e., human
settlements and agricultural land).

Assessment Criteria

The effects of the proposed cumulative operations on the airshed within the LSA and
RSA will affect the social, aesthetic and fauna and flora environments (Figure C2.8-1).

Assessment Methods

The cumulative assessment included modeling of emissions from two
200,000 tonnes per year plants as well as tailpipe emissions from haul fleets at
Kwatebala, Goma and Fwaulu. The largest haul fleets estimated to be required
during the life of each pit were used to provide a conservative estimate of effects.
Due to large uncertainties associated with the emissions from an expanded
project it is difficult to estimate the ground-level concentrations with any
certainty or objectivity. The ground level concentrations of combustion
compounds such as sulfur dioxide, nitrogen dioxide and carbon monoxide will
likely increase; however, the 400,000 tonnes per year operation will comprise a
number of mine pits and two processing facilities. This configuration will result
in lower ground-level concentrations than would result if there was one central
processing facility and a single mine pit. Irrespectively the increase in fuel
consumption and airborne emissions from the processing plants will offset the
lower concentrations to a certain degree. It is possible that the ground-level
concentrations in the communities surrounding the facilities will either go down
or up depending on their location with respect to the processing facilities and the
phase that the mining is in for a given year. The assessment of changes in
ambient air was completed for the cumulative effects of SO, emissions from the
two plants and PM,, impacts from all exposed stockpile areas. The cumulative
mining operations were also included and ground-level concentrations of NO,
and CO, were predicted.

Mitigation

Mitigation measures that will be implemented during future operations have been
outlined under the operation phase (Section C.2.3.5).

Results

Model simulations were undertaken to determine ground-level concentrations of
the compounds described above. Maximum ground-level concentrations
predicted to occur during cumulative operating conditions are given in
Table C2.8-12. A comparison to applicable and reference standards/guidelines is
also supplied in the table.
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Table C2.8-12 Summary of the Highest Predicted Off-Site Ground-Level
Concentrations - Cumulative Operations

Highest Applicable Reference
Parameter COT‘IT:;::::?OH World
Off.Site GBank(a) WHO® | DRCNMC | USEPA
roup
Sulfur Dioxide (SO2)
24-hour 365 500 125 500 365
annual 100 100 50 100 80
Nitrogen Oxides (NO-)
24-hour 10 200 - 200 -
annual 100 40 100 100
Particulate Matter (PM1)
24-hour 500 500 - 500 150
annual 100 100 - 100 50
Carbon Monoxide (CO)
1-hour | 100 - - - 40,000

(a)

Thresholds outside project property boundary — World Bank Environment, Health and Safety Guidelines — Mining and

Milling — Open Pit. World Bank 1995a.

(b)

Pollutant concentration limit at property boundary. World Bank 1998. Pollution Prevention and Abatement Handbook.

Sulfur Dioxide (SO5)

Based on the copper production rate of 400,000 tonnes per year, the predicted
24-hour ground-level concentrations outside the property boundary are predicted
to be within the World Bank and DRC standards/guidelines (Figure 2.8-5). The
24-hour ground-level concentrations, however, exceed the reference WHO
guidelines of 125 and 50 respectively. The annual ground-level concentrations
meet the WHO guideline of 100 but exceed the US EPA guidelines of 80
(Figure C2.8-6). It must be recognized, however, that the processing of additional
ore types associated with the 400,000 tonnes per year case will certainly not
require the same amount of sulfuric acid production per tonne of ore processed.
It may go up or down, depending on the alkalinity of the ore, the abundance of
sulfide mineralization in the ore, and the processing methods selected in the
future. Future alternative analyses will factor in ambient air quality as a primary
concern in selecting future processing methods, locations, and emissions controls
systems.

Nitrogen Dioxide (NO,)

Predicted NO, ground-level concentrations beyond the site boundary are within
all applicable standards/guidelines for all averaging periods.
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Carbon Monoxide (CO)

CO emissions area also highly dependent on the method of mineral processing
selected. It is presently not known what method of mineral processing will be
implemented for the 400,000 tonnes per year case. Future alternative analyses
will factor in ambient air quality as a primary concern in selecting future
processing methods, locations, and emissions controls systems. The predicted
hourly carbon monoxide ground-level concentrations directly off site, however,
(due to blasting, process activities and vehicle tailpipe emissions) are within all
applicable and reference standards/guidelines.

Inhalable Particulate Matter (PM,,)

If all mineral processing methods in the cumulative case will be the same type as
proposed for the Kwatebala processing plant (which in not likely, due to ore
differences) the highest daily ground-level concentrations (500) are predicted to
exceed the reference US EPA guideline of 150, but are in line with the applicable
World Bank guideline and DRC standard of 500 (Table C2.8-12; Figure C2.8-7
outside the facility boundary. An annual average concentration of
100 micrograms per cubic meter was predicted beyond the plant boundary
(Figure C2.8-8). This is in line with the World Bank guideline of
100 micrograms per cubic meter.

Carbon Dioxide (CO,)

If all mineral processing methods in the cumulative case will be the same type as
proposed for the Kwatebala processing plant (which in not likely, due to ore
differences) the predicted average carbon dioxide (CO,) direct emissions from
the mining operation and process plant would be about 0.29 million metric tons
per year (averaged over the period 2009 to 2018). This should be seen in the
perspective of the annual DRC, Africa and global emission rate of GHG, which
is approximately two million metric tons, 861 million metric tonnes and
26,778 million metric tonnes, respectively expressed as carbon dioxide
equivalent (Marland et al, 2006). The mine CO, emissions therefore contribute
approximately 16.19 percent of the DRC GHG emissions and 0.03 percent of
Africa’s total GHG emissions. This would only be 0.001 percent of the global
GHG emissions.
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Volatile Organic Compounds (VOC)

If all mineral processing methods in the cumulative case will be the same type as
proposed for the Kwatebala processing plant (which in not likely, due to ore
differences) the ground level concentrations directly off site (2,600 micrograms
per cubic meter) were within the Ontario ambient air quality criterion. The
predicted ground level concentration, based on the Point of Impingement
standard (for odour) from Ontario for mineral spirits, extends approximately
2.3 kilometers east to west (approximately 600 meters west of both plants).

The highest daily predicted ground level concentrations (10,204 micrograms per
cubic meter) were well within the Shellsol 2325 occupational exposure limit of
350,000 micrograms per cubic meter.

Acid Mist (H,S0,/SO5)

If all mineral processing methods in the cumulative case will be the same type as
proposed for the Kwatebala processing plant (which in not likely, due to ore
differences) the predicted ground level 1-hour acid mist concentrations
(120 micrograms per cubic meter directly offsite) are within the OEHHA acute
screening level of 120.

Impact Analysis

The expanded project is expected to have a negative impact for all contaminants
considered (Table C2.8-13). It is unclear what the magnitude would be without
the inclusion of additional information on the expansion including the type of
ores that will be processed, the processing methods, and the location of future
facilities. Refinement of the modeling conducted should be undertaken when
more details on the expansion are known, and mitigation measures should be
implemented if the consequences are still unacceptable.

Greenhouse gas emissions are predicted to have a moderate environmental
consequence in terms of its contribution to the DRC due to the regional nature of
the effect. However, use of hydropower for the processing plants will keep the
magnitude of the effect low. The environmental consequence for all other
parameters is predicted to be low.
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Table C2.8-13 Residual Impact Classification for Cumulative Effects Case Key

Question AQ(c)-1
Parameter Direction Magnitude Geographic Duration Reversibility | Frequency Environmental
Extent Consequence
Key Question AQ()-1: What effect will emissions from operations of the cumulative project have on sensitive receptors?
SO, 24-hour negative low local z;?rilum- reversible high low
SO, annual negative low local g;?r?]lum- reversible high low
NO; 24-hour negative low local g;?r?]lum- reversible high low
NO; annual negative low local g;?r?]lum- reversible high low
PM,o 24-hour | negative low local g?ri'um' reversible high low
PM;, annual negative low local grerfllum- reversible high low
CO 1-hour negative low local greri'um' reversible high low
GH.G . negative low regional medium- reversible high moderate
emissions term
voc medium-
(naphtha negative low local reversible high low
term
24-hour)
odor negative low local medium- reversible high low
term
acid mist negative low local g?rilum- reversible high low

Prediction Confidence

In interpreting the GHG estimates it is important to note that it was assumed that
the mining throughput would be a linear relationship to the production rate
(i.e., as the copper production rate will increase from 115,000 tonnes per year to
400,000 tonnes per year. The assumption was made that the type of mineral
processing proposed for Kwatebala will be implemented for the entire
400,000 tonne per year case. This is not likely. The predictions made, therefore,
are made with a low prediction confidence.

In the prediction of SO, ground-level concentration impacts, the plant layout at
Fungurume was assumed to be that of the Kwatabala with a doubling of
emissions from the 115,000 tonnes of copper production scenario. The amount
of acid required will be a function of the alkalinity and sulfide content of the
future ores, as well as the mineral processing methods selected in the future.
Therefore, the confidence of this prediction is low.

The cumulative PM, emissions were assumed to incorporate wind erosion from
all waste and topsoil storage piles as well as vehicle entrainment from the haul
road activities.
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Monitoring

Given the potential for high sulfur dioxide and inhalable particulate matter
concentrations due to the proposed development, it would be beneficial to
establish ambient monitors to measure these concentrations at the site and in the
vicinity of human settlements.

The monitoring of gaseous and particulate emissions would assist in the
establishment of a comprehensive emissions inventory to aid dispersion
modeling exercises.

C2.8.5 Conclusions

Residual Impacts

The residual impact classification is given in Table C2.8-14. With mitigation,
most effects are predicted to have a low environmental consequence. GHG
emissions are expected to have a moderate environmental consequence due to the
regional nature of the effect. However, these emissions represent a very small
contribution to global carbon dioxide emissions.

Sustainability

Sustainability actions that could provide a long-term benefit to local communities
include:

e Improvements to the local electrical grid and establishment of a local
power distributor.

e Improvements to roads.

e Promotion of simple, fuel efficient stoves for household use would lead
to an improvement in indoor air quality.

e Promotion of agroforestry and harvesting of non-timber forest products
would lead to less deforestation as well as some tree planting and would
aid in carbon sequestration.

These actions, once vetted by the communities, could have moderate
sustainability consequences.
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Table C2.8-14 Summary of Residual Impact Classifications for Air Quality Key
Questions AQ-1 Through AQ-3

Parameter | Direction | Magnitude Geographic Duration | Reversibility | Frequency Environmental
Extent Consequence
Key question AQ-1: What effect will construction emissions have on air quality in the receiving airshed?
fugitive negative low® local® short-term | reversible medium low
dust
combustion | negative low® local® short-term | reversible medium low
emissions
Key question AQ-2:  What effect will emissions from operation of the proposed project have on sensitive
receptors?
SO, negative low local medium- reversible high low
24-hour term
SO annual | negative low local medium- reversible high low
term
NO; negative low local medium- reversible high low
24-hour term
NO; negative low local medium- reversible high low
annual term
PMio negative low local medium- reversible high low
24-hour term
PMio negative low local medium- reversible high low
annual term
CO 1-hour | negative low local medium- reversible high low
term
GHG negative low regional medium- reversible high moderate
emissions term
VOC negative low local medium- reversible high low
(naphtha — term
24-hour)
odor negative low local short-term | reversible high low
acid mist negative low local short-term | reversible high low
Key question AQ-3: What effect will closure have on air quality in the receiving airshed?
fugitive negative low® local® short-term | reversible medium low
dust
combustion | negative low® local® short-term | reversible medium low
emissions

(a)

operational ones.

(b)

than operational ones.
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Cumulative Effects

It is predicted that daily sulfur dioxide and inhalable particulate matter are
predicted to have moderate environmental consequence. However, due to various
uncertainties associated with the proposed project expansion case, it is
recommended that refinement of the modeling should be undertaken when more
details on the expansion are known, and mitigation measures should be
implemented if the consequences are still shown to be unacceptable. Greenhouse
gas emissions are predicted to have a moderate environmental consequence due
to the regional nature of the effect. However, use of hydropower for the
processing plants will keep the magnitude of the effect low. The environmental
consequence for all other parameters is predicted to be low.
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C2.9 NOISE AND VIBRATION

C2.9.1 Introduction

This section presents the environmental assessment for the effects of the Tenke
Fungurume Mining (TFM) project on noise and vibration. The information
presented meets the project’s terms of reference (Section E8) and includes details
on:

e Noise concerns identified by stakeholders and regulators.
e Project activities that may affect noise and vibration.

e Mitigation measures incorporated in the project design for these
impacts.

e The noise model and vibration analysis methods used for the
assessment.

e Impact assessment approach and results for key issues including the
comparison of predictions to criteria.

e Monitoring recommendations and identified mitigation measures to
reduce residual noise impacts associated with the project.

The focus of the noise assessment is to determine changes to the existing ambient
(surrounding) noise levels due to project operations. Noise guidelines from the
World Bank Group (WBG) were the primary criteria assumed to be applicable
for the assessment. Guidance from the World Health Organization (WHO) and
the Democratic Republic of the Congo (DRC) New Mining Code (NMC) was
considered as a guide to residential impact (Section A2.7). The United States
Environmental Protection Agency (US EPA) guidelines were also used for
outdoor residential areas (Section A2.7). The assessment is conducted from the
point of view of human response. The effects of noise on wildlife are assessed in
Section C3.2. Noise is also an input to the analysis of social effects in
Section C4.1.

The impact of vibration is associated with blasting. While there are no applicable
standards or criteria in place for vibration, predictions of vibration levels at
dwellings are assessed. Guidelines for the TFM project were developed based on
US (Federal Office of Surface Mining Reclamations and Enforcement
[OSMRE]) vibration criteria (Section A2.7). Information from the DRC NMC is
also referenced.
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This section in the environmental and social impact assessment (ESIA) is
organized as follows:

e Section C2.9.2 describes the study areas.
e Section C2.9.3 discusses the impact assessment approach and results.
e Section C2.9.4 provides the cumulative effects assessment.

e Section C2.9.5 discusses the conclusions of the assessment.

Baseline information concerning noise and vibration has been provided in
Section B2.9.

A glossary of terms and acronyms used in this section is provided at the back of
this volume.

C2.9.2 Study Areas

Two study areas were established to assess noise and vibration for the TFM
project: a Local Study Area (LSA) and a Regional Study Area (RSA).

The RSA encompasses a region 30 by 17 kilometers that includes the mine,
processing plant, road and limestone quarry activity (Figure C1.2-1). This area
acts as the modeling domain for the assessment and is the study area for the
cumulative effects assessment. Noise levels were determined over the RSA for
use by the wildlife and social components. Vibration is only assessed within the
LSA as it is a localized effect.

The LSA was used to identify specific sensitive receptors for the assessment.
Any named villages in the region that were identified within two kilometers of
the proposed Kwatebala mine, facilities, limestone quarry and within distances of
500 meters from roadways were considered sensitive receptors. Noise from the
Goma and Fwaulu mines is assessed in the cumulative effects component only.
These distances were assumed to include all the noise and vibration sensitive
receptors potentially affected by the project activity. The villages identified as
sensitive receptors for the noise assessment are (Figure C1.2-1):

e Tenke.

e Fungurume.

o Kafwaya.

e Kwatebala Gare.

e  Mulumbu Kiasa.
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C2.9.3

e Mwela Mpande Gare.
¢ Bloc Mitumba.

e Salabwe.

e Mwanga Saugu.

e Mwanga Muteba (Shungu).

These villages were determined to be the primary residential areas within the
LSA, based on the results of the socio-economic surveys (Section B4.1). It is
important to note that the villages of Mulumbu, Amoni and Kiboko are not
identified as receptors since relocation of these settlements is planned
(Section D4.4). Potential locations for resettlement villages will be selected
taking noise impacts into account.

The vibration assessment focused on the presence of structures. The nearest
structures to blasting activity were dwellings used seasonally by farmers
650 meters south of the pit. This was assessed as a worst case.

Impact Assessment

C2.9.3.1 Issue Scoping

Through consultation with stakeholders and review of previous environmental
assessments for resource developments several issues were identified with
respect to the potential impacts of noise and vibration from the project.

Project factors that may affect noise levels include:

o The mine ore excavation and haulage fleet.
e The surface miner in the mine pit.
e The waste rock excavation and haulage fleet.

e The processing plant equipment including boilers, pumps, fans, mills,
compressors and miscellaneous motors.

e Mobile equipment on site access roads, including increased activity
during the construction phase.

e Equipment in the limestone quarry.

e Material transport trucks and worker vehicles resulting in increased
traffic on public roadways.
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Blasting is the only project activity that may substantially affect vibrations.
Vibration may also be caused by haul truck and access road traffic.

C2.9.3.2 Key Questions and Indicators

The key questions for noise and vibration are listed in Table C2.9-1.

Table C2.9-1 Key Questions for Noise and Vibration

Impact Assessment

N-1: What effect will the project have on noise levels near project activities?

V-1: What effect will the project have on vibration?

Examination of sustainability issues in the assessment was not considered
appropriate as noise is not linked to a potential commodity or economic element.

The indicators used for the ESIA are provided in Table C2.9-2. Theses include
noise, ground vibration and airborne vibration at residences (receptors) closest to
the project.

Table C2.9-2 Indicators for Noise and Vibration

Component ESIA Indicator Units Description
noise Leq (equivalent level of dBA an environmental noise measure that presents natural noise
energy) at nearest residences variability over time as a single unit based on human response
vibration Ground vibration at nearest mm/s the maximum velocity the ground moves during a vibration
residences caused by a ground borne pressure wave
airborne vibration at nearest .
. dBL Instantaneous pressure wave due to noise event
residences

dBA = A-weighted decibels.
mm/s = Millimeters per second.
dBL = Linear decibels.

The key indicator which will be used to assess potential changes in noise levels is
the equivalent sound level or L. This indicator is a logarithmic average that
represents noise levels measured over a selected period of time. L., is measured
in A-weighted decibels to mirror the response of the human ear. This type of
average is commonly used in an environmental (outdoor) context as it takes into
account natural variations in sound.

The key indicators for vibration are:
e Ground vibration - the amount of ground displacement per pressure

wave, measured in millimeters per second.
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e Airborne vibration - the instantaneous pressure wave measured in
linear decibels (dBL).

C2.9.3.3 Assessment Criteria

Noise

Noise guidelines established for the project (Section A2.7) represent the noise
levels that the project must meet to avoid impacts.

Table C2.9-3 lists the applicable noise guidelines that will be used to rate impacts
for the project. The values presented are equivalent level of energy Leq in
weighted decibels over the time periods indicated and are applied at receptors
(residences or communities) outside the project boundary.

Table C2.9-3 Noise Guidelines for the TFM Project

(a)

Leq Limits
Type of Land Use
Night (dBA) Day (dBA)
residential® 45 55
industrial 70 70

@ (WBG 1998). Pollution, Prevention and Abatement Handbook (PPAH). General
Environmental Guidelines. Night is defined as 22:00 to 07:00. Day is defined as
the remaining hours, 07:00 to 22:00.

If ambient noise is greater than the criteria, a maximum increase of three A
weighted decibels over ambient is allowed.

(b)

Leg=  equivalent sound level.
dBA = A-weighted decibels.

Under the DRC 2002 Mining Law, the maximum noise level of mining or quarry
activities must be below the highest of the following noise levels:

e The maximum authorized noise level depending on the category of land.
The night-time noise limit for land category (a) is 40 A-weighted
decibels. Category (a) is land comprising several dwellings of a
residential nature constituting a village, a school or a hospital or any
other establishment procuring educational, health or convalescence
services.

e The noise level matching the measured ambient noise level when the
mining activities of the project have been completely stopped.

In the cases where the measured ambient noise level is below 40 A-weighted
decibels, the DRC NMC has a more strict night-time limit of 40 A-weighted
decibels for non-industrial rural areas (Section A2.7) This standard will be used
as a basis for comparing impacts but will not be used for rating impacts.
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Residual impacts are determined at sensitive receptors based on the WBG
criteria. According to the Pollution Prevention Handbook 1998, the noise
sensitive receptors are people located in any residential, industrial and
educational land use outside the project property boundary. For the purpose of
this assessment, any named villages in the region that were identified within two
kilometers of the proposed mine, facilities, limestone quarry and within distances
The
parameters used to determine environmental consequence at the community
receptors are direction, magnitude, geographic extent, duration, reversibility and
frequency, as presented in Table C2.9-4.

of 500 meters from roadways were considered sensitive receptors.

Table C2.9-4 Impact Description Criteria for Noise
Direction® Magnitude(b) Gzi%;zﬁg'c Duration'® Reversibility‘e) Frequencym

neutral: negligible: criteria | local: short-term: reversible or low:
no change in | metand no effect restricted | less than 3 irreversible occurs once
noise noticeable change to the LSA years medium:
negative: to baseline regional: effect | medium- occurs
an increase low: criteria met extends beyond | term: intermittently
in noise but noticeable the LSA 3to 20 high:
positive: change to baseline years occurs
a reduction in | moderate: some long-term: continuously
noise criteria not met or more than 20

noticeable change years

to baseline

high: all criteria not

met or noticeable

change to baseline

(@)
(b)
(c)
(d)

Direction: positive or negative effect for measurement indicators as defined for the specific component.

Magnitude: degree of change to analysis indicator.

Geographic Extent: area affected by the impact.

Duration: length of time over which the environmental effects occurs. Considers a two-year construction period and

a 20-year operation period.

(e)
®

Reversibility: effect on the resource (or resource capability) can or cannot be reversed.
Frequency: how often the impact occurs.

The impact magnitude ratings for noise are derived from the WBG guidelines:

o Negligible - Predicted noise levels are below the WBG criteria and will
not affect baseline noise levels by more than three A-weighted decibels.

e Low - Predicted noise levels are below the WBG criteria but will
increase period (day or night) baseline noise levels by more than
three A-weighted decibels, where baseline levels are below WBG
criteria.

e Moderate - Predicted noise levels are above the WBG night-time
criteria but below the daytime criteria. Where baseline levels are above
WBG criteria, noise levels increase by more than three A- weighted
decibels.
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Vibration

o High - Predicted noise levels exceed both the WBG daytime and night-
time criteria. Where baseline levels are above WBG criteria, noise levels
increase by more than three A-weighted decibels.

An incremental change of plus or minus three A-weighted decibels is used to
evaluate change. A change of three A-weighted decibels is considered the
threshold level at which a change in sound level or “volume” can be noticed by
the human ear (Cowan 1994).

Figure C2.9-1 shows the noise impact magnitude decision process.

Ground Vibration

Table C2.9-5

Ground vibration is typically measured in terms of particle velocity in
millimeters per second. Criteria are established to prevent cosmetic and
structural damage to structures that may occur from ongoing vibration sources
and from blasting

Criteria for project assessment have been developed based on vibration criteria
for the US Office of Surface Mining Reclamation and Enforcement (OSMRE)
(Table C2.9-5). There are no applicable standards or limits in place for vibration
exposures in the DRC. Blasting regulations exist in most countries to regulate
and control blast energy to prevent structural damage at neighboring properties.
In the absence of World Bank and IFC limits for vibration, the US, Canadian and
DRC limits were used as guidelines in ground and air vibration. These
regulations address both ground and airborne vibration.

Groundborne Vibration Guidelines for the TFM Project

us @

Type of Building
Structural (mm/s)

residential (light frame) 12.5
industrial (concrete or steel frame) 12.5
@ Federal Office of Surface Mining Reclamation and Enforcement (OSMRE 2001).

mm/s = millimeters per second.

The US limit for groundborne vibration is listed at 12.5 millimeters per second to
prevent structural damage or disturbance in residential and industrial areas. This
is the recommended criterion for vibration from the project. This criterion is
equivalent to Annex IX of the DRC 2003 Mine Regulation.
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Figure C2.9-1 Noise Impact Magnitude Decision Tree
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Airborne Vibration

Blasting regulations exist in most countries to regulate and control blast energy to
prevent structural damage at neighboring properties. Airborne vibration limits
commonly used for surface mining operations where blasting can be expected to
occur over many years, typically fall in the range of 120 to 133 linear decibels.
Table C2.9-6 indicates guidelines that can be used to assess impact from this
source. These airborne events are the blast wave that propagates through the
atmosphere out from the blast and can be experienced as a brief but intense
incident of low frequency noise or vibration.

Table C2.9-6 Airborne Vibration Guidelines for the TFM Project
DRC® United States® Canada'
airborne vibration limit 120 dBL 129 — 134 dBLY 120 - 128 dBL®

@ Section 48 of DRC Mine Regulation 2003 Annex IX.

(b)
(c)
(d)
(e)

Office of Surface Mining Reclamation and Enforcement.

Ontario Ministry of Environment Publication NPC 119.

Limit dependent on frequency range of instrumentation.

Limit dependent on whether monitoring is carried out continually.

Similar to noise, residual impacts from groundborne and airborne vibration are
determined at the point of reception. The parameters used to determine
environmental consequence at the receptors (residences or communities) are
direction, magnitude, geographic extent, duration, reversibility and frequency
(Table C2.9-7). The only parameter that has a unique definition for vibration is
magnitude. The magnitude ratings are derived from the above guidelines and are
based on:

o Negligible - Predicted vibration levels are below the US guidelines.
e Low - No definition.
e Moderate - No definition.

o High - Predicted vibration levels exceed the guidelines.

There are no intermediary ratings for magnitude as the criteria are either met or
not. There is no basis for a graduated effect.

C2.9.3.4 Key Question N-1

Key question N-1 is: What effect will the project have on noise levels near
project activities?
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Table C2.9-7 Impact Description Criteria for Vibration
Direction® Magnitude® GE?(%;?‘?(Q'C Duration® Reversibility® Frequency"”
neutral: no change negligible: predicted local: effect short-term: reversible or low: occurs
in vibration indicator vibration levels below | restricted to less than 3 irreversible once
negative: an guidelines the LSA years medium:
increase in vibration regional: medium- occurs
levels high: predicted effect extends | term: 3 to 20 intermittently
positive: a reduction | vibration levels beyond the years high: occurs
in vibration levels exceed guidelines LSA long-term: continuously
more than 20
years

(a)
(b)
(c)
(d)

(e)

Direction: positive or negative effect for measurement indicators as defined for the specific component.
Magnitude: degree of change to analysis indicator.
Geographic Extent: area affected by the impact.

Duration: length of time over which the environmental effects occurs. Considers a two-year construction period and a
20-year operation period.

Reversibility: effect on the resource (or resource capability) can or cannot be reversed.
Frequency: how often the impact occurs.

Linkage Evaluation

Noise may be generated during all phases of the project, particularly during
operation of the mine and processing plant (Figure C2.9-2). An initial review of
noise-generating activity identified that the type of noise phases during all project
stages were similar (engines, pumps, etc.). The construction phase activities are
characterized by many transient noise sources but they are temporary. The
number of noise sources was expected to be relatively low during project closure
compared to project operation. A detailed assessment was only conducted for
project operation.

Noise can affect both people (Section C4.1) and fauna (Section C3.2). The
linkage to noise levels near project activities is considered valid.

Assessment Methods

Approach

The assessment of changes in noise levels was accomplished by:

e Determining potential receptors of noise.
o [Establishing baseline noise levels at those receptors.
e Determining the amount of sound generated by project activity.

e Predicting the amount of project-related noise that would be
experienced at the identified receptors.

e Comparing predicted noise levels with baseline noise levels and
applicable noise guidelines.
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Figure C2.9-2 Noise Linkage Diagram
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—>
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Operations Change in noise levels Change in

noise

Noise predictions were conducted using the Computer Aided Noise Abatement
Model (CadnaA). This model was used to estimate noise levels received at
neighboring communities due to sound emitted from the mine as well as predict
noise levels surrounding the mine site. CadnaA is a three-dimensional noise
prediction tool that calculates attenuation of noise. The CadnaA model includes
effects from the atmosphere, barriers, ground conditions, foliage and terrain. The
model methods are consistent with International Organization for
Standardization (ISO) acoustic standards and WBG guidelines.

Noise Emissions

Activities or equipment that emit sound were identified based on information
contained in the project description and client-supplied equipment lists where
specifications were provided. Sound emissions for the sources without noise
specifications were based on noise measurements from similar equipment,
manufacturer data or standard sound emission formulas.

Sources of noise considered for the noise assessment are summarized by project
activity in Table C2.9-8.
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Table C2.9-8 Noise Emissions for the TFM Project

Source | Type of Source” Sound Power (dBA)™
Plant Site
area 20 grinding point 107
area 30 leach feed area 109
area 40 cCD® area 110
area 50 neutralization and tails area 104
area 60 solvent extraction area 109
area 70 copper electrowinning area 113
area 80 cobalt recovery area 114
area 90 sulfuric acid plant area 109
area 103 dolomite point 102
area 104 lime point 92
area 105 magnesia storage and mixing area 106
area 106 sodium hydroxide and mixing area 93
area 110 potable/gland water point 109
area 111 air compressor point 114
area 112 boiler house area 83
conveyors line 121
plant light vehicle line 81
plant fork lift line 116
plant delivery truck line 100
plant mobile crane line 111
Mine Site
Kwatebala ore pit (included surface miner) area (year 2011022nd 2016)
Kwatebala waste rock facility area (year 20 1102§n d2016)
Kwatebala stockpiles area :]ég gz:: ;812;
waste pile fleet CAT773F line 1159
ore fleet CAT770 line 1139
stockpile fleet CAT773F line 1159
Quarry
Mofia quarry area 17

(year 2010 and 2016)

Public Roads
highway trucks line 107
highway light vehicle line 81.3

(a)

The type of source indicates how the emission was represented in the model. Area sources spread the emission over

the relevant site for the activity, line sources move the sources along a given trace (e.g., roads) and point sources are

a designated stationary location.

®  dBA = A-weighted decibels
(©)

(d)

CCD = countercurrent Decantation

Sound power level per equipment unit (e.g., each CAT773F)
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Modeling Assumptions

All mine-related noise sources were modeled by an established and validated
noise model, the CadnaA model. This model was designed to predict outdoor
noise in accordance with International Organization for Standardization (ISO)
9613 (1 and 2): Attenuation of Sound During Propagation Outdoors (ISO 9613)
as well as several international and European acoustic standards. The function of
the model is to reproduce the planned site conditions. All noise sources operating
at their predicted noise levels are subject to the likely outdoor conditions
prevailing at the site. The CadnaA model helps to assess the noise source’s
attenuation in their path to the receptor. These prevailing outdoor conditions
include terrain, weather and ground conditions. The noise model used presents a
snapshot of the expected continuous noise levels generated from the processing
plant. To ensure a “worst case” assessment for the processing plant, a highest
expected noise level was assessed. The model was based on the assumption that
all equipment will be in use at the design capacity. The location and number of
mobile equipment were also included in the model to represent a worst case
scenario in terms of the noise heard by the receptor during the Kwatebala mine
phase.

Over the projected mine life of 20 years the location and numbers of equipment
will change according to the stage of ore recovery from the Kwatebala, Goma,
and Fwaulu deposits. Noise predictions were based on these changes being
staged at the second (2010) and eighth (2016) years into the project. These were
the periods with the highest potential noise effects during the Kwatebala mining
phase. Year 2010 was selected to represent the highest total mined ore and waste
tonnage at an elevation close to the surface (i.e., without attenuation from the pit
walls). Year 2014 was selected as a later mining year at Kwatebala Hill when
there will be high production and there will be waste rock facility activities
closest to the sensitive receptors.

The noise effects during the Goma and Fwaulu mining phases is assessed in the
cumulative effects section. The Monitoring and Follow Up section discuss the
monitoring plan required to substantiate the emission levels from the mine fleet
and pit.

The mine plan at years 2010 and 2016 provides information as to what noise
sources will be operating and their locations (Section A4). The model
assumptions for both stages are as follows:

e All calculations were conducted based on the ISO 9613 standard
(including roads).

e Meteorological conditions were set at a temperature of 25 degrees
Celsius and relative humidity 90 percent as a typical condition.
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Mitigation

Results

e All activity, including road traffic, would occur for 24 hours.

e All traffic would access the site using the Mulumbu access road in year
2010.

e  Only sources within 10 kilometers of a receptor were considered.

The following mitigation, controls or project elements will reduce noise impacts:

e A surface miner will be used to mine at the Kwatebala, Goma and
Fwaulu pits. This will eliminate the need to drill, blast and primary
crush the ore.

e Construction fleet or equipment will be fitted with standard silencers
and kept in good repair.

o The ore, waste rock facilities, structures and buildings will act as
barriers to noise generated by the mine and processing plant.

e Waste rock will be used strategically to create barriers, based on
indicated need in the form of results from noise monitoring.

e All operation vehicles (mine fleet and off-site transport) will be fitted
with standard silencers (mufflers) and kept in good repair.

Use of the continuous miner (Section A4.3.1) for mining ore in the mine pit will
reduce the need for blasting. It will also eliminate the need for a crusher. The
noise created by the continuous miner will occur in the mine pit where the pit
walls will provide additional attenuation.

The results of noise predictions for activity related to the Kwatebala pit and
processing plant show the expected noise levels at the receptor locations situated at
each village for years 2010 and 2016 (Table C2.9-9). The results range from 16 to
39 A-weighted decibels (day and night) in year 2010 and from 10 to 40 A- weighted
decibels in year 2016. Daytime and night-time values are identical due to the
assumption that all project activities operate on a 24-hour basis. This may result in a
more conservative case at night, when there would likely be less traffic on public
roads.
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Table C2.9-9 Predicted Noise Levels from TFM Project Activities

Location Year 201I(_)egD(§3ézr)1d Night) | Year 201I(_3e£D(3)ézr)1d Night)
Kafwaya 16 10
Mwela Mpande Gare 19 19
Kwatebala Gare 29 27
Bloc Mitumba 22 22
Fungurume 36 36
Mulumbu Kiasa 34 35
Mwanga Saugu 37 38
Salabwe 39 40
Mwanga Muteba
(Shungu) 37 36
Tenke 24 23

@ Leq= equivalent sound level.
®) dBA = A-weighted decibels.

Pre
Fig

dicted noise levels are also presented as noise maps in Figure C2.9-3 and
ure C2.9-4.

The noise predictions at potential locations for resettlement villages are levels
below 35 A-weighted decibels during the daytime and night-time period.

Impact Analys

is

The analysis for noise impacts has three elements:

e A comparison of predicted noise levels to WBG guidelines applied to
the project.

e A comparison of predicted noise levels to the DRC NMC.

e A determination of the amount of change in baseline noise levels.
Table C2.9-10 compares the predicted noise levels to the WBG
guideline. Table C2.9-11 provides an analysis of the amount of change
in baseline noise levels.

The results of these comparisons show that the WBG and DRC guidelines are

me

t for all locations assessed.
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Table C2.9-10 Comparison of Predicted Noise Levels with World Bank Group

Guidelines
. DRC
Highest WBG Guideline Residential
Predicted (dBA) Meets Guideline Meets
Location Sound Level WBG (dBA) DRC
(Day and Guideline Guideline
Night) Day Night (Yes/No) Day Night (Yes/No)
(dBA) 7:00 hr to 22:00 hr to 7:00hr to 19:00hr
22:00 hr 7:00 hr 19:00hr | to 7:00hr
Kafwaya 16 55 45 yes 45 40 yes
Mwela Mpande
Gare 19 55 45 yes 45 40 yes
Kwatebala Gare 29 55 45 yes 45 40 yes
Bloc Mitumba 22 55 45 yes 45 40 yes
Fungurume 36 55 45 yes 45 40 yes
Mulumbu Kiasa 35 55 45 yes 45 40 yes
Mwanga Bijimba 38 55 45 yes 45 40 yes
Salabwe 40 55 45 yes 45 40 yes
Mwanga Muteba
(Shungu) 37 55 45 yes 45 40 yes
Tenke 24 55 45 yes 45 40 yes
Table C2.9-11 Expected Change in Baseline Noise Levels
Baseline Predicted Project Noise Combined Noise Amount of
Location Period Leq Level Level Change
(dBA)®@ (dBA) (dBA) (dBA)
day 44 16 44 0
Kafwaya night 44 16 44 0
day 44 19 44 0
Mwela Mpande Gare night 22 19 22 0
day 50 28 50 0
Kwatebala Gare night 47 28 47 )
. day 44 22 44 0
Bloc Mitumba night 44 22 44 0
Funqurume day 42 36 43 1
9 night 43 36 44 1
. day 44 24 44 1
Mulumbu Kiasa night 22 34 22 1
day 44 38 44 1
Mwanga Saugu night 44 38 44 1
day 44 40 45 1
Salabwe night 44 40 45 1
Mwanga Muteba day 44 36 44 1
(Shungu) night 44 36 44 1
day 49 24 49 0
Tenke night 39 24 39 0

(@)

dBA = A-weighted decibels.

Baseline levels established (Section B2.9).
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The assessment predicts that the highest noise level caused by project activities at
all noise sensitive receptors is 40 A-weighted decibels. This value was obtained
for the night-time period at the rural village of Salabwe. Notably, the current
background noise level at Salabwe is 44 A-weighted decibels. Therefore, the
standard applicable to the project at Salabwe is conservatively 44 A-weighted
decibels. This is conservative as the future background noise level at Salabwe
could very well be higher due to in-migration of people and development that
will likely occur over the life of the project. We expect that the measured
ambient noise level, when mining activities cease, will be at or above the current
background level of 44 A-weighted decibels.

The predicted noise level from project-related noise at Salabwe is 40 A-weighted
decibels. This is below the maximum authorized noise level of 44 A-weighted
decibels. The project therefore will meet the DRC 2002 Mining Law standard.

It is worthy to note that there is no existing industrial activity in this small village
located on the project concession. The basis for the assessment undertaken in the
ESIA are the existing conditions in the affected areas and not the resulting land
use after the project is in place. In other words, the noise assessment is purposely
conservative based on an assumption that all small villages are within land
category (a). The predicted noise level at potential locations for resettlement
villages are below both WBG and DRC NMC guidelines. Baseline noise levels
will also be unchanged at all locations except Fungurume, Mulumbu Kiasa,
Mwanga Saugu, Salabwe, and Mwanga Muteba (Shungu). These changes are
only expected to be about one A-weighted decibel. This will result in impact
magnitude ratings of negligible at all identified receptors for the project. The
residual effect for noise impacts is analyzed in Table C2.9-12.

Table C2.9-12 Residual Impact Classification for Key Question N-1

Location Direction Magnitude Gegg::r?thic Duration Reversibility | Frequency %’2:;‘:::::;2'

N-1: What effect will the project have on noise levels near project activities?

Kafwaya negative negligible local medium-term reversible high negligible
Mwela Mpande Gare | negative negligible local medium-term reversible high negligible
Kwatebala Gare negative negligible local medium-term reversible high negligible
Bloc Mitumba negative negligible local medium-term reversible high negligible
Fungurume negative negligible local medium-term reversible high negligible
Mulumbu Kiasa negative negligible local medium-term reversible high negligible
Mwanga Saugu negative negligible local medium-term reversible high negligible
Salabwe negative negligible local medium-term reversible high negligible
(I\gvrs:la;\:gi)Muteba negative negligible local medium-term reversible high negligible
Tenke negative negligible local medium-term reversible high negligible
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As shown in Table C2.9-12, residual noise impacts from the TFM project are
expected to be negligible at the identified sensitive receivers (receptors). The
predicted noise levels presented in Table C2.9-9 also all meet the most strict
noise standard from the DRC (40 A-weighted decibels at night).

The negligible impact rating does not mean that project noise won’t be heard at
these locations. This is because the character or type of noises being generated by
the TFM project are different than those that occur in the region. This is
particularly true for the outlying villages away from the main roadway. The
results mean that if project noises are distinguishable (noticeable) from ambient
noise, the project noises are not expected to be any louder than existing noises.

Prediction Confidence

The modeling of outdoor noise attenuation is conducted using standard
algorithms (mathematical formulas) and assumptions that tend to simplify the
acoustic environment. Noise, whether natural or man-made, is normally variable
over time. The algorithms and the equivalent sound level indicator account for
that variability, but do not predict it. The variation of noise sources over time
can be addressed in the CadnaA model in many ways, depending on the noise
source being assessed and the level of detail required.

The quality and relevance of predictions from the noise model depends on the
data inputs. For the assessment, noise sources were established with actual field
measurements or vendor sound emission data where possible to ensure the
accuracy of sources. Site topographic, weather and ground conditions were inputs
to the model. Modeled noise levels for the existing activity on the project site
were compared with background noise data to ensure the simulations were
representative of the site.

The CadnaA model was designed to predict outdoor noise in accordance with
International Organization for Standardization (ISO) 9613 (1&2): Attenuation of
Sound During Propagation Outdoors (ISO 9613) as well as several international
and European acoustic standards. The ISO 9613 method will predict noise
attenuation to within plus or minus three weighted decibels. Supplier literature
and third-party publications do not verify this level of accuracy for the CadnaA
model. To validate that the CadnaA model meets the ISO standard, an
independent study was done (Drew et al 2005). This study verified that the
CadnaA model calculates the ISO method correctly. This study also verified that
simulations of outdoor noise levels match field measurements of a known source
to within plus or minus three weighted decibels.
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Monitoring and Follow Up

All impacts are rated negligible for the Kwatebala mine phase. However, a one
time noise monitoring program should be established to measure the noise
sources from the processing plant, mine fleet and mine pit equipment. The
program will provide site-specific data for future assessments of the Goma and
Fwaulu pit phases. Additionally, noise sources may be measured at the project
site to quantify workplace levels.

Should noise concerns be expressed by the public during the Kwatebala mine
phase, monitoring could be conducted to determine the noise source that is the
cause for concern.

C2.9.3.5 Key Question V-1

Key question V-1 is: What effect will the project have on vibration?

Linkage Analysis

The project factors that may affect vibration are heavy vehicle traffic on public
roadways and blasting during operations. High levels of vibration can cause
structural damage to buildings while at lower levels can still cause annoyance to
people.

An analysis of factors that may affect vibration is shown as a linkage diagram in
Figure C2.9-5.

Effect on Structures

Traffic, particularly heavy vehicles, can generate airborne and groundborne
vibrations, often felt by people in homes near roadways. This most often occurs
in homes with rigid (concrete) foundations when large, heavy vehicles traveling
at high speeds encounter imperfections/pot holes in concrete or asphalted
roadways. Vibrations can also be felt when people are near “off road” heavy
vehicles on the project site. Since roads are not paved in the majority of the
LSA, homes do not have rigid (concrete) foundations and “off road” vehicles will
only be on site, the linkage between traffic and damages to off-site structures is
not valid.

Vibrations from blasting may affect structures, if the structure is close enough
and the vibration intensity is high enough. The linkage to blasting on structures
is valid.
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Figure C2.9-5 Vibration Linkage Diagram
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Effect on Water Wells

Several studies have investigated the effects of blasting on groundwater wells
(Froedge 1983). These studies have concluded that:

e  When blast-induced ground vibrations are less than about 25 millimeters
per second (maximum resultant particle velocity), the response of the
well is limited to a slight temporary variation in water level. This
variation is about three to six centimeters either up or down. The
specific capacity of the water well is unchanged based on drawdown
tests.

e Vibration measurements made at the surface and at the bottom of the
observation wells indicate that vibration levels are always lower at the
bottom of the well.

e All of the data collected indicates that a ground vibration limit of
50 millimeters per second (peak particle velocity) is adequate to protect
the wells from any significant damage. It is possible that temporary
turbidity (disturbed sediments) may be caused at lower well levels
periodically, although not at any constant threshold level.

The research consistently indicates that blast vibrations less than 25 millimeters
per second should have no adverse effects on nearby wells. This level is higher
than the 12.5 millimeters per second groundborne vibration US limit used for the
TFM operation project. The linkage to blasting on water wells is invalid.
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Assessment Methods

Blasting activities are identified as the source for both groundborne and airborne
vibration. US criteria for groundborne vibration, and DRC, Canadian and US
based criteria for airborne vibration were the sets of criteria used as the most
applicable for the TFM project. The level of vibration experienced by receptors
will be directly related to the amount of charge (explosive material) used for a
blast.

Hypothetical blasting charge quantities were determined that would result in
vibration levels at receptors equal to the criteria. These hypothetical blasting
charge quantities were then compared with actual charge quantities planned for
the mine blasting program. The comparison was conducted to determine whether
actual blasting charges used would result in vibration levels below criteria levels.
The results indicated that actual blasting charges used would result in vibration
levels well below criteria levels. Typical blast design details for the TFM project
are provided in Table 2.9-13. Note that blasting will only be required for
removal of waste rock. A surface miner will be used to mine the ore.

Table C2.9-13 Typical Blast Design Details Proposed for the TFM Project

Material Parameter Dimension
waste rock drill hole pattern 3.5x4.4m
drill hole diameter 102 mm
maximum holes per blast © 150
maximum explosive weight per hole 30 - 45 kg
hole depth 58m
maximum holes per delay 1
@ Based on assumed explosive densities of 0.9 g/cc for ANFO and 1.1 g/cc for emulsion.
Notes:
m= meters.

mm = millimeters.

kg=  kilograms.
g= grams.
cc= cubic centimeters.

ANFO=ammonium nitrate fuel oil.

The residual impact analysis was then conducted for the once receptor
(seasonally-used dwellings) identified at 650 meters from the mine site.

Analysis of residual impacts in terms of a change to baseline levels is not
applicable to vibration. This is because baseline conditions for existing vibrations
cannot be established. Ambient vibration levels are normally near zero.

Ground Vibration Emissions and Model Assumptions

Blast-induced ground vibrations, both surface and body (underground) waves,
naturally attenuate (reduce) with increased distance from the blast site. This is
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due to material damping and geometric spreading. Body waves attenuate more
rapidly than the surface waves. This results in the surface waves being more
dominant at greater distances. The vibration intensity perceived or measured at
the closest off-site structures around the TFM mine site would be dominated by
surface waves.

The intensity of ground vibrations, which is an elastic effect measured in units of
peak particle velocity, is defined as the speed of excitation of particles within the
ground resulting from vibratory motion. For the purposes of this report, peak
particle velocity is measured in millimeters per second.

The rate at which ground vibrations attenuate from a blast site is dependent on
several variables, including:

o Characteristics of the blast (delay timing, type of explosive, etc.).
e Topography of the site.

e Characteristics of the bedrock and/or soil materials.

As mining operations have not yet started, there is no site-specific ground
vibration monitoring data from the TFM site. The magnitude of blast vibrations
from the open pit blasting operations at the neighboring properties were predicted
using generalized attenuation equations available in published literature. The
intensity of ground vibrations from blasting operations are primarily a function of
the maximum explosive weight detonated (set off) per delay period and the
distance between the blast and the receptor. The rate at which ground vibrations
decay or attenuate from a blast site can be expressed by the scaled distance,
which is defined as:

Scaled distance (SD) = D/AW
Where:
D = distance (meter) between the blast and receptor

W = maximum weight of explosive (kilogram) detonated per delay
period

Prediction of maximum ground vibrations can be calculated based on the
following equation (ISEE 1998):

PPV = 1725(SD)"*
Where:

PPV = peak particle velocity (millimeters per second)
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SD = scaled distance

The scaled distance equivalent for a peak ground vibration limit of
12.5 millimeters per second would be the square root of 21.7 kilograms per
meter. From this, maximum explosive weights per delay period can be
calculated for varying distances from the blast (Table C2.9-14). As this is a
generalized equation based on the results from numerous mining and
construction applications, attenuation characteristics for the TFM project will be
better defined once blasting begins.

Table C2.9-14 Maximum Charge for Ground Vibration Guidelines to be Met by
Differing Receptor Distance

Distance between Blast and Receptor M\?\;:Eﬁ?Dce:Ta:;ullzﬁg dE()I((ZI)ofSc: ;’e
(m) 12.5 mm/s
500 530
600 764
650 897

700 1,040
750 1,194
800 1,359
850 1,534
900 1,720

@ Distance for identified receptor.

m = meter.

kg = kilogram.

mm/s = millimeters per second.

Airborne Vibration Emissions and Model Assumptions

The planned blasting charge levels in Table C2.9-13 will result in airborne
vibration. The airborne vibration levels are measured in linear decibels (dBL)
which attenuate with distance from the blasting site, similar to airborne noise.
Airborne vibration levels predicted using a linear attenuation model.

Airborne vibrations attenuate from a blast site at a slower rate than ground
vibrations. The distribution of air vibration energy from a blast is also strongly
influenced by the prevailing weather conditions during the blast. Other factors
influencing air vibration distribution from a blast include:

e The length of collar and type of stemming material.
o Differences in types of explosive material.

e Variations in burden distance.
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The rate at which air vibrations decay or attenuate from a blast site can be
expressed by the scaled distance, which is defined as:

Scaled distance (SD) = D/3VW
Where:
D = distance (meter) between the blast and receptor
W= maximum weight of explosive (kilogram) detonated per delay period

Prediction of maximum air vibrations was based on the following equation
(ISEE 1998) which assumes average burial of the explosive:

P = 20log10[(SD)-1.1] + 170.75

Where:

P = peak air pressure (dBL)
SD = scaled distance (meter per kilogram 0.33)

The scaled distance equivalent for the more stringent peak air pressure guideline
of 120 linear decibels would be the cubed root of 203 meters per kilogram.
Maximum charge weights per delay can then be calculated for varying distances
from the blast site. This calculation is similar to the calculations for peak ground
vibration levels discussed previously (Table C2.9-15).

Table C2.9-15 Maximum Charge for Airborne Vibration Guidelines to be Met by
Receptor Distance®

Distance Between Blast and Receptor Maximum Calculated('l(ix)plosive Weight/Delay

(m) for 120 dBL
500 239
600 414

650 © 5279
700 658
750 810
800 982
850 1,178
900 1,399

(a)
(b)
(c)

Represents worst case scenario.
Distance for identified closest receptor.
US limit for a receptor 650 meters away.
m=  meters.

kg = kilograms.

dBL = linear decibels.
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Mitigation

Results

The introduction of a surface miner eliminates the need to drill, blast and primary
crush the ore. No additional mitigation or controls specific to vibration are
required. Blasting will be designed and conducted in a controlled manner to
maximize efficiency. Pit walls will also act as a barrier for airborne vibration.
Impact assessment of later stages of mine development, including the Goma pit
development, may require different mitigation responses. These will not be
known until details of later stages of mine development become available and
supplementary environmental studies have been conducted. The results in
Table C2.9-15 are from a worst case scenario when the blast is at the surface
without the mitigating effect of pit walls at a time when the pit excavation is just
starting.

While a number of permanent communities presently exist around the TFM mine
site at distances exceeding 3,000 meters, the closest structures have been
identified as huts used seasonally by farmers. These huts are about 650 meters
from the south edge of the proposed Kwatebala pit. It is evident from the
equations (discussed above) that the distance from the blast and the amount of
explosive detonated per delay period within each blast are the critical parameters
in controlling groundborne and airborne vibration effects.

As seen in Table C2.9-13, the maximum explosive weight detonated per delay
period proposed for the TFM project would range between about
30 to 45 kilograms. These weights are considerably less than the 897 kilograms
(Table C2.9-14) and 527 kilograms (Table C2.9-15) weights calculated to meet
the peak limits for ground and air vibration levels of 12.5 millimeters per second
vibration and 120 linear decibels, respectively, at the closest off site receptor.
Calculated peak ground and air vibration levels that might be produced at the
closest receptor, based on a worst-case minimum distance of 650 meters and a
maximum explosive weight per delay of 45 kilograms would be less than
1.5 millimeters per second and 113 linear decibels, respectively. This compares
with groundborne criteria of 12.5 millimeters per second (US Guideline — see
Table C2.9-5) and airborne guidelines of between 120 linear decibels and
134 linear decibels (DRC, U.S. and Canadian guidelines — see Table C2.9-6).
DRC limits are the most restrictive at 120 linear decibels. This suggests that the
entire pit may be mined while maintaining the ground and air vibration limits
contained in the US (OSMRE) guidelines. Vibrations from mining of the pit will
also meet DRC and Canadian guidelines.
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Impact Analysis

While a number of permanent communities presently exist within the LSA at
distances exceeding 3,000 meters, the closest structures have been identified as
those within a seasonal town to the south. These structures in the seasonal towns
are about 650 meters from the south edge of the proposed mine pit. It is evident
from the equations (discussed above) that the distance from the blast and the
amount of explosive detonated per delay period within each blast are the critical
parameters in controlling ground and air vibration effects. Calculated peak
groundborne vibration levels that might be produced at the closest receptor,
based on a worst-case minimum distance of 650 meters and a maximum
explosive weight per delay of 45 kilograms, would be less than 1.5 millimeters
per second. This suggests that the entire pit may be mined while meeting all
applicable and reference standards, including those contained in the DRC mine
regulation.

These results show that the amount of vibration generated at the nearest receptor,
taken to be at 650 meters from the blast, is well below the guidelines. Since the
amount of vibration is below the guideline, the magnitude of vibration effects is
negligible. The residual impacts from vibration are provided in Table C2.9-16.

Table C2.9-16 Residual Impact Classification for Key Question V-1

Indicator Direction Magnitude Geographic Duration Reversibility Frequency Environmental
Extent Consequence
V-1: What effect will the project have on vibration?
airborne vibration negative negligible local {gtrerilum- reversible medium negligible
ground vibration negative negligible local gfglum- reversible medium negligible

The calculated maximum groundborne vibration levels likely to be produced at
the closest off-site properties are expected to be perceptible to inhabitants. This
is because people can perceive ground vibration intensities as low as
0.2 millimeters per second. Research, however, has established that a person can
perceive, and may even be bothered by, ground vibrations with an amplitude as
little as one one-hundredth of that required (within the same frequency range) to
cause cosmetic defects to buildings. This often accounts for people to thinking
that the shaking experienced from ground vibrations may affect the integrity of
their homes. While a particular level of vibration may be perceptible to within the
LSA, it is evident that the vibration levels can still remain well below damaging
levels.
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Prediction Confidence

There is a significant “cushion” between predicted levels and criteria levels to
indicate that impacts are likely to be low, in other words there is a moderate to
high confidence that levels predicted will be less than the criteria. This
confidence does not imply a specific level of confidence about the accuracy of
the predicted values which is controlled by site conditions and model algorithms.
Confidence about predicted values will come from future site monitoring that can
validate model predictions.

The quality and relevance of predictions in the assessment is dependant on the
data inputs. For the assessment, vibration sources were established using
client-supplied data regarding the expected blasting methods, project description
data including area geology and professional judgment. Where assumptions
were required regarding the generation of vibration energy, the option that would
result in the greatest amount of vibration was selected.

Monitoring and Follow Up

A one-time groundborne and airborne vibration monitoring study for the
Kwalabala pit should be done prior to the start of blasting operations at Goma to
develop site-specific vibration attenuation characteristics. This monitoring
would include:

e Establishing a series of seismographs at varying distances from several
production blasts.

o [Establishing seismographs at location near heavy traffic area and surface
miner.

e Keeping a detailed record of the loading parameters.

During the Goma mine phase, the monitoring program would apply to Goma
only as there is a potential for significant impacts at Goma that appear absent at
Kwatebala.

The seismographs should be capable of measuring and recording full waveform
ground vibration records in each of three orthogonal directions as well as
simultaneously monitoring and recording air concussion effects.

Site-specific vibration decay characteristics developed could then be used to
better predict maximum groundborne and airborne vibration intensities during
subsequent blasting operations such as at Goma or as part of the expanded
project. Once site-specific decay rates have been better defined the need for
additional monitoring can be evaluated.
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C2.9.4 Cumulative Effects Assessment

Noise

The impact assessment for the TFM project was conducted as a cumulative case,
with all project elements calculated within one model set-up. Figures C2.9-3 and
C2.9-4 show the cumulative noise impacts from all project elements during the
Kwatebala mine phase.

The Goma and Fwaulu ore bodies are planned to be developed when mining
activity at the Kwatebala pit is near completion in 2016 with Goma active from
2017 to 2020 and again in 2025 and Fwaulu active from 2020 to 2022 and again
in 2027.

The development of these ore bodies would produce noise from both the mining
activity in the pits, materials transportation associated with the mining and ore
processing.

The impact of mining Goma and Fwaulu ore bodies has been quantitatively
assessed. Future development of the Fungarume ore body has not been assessed
as plans are not available.

Assessment Approach

As new ore bodies are mined subsequent to Kwatebala the mining fleet will be
located closer to various receptors than before. Table C2.9-17 identifies
locations where noise levels from the mining fleet may increase as each ore body
is mined.

Table C2.9-17 Cumulative Effects Assessment — Noise

T T
Goma Tenke, Mulumbu Kiasa, Mwanga Sangu

Fwaulu Tenke, Mulumbu Kiasa, Mwanga Sangu

Fungurume Fungurume, Bloc Mitumba, Kafwaya, Mwela Mpande Gare

Quantitative assessment of Goma and Fwualu involved modeling the operations
so that the noise levels produced could be predicted at all the identified receptors.
The approach to prediction modeling and the description of the model used is in
Section C2.9.3.4 under the heading Assessment Methods.
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Noise Sources Associated with Goma and Fwaulu Mining

Details of the sources modeled are shown in Table C2.9-18.

Table C2.9-18 Noise Sources for Kwatebala, Goma and Fwaulu

Source Type of Source® So‘;gg :)8,‘)"’9’
Plant Site
area 20 grinding point 107
area 30 leach feed area 109
area 40 CCD area 110
area 50 neutralization and tails area 104
area 60 solvent extraction area 109
area 70 copper electrowinning area 113
area 80 cobalt recovery area 114
area 90 sulfuric acid plant area 109
area 103 dolomite point 102
area 104 lime point 92
area 105 magnesia storage and mixing area 106
area 106 sodium hydroxide and mixing area 93
area 110 potable/gland water point 109
area 111 air compressor point 114
area 112 boiler house area 83
conveyors line 121
plant light vehicle line 81
plant fork lift line 116
plant delivery truck line 100
plant mobile crane line 111
Mine Site
Goma ore pit (including surface miner) area 126
(year 2018)
Goma waste rock facility area (yea1r2220 18)
Goma stockpiles area 124
(year 2018)
Fwaulu ore pit (including surface miner) area (yea1r226022)
waste pile fleet CAT773F line 115
ore fleet CAT770 line 1139
stockpile fleet CAT773F line 1159
Quarry
Mofia quarry area 117
Public Roads
highway trucks line 107
highway light vehicle line 81.3

@ The type of source indicates how the emission was represented in the model. Area sources

spread the emission over the relevant site for the activity, line sources move the sources along
a given trace (e.g., roads) and point sources are a designated stationary location.

® dBA = A-weighted decibels
(©)

(d)

CCD = countercurrent decantation
Sound power level per equipment unit (e.g. each CAT773F)
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Modeling for Goma and Fwaulu includes the following components:

Goma pit activities are split into three mining areas inside the pit;
Shimpidi, Kabwe and Goma with different extraction rates and times as
shown in Table C2.9.19.

Overall noise sources include mine activity, transportation of ore to
stockpiles, transport of waste rock, transport of goods to and from
external locations, quarry transportation and mine processing activities.

Modeling for obstructions such as waste rock piles, material dumping
areas, mine buildings and the general terrain.

Activities at Goma and Fwaulu are modeled separately because they are
not in operation simultaneously.

Earth berms acting as noise barriers for mine haul truck noise along pit
access roads.

Table C2.9.19 Extraction Rate for Mining Zones within Goma Pit

Goma Mining Areas Percentage of Total Mined for Goma Ore Body
2017 2018 2019 2020
Kabwe (1 & 2) 52% 49% 7% 4%
Shimbidi 48% 36% 7% 8%
Goma 0% 14% 17% 88%

Modeling Scenarios and Assumptions

The modeling scenarios were:

Modeling for a representative year (2018) when the Goma pit was active
with no earth berm constructed for mitigation reasons between the pit
and the nearest receptors in Tenke.

Modeling for a representative year (2018) when the Goma pit was active
and including a three meter high earth berm between the pit and the
nearest receptor in Tenke.

Modeling for a representative year (2018) when the Goma pit was active
and including a five meter high earth berm between the pit and the
nearest receptor in Tenke.

Modeling a representative year (2022) when the Fwaulu pit was active.
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Results

The modeling assumptions were:

The numbers of mine excavation vehicles such as the CAT 772 was in
proportion to the amount of material planned to be mined compared
with the Kwatebala 2010 production rate and vehicles in use.

Unladen trucks assumed to travel at 50 kilometers per hour and laden
trucks at 30 kilometers per hour.

Assumed frequency for delivery vehicles.

Mine pits modeled as area sources and roads as line sources.

Table C2.9-20 shows the predicted noise levels at each of the receptors for the
following mine development scenarios:

Case 1A - Noise in 2018 from mining activities for the Goma Pit
without additional mitigation measures.

Case 1B — Noise in 2018 from mining activities for the Goma Pit with
three meter high strategic berms.

Case 1C - Noise in 2018 from mining activities for the Goma Pit with
five and ten meter high strategic berms.

Case 2 — Noise in 2022 from mining activities in Fwualu Pit without
additional mitigation.

Table C2.9-20 Predicted Noise Levels for Goma and Fwaulu

Location of Receptor Case 1A Case 1B Case 1C Case 2 WBG Night
Project | Combined | Project | Combined | Project | Combined | Project | Combined | Guideline | Baseline
Kafwaya 8 44 8 44 8 44 8 44 45 44
Mwela Mpande Gare 19 44 19 44 19 44 19 44 45 44
Kwatebala Gare 26 44 26 44 26 44 26 44 45 44
Bloc Mitumba 22 44 22 44 22 44 22 44 45 44
Fungurume 36 44 36 44 36 44 36 44 45 43
Mulumbu Kiasa 34 44 34 44 34 44 40 46 45 44
Mwanga Saugu 34 44 34 44 34 44 42 46 45 44
Salabwe 33 44 33 44 33 44 40 45 45 44
Mwanga Muteba (South) 32 44 32 44 32 44 36 45 45 44
Mwanga Muteba (West) 32 44 32 44 32 44 36 45 45 44
Tenke 1 46 47 43 44 43 44 30 39 45 39
Tenke 2 53 53 51 52 49 50 32 40 45 39
Tenke 3 46 47 45 46 45 46 30 40 45 39

Project: Noise level from project sources only.
Combined: Noise level from project sources plus background.
Bold values represent exceedences of WBG guidelines.
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The results show that there is potential for noise levels exceeding the project
criteria at all three Tenke locations. The nature and design of mitigation
measures to reduce levels at the Tenke receptors to comply with WBG guidelines
(night-time of 45 A-weighted decibles will be determined after monitoring results
are available from the Kwatebala mine as these will better reflect site conditions,
the level of impact and sources of concern to be addressed by mitigation.

Discussion of Results

The receptors at Tenke are as close as 300 meters from the Goma pits. At that
distance, noise levels from the mine are likely to be higher than for any of the
other receptors that are more distant. Where the predicted noise levels, including
both the existing noise and noise from the mine, are close to or above the WBG
criteria it is important to consider the results of the proposed monitoring program
at Kwatebala. This program will allow for a more accurate prediction of the
noise levels at the Tenke receptors. This is because the results of monitoring will
reflect actual site conditions, such as the level of noise from the plant and
equipment used in the mine, and take into account the local characteristics of the
ground and terrain. Better quantification of the source and extent of any impact
will lead to a more effective mitigation design.

Noise for other receptors and from activities at Fwaulu are expected to fall below
the WBG guidelines.

Vibration

With blasting activity located at the Goma and Fwaulu ore bodies the distance to
the nearest assessment point changes from 650 meters for Kwatebala to
300 meters, which is the distance from Goma to the Tenke 2 receiver.

Assessment-of Groundborne Vibration

The assessment procedures described at C2.9.3.5 under Assessment Methods and
the blast design details in Table C2.9-13 are followed here. The assessment
methodology is as outlined under C2.9.3.5 Ground Vibration Emissions and
Model Assumptions.

With a known distance of 300 meters and the US EPA criteria of
12.5 millimeters per second peak particle velocity, the charge weight required to
equal the criteria value at 300 meters is 190 kilograms. The maximum charge
weight planned is 30 to 45 kilograms.
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Vibration — Airborne Blast Wave

Results

The assessment procedures described at C2.9.3.5 under Assessment Methods and
the blast design details in Table C2.9-13 are followed here. The assessment
methodology is as outlined under C2.9.3.5 Airborne Vibration Emissions and
Model Assumptions.

With a known distance of 300 meters and applying the DRC criteria of 120 linear
decibels the weight of charge needed to equal this criteria value at 300 meters is
51.65 kilograms. The maximum charge weight planned is between 30 to
45 kilograms.

The planned charge weight is less than the charge weight needed to exceed either
the groundborne and/or airborne criteria (Table C2.9-21).

Table C2.9-21 Comparing Charge Weight to Equal Ground and Airborne Criteria

Monitoring

at 300 Meters with Project Planned Charge Weight.

Criteria Charge Weight Predicted to Project Planned Charge
Equal Criteria at 300 m Weight
groundborn_e -12.5 rr_lm/s 190 kg 30-45 kg
peek particle velocity
airborne — 120dB(L) 51.6 kg 30-45 kg
m = meters.
kg = kilograms.

mm/s = millimeters per second.

Monitoring of noise and vibration from the Kwatebala pit and associated
facilities will be needed to plan mitigation to address potential cumulative
impacts of the Goma and Fwaulu mine pits.

One round of monitoring for noise at Kwatebala is recommended prior to the
start of mining at Goma. This will validate noise predictions to date and increase
the certainty of predictions at the Tenke receptors as local conditions that affect
the propagation of noise will then be included. Any resulting adjustments will
improve the accuracy of predicted noise levels from both the Goma and Fwaulu
pits. Additional monitoring for noise may also be necessary to address any noise
concerns or complaints raised by people affected. The recommended locations
and duration of noise monitoring are shown in Table C2.9-22 below:
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Table C2.9-22 Recommended Noise Monitoring Location and Duration

Monitoring Location Duration
Fungurume 24 hours
Mulumbu Kiasa 24 hours
Mwanga Saugu 24 hours
Salabwe 24 hours
Mwanga Muteba (Shungu) 24 hours
Tenke (Tenke 2 receptor locale) 24 hours
Kwatebala mine pit boundary 24 hours

short-term equipment

Kwatebala mine pit equipment (e.g. surface minor, haul trucks) emission measurement

short-term equipment

Kwatabala waste rock facility emission measurement

short-term equipment

low gr re and ROM kpil .
ow grade ore and ROM stockpile emission measurement

Monitoring for groundborne and airborne vibrations should be done at Kwatebala
prior to the start of blasting operations at Goma to develop site-specific
vibrations attenuation (decay) characteristics. This information can be used to
better predict maximum groundborne and airborne vibration intensities for
subsequent blasting activities.

C2.9.5 Conclusions

Noise

The effect of noise levels was determined by:

o Establishing the existing noise levels at specific receptors for noise.

e Predicting the amount of sound generated by the major sources of sound
from the project.

e Evaluating the resulting noise levels at specific receptors.

Negligible impacts were predicted for the project activities associated with the
Kwatebala ore body. This conclusion assumes that the three closest communities
of Mulumbu, Amora and Kiboko are relocated. All predicted noise levels met
the WBG night-time guideline (45 A-weighted decibels) at the receptors
identified for the assessment. The predicted noise levels also meet the reference
DRC noise standard (40 A-weighted decibels at night). Baseline noise levels will
also be unchanged at all locations except Fungurume, Mulumbu Kiasa, Mwanga
Saugu, Salabwe, and Mwanga Muteba (Shungu). These changes are only expected
to be one to two A-weighted decibels. Since WBG criteria are met, and only
negligible changes in baseline noise levels are expected, the effects of noise
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caused by the TFM project during the Kwatebala mine phase are considered to be
of negligible environmental consequence (Table C2.9-23).

Table C2.9-23 Summary of Residual Classification for Key Question N-1

Location Direction | Magnitude Geographic Duration | Reversibility | Frequency Environmental
Extent Consequence
Nce-1: What effect will the project have on noise levels near project activities?
all receptors negative | negligible local trgcrentilum- reversible high negligible

Vibration

Noise impacts will change as mining progresses to future ore bodies within the
RSA. For activities associated with the Goma and Fwaulu ore bodies noise levels
are close to the WBG criteria for receptors on the outskirts of Tenke, about
300 meters from the Goma mine. There are no predicted impacts at other
receptors from either Goma or Fwaulu. Noise monitoring at Kwatebala is
recommended. The results of this monitoring will allow application of actual site
conditions to the Goma predictions, ensuring a more accurate mitigation design.
Actual site conditions can then be also applied to noise predictions for any future
mine expansions such as for the Fungurume ore body.

The effect of project vibration levels were determined by:

e Establishing the control distance to receptors that would represent a
worst-case scenario.

e [Establishing the magnitude of a blasting charge that would equal the
criteria at the worst-case distance and at other distances.

e Comparing the level of charge from this analysis to the project's
planned charge.

Negligible impacts were predicted (Table C2.9-24) as all planned weights of
charge for the project were considerably less than the maximum charge weight
able to comply with both groundborne and airborne criteria obtained from the US
(groundborne) and from the DRC, Canada and the US (airborne). This outcome
applies to the Goma and Fwaulu ore bodies as well as for Kwatebala.
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Table C2.9-24 Summary of Residual Impact Classification for Key Question V-1

Indicator Direction Magnitude Geographic Duration Reversibility Frequency Environmental
Extent Consequence
Vce)--1: What effect will the project have on vibration?
airborne vibration negative negligible local :g:er(;lum— reversible medium negligible
ground vibration negative negligible local {gfn(:lum- reversible medium negligible

As mining extends to new ore bodies such as for Fungurume, villages in the areas
affected will become significant receptors. The potential for impact will depend

on:

Monitoring is

Extent and design of blasting.

Distance and terrain characteristics between mine and village and the

application of mitigation.

Implementation of mitigation measures.

recommended to establish

characteristics so that future impacts can be better predicted.
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C2.10 HYDROGEOLOGY

C2.10.1 Introduction

This section presents the environmental assessment for the effects of the Tenke
Fungurume Mining (TFM) project on groundwater. The information presented in
this section meets the requirements of the terms of reference for the project
(Appendix E8) and includes details on:

o Components within each phase of the project that may influence or affect
groundwater resources and/or groundwater quality.

e Impact assessment for the potential impact of the project on the
groundwater system.

e Concerns identified by stakeholders and regulators regarding
groundwater impacts.

e Sustainability assessment for groundwater issues.

e Proposed mitigation measures to be considered during the construction,
operation and reclamation phases of the project to minimize
groundwater-related effects.

e The monitoring program that will be used to identify and monitor project
impacts on groundwater levels and quality.

This section is organized as follows:

e Section C2.10.2 describes the study areas.

e Section C2.10.3 discusses the approaches and results for the impact and
sustainability assessments.

e Section C2.10.4 discusses the cumulative effects assessment.

e Section C2.10.5 discusses the conclusions of the impact assessment.

Regional climate, hydrologic and hydrogeological information has been
compiled to characterize the groundwater baseline conditions in the study area.
The baseline information is presented in Sections B2.7, B2.11 and B2.10. The
available baseline information is used in this section to evaluate the potential
effects of the TFM project on the local and regional groundwater system.

A glossary of terms and acronyms used in this section is provided at the end of
this volume.
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C2.10.2 STUDY AREAS

Figures of the study areas and the descriptions for the hydrogeological
assessment are provided in Section C1.4. The Regional Study Area (RSA) covers
large parts of the Dipeta and Mofia river catchments and a lesser part of the
Tshilongo River catchment. Proposed and potential future mining activities in the
TFM concession will occur within these areas.

The RSA covers the aquifers contained within the Mofia and Dipeta river
catchments, upstream of the airstrip and Fungurume, respectively. These
two catchments were selected since potential impacts resulting from mining
operations at Kwatebala Hill will be limited to the aquifers associated within
these two river systems and their respective catchments. The mining activity will
generally straddle the topographic divide (which is likely a groundwater divide)
separating the two catchments. The waste rock facilities, the tailings storage
facility and the processing plant will be located within the Mofia catchment.

The area where mining and its associated activities have the potential to directly
impact groundwater is the Local Study Area (LSA) (see Figure C1.4-1). The
mine is located in the upper Dipeta River catchment. The airstrip, limestone
quarry and construction camp/permanent village will be located in the
Kabomboy River catchment. Changes in these catchments also have the potential
to impact on the groundwater system. Construction and operation of access roads
have the potential to cause localized effects in a number of other catchments of
the Mofia and Dipeta rivers.

After approximately nine years of mining at Kwatebala, the Goma
(approximately year 2017) and Fwaulu (approximately year 2020) hills are
proposed to be mined. Mining of the Goma and Fwaulu pits may impact aquifers
associated with the Tshilongo River catchment. Analysis of these impacts will be
completed before mining those hills.

C2.10.3 Impact Assessment

C2.10.3.1

Issue Scoping

Development of the mine will involve varying degrees of land disturbance, such
as removal of vegetation, excavation and ground compaction. The mine will also
include the construction of roads, buildings, parking and storage areas, waste
rock facilities, a tailings storage facility and other facilities. These disturbances
will result in changes in runoff and infiltration (groundwater recharge). Storm
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water from areas designated as “contact” (impacted by process materials) within
the plant site will be collected and used in the process water circuit.

The construction of the tailings storage facility, the waste rock facilities and ore
stockpiles will result in changes in infiltration to groundwater. The tailings
storage facility liner will result in reduced infiltration over the tailings storage
facility area. Infiltration may remain unchanged or slightly increase below waste
rock facilities and ore stockpiles due to hydrological conditions within the
facilities during mine operations. Post-closure infiltration to groundwater will be
limited by the soil and vegetation cover that is placed on the facilities as part of
reclamation.

Mine water supply will be drawn from the wells around the mine, which will also
serve as dewatering wells. The use of groundwater will affect local groundwater
resources and may also reduce the discharge of groundwater to springs and
surface water (baseflow). A post-closure pit lake will develop in the closed open
pit. This pit lake will affect the groundwater conditions once mining has ceased.

The project has the potential to affect the groundwater system as a result of
several activities, including:

e Site construction and grading, resulting in changes in runoff and
infiltration and potential reduction in groundwater recharge.

e Groundwater use for water supply purposes and subsequent effect on the
hydrogeological system, including reduced groundwater levels and a
reduction in groundwater discharge to springs and surface water.

e Mine dewatering and subsequent effects on the hydrogeological system,
including reduced groundwater levels and a reduction in groundwater
discharge to springs and surface water.

e Seepage from the tailings storage facility, waste rock facilities, ore
stockpiles and associated pollution control dams and effects on
groundwater quality.

e Accidental process liquid or material spills and effects on groundwater
quality.

e Development of a post-mining pit lake and the associated changes in the
long-term groundwater system.
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A number of concerns relating to potential changes in the quantity (availability)
and quality of groundwater were noted during the public consultation process
(Section A6). These include:

e The accumulation of heavy metals in groundwater, both from the TFM project
as well as cumulative effects from previous mining operations in the area.

e Impacts on water quality by releases from the tailings dam, effluent
dams, or releases of effluent from the processing plant.

e The interruption of groundwater flow and potential impacts on the
continued use and availability of well water by communities for domestic
use, for livestock and for irrigation.

e Concern regarding changes to spring flows by the project, and
consequent effects on the water supply for local communities.

The linkages between project activities and potential effects on groundwater are
shown in Figure C2.10-1. Potential groundwater impacts could occur during all
phases of the project and may result in a permanently altered groundwater
system. The key questions used to guide this assessment are also shown. Results
of this assessment that were used in another section of the environmental and social
impact assessment (ESIA) for the TFM project are also shown.

C2.10.3.2 Key Questions and Indicators
The linkages shown in Figure C2.10-1 were assessed by answering key questions

(with Sub-questions) for groundwater (Table C2.10-1). The use of linkage
analysis and key questions is described in Section AS5.

Table C2.10-1 Key Questions for Groundwater

Impact Assessment

GW-1  What effect will the project have on groundwater resources including groundwater levels,
groundwater availability and groundwater discharge to springs and surface water (baseflow)?
Specifically,

a) How will mine facilities (tailings storage facility, waste rock facilities, ore stockpiles and the
processing plant area) affect groundwater recharge quantities?

b) How will groundwater use for process make-up water affect groundwater resources?

c) How will groundwater use for pit dewatering affect groundwater resources?

d) How will the post-closure pit lake affect groundwater resources?

GW-2 What effect will the project have on groundwater quality?
Specifically,
a) How will seepage from mine facilities (tailings storage facility, waste rock facilities, ore
stockpiles, and the processing plant area) affect groundwater quality?
b) How will the post-closure pit lake affect groundwater quality?

Sustainability Assessment

GW-3 How can the project have a long-term benefit on groundwater quantity and quality?

Golder Associates




ESIA
Hydrogeology

-216 -

Tenke Fungurume Mining
March 2007

Figure C2.10-1
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Table C2.10-2

The Global Reporting Initiative (GRI 2005b) and the International Federation of
Consulting Engineers (FIDIC 2006) have identified indicators for water quantity
and water quality. Table C10.2-2 provides a description of these indicators and
how these have been adapted for use in the ESIA.

Indicators for Groundwater Quantity and Quality

GRI Indicators | FIDIC Indicators ESIA Indicators
Groundwater Quantity
EN20 = water sources and related changes in groundwater
ecosystems/habitat levels and streamflow
significantly affected by use )
of water effect of changes in recharge
on groundwater levels and
baseflow discharge to springs
and streams
EN5 = total water use EN13 = measurements of water changes in groundwater
usage on project during all levels and streamflow
phases .
effect of changes in recharge
on groundwater levels and
baseflow discharge to springs
and streams
EN22 = total recycling and reuse of changes in groundwater
water levels and streamflow
EN21 = annual withdrawals of effect of water use for
ground and surface water as processing and dewatering on
a percent of annual groundwater levels and
renewable quantity of water baseflow to springs and
available from the sources streams
Groundwater Quality
EN14 - measgre(:jmentfcr)f BOdDbon analysis of total coliforms
waterbodies affected by and E.coli in groundwater
project during all phases affected by the project during
all phases
measurement of cations and
anions and mineral salts in
the groundwater system
major cations and anions and
metal salt concentrations not
to exceed protection drinking
water guidelines at
compliance points for the
project
BOD =  biological oxygen demand.

Sources: Global Reporting Initiative (GRI 2005b).

C2.10.3.3

Assessment Criteria

International Federation of Consulting Engineers (FIDIC 2006).

The assessment criteria used for hydrogeology are presented in Table C2.10-3.
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Table C2.10-3

Impact Description Criteria and Numerical Scores for the Tenke
Fungurume Mining Project — Hydrogeology

Resource Direction® Magnitude® GE‘;%;':(P)'C Duration” | Reversibility' | Frequency”
groundwater | positive, negligible: local: short-term: reversible low:
negative or less than 5 effect restricted | less than 3 or occurs rarely
neutral percent to the LSA years irreversible medium:
for the change regional: effect | medium- occurs
measurement low: 5to 10 extends beyond | term: intermittently
endpoints percent the LSA into the | 3 to 20 years (less than 10
change RSA long-term: times per year)
moderate: beyond greater than high:
10 to 30 regional: effect | 20 years occurs
percent extends beyond frequently (10
change the RSA or more times
high: per year)
greater than
30 percent
change

(@)
(b)
(©
()

(C]

Direction: positive or negative effect for measurement endpoints, as defined for specific component.

Magnitude: degree of change to analysis endpoint.

Geographic Extent: area affected by the impact.

Duration: length of time over which the environmental effect occurs. Considers a two-year construction period and a 20-year
operation period.

Reversibility: effect on the resource (or resource capability) can or cannot be reversed.

Frequency: how often the environmental effect occurs.

C2.10.3.4

Key Question GW-1

Key question GW-1 is: What effect will the project have on groundwater
resources including groundwater levels, groundwater availability and
groundwater discharge to springs and surface water (baseflow)?

Linkage Evaluation

Figure C2.10-1 shows the linkage between project activities and potential effects.
The linkages associated with key question GW-1 are described in this section.
Project activities during construction, operation and closure may result in
changes in the groundwater system. Linkages are further evaluated by the sub-
questions below.

Sub-question GW-1a

Sub-question GW-1a is: How will mine facilities (tailings storage facility, waste
rock facilities, ore stockpiles and the processing plant area) affect groundwater
recharge quantities?

As part of mine construction, vegetation and soil will be removed. Grading will
occur to reshape the topography. Mine facilities, such as the processing plant,
will be constructed on engineered surfaces (concrete pads). The tailings storage
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facility will be lined with a low-permeability liner. Waste rock facilities and ore
stockpiles will be placed on existing sub-grade soils. Remaining exposed soil in
areas of disturbance may be compacted to provide vehicle passage (informal,
temporary roads). Artificial drainage channels and detention dams/ponds will be
constructed to manage storm water runoff from the mine facilities. These
construction activities will modify the runoff and infiltration characteristics within
the mine area. Changes in infiltration will affect the groundwater resources in the
project area.

Construction activities may increase or decrease the amount of infiltration that
would reach the groundwater system depending on how the water is managed.
Directing runoff from impervious (cannot be penetrated) areas, such as roofs and
concrete pads, to local drains or vegetated areas may locally increase recharge.
Similarly, directing runoff directly to surface water via ditches would decrease
groundwater recharge at the processing plant site during mining operations.

Following reclamation, overall groundwater recharge is expected to be similar to
existing conditions. However, areas underlain by a low permeability liner
(tailings storage facility, landfill areas) will have reduced groundwater recharge.
.The tailings storage facility liner will reduce the amount of groundwater
recharge occurring in the Kasana catchment (tributary to Mofia catchment)
during mine operation and closure. During mine operation, groundwater
recharge may remain unchanged or it may increase above pre-existing conditions
below the waste rock facilities and ore stockpiles. This is because of the absence
of vegetation on the waste rock facilities and ore stockpile surface and the
presence of relatively permeable soil underlying these facilities. Seepage passing
through these facilities would infiltrate into the subsurface. Following
reclamation of the waste rock facilities, or any unprocessed ore stockpiles,
groundwater recharge will be similar to existing conditions. This will be due to
the placement of a soil cover (similar to existing conditions) over the facilities,
combined with a vegetative layer to enhance runoff and transpiration from the
soil zone. Reclamation of the soils beneath the ore stockpiles would occur
following re-processing of ore stockpiles. Under reclaimed conditions, recharge
is expected to return to pre-mining conditions.

Sub-question GW-1b

Sub-question GW-1b is: How will groundwater use for process make-up water
affect groundwater resources?

For the purpose of this ESIA, the water supply for the mining operation (process
make-up water) is assumed to be provided by a new wellfield constructed near
Kwatebala and integrated with mine dewatering operations. Hydrologic
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investigations, including the drilling and pumping of test wells, have verified that
a groundwater supply source exists near the Kwatebala mine site, adequate to
supply the process make-up water needs. Pump test data from these same wells
were also used to estimate the amount of water that may be required for mine
dewatering purposes. A groundwater flow model was constructed in order to
simulate the effects of withdrawing water for both process water use and
dewatering of the Kwatebala open pit (Appendix C2.10-I).

The production/dewatering wellfield will be installed in phases, starting as a part
of the mine construction. These dewatering wells will be operated from Year 0
onward to provide the mine’s water supply, including construction water.
Dewatering of the open pit will not be required until about Year 8 of operation,
meaning that the dewatering wells will be pumped only to meet the demand for
process water during the first seven years. It is expected that the mine dewatering
wells will provide sufficient water for construction activities and process
operations. However, as a contingency, additional wells may be developed near
the mine, and/or the existing Fungurume wells will be rehabilitated to provide the
necessary supply.

The current estimated maximum demand for process water make up is 450 cubic
meters per hour (10.8 million liters per day or 125 liters per second). Demand
will reduce to an estimated annual average of 224 cubic meters per hour
(5.4 million liters per day or 62 liters per second) once recycling process water
from the tailings storage facility and storm water dams begins. This water
demand represents about 14 percent of the combined annual average flow of the
Dipeta and Mofia Rivers as measured at the Lower Dipeta and Lower Mofia
gauges (Section B2.11). This calculation assumes no return of the mine open pit
dewatering water to tributaries of the Mofia and Dipeta Rivers. Much of this
water will be returned to the rivers, either as excess water not required for
processing operations or as part of a surface water mitigation program to supply
water to stream reaches affected by the pit dewatering program. These actions
will reduce the potential flow reduction in the rivers.

Pumping the dewatering wells will lower the water level in the borehole causing
groundwater to flow toward the wells and a “cone of depression” to develop
around the dewatering wells. The amount of drawdown in the dewatering wells
and the shape and extent of the cone of depression will be a function of the nature
and distribution of geological units, the hydraulic properties of the geological
units (transmissivity and storativity), and the dewatering rate. The greatest
drawdown will occur at the dewatering wells with the amount of drawdown
decreasing with distance from the wells.
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Any existing wells and springs within the cone of depression would be affected
by the dewatering operations. Water levels could drop in the wells, potentially
reducing well yield if the well is relatively shallow. Deeper wells with significant
saturated thickness would see a water level decline and consequent lower
pumping water level, and a decrease in the maximum yield. A decrease in
groundwater levels at spring sites could result in reducing spring flow or drying
up a spring under an extreme condition. If dewatering lowers the groundwater
level below the elevation of the river, then there will be a reduction in surface
water flow. This reduced surface water flow will be due to the infiltration of
surface water into the groundwater system. If dewatering results in a lowering of
groundwater levels (but not below the surface water elevation), then there will be
a reduction in the amount of groundwater discharged as baseflow to surface
water.

The hydrogeological investigation was designed to collect the necessary
information to determine the properties of the aquifers for input into a
groundwater flow model. A groundwater flow model (Appendix C2.10-1) was
then used to determine the impacts of groundwater use for mine water supply and
pit dewatering on the groundwater system. The study also evaluated the water
supply well locations.

Sub-question GW-1¢

Sub-question GW-1c is: How will pit dewatering affect groundwater resources?

Mine pit dewatering will not be required until about Year 8 of mining. Assuming
that the dewatering wells are installed in Year O and fully provide the project’s
process water needs, these wells will be pumped at a rate of 5.4 million liters per
day for the period before the open mine pit reaches the water table. As the mine
pit deepens, a greater quantity of groundwater must be pumped to keep the mine
pit bottom dry, the pit slopes well drained, and to enable mining operations to
proceed efficiently. At some time it is likely that the dewatering requirements
will exceed the water required for process purposes. Once this occurs, dewatering
water in excess of the process requirements will be discharged to the local
surface water drainage system. The water quality assessment (Section C2.12)
states that the dewatering water is expected to be similar in quality to the springs.

The discharge of excess dewatering water will occur in the headwaters of the
tributary streams draining the mine area that may become impacted by
dewatering. The principal potentially-affected streams are the Kasana, Shimpidi
and the Sokalwela (Section C2.11). Some of this excess water will infiltrate, but
most will become surface runoff, providing surface water for human use and
support of riparian vegetation (including gallery forests) (Section C3.1). This
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mitigation measure will also lessen impacts to fish and aquatic habitats
(Section C3.3).

The open pit dewatering operations will affect the groundwater system in a
manner similar to that described for the groundwater supply (Section C2.10.3.4
Sub-question GW-1b). The hydrogeological investigation was designed to collect
the necessary information to develop a groundwater flow model that was used to
determine the mine pit dewatering requirements and the effects of dewatering on
the groundwater system.

Sub-question GW-1d

Sub-question GW-1d is: How will the post-closure pit lake affect groundwater
resources?

Following mining, the dewatering wells will be turned off and the groundwater
level will rise and flood the mine pit. Surface water runoff from the pit slopes
will also enter the mine pit contributing to the rise in the water level in the pit.
Over time, the water level in the mine pit will reach an equilibrium level dictated
by the pit topography, groundwater conditions and water balance (the inflows-
groundwater, surface water and precipitation and outflows-evaporation and
groundwater discharge). The post-mining pit lake water elevation will rise above
the pit floor, and will likely be slightly lower than the pre-mining groundwater
levels (see Appendix C2.10-I). This change could affect the groundwater system
surrounding the mine. Changes in the groundwater system could include changes
in the groundwater levels and discharge levels of groundwater to springs.
Changes to baseflow in the local rivers could also result.

Assessment Methods

To determine the impact of the mine and associated facilities on the groundwater
system, a scientific assessment was conducted. The assessment included three
phases:

1) A preliminary study of existing information and site reconnaissance to
develop an overall conceptual model of the groundwater system.

2) A field work investigation phase to fill data gaps by drilling, installing,
testing and sampling monitoring and production wells to characterize the
site conditions.

3) An analysis phase to evaluate and interpret the data, to revise the
conceptual model and to conduct an impact assessment using appropriate
modeling tools. The three phases are outlined below.
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Preliminary Study

Investigation Phase

A literature review of existing geological and hydrogeological
information available for the TFM concession area.

A hydrocensus (groundwater reconnaissance), which required identifying
the location of all the springs and boreholes mentioned in previous
literature, as well as any others, in order to confirm the existing
information on groundwater level and flows. The hydrocensus was
followed by sampling groundwater from selected springs and boreholes
(Figure C2.10-2). The samples were analyzed by an accredited
laboratory in Johannesburg, South Africa.

Development of a hydrogeological conceptual model.

Completion of a geotechnical investigation to characterize the shallow
hydrogeological conditions.

A geophysical survey to confirm the existence of structural features
interpreted from satellite photographs and to locate targets for
monitoring and test wells.

Installation of groundwater monitoring wells at mine facilities.

Exploration drilling on target sites identified during the geophysical
survey to investigate the groundwater conditions.

Test pumping selected boreholes to determine aquifer characteristics
such as transmissivity, storativity and boundary conditions.

Analysis and Impact Assessment Phase

Analysis of the hydrological information to estimate groundwater
recharge.

Analysis of the pumping test data to determine the hydraulic properties
of the key geological units in the project area.

Development of an updated conceptual hydrogeological model of the
mine area.

Construction of a numerical groundwater flow model based on the
conceptual hydrogeological model to determine the impact on the
groundwater system from:

- Groundwater supply for processing.
— Pit dewatering.
- Seepage from the waste rock, ore and tailing pond.

- Post-mining pit lake.
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Mitigation

The groundwater flow model for the Kwatebala open pit, tailings and
waste rock stockpiles is described in Appendix C2.10-1.

Development of an analytical groundwater transport model to evaluate
the potential impacts on groundwater quality from waste rock
facilities/ore stockpile seepage and tailings storage facility seepage. The
analytical = groundwater  transport model is  described in
Appendix C2.12-1.

Several engineering elements have been incorporated into the project design to
minimize the effects of the project on groundwater resources (Section D3.1-6).
These mitigation measures include:

Storm water runoff from the processing plant and other project facilities
during construction and operations will be directed to retention/detention
ponds and used in the plant process. This will minimize the potential
degradation of groundwater quality.

During operations, the tailings storage facility will be developed in
stages, which will minimize the loss in groundwater recharge from the
fill covering the natural ground surface.

The groundwater process supply/pit dewatering well system will be
designed to minimize drawdown impacts on local wells, springs and
surface water during mine operations.

The pit dewatering system will be operated to maintain the groundwater
level just below the bottom of the mine pit as the pit is deepened. This
will provide dry mining conditions and improved slope stability. It will
also minimize the drawdown effects outside the mine pit.

Excess pit dewatering water will be discharged to surface water during
mine operations to augment stream flow, as needed. Water will only be
released if it meets applicable quality guidelines. Stream flows will be
monitored to determine if and when flow augmentation is required.

The Fungurume wellfield will be upgraded, if needed, to supply the
construction camp/permanent village water needs. During mine
operations, local individuals would be trained to run the water system.
Upon closure of the mine the wellfield infrastructure would be handed
over to the local population to provide a long-term water supply.

Basic groundwater supply systems (involving a well with a mechanical
hand pump) will be provided to villages where spring water sources are
affected by the use of groundwater for process water or mine pit
dewatering.
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Results

Figure C2.10-3 shows the location of the mine facilities and their setting with
respect to the local watershed boundaries. Figure C2.10-4 shows the location of
the mine facilities with respect to the aquifer systems.

Numerical Groundwater Modeling for Groundwater Resources Impacts

A groundwater flow model has been prepared to evaluate the impacts to
groundwater resources from the TFM mining operations. The model is described
in Appendix C2.10-I.

Model output provides a quantitative assessment of the potential range of impacts
to groundwater resources based on test well installation and testing, from
investigation of the tailings storage facility area, the water supply investigation,
and development of the water balance model. The model also explores the
sensitivity of the predictions to variations in geologic interpretations and changes
to the mining/dewatering plan. The model impact analysis results are therefore
presented as a range of potential impacts. Figures and tables depicting the model
results are presented in the groundwater modeling appendix (Appendix C2.10-I).
The results are summarized briefly below:

Pit Inflows/Dewatering

Model results suggest that groundwater inflow to the pit will increase over time
as the pit is deepened, commencing in Year 8 and reaching flow rates that could
range from about 200 liters per second (720 cubic meters per hour) to potentially
as much as 650 liters per second (2,340 cubic meters per hour) at the end of the
mining process. Inflows are, however, more likely to be toward the lower end of
the range.

Impacts of Dewatering on Groundwater Levels and Baseflow

The area affected by one meter or more of drawdown is estimated to be between
about 100 and 160 square kilometers. Without mitigation the baseflow in the
Dipeta River near Fungurume could decrease from about 240,000 cubic meters
per day pre-mining to 200,000 cubic meters per day at the end of the operational
phase. However, much of this decrease would be mitigated during the mining
operation phase through returning excess dewatering water to tributaries to the
Dipeta.
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Impacts of Dewatering and Groundwater Supply on Wells and Springs and
Gallery Forest

e Springs and Wells - There could be adverse impacts to local springs and
wells used by the community for water supply purposes. The impacts
will be progressive, gradually increasing over the duration of pit
dewatering and then extend into the closure and post-closure period as
the groundwater system re-establishes to a new equilibrium. It is
predicted that 15 to 16 springs in the vicinity of the mine could be
temporarily lost as a source of supply during the mining period. Over the
long-term post-closure period, no springs are predicted to stop flowing
completely; however, several springs will show only seasonal rather than
year- round discharge.

e Gallery Forest - There could be impacts on the groundwater levels
below areas of gallery forest sustained by groundwater discharge. The
impacts will be progressive, gradually increasing over the duration of pit
dewatering and then extend into the closure and post-closure period as
the groundwater system re-establishes to a new equilibrium. The
impacts would be greatest in the Kasana drainage north of the waste rock
stockpile and similar north-flowing tributaries reaching the Mofia River
in proximity to the mine.

Post-Closure Pit Lake Effects on Groundwater System

The groundwater flow model indicates that the post-closure water level elevation
in the pit will be below the lip of the pit. There will therefore be no surface water
overflow from the pit. The pit will discharge groundwater to the local flow
systems.

Once mining and dewatering cease the recovery in the groundwater levels will
form a pit lake within the open pit. The modeling indicates that the pit lake water
level will recover to a new equilibrium level 20 to 60 years following the end of
mining.

The results of the groundwater resources impact assessment are presented in
Table C2.10-4. This table lists each mine facility or area and its potential impact
on groundwater resources (groundwater levels, groundwater availability,
discharge to springs and baseflow) and groundwater quality. The watershed in
which the impact could occur is also included in the table. The table then
includes an assessment of the potential relative magnitude of the impact based on
a scale as follows:

0 — Little, if any, impact.
1 — Negligible localized impact.
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Table C2.10-4 Mine Facilities and Their Potential Effect on Groundwater

Resources
Area Affected Sub-
Facility (ha) Watershed/ Effect on Groundwater Resources
Aquifer Unit
o Processing plant supply/dewatering wells and pit dewatering will lower
water Shimpidi, Kasana groundwater levels over an area ranging from 100 to 160 square
supply/ 100to | @nd Sokalwela/ kilometers potentially affecting nearby wells, and reducing groundwater
pit 160 Far North Aquifer, | gischarge to about 15 to 16 springs and surface water during mining.
dewaterin (km?) Nort_h ) There will be a small residual effect post-closure.
9 Aquifer/Dipeta
wells Aquifer impact = -2 to -3 (operations)
0 to -1 (post-closure)
Covering of soil with low-permeability liner will reduce infiltration and
. groundwater recharge. This reduction in recharge will affect baseflow in
tailings Kasana/Far North | the Kasana drainage. The reduction will be throughout mining and post
storage 233 Aquif closure
facility quiter ) : .
impact = -1 to -2 (operations)
-1 to -2 (post-closure)
Covering of soil with liner will reduce infiltration and groundwater
recharge during mining. The pond will be reclaimed at closure returning
returr(la)water 20 Kasgna/Far North conditions to pre-mining.
pond Aquifer . _ .
impact = -1 (operations)
0 (post-closure)
Potential increase in groundwater recharge during operations.
little change from pre-existing conditions at closure because of placing of
wa_s?g rock 145 Kas?”a’ Far North soil cover and vegetation.
facilities Aquifer . .
impact = +1 (operations)
0 (post-closure)
potential increase in groundwater recharge during operations
ore stockpile 77 Kasana/Far North | No change at closure because stockpile removed and site reclaimed.
(east) Aquifer impact = +1 (operations)
0 (post-closure)
Potential increase in groundwater recharge during operations.
ore stockpile 38 Kasana/Far North | No change at closure because stockpile removed and site reclaimed.
(west) Aquifer impact = +1 (operations)
0 (post-closure)
Potential increase in groundwater recharge during operations.
run of mine 6 Kasana/Far North | No change at closure because stockpile removed and site reclaimed.
stockpile Aquifer impact = +1 (operations)
0 (post-closure)
o Potential reduction in groundwater recharge from increased impervious
) Shipidi and surfaces during mining.
processing 30 Kasana/ . No change at closure because facilities removed and site reclaimed.
plant site Far North Aquifer . t= -1 i
and North Aquifer impact = -1 (operations)
0 (post-closure)
Shimpidi, Kasana | Potential effect on groundwater recharge because of increased capture of
it lake and Sokalwela/ surface runoff plus the evaporation from open pit water surface at post
p Far North Aquifer, | closure.
(post- 143 )
closure) North impact = -1 to +1
Aquifer/Dipeta
Aquifer
@ Estimated.

n/a = not applicable.

ha = hectares.
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2 —Moderate localized impact.

3 — High local and regional impact.

A negative number indicates an adverse groundwater impact such as poorer
water quality or a reduced quantity of available groundwater. A positive number
indicates a beneficial groundwater impact such as increased groundwater
recharge. This scale has been used to provide an assessment based on the known
site conditions, existing information (such as seepage water quality and quantity)
and based on experience at similar mining sites.

An assessment of the potential changes in recharge as a result of mine facilities
has been made based on existing information. The results of this preliminary
assessment are presented in Table C2.10-5.

The analysis indicates that there could be an overall change in groundwater
recharge in the Kasana catchment from the tailings storage facility, waste rock
and ore stockpiles and the process plant ranging from a loss of 21 percent to a
potential net gain of over 70 percent (during mine operation). Overall, the change
in groundwater recharge in the Mofia catchment would range from a decrease of
one percent to an increase of four percent. There could be little if any change in
the Shimpidi catchment or potentially a small increase in groundwater recharge
associated with the infiltration of non-contact stormwater (such as roof runoff)
from the process plant area (MinProc 2007). The range in impacts in both
catchments is associated with uncertainty in the estimates of pre-mining
groundwater recharge.

At post-closure, the groundwater recharge from all facilities except the tailings
pond would be the same as existing conditions because the facilities would be
removed and/or covered with similar soil and vegetation compared to existing
conditions. Groundwater recharge will be less than existing conditions under the
tailings pond. This reduced groundwater recharge will contribute to a net loss of
recharge of about 23 percent in the Kasana catchment and about one percent in
the Mofia catchment. There would be no change in post-closure recharge in the
Shimpidi catchment because the process plant would be reclaimed consistent
with existing conditions.
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Table C2.10-5 Changes in Recharge from Mine Facilities During Mining and Post Closure
Groundwater | Groundwater Change in Change in Change in Change in Change in Change in
Groundwater Groundwater Groundwater Groundwater
Recharge Recharge Groundwater | Groundwater Groundwater
e e Recharge to Recharge to Recharge to Recharge to
Existing Existing Recharge Recharge - Recharge
Total Watershed o s . . R A Watershed During Watershed Watershed Post (Watershed Post]
Watershed or Catchment Conditions Conditions Mine Facility (mmlyr) during Mining . . . Post-Closure
Area (ha) (mmlyr) (mlyr) (mmlyr) M|r31|ng During Mining (mmiyr) Clossure Closure
(m7lyr) (%) (m7lyr) (%)
Max Min Max Min Footprint DL."!ng Post Max Min Max Min Max Min Max Min Max Min Max Min
Area (ha)|Mining|Closure
Kasana 250 150 Tailings Pondtailings pond 233 9E-05 | 9E-05 | -250 | -150 |-5.8E+05 |-3.5E+05 -250 | -150 |-5.8E+05 |-3.5E+05
Kasana 250 150 Reclaim Water Pond®reclaim water pond(a) 20 7 200 -243 | -143 |-4.9E+04 | -2.9E+04 0 0 0.0E+00 | 0.0E+00
Kasana 250 150 Ore Stockpile (east)ore stockpile (east) 77 286 200 36 136 | 2.8E+04 | 3.2E+05 0 0 0.0E+00 | 0.0E+00
Kasana 250 150 Ore Stockpileore stockpile (west) 38 356 200 106 206 | 4.0E+04 | 4.8E+05 0 0 0.0E+00 | 0.0E+00
Kasana 250 150 Waste Rock Dumpwaste rock facility 145 261 200 11 111 | 1.6E+04 | 1.6E+05 0 0 0.0E+00 | 0.0E+00
Kasana 250 150 ROM StockpileROM stockpile 6 284 200 34 134 | 2.0E+03 | 3.1E+05 0 0 0.0E+00 | 0.0E+00
Kasana 250 150 Process Plant Siteprocess plant site 15 238 200 -12 88 |-1.8E+03 | 2.1E+05 0 0 0.0E+00 | 0.0E+00
Total Kasana Watershed 1,030 250 150 |2.6E+06|1.5E+06 534 -5.5E+05 | 1.1E+06 -21 7 -5.8E+05 | -3.5E+05| -23 -23
|Upper Mofia 16,100 250 150 |4.0E+Q07 |2.4E+07 534 -1 5 -1 -1
Shimpidi 250 150 Process Plant Siteprocess plant site 15 238 200 -12 88 |-1.8E+03| 2.1E+05 0 0 0.0E+00 | 0.0E+00
Total Shimpidi Watershed 1,200 250 150 |3.0E+06 |1.8E+06 15 -1.8E+03 | 2.1E+05 0 11 0.0E+00 | 0.0E+00 0 0
Total Mid Dipeta 10,600 250 150 |2.7E+07 [1.6E+07 15 0 1 0 0

Notes:

Process plant site assumed to be equally divided between KasanaProcess plant site assumed to be equally divided between Kasana and Shimpidi watersheds
Recharge rates for ore, waste rock and ROM stockpiles and plant site from Water Balance Modeling - Report No : 7908/8467/13/W
Tailings seepage seepage rate 2.00E-01 m3/y.

Source - Section 9.10.5.4 - tailings tailings study.

(a)

Source - tailings WB 100ktpa - 2006_07_03 from D. Walker
Plant site, reclaim pond, ore site, reclaim pond, ore stockpile and ROM pads removed at closure and areas reclaimed

mm/y =millimeters per year.
m3/y = cubic meters per year.
min = minimum.

max = maximum.

Seepage from reclaim water reclaim water pond during operations
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A similar assessment of the effects of using the Fungurume wellfield to meet the
construction camp/permanent village water demand has been made based on the
existing data. A range of transmissivity and storativity values was selected to
represent the likely conditions at the wellfield. The pumping rate was assumed to
be 500,000 liters per day. The pumping duration is one year. Recharge is
sufficient to replenish the aquifer annually. The analysis (Table C2.10-6)
indicates that pumping the wellfield would theoretically lower the groundwater
levels over several kilometers from the wellfield. However, measurable
drawdown would only be detected within 1,000 meters of the well. The amount
of drawdown would be limited because of the high transmissivity of the aquifer.
Springs located within this area of drawdown could potentially be impacted if
they are in hydraulic connection with the main aquifer, but the change in flow is
likely to be undetectable.

Table C2.10-6 Estimated Range in Drawdown at Fungurume Wellfield from

Construction Camp Water Use

Aquifer Drawdown at

Scenario Aquifer Hydraulic Properties Distance from Wellfield (m)
100 1,000 10,000
transmissivity 2,000 m?/d
1 - 4 0.24 0.15 0.06
storativity 1 x 10
transmissivity 3,500 m?/d
2 . 3 0.17 0.07 0.02
storativity 1 x 10

m?/d = square meters per day.

Uncertainty in the potential impacts on groundwater resources is reflected in the
range of aquifer hydraulic properties presented in Table C2.10-6.

Impact Analysis

This section presents an overall summary of the residual impacts to the
groundwater system (groundwater resources) during operation and post-closure
relating to key question GW-1.

Table C2.10-7 presents a summary of the residual impacts with regard to
groundwater resources.
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Table C2.10-7 Residual Impact Classification for Key Question GW-1

Geographic Environmental

Direction | Magnitude Extent Duration Reversibility | Frequency Consequence

Key question GW-1:  What effect will the project have on groundwater resources including
groundwater levels, groundwater availability and groundwater discharge to
springs and surface water (baseflow)?

Far North Aquifer (tailings storage facility, waste rock facilities, processing plant site, ore stockpiles)

moderate local to

negative to high regional long-term yes high moderate to high
North Aquifer (Kwatebala open pit mine, processing plant)

. moderate local to . .
negative to high regional long-term yes high moderate to high
Dipeta Aquifer (no mine facilities)
negative/ | negligible local medium-term | yes low negligible to low
neutral to low
South Aquifer (no mine facilities)
negative/ | negligible local medium-term | yes low negligible to low

neutral to low

Tshilongo Catchment (no mine facilities)

negative/ | negligible

local medium-term | yes low negligible to low
neutral to low

The residual (post-mitigation) impacts on groundwater resources in the Far North
Aquifer and North Aquifer are negative in direction. This is because groundwater
levels will decline in response to pumping. This will potentially reduce the water
levels in local wells and reduce the groundwater discharge to springs and surface
water close to the water supply/dewatering wells during mine operations and for
a number of years during the start of mine flooding as groundwater levels recover
to new equilibrium conditions. After a post-mining pit lake has developed there will
likely be little long-term residual impact on groundwater resources.

The nearest known local well is at Mwela Mpande, located to the northwest of
the mine site (Figure C2.10-2). It is predicted that water supply and mine
dewatering could result in a drawdown of between 7 and 17 meters at this
location at the end of mining (Year 20). Drawdown would be progressive over
the life of the mine with little drawdown over the first eight years and then
increasing during pit dewatering. It is estimated that 15 to 17 springs will be
adversely affected by the dewatering operations and will stop flowing during
mine operations. These decreases in spring discharge will affect the flow in the
upper reaches of local rivers.

Based on current information and analyses, the magnitude of residual impacts
would be moderate to high with the geographic extent ranging from local (in the
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Kasana, Shimpidi and, possibly, the Sokalwela catchments) to regional (beyond
the LSA) depending on the hydrogeological conditions. The overall regional
impact will be low because the impact is small in relation to the overall water
budget for the Dipeta and Mofia Rivers. The duration of impacts will be long-
term, occurring for the life of the mine until post-closure.

The groundwater pumping/dewatering effects are considered reversible because
pumping will cease at the end of mining. Groundwater levels will then recover to
new equilibrium conditions, similar to pre-existing conditions. The frequency of
the predicted effects is classified as high (continuous). The environmental
consequence of the predicted effects is moderate to high depending on the
quantity of groundwater removed during mine pit dewatering and the
hydrogeological conditions near the pit.

The magnitude of the residual effects on groundwater resources in the Dipeta
Aquifer and South Aquifer is negligible to low. These aquifers are not targeted
for groundwater supply purposes but there is some potential for these aquifers to
be impacted by groundwater pumping from the North and Far North Aquifers.

A possible positive residual impact could be the provision of higher quality
(compared to current drinking water sources) potable (drinking) groundwater to
affected villagers during mine operations. In addition, following mining, the
groundwater supply system could be dedicated to the local authorities for
domestic, agricultural or industrial use.

Prediction Confidence

The impact predictions regarding impacts to the groundwater resources are
subject to some uncertainty because of the sensitivity of the model results to the
interpreted geological conditions. The major source of uncertainty is the nature
and extent of low-permeability units at the mine and their interaction with surface
water and springs. This uncertainty is addressed by incorporating two different
geological interpretations into the model and by presenting the results as a range
rather than as a single-point estimate. It will be further addressed through
operational monitoring of groundwater levels and spring flows surrounding the
mine site.

Monitoring

A groundwater resources monitoring program (Section D3.1.6) will be
implemented during operation and closure to determine the impacts on
groundwater quantity and flow from the groundwater supply/mine dewatering
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and seepage from mine facilities. The monitoring program will include the
following elements:

e Recording the quantities of water pumped from each groundwater
supply/dewatering well.

e Measuring the groundwater levels in the wells and in observation
boreholes.

e Measuring the discharge from springs near the groundwater
supply/dewatering wells.

e Measuring precipitation.

e Using piezometers installed in gallery forest habitats to monitor water
levels, within the predicted cone of depression of the dewatering wells.

e Measuring the discharge in surface water (the Dipeta and Mofia rivers)
as part of the hydrological monitoring program.

C2.10.3.5Key Question GW-2

Key question GW-2 is: What effect will the project have on groundwater
quality?

Linkage Analysis

Figure C2.10-1 shows the linkage between project activities and potential effects.
The linkages associated with key question GW-2 are described in this section.
Project activities during construction, operation and closure may result in
changes in the groundwater quality. Linkages are further evaluated by the Sub-
questions below.

Sub-question GW-2a

Sub-question GW-2a is: How will seepage from mine facilities (tailings storage
facility, waste rock facilities, ore stockpiles and the processing plant area) affect
groundwater quality?

There will be seepage from various mine facilities that could affect the quality of
the underlying groundwater (Figure C2.10-1). These facilities include the waste
rock facilities, the ore stockpiles and the tailings storage facility. The amount of
seepage will be a function of the precipitation and evaporation conditions, the
topography underlying the waste rock facilities and ore stockpiles, the grain size
of the stockpile material, and/or the permeability of the underlying soils below
the ore stockpiles and waste rock facilities or the permeability of the liner below
the tailings storage facility. An estimate of the seepage quantities from these
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facilities is presented in the water balance (MinProc 2007). C2.12. The quality of
the seepage will be a function of the geochemistry of the waste rock, ore and
tailings. Geochemical characterization of the seepage is discussed in
Appendix B2.3-1.

A mass balance (flow rate and concentration) groundwater transport model has
been prepared. This model and results are presented in Appendix C2.12-1. The
model is based on:

e The configuration and expected physical conditions of the waste rock
facilities and ore stockpiles.

e The permeability of the underlying soil to estimate the quantity and
quality of seepage from the waste rock facilities and ore stockpiles.

e The concentrations of constituents in leachate generated by these
facilities.

During mine operations, the seepage rate from the waste rock facilities and ore
stockpiles is expected to be similar to, or possibly slightly greater than existing
conditions (MinProc 2007). After the seepage migrates below these facilities, the
water will pass through the underlying soil where some attenuation of metals
may occur. Upon reaching groundwater, the seepage will mix and disperse within
the groundwater system. The nature and extent of affected groundwater will be a
function of the physical and chemical properties of the groundwater flow system,
including:

e Thickness and hydraulic conductivity of the geological units.
e Hydraulic gradient.

e [Effective porosity.

e Dispersivity.

e Redox conditions.

e Chemical partitioning between solute and rock mass.

e Background water quality.

Accidental chemical spills may also contribute to changes in the groundwater
quality, depending on the nature, extent, frequency and duration of such spills,
but these are likely to be a much smaller load to groundwater than the waste rock
or ore stockpiles.

Golder Associates



ESIA - 238 - Tenke Fungurume Mining
Hydrogeology March 2007

Sub-question GW-2b

Sub-question GW-2b is: How will the post-closure pit lake affect groundwater
quality?

Following mining, the dewatering wells will be turned off and the groundwater
level will rise, until the mine pit is flooded. Surface water runoff from the pit
slopes will also enter the mine pit, contributing to the rise of the water level in
the pit. The quality of water in the post-mining pit lake will be a function of the
quality and quantity of the various water inputs to the pit lake and the effects of
concentration from evaporation on pit lake water quality.

The post-mining pit lake could either be:

e An ultimate groundwater “sink” with groundwater and surface water
flowing into the pit. Water inputs would be balanced by evaporation as
there is no groundwater outflow from the pit. Under these circumstances,
the equilibrium pit lake water level would be below the surrounding
groundwater level. The pit lake would not have any effect on
groundwater quality outside the pit.

or

e The pit could become a groundwater “source” with the equilibrium pit
water level higher than the surrounding groundwater level. Under these
conditions, the water in the pit lake would flow out of the pit. This
outflow would affect the groundwater quality surrounding the pit.

Assessment Methods

To determine the impact of the mine and associated facilities on groundwater
quality, a scientific assessment was conducted. The assessment included three
phases:

1. A preliminary study of existing information and site reconnaissance to
develop an overall conceptual model of the groundwater system.

2. A field work investigation phase to fill data gaps by drilling, installing,
testing and sampling monitoring and production wells to characterize the
site conditions.

3. An analysis phase to evaluate and interpret the data, to revise the
conceptual model, and to conduct an impact assessment using
appropriate modeling tools.
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These three phases were outlined under key question GW-1 covering
groundwater quantity. The aspects related to the groundwater quality assessment
are presented below.

Preliminary Study

e A literature review of existing geological and hydrogeological
information available for the TFM concession area.

e Sampling of groundwater from selected springs and boreholes. The
samples were analyzed by an accredited laboratory in Johannesburg,
South Africa.

e A surface geophysical investigation program to identify major
hydrogeologic features.

e Development of a preliminary hydrogeological conceptual model.

Investigation Phase

e Installation of groundwater monitoring wells at mine facilities.

e Exploration drilling on target sites identified during the geophysical
survey in to order to probe the underlying lithologies.

e Test pumping selected boreholes to determine aquifer characteristics
such as transmissivity, storativity and boundary conditions.

Analysis and Impact Assessment Phase

e Development of an updated conceptual hydrogeological model.

e Development of a numerical groundwater flow model to identify
groundwater pathways and groundwater travel times to surface water
from mine facilities and from the post-closure pit lake.

o Development of a geochemical model to determine the characteristics of
seepage from the mine facilities.

e Development of an analytical groundwater transport model to evaluate
the potential impacts to groundwater seepage from waste rock
facilities/ore stockpile seepage, tailings storage facility seepage and the
post-closure pit lake.
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Mitigation

Several engineering elements have been incorporated into the project design to
minimize the effects of the project on groundwater quality. These mitigation
measures include:

e Storm water runoff from the processing plant site and other facilities will
be collected and used in the process plant. This will minimize water
quality impacts during construction and operations.

e The installation of underground tanks will be avoided.

e Secondary containment will be provided at all surface tanks and storage
areas containing potential contaminants to minimize impacts.

e The tailings storage facility will be lined to minimize seepage of poor-
quality water to groundwater during operations and closure.

e Atclosure:

- All potential contaminants will be removed/drained from storage
tanks and storage areas.

- Potentially contaminated infrastructure will be removed.

— The closure topography on the tailings storage facility and waste
rock facilities will be contoured to minimize infiltration and seepage
of poor-quality water to groundwater.

- Vegetation will be established on the sides of the tailings storage
facility, The top of the tailing facility will have a waste rock cover.

— Vegetation will be established on the top of the waste rock facilities
to reduce infiltration and seepage of poor-quality water.

-~ Low-grade ore stockpile will have been fully processed at closure.
The footprint of these stockpiles will be reclaimed.

¢ During construction, operations and closure an environmental action plan
(Section D3.1.6) will be implemented that includes:

- GQGroundwater water level and groundwater quality monitoring in
boreholes and at springs to detect changes in groundwater levels
associated with water supply/dewatering and groundwater quality.

- Protection of springs from poor-quality runoff.

— Immediate clean up of chemical spills.
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Results

Modeling for Groundwater Transport
Geochemical Characterization and Groundwater Transport Modeling

The geochemical characterization of the mine wastes (Appendix B2.3-1)
indicated that there were several constituents that had the potential to exceed
standards or guidelines for drinking water and thus had the potential to result in
the degradation of groundwater quality and limit future use. These constituents
include:

e Sulfate from the waste rock , tailing seepage, and possibly the ore
stockpile (although testing of the ore stockpile materials indicates
slightly elevated but acceptable sulfate levels in the simulated storm
water leachate).

e Nitrate from the waste rock and post-closure pit (due to blasting residues,
ore materials will not be blasted).

e Arsenic from the tailing and ore seepage.

e Copper from waste rock and ore seepage.

Table C2.10-8 Groundwater Transport Modeling — Source Concentrations

Constituent Range in Seepage at Mine Facility (mg/L)
Facility Nitrate .
Sulfate (as N) Arsenic Copper

primary EPA drinking water standard 250 10 0.01 1.0@
i facility 89910 14,696 | - 0.004t002 | 0.01t00.1
‘(A’ﬁasgleergczk;)ac"'ty 6.8 t0 965 13 | <0.001t00.01 | 0.01t03.6
‘(’;z;lfgkg_';e) 3910193 9 0.001t00.03 | 0.02to24
?;’asgl‘g%szfg)p't lake 13 to 68 13 | 00030001 | 0.02t00.1
i B o T 2 131094 |04to12| <002 | 0.002t00.006

@ Secondary standard.

Notes:

Table numbers refer to Confirmatory Mine Waste Characterization Study — Appendix B2.3-1.

N/S = no standard.

Bold = potential to exceed EPA drinking water standard.

The groundwater transport model evaluated the transport of constituents from
their sources to surface water. Arsenic and copper are not mobile under the
groundwater conditions at Tenke and can be considered to be fully attenuated
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within a short distance of the source. This is because of the high retardation
factor for these constituents. This analysis is shown in Appendix C2.12-1.

Sulfate and nitrate are mobile in groundwater and will migrate at the average
linear groundwater velocity. In the long term with a continuous source such as
the waste rock stockpile or pit lake, sulfate concentrations in groundwater
downgradient of the source will rise to a steady-state concentration equivalent to
or slightly lower than the source concentration. For a transient source, such as
nitrate from the ore stockpiles, groundwater concentrations will rise during
operations, and then decline as nitrate is flushed from the source at closure.
Therefore, from a groundwater quality perspective, sulfate is the key constituent
that could affect the use of groundwater supplies surrounding the mine facilities.
Sulfate is not a toxic constituent, but is regulated as a secondary drinking water
standard. Secondary drinking water standards are set based on aesthetic (taste
and odor) requirements and are not health-based.

The area that could potentially be affected by the seepage of poorer quality water
(elevated sulfate) from the mine facilities during mining and post-closure is
shown on Figures 41 and 42 in the groundwater model appendix (C2.10-I).
These figures do not indicate that all groundwater in these areas would exceed
drinking water standards, only that there is a potential for an exceedance during
mining and closure.

Seepage from the tailings pond has the greatest potential to result in an
exceedance of water quality standards because of the high concentration in the
pond. However, the pond is lined and seepage will be very small and thus subject
to considerable dispersion in the groundwater system. Seepage from the waste
rock facility has the potential to result in groundwater exceedances for sulfate
and nitrate. Any nitrate exceedance is likely to occur close to the facility (within
a few hundred meters) given that the predicted source concentration is
13 milligrams per liter as N and the drinking water standard is 10 milligrams per
liter. For sulfate, potential water quality exceedance downgradient of the waste
rock facility could extend a greater distance — as far as the discharge point to
surface water (Kasana River or Mofia River) if sulfate concentrations approach
the high end of the predicted source concentration. It should be noted that the
leach tests also indicated that the sulfate concentrations decreased rapidly with
successive leaching episodes. This indicates that the sulfate impacts may be
transient and not representative of what would be expected after closure.

Seepage Pathways from Mine Facilities

Prior to dewatering (Years 0 to 8) seepage from the tailings facility and the
southern part of the waste rock facilities and ore stockpiles will migrate to the
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south and southeast (towards the Kwatebala pit) while seepage from the northern
parts of the waste rock facilities and ore stockpiles will migrate towards the north
and the Mofia River. Once dewatering commences (Year 8 or 9), seepage from
the tailings facility will be captured by the pit. However, seepage from the
northern parts of the waste rock facilities and ore stock piles will migrate to the
Mofia River in the north.

The groundwater travel time to the Mofia River and the Kasana River tributary
from the mine facilities varies from less than one year where the stockpile is
located in a valley bottom and there is the potential for a discharge to the
headwater tributaries to over 20 years where groundwater discharge is to the
lower reaches of the Kasana River or to the Mofia River.

Post Closure Pit Lake Effects on Groundwater Flow System

The steady state post closure simulation shows that seepage from the mine
facilities and pit lake could reach the Mofia and Dipeta Rivers. Under steady-
state conditions, groundwater from the pit could reach the Dipeta River in about
12 to 16 years. The time for the pit lake to begin discharging to groundwater
(through-flow) is estimated to be between about 4 and 12 years. Under steady-
state conditions, groundwater flow from the pit could reach the Mofia River in
about 32 years. Quasi-steady state conditions for the pit lake is estimated to be
reached in somewhere between 20 and 60 years following the end of mining.

Table C2.10-9 presents an assessment of groundwater quality impacts based on
the water quality modeling evaluation.

Impact Analysis

Table C2.10-10 presents a summary of the residual impacts with regard to
groundwater quality.

The residual impacts on groundwater quality are negative for the Far North
Aquifer and the North Aquifer. This is because of the potential for poor-quality
seepage water (sulfate) to reach groundwater from the mine facilities, including
the tailing storage facility and waste rock facilities. During operations, the Dipeta
and South aquifers will not be affected by seepage from the mine facilities since
any seepage that flows in a southerly direction will be captured by the pit
dewatering system before reaching these aquifers. There is the potential to affect
the Dipeta and South aquifers at post-closure via seepage from the pit lake.
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Table C2.10-9 Mine Facilities and Their Potential Effect on Groundwater Quality
Facility '?;;g)a Affected Subcatchment/Aquifer Unit Effect on Groundwater Quality
Wi?tdeéi:&?:ﬁ/ ) Shimpidi, Kasana and Sokalwela/Far North no effect on groundwater quality
\‘/)vells 9 Aquifer, North Aquifer/Dipeta Aquifer impact = 0 (operations)
seepage from the tailings storage facility could affect
tail " local groundwater quality; small rate of seepage
lecliﬂtgs storage 233 | Kasana/Far North Aquifer because of liner.
y impact = 0 to -1 (operations)
0 to -1 (post-closure)
seepage from the dam could affect local groundwater
return water . quality
pond‘a’ 20 Kasana/Far North Aquifer impact = 0 to -1 (operations)
0 (post-closure)
seepage from the waste rock facilities could affect local
wa.sFe. rock 145 Kasana/Far North Aquifer groundv_vater quality for nitrate and sulfate
facilities impact = -1 (operations)
0 to -1 (post-closure)
seepage from the ore stockpile facilities could affect
ore stockpile 77 Kasana/Far North Aquifer !ocal gr(jundwater quality (arsenic and copper)
(east) impact = -1 (operations)
0 to -1 (post-closure)
seepage from the ore stockpile could affect local
ore stockpile 38 Kasana/Far North Aquifer groundv_vater quality (arsenic and copper)
(west) impact = -1 (operations)
0 to -1 (post-closure)
seepage from the facilities could affect local
dwat lit
run-of-mine pad 6 Kasana/Far North Aquifer g;?)l;r;t V=V€i1e2:pu;;t)i/ons)
0 to -1 (post-closure)
rocessing plant Shimpidi and Kasana/ potential effect on groundwater quality from spills
gite 9p 30 Far North Aquifer and impact = -1 (operations)
North Aquifer 0 (post-closure)
pit lake (post- 143 Shimpidi, Kasana and Sokalwela/Far North potential effect on groundwater quality (nitrate)
closure) Aquifer, North Aquifer/Dipeta Aquifer impact = 0 to -1
a) Estimated.
n/a = not applicable.
ha = hectares.
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Table C2.10-10 Residual Impact Classification for GW-2

Direction

Magnitude

Environmental
Consequence

Geographic

Extent Duration

Reversibility Frequency

Key question GW-2:

What effect will the project have on groundwater quality?

Far North Aquifer (tailings storage facility, waste rock facilities, processing plant, ore stockpiles, and pit lake)

negative

low to
moderate

local long-term no high low to moderate

North Aquifer (mine facilities include Kwatebala open pit and processing plant and pit lake)

low to

negative moderate local long-term no high low to moderate
Dipeta Aquifer (pit lake)

negative Ir(:]\g dtgrate local long-term no high low to moderate
South Aquifer

neutral | negligible | local | short-term | yes | low | negligible
Tshilongo Catchment

neutral | none | none | none | - | - | negligible

The magnitude of the residual impacts to groundwater quality in the North
Aquifer, Far North Aquifer and Dipeta Aquifer ranges from low to moderate.
This is because of the range in the predicted seepage water quality and rates. The
geographical extent of the impacts is assumed to be local, down-gradient of the
facilities within the local watersheds.

The duration of the groundwater quality impacts is long term, corresponding to
the life of the project and post-closure. Seepage will continue post-closure,
contributing to a potential long-term groundwater quality impact. The impact is
considered irreversible because seepage will continue post-closure from the
tailings storage facility, the waste rock facilities and the pit lake.

The environmental consequence of the predicted effects is low to moderate
depending on the hydrogeological conditions down-gradient of the waste rock
facilities and low-grade ore stockpiles, tailings storage facility and pit lake.

Prediction Confidence

The impact predictions regarding groundwater quality are subject to some
uncertainty because the hydrogeological conditions (groundwater travel times
and flow paths) are drawn from the groundwater flow model which is sensitive to
the interpreted geological conditions. The major source of uncertainty is
associated with the characterization of the nature and horizontal and vertical
extent of the low-permeability units at the mine site and their interaction with
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Monitoring

C2.10.3.6

surface water and springs. In the impact assessment this uncertainty is addressed
by incorporating two different geological interpretations into the model and by
presenting the results as a range rather than as a single-point estimate. This
uncertainty will also be addressed through detailed operational monitoring of
groundwater pumping rates, water table monitoring, and monitoring of
groundwater quality and spring quality surrounding the mine site.

A groundwater quality monitoring program (Section D3.1.6) will be
implemented during operations and closure to determine the impacts on
groundwater quality caused by seepage from mine facilities and from the pit lake
post closure. The monitoring program will include the following elements:

e Sampling and analysis of groundwater quality in monitoring wells up-
gradient and down-gradient of mine facilities with the potential to impact
groundwater quality. This monitoring will be augmented by recording
groundwater levels to determine flow directions.

e Sampling and analysis of springs down-gradient of mine facilities.

e Sampling and analysis of the effluent (waste water) quality in the tailings
storage facility.

Key Question GW-3

Key question GW-3 is: How can the project have a long-term benefit on
groundwater quantity and quality?

Linkage Analysis

Figure C2.10-1 shows the linkage between project activities and potential effects.
Valid linkages exist for potential long-term benefits to groundwater quality and
quantity in the RSA.

Assessment Methods

Mitigation

This assessment is carried out using professional judgment concerning the
potential benefits of sustainable project mitigation measures, based on past
experience with these techniques.

The preliminary analysis indicates that there is a potential for long-term
reduction in groundwater recharge in the Kasana catchment because of the
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tailings storage facility. This reduction in recharge may result in local declines in
groundwater levels and possible loss of springs near the tailings storage facility
area. To provide a sustainable groundwater supply for the local population who
rely on springs, mitigation measures will include the construction of shallow
wells completed with a mechanical hand-pump system. These systems will be
able to provide a long-term sustainable groundwater supply for local villages.

A similar approach could be used to ensure the long-term sustainability of the
groundwater supply for Fungurume. The wellfield would be handed over to the
community with the establishment of a local water utility following provision of
water system operator training. The wellfield would provide a long-term
sustainable groundwater supply for the community. Fees levied by the utility for
the use of water would provide for the upgrade and maintenance of the wells and
infrastructure. Such a fee for service system may be difficult to implement in the
concession. Furthermore, it may result in a disparity in access to water, with
more affluent citizens being able to pay and others doing without.

The second element of a sustainable groundwater supply is water quality. Many
local springs and shallow groundwater sources are contaminated by coliform
bacteria. Education of the local population with regard to the protection and use
of water from springs and dug wells will help improve public health.

Impact Analysis

The sustainability consequence of developing new groundwater supplies and
public education are assessed separately. Both are critical components for the
long-term sustainability of groundwater supply. Groundwater supply systems are
of high importance in terms of magnitude, have the potential to affect both local
rural/village and town populations, and have a long-term duration. Groundwater
supply with hand pumps has had a high degree of success in similar settings. The
probability of success is high and the long-term sustainability consequences are
high (Table C2.10-11).

A fee for service groundwater utility, however, would be difficult to implement
and may lead to a disparity in access to water. The probability of success is
considered low.

Public education with respect to groundwater quality will potentially have a high
effect. Public education will reach most or all of the community and will produce
a long-term understanding of potential activities that can contaminate potable
water supplies. The probability of success for this program is predicted to be
medium, with a medium overall sustainability consequence (Table C2.10-11).
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Table C2.10-11 Summary of Sustainability Assessment for Groundwater

Magnitude

Span or Reach Duration Probability of Success Consequence

Key question GW-3: How can the project have a long-term benefit on groundwater quantity and

quality?

Groundwater supply systems

. a few people to . .

high entire community long-term high high

Fee for service water utility

high a fPTW people tq long-term low medium
entire community

Public education

high a fPTW people tq long-term medium medium
entire community

Prediction Confidence

Monitoring

The prediction confidence for any one mitigation measure (i.e., effectiveness of
developing local water systems, or a public education program concerning water
quality) is low, as the success of each measure will depend on many factors
outside of the TFM project’s control. However, if implemented in combination
with other kinds of education and research programs the probability of success of
the sustainability measures will increase.

There will be no monitoring of water use from new water wells installed as part
of mitigation for the loss of local village water supplies. Monitoring of
groundwater quality post-closure will be according to the project monitoring
plan.

C2.10.4 Cumulative Effects Assessment

Linkage Evaluation

Should the project be expanded from a production of 115,000 tonnes of copper
per year to a 400,000 tonnes per year operation, the physical extent of waste rock
facilities, ore stockpiles, tailings storage facility and other mine-related facilities
would increase. In addition, it is likely that additional facilities would be
constructed to accommodate the additional mining waste material. Expansion
would require an increased groundwater supply for processing purposes. Pit
dewatering requirements might also increase with larger and/or deeper pit(s).
This linkage is valid.
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A quantitative assessment of the Goma and Fwaulu pits was not undertaken for
the ESIA. While a formal assessment of impacts to groundwater from
development of these pits will be completed before they are mined, a qualitative
assessment is provided in this section.

Assessment Methods

Mitigation

Detailed plans for the additional development of the TFM project to expand to
400,000 tonnes of copper production per year are not yet available. However,
such a development would include additional mines within the Fungurume ore
body and an additional processing plant and tailings storage facility
(Section A4.17). These effects were reviewed in the context of known baseline
conditions for groundwater and based on professional experience. Professional
experience in relation to the changes in groundwater caused by mining,
processing, tailings and waste rock facilities, and an increased local population
was used to develop an understanding of the potential effect of an expanded
project. Principles developed for closure plans and other project goals for long-
term mitigation of effects were used to develop an assessment of long-term
impacts.

The mitigation presented above for key questions GW-1 and GW-2 will be
implemented on a larger scale to address the effects of the Goma and Fwaulu pits
as well as an expanded 400,000 tonnes per year project. At the time of the
decision to expand the project, an additional assessment of groundwater quantity
and quality would be completed to determine if additional supplementary
mitigation is needed.

Impact Analysis

Development of the Goma and Fwaulu pits as well as an expanded project would
have similar impacts on groundwater resources and groundwater quality
compared to the proposed project (see Figure C2.10-1). A possible exception is
that some of the ore and waste materials mined in the future (for the expanded
project)may have significant sulfide contents, leading to the potential for acid
generation when exposed to the atmosphere. Operations covered under the
current mine plans are very low in sulfides and do not have a significant acid
generation potential. The Goma and Fwaulu ore bodies are also believed to be
low in sulfides but this will be confirmed prior to mining. The larger footprint for
mine facilities and greater water demand (for process and dewatering), would
have greater impacts on groundwater levels, groundwater discharge to springs
and streams and groundwater quality. Loss of groundwater recharge would be
greater because of an additional tailings storage facility. Additional use of
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groundwater for processing would result in lower groundwater levels around the
water supply wells. If additional dewatering is required for a larger, deeper pit
then impacts could exceed those predicted for the 115,000 tonnes per year
project.

Given the limited information on the expanded project and limited information on
the site hydrogeology available for this ESIA, no additional analysis of impacts is
presented here. A qualitative assessment indicates that effects to groundwater could
have a moderate to high environmental consequence for both the Goma and Fwaulu
pits as well as the 400,000 tonnes per year case (Table C2.10-12). This is due to an
expectation of moderate to high changes in groundwater levels, the regional nature of
the changes (pits will be developed across multiple catchments), and the long-term
duration (life-of-mine) of the changes. This is a conservative assessment that will be
re-assessed prior to development.

Table C2.10-12 Summary of Residual Cumulative Impact Classification for

Groundwater

Direction

Magnitude

Environmental

Duration
Consequence

Geographic Extent Reversibility Frequency

Key question GW.-1: What effect will the expanded project have on groundwater quantity and quality?

Existing developments + KwatebslsKwatebala + Goma + Fwaulu

local to potentially
regional (depending

quantity

irreversible for

negative moderate local long-term | reversible for high moderate to high
to high groundwater
quantity
Irreversible for
groundwater quality
negative moderate local long-term | reversible for high moderate to high
to high groundwater
quantity irreversible
for groundwater
quality
Existing developments + the TFM Project + future expansion (400,000 t/a)
negative moderate local for long-term | reversible for high moderate to high
to high groundwater quality groundwater

on water use and
pit lake conditions)
for groundwater
quantity

groundwater quality

t/a = tonnes per annum (year).
ce = cumulative effects.

Prediction Confidence

Information concerning the effects of development of Goma and Fwaulu, and a
larger 400,000 tonnes per year project is limited but a general understanding of
the effects of such projects is in place. The assessment results presented in
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Table C2.10-12 are conservative. The prediction confidence for this assessment
is moderate. If the larger project goes ahead, a new assessment will be prepared
prior to development of either scenario.

Monitoring

Monitoring efforts under the cumulative case will be similar to that proposed for
key questions GW-1 through GW-3, but larger in scale. If these projects go
ahead, more detailed monitoring information will be prepared.

C2.10.5 Conclusions

The residual impacts on the groundwater system from the planned mining
operation are summarized in Table C2.10-13.

Groundwater Quality

Construction activities will modify runoff and infiltration conditions in disturbed
areas. Groundwater recharge will be reduced in the area of the tailings storage
facility because of the placement of a low-permeability liner. Groundwater
recharge may also decrease in the processing plant site area due to compaction of
soils and capture and use of storm water runoff.

Construction of the waste rock facilities and ore stockpiles may have little effect
on groundwater recharge during mine operations because precipitation will enter
the stockpiles, seep to the ground surface and infiltrate to groundwater. At
closure, the top surface of the waste rock facilities will be covered with soil and
re-vegetated to limit infiltration and reduce groundwater recharge.

The mine water supply/mine dewatering operations will result in a decreased
availability of groundwater resources that will be reflected in lowered groundwater
levels around the open mine pit. The lowered groundwater levels may reduce
groundwater discharge to springs and to surface water (baseflow) near the mine.

The groundwater resources impacts will be greatest in the Far North and North
Aquifers since these underlie the open pit area and mine facilities. Lesser impacts
are expected within the Dipeta Aquifer and South Aquifers. The magnitude of the
impacts to groundwater resources is considered moderate to high, dependent on
the hydrogeological conditions and change in recharge to pre-existing
groundwater recharge conditions.

Impacts to groundwater resources are considered long-term (life of mine).
Impacts to the water supply/dewatering system are reversible once a pit lake has
established a new hydrologic equilibrium. The overall environmental effects are
considered low to moderate depending on the hydrogeological conditions.
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Table C2.10-13 Residual Impact Classification for Groundwater

Direction

Magnitude

Geographic

Extent

Duration

Reversibility

Frequency

Environmental
Consequence

Key question GW-1: What effect will the project have on the groundwater resources including groundwater

levels, groundwater availability and groundwater discharge to springs and surface water
(baseflow)?

Far North Aqu

ifer (tailings storage facility, waste rock facilities, processing plant site, ore stockpiles)

. moderate to | local to . .
negative high regional long-term yes high moderate to high
North Aquifer (Kwatebala open pit mine, processing plant)

. moderate to | local to . .
negative high regional long-term yes high moderate to high
Dipeta Aquifer (no mine facilities)
negative / negligible to local medium-term yes low negligible to low
neutral low
South Aquifer (no mine facilities)
negative / negligible to local medium-term yes low negligible to low
neutral low
Tshilongo Catchment (no mine facilities)
negative / negligible to local medium-term yes low negligible to low
neutral low

Key question GW-2: What effect will the project have on groundwater quality?

Far North Aquifer (tailings storage facility, waste rock facilities, processing plant site, ore stockpiles)

negative I:]\g dtgrate local long-term no high low to moderate
North Aquifer (mine facilities include Kwatebala open pit and processing plant)

negative Irz\g dt:rate local long-term no high low to moderate
Dipeta Aquifer (pit lake)

negative I:]\g dtgrate local long-term no high low to moderate
South Aquifer

neutral | negligible | local | short-term | yes | low | negligible
Tshilongo Catchment

neutral | none | none | none | - | - | negligible

Groundwater Quality

Seepage from the mine infrastructure such as the tailings storage facility, waste
rock facility, ore stockpiles, pollution control dams is predicted to negatively
impact local groundwater quality for sulfate and nitrate only, down-gradient of
these facilities. Sulfate has a secondary drinking water standard for aesthetic
rather than health-based concerns. All other constituents will be either lower
than EPA drinking water standards in the seepage water or will be significantly
attenuated in their passage through the soil and aquifer matrix resulting in
concentrations lower than EPA drinking water standards. Accidental chemical
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Sustainability

spills at the plant site, that are not within the paved surfaces and collected by
internal drainage system, may also negatively impact groundwater quality.

During mine operations and closure, the greatest potential for groundwater
quality impacts is for the Far North and North Aquifers. This is because the
tailings storage facility, waste rock facilities, and pollution control dams are
located overlying these aquifers. Seepage from these facilities may locally affect
groundwater quality down-gradient of these facilities. During operations, the
Dipeta and South aquifers will not be affected by seepage from the mine facilities
since any seepage that flows in a southerly direction will be captured by the pit
dewatering system before reaching these aquifers. There is the potential to affect
the Dipeta and South Aquifers at post-closure via seepage from the pit lake.

Groundwater quality impacts are considered long term and not reversible.
Continued post-closure seepage from the tailings storage facility, waste rock
facilities and pit lake will contribute to long-term groundwater quality impacts.
Reclamation of the processing plant area and other mine facilities will result in
long-term reversible impacts to groundwater quality. The overall environmental
consequence is considered low to moderate because of the limited seepage
expected from the reclaimed facilities.

Table C2.10-14 presents a summary of the sustainability assessment for
groundwater. Sustainability elements in the project will include development of large
and small groundwater supply systems and public education for water quality.

Table C2.10-14 Summary of Sustainability Assessment for Groundwater

Magnitude

Span or Reach Duration Probability of Success Sustainability
Consequence

Key question GW-3: How can the project have a long-term benefit on groundwater quantity and quality?

Groundwater supply systems

a few people to

high entire community long-term high high
Public education
high a few people to long-term medium moderate

entire community

Cumulative Effects

The cumulative effects of a larger mining project (the expanded project) will be
negative since a larger area will be influenced, more water will be required for
processing and dewatering, and more waste rock, tailings and ore will be
stockpiled. With combined impacts on groundwater, a moderate to high
environmental consequence is expected (Table C2.10-15).
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Table C2.10-15 Summary of Residual Cumulative Impact Classification for

Groundwater
Direction Magnitude Geographic Duration Reversibility Frequency Environmental
Extent Consequence
Key question GW-1:  What effect will the expanded project have on groundwater quantity and quality?

Existing developments + the

TFM project + future expansion (400,000 t/y)

negative

high

local for
groundwater
quality

local to regional
for groundwater
quantity

long-term

reversible for
groundwater
quantity
irreversible for
groundwater
quality

high

moderate to high

t’ly = tonnes per year.
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Cc2.11 SURFACE WATER HYDROLOGY

C2.11.1 Introduction

This section presents the environmental assessment for the effects of the
Tenke Fungurume Mining (TFM) project on river flows, river geomorphology
and surface water supply. The information presented meets the project’s terms of
reference (Appendix E8) and includes details on:

e  Water supply concerns identified by stakeholders and regulators.

e Components within each phase of the project that may influence or
affect flows in the rivers.

e Proposed mitigation measures to be considered, during the construction,
operation and reclamation phases of the project, to maintain the existing
flow regime as far as possible.

e Impact assessment (using qualitative and quantitative methods) for
potential impacts of the project on river flows which could affect
channel morphology (form and structure) and water supply.

o Sustainability assessment for key issues relating to river flows.

e The monitoring program that will be used to identify and monitor
project impacts on flows in the rivers.

This section of the environmental and social impact assessment (ESIA) is
organized as follows:

e Section C2.11.2 describes the study areas.
e Section C2.11.3 discusses the impact assessment approach and results.
e Section C2.11.4 provides the cumulative effects assessment.

e Section C2.11.5 discusses the conclusions of the assessment.

Regional climate and hydrologic information has been compiled to characterize
baseline conditions in the study area (Section B2.11).

A glossary of terms and acronyms used in this section is provided at the back of
this volume.
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C2.11.2 STUDY AREAS

Figures of the study areas used for the hydrological assessment are provided in
Section C1.1. The Regional Study Area (RSA) covers the Mofia and the Dipeta
river catchments and a small portion of the Tshilongo River catchment near
Tenke. Proposed and potential future mining activities in the TFM project
concession will occur within these areas (Figure C1.5-1).

The area where mining and its associated activities have the potential to directly
affect surface water comprises the Local Study Area (LSA) (Figure C1.5-1). The
mine is located in the upper Dipeta, Shimpidi, Sokalwela and Kasana river
catchments. The airstrip, limestone quarry and construction camp/permanent
village will be located in the Kabomboy River catchment. Changes in these
subcatchments also have the potential to affect flows in the Dipeta and Mofia
rivers. Construction and operation of access roads have the potential to cause
localized effects in a number of other tributary catchments of the Mofia and
Dipeta rivers.

The surface water hydrology assessment covers the Mofia River and the Dipeta
River catchments, upstream of the airstrip and Fungurume respectively. These
two catchments were selected since potential flow changes resulting from mining
operations at Kwatebala Hill (the focus of the assessment) will be limited to these
two river systems. The mining activity generally straddles the watershed of the
two catchments. In the future, the Goma and Fwaulu hills will also be mined,
which may affect flows in the Tshilongo River catchment. This catchment has
also been included in the RSA, but with a less rigorous assessment.

The Dipeta River flows generally from west to east and drains the southern
regions of the TFM concession area.

C2.11.3 Impact Assessment

C2.11.3.1 Issue Scoping

Development of the TFM project will involve varying degrees of land
disturbance, such as removal of vegetation, excavation and ground compaction.
The project will also include the construction of roads, buildings, parking and
storage areas, waste rock facilities and other facilities. These disturbances will
result in increased runoff from the site until reclamation activities and
revegetation activities are complete. However, not all runoff from the
development will be released to the environment. Storm water and storm
water-derived toe seepage from process areas or areas impacted by process
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materials, ore and waste rock (“contact” water) will typically be collected and
used in the process water circuit. This water will be lost from the downgradient
surface waters.

The development of the tailings storage facility and various waste rock facilities
and ore stockpiles will involve the collection and diversion of surface runoff in
the upper basins of the catchments. All waters not meeting applicable water
quality standards for release to surface waters, or that may impair established
downstream uses of that water, will be captured and integrated into the process
water circuit. As a result of these diversions and the capture of this contact storm
water, flows in the downstream valleys will be reduced and the availability of
water for other users (i.e., human and animal consumption, irrigation and fish
habitat) may be affected. Releases (effluent) from a sewage treatment works
associated with the project will release water into a river, increasing the flows in
that river. Long-term changes in flows could affect the channel morphology of
receiving streams.

The project has the potential to affect surface water flows as a result of a number
of activities, including:

e Diversion and disruptions of natural drainage lines.

e Groundwater dewatering and subsequent decrease in surface water
flows.

e Discharge of treated sewage effluent (wastewater).
e Accidental releases and spills.
e Bunding of areas to contain contaminated storm water.

e Site reclamation and closure activities.

A number of concerns relating to potential changes in the availability and quality
of surface water were noted during the public consultation process (Section A6).
These include:

e The interruption of flows and potential impacts on the continued use and
availability of well water by communities for domestic use, for livestock
and for irrigation.

e Concern regarding changes to stream flows in the streams surrounding
the mine and consequent effects on the surface water supply for local
communities.
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The disruption to flows may have an affect on the geomorphology of the river
channels. Significant increases in flows will result in additional erosion of the
channels. Significant reduction in flows will result in the streams and rivers
depositing the sediment load that they carry, resulting in silting up the river
channels.

Future mining operations at Goma may require the upper Dipeta River to be
diverted. This may or may not require an attenuation dam. If no attenuation dam
is used, losses as a result of the diversion may be small. The Dipeta River is a
gaining river (being fed from groundwater). Significant seepage losses through
the Dipeta River’s diverted channel are not expected unless this channel is
significantly higher than the original channel. However, some dry season seepage
into the surrounding ground may occur. An attenuation dam may be used to
reduce flood peaks that the diversion channel would be required to carry. This
will have higher losses associated with it due to evaporation and seepage from
the dam. The magnitude of these losses will depend on the size of the attenuation
dam and its designed attenuation time. This impact will be assessed prior to
development of the Goma pit in an addendum to this ESIA or a separate ESIA

C2.11.3.2 Key Questions and Indicators

The linkages shown in Figure C2.11-1 were assessed by answering key questions
for surface water hydrology (Table C2.11-1). The use of linkage analysis and key
questions is described in Section AS5. Key questions are related to stream flow,
channel geomorphology and water supply.

Table C2.11-1 Key Questions for Surface Water Hydrology

Impact Assessment

Key question SWH-1:  What effect will the project have on stream flow in the local watercourses?

Key question SWH-2:  What effect will altered stream flow have on channel geomorphology?

Key question SWH-3:  What effect will altered stream flow have on water supply?

Sustainability benefits relating to stream flow are not really possible. Provided
adequate rehabilitation takes place, stream flow will almost be returned to
baseline conditions. Attempts to enhance runoff would involve land use change
and possible channel geomorphological change. As a result, no sustainability
assessment was conducted.

Water supply during the life of mine will be obtained from groundwater.
Sustainability regarding water supply is discussed in the groundwater impact
assessment (Section C2.10).
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Table C2.11-2

A dam may be constructed as part of a river diversion at Goma. This dam may be
used to enhance water supply in Tenke and its immediate surroundings. This will
depend on the type of dam that is constructed. If the dam is merely an attenuation
dam to reduce flood peaks, it will store no water in the long term, and will be of
little benefit for water supply. If the dam is designed to store water it may benefit
water storage needs. This dam will come with environmental consequences such
as reduced flow and temperature changes. These aspects will need to be
considered in more detail prior to mining of Goma and construction of any
required water handling structures.

Indicators for the surface water hydrology impact assessment include those
presented in Table C2.11-2. Indicators for the ESIA include seasonal (wet and
dry season) stream flows in affected streams, changes in channel geomorphology
and seasonal water supply at nearby villages or other receptors (assessment
nodes).

Indicators for Surface Water Hydrology

GRI? FIDIC® ESIA

measurements of water

seasonal stream flow at assessment

EN13 usage by project during all ENS total water use
nodes
phases
n/a n/a changes to channel geomorphology
n/a nia seasonal water supply at

assessment nodes

@ Global Reporting Initiative (GRI 2005).
(b)

n/a= Not applicable.

International Federation of Consulting Engineers (FIDIC 2004).

C2.11.3.3 Assessment Criteria

Surface water hydrology impacts result in a change in flow. The impact of a
change in flow cannot be assessed in itself. It can only be assessed when the
change in flow has a consequential benefit or disadvantage to a receptor. Most
receptors that may be impacted by flow changes in the rivers are dealt with in
other disciplines. These include receptors such as flora (Section C3.1), fauna
(Section C3.2) fish and aquatic habitat (Section C3.3) and humans
(socio-economics, in Section C4.1). The impacts of flow changes on these
receptors are described in their respective impact studies. The surface water
quality impact assessment provides information on changes in surface water
quality (Section C2.12). This surface water hydrology impact assessment
provides information on changes in flows (key questions SWH-1) and water
supply (SWH-3). The studies for water quality, flora, fauna, fish and aquatic
habitat and socio-economics use these key questions to conduct their impact
assessments.
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Changes in flows can result in changes in channel geomorphology (SWH-2).
Effects on channel morphology are described and quantified in this hydrology
assessment. The assessment criteria used for effects on channel morphology are
presented in Table C2.11-3.

Table C2.11-3 Impact Description Criteria for Surface Water Hydrology

Resource Direction® Magnitude® Geographic Extent® Duration'® Reversibility® Frequency”
surface increase, negligible: local: effect restricted | short-term: reversible low: occurs once
water decrease or <20% change to the LSA <2 years or . medium: occurs
hydrology neutral for the | oy regional: effect medium-term: | irreversible intermittently (1 to

river flows 20 to 30% change | extends beyond the 2 to 20 years 10 times per year)
moderate: LSA into the RSA long-term: high: occurs
30 to 40% change | beyond regional: >20 years frequently (>10
high: effect extends beyond times per year)
>40% change the RSA

(a)
(b)
(c)
(d)

(e)
®

Direction: increase or decrease effect for measurement endpoints, as defined for specific component.

Magnitude: degree of change to analysis endpoint — based on channel morphology impacts.
Geographic Extent: area affected by the impact.
Duration: length of time over which the environment effect occurs. Considers a two-year construction period and a 20-year operation

period.

Reversibility: effect on the resource (or resource capability) can or cannot be reversed.

Frequency: how often the environmental effect occurs.

C2.11.3.4 Key Question SWH-1

Key question SWH-1 is: What effect will the project have on stream flow in the
local watercourses?

Linkage Evaluation

The linkages between project activities and potential effects on river flows are
shown in Figure C2.11-1. Potential river flow changes could occur during all
phases of the project. The key questions used to guide this assessment are also
shown. Results of this assessment, that were used in other components of the
ESIA, are shown to the right.

The linkages associated with key question SWH-1 are described in this section.
Project activities during construction, operation and closure may result in
changes in flows to receiving waterbodies. During the operation phase, water of
both good and poor quality may be released into the receiving environment. The
linkages are valid.
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Figure C2.11-1 Surface Water Hydrology Linkage Diagram
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Project Activities that May Affect Stream Flow

Runoff from the natural catchments is typically low, ranging between 10 and
20 percent of the mean annual rainfall. This means that only 10 to 20 percent of
rainfall ends up as flow in the rivers. Infiltration is high in the natural catchments
and a significant portion of this water will reach the streams via the shallow
(interflow) and deep groundwater (springs) system as opposed to overland flow.
The high infiltration is mostly caused by the deep, well-drained soils. The rest of
the rainfall infiltrates to groundwater or is lost to the atmosphere through
evaporation and transpiration. The development of the mine will involve some
clearing of vegetation, surface compaction and the construction of infrastructure.
All of these developments will result in increased runoff. For example, runoff
from paved areas is often over 60 percent of the mean annual rainfall.

Tailings Storage Facility

Development of the tailings storage facility will involve three operational phases
in which tailings are deposited in a progressively larger tailings basin. The
tailings storage facility will intercept rainfall, which will be redirected into the
process water circuit via a dedicated return water dam. Rainfall falling on the
entire footprint of the tailings storage facility will be intercepted and will not
contribute to downgradient surface water flow. The operation phase will be
followed by a closure phase, in which the tailings storage facility will be
reshaped, to a limited degree, and rehabilitated. The reshaping will ensure free
drainage via a spillway designed to accommodate a one in 10,000-year discharge.

Return Water Dam

The return water dam will serve as a buffer dam between the tailings storage
facility and the processing plant. Supernatant water on the tailings storage facility
will accumulate in a pool as a result of floor beaching and deposition control.
This supernatant water, mostly derived from the process, but also from rainfall,
must be decanted (drawn off) from the surface of the tailings storage facility for
the following reasons:

e To conserve water.
e To prevent accumulation and eventually overtopping.

e To allow drying and consolidation of the tailings slurry.

A large pump system (barge pump arrangement) has been designed to pump
supernatant water from the tailings storage facility. This water is discharged into
the return water dam for reuse in the plant. Rainfall falling on the tailings storage
facility and return water dam will be included in the process water circuit. This
water will no longer contribute to runoff and recharge in the catchment.
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Areas Designated as Contact Areas

Mine Pit

Certain areas of the processing plant and its related infrastructure are designated
as contact areas. Contaminated storm water from these areas will be separated
from uncontaminated (non-contact) storm water, and directed to the process
water circuit. Rainfall falling on these areas will not contribute to runoff from the
catchment. These areas include the processing plant, run-of-mine pad, waste rock
facilities and low-grade ore stockpiles.

During the about the first seven years the pit will be above the groundwater level.
Dewatering of the open pit will not be required until about Year 8 of operation.
To maintain dry conditions within the pit, the water table in the vicinity of the
mine will be lowered to the level of the bottom of the pit. (Section C2.10). Any
local springs within the “cone of depression” of this dewatering program will dry
up. The cone of depression is the area within which the water table is lowered.

For the purpose of this impact assessment, it is assumed that rainfall falling
within the mine pit perimeter will be lost from natural runoff processes. The
conservative assumption is being made that all water in the mine pit will be
considered as contact water and pumped into the process water system, to be
used in the processing plant. In fact, this may not be the case, as some of the
water will probably meet applicable standards for release to downgradient
surface waters. Under the assumption that all rainfall must be captured, the loss
of surface storm water runoff to receiving streams will increase as the pit
perimeter increases. This loss of natural runoff will affect both groundwater and
surface water.

Without the pit, rainfall would have infiltrated and recharged the groundwater.
This loss in recharge will be proportional to the area of the pit. This loss in
recharge will affect baseflow in the streams in the vicinity of the pit, as baseflow
is mostly fed from deeper groundwater. The reduction in baseflow is expected to
be limited. Surface runoff (quick flow) generated from the headwaters of the
local catchments is low. Similarly, rainfall falling within the pit perimeter that
would have generated surface runoff will no longer generate surface runoff. This
reduction in surface runoff is assumed to be proportional to the pit area.
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Assessment Methods

Overall Assessment Methods

This assessment assumes that mitigation is in place for the project and is
reflected in the assessment results. The approach for quantifying the changes in
surface water conditions and assessing the effects is described below:

e Identify the main receiving watercourses and waterbodies to be affected
by the project.

o Select the locations (assessment nodes) of the affected watercourses
where changes will be quantified.

e Examine the schedule of mining and water management activities and
select representative assessment periods or time snapshots for analyzing
the changes.

o Select key surface water quantity parameters for characterizing the
natural variability of surface water quantity conditions.

e Quantify the changes in surface water quantity parameters using models
and other analytical techniques.

e Account for the mitigation measures and design features to reduce the
project’s effects on surface water quantity.

e Compare the predicted changes with baseline and pre-development
conditions to quantify the incremental and cumulative effects.

o Define the potential surface water quantity monitoring programs to
monitor the effectiveness of the proposed design features and mitigation
measures.

Assessment Nodes

The location of assessment nodes is impact driven. This means that, where flow
changes are likely to cause environmental impacts, flow changes were assessed.
Key drivers of this process were the fish and aquatic habitat (Section C3.3), flora
(Section C3.1) and socio-economic (Section C4.1) assessments.

Table C2.11-4 lists the assessment nodes defined for this study, their locations
and the rationale for site selection. Figure C2.11-2 shows these nodes.
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Table C2.11-4

Impact Assessment Nodes

Node Location Rationale

KAS1 | at the flow monitoring point on the Flows in the Kasana River will be altered by the mining
Kasana River operation. This location on the river usually has flow as

springs that feed this river are upstream of this node.
This node is located adjacent to Mwanga Muteba Village,
where washing and ablution activities may occur.
Drinking water is usually taken from the springs at source
as well as the river itself. As a result, water quality
impacts are also important here.

MOF1 | on the Mofia River, just downstream | The flow changes on the Mofia River, as a result of flow
of the confluence with the Kasana changes in the Kasana River, will be most acute just
River, corresponds to the upper downstream of the confluence of these two rivers.

Mofia flow monitoring point

MOF2 | a few kilometers downstream of The effects on flows in the Mofia River, as a result of flow
MOF1, corresponds to the mid - changes in the Kasana River, will be diluted once the
Mofia flow monitoring point Mofia receives flow from a major tributary from the north

and a few kilometers downstream of MOF1. The reduced
flow changes can be assessed at this node.

KAB1 | on the Kabomboy River where the The sewage treatment plant will discharge treated
northern access road crosses the effluent into the Kabomboy River, upstream of where the
Kabomboy River Kabomboy River crosses under the Mulumbu access

road.

DIP1 on the Dipeta River, just upstream The effects of the project on the Dipeta River will be most
of the confluence with the Konka noticeable downstream of the Shimpidi River and
River, corresponding to the mid - upstream of the Konka River.

Dipeta flow monitoring point

DIP2 | on the Dipeta River downstream of | Any affects by the Fungurume community on the
Fungurume, corresponds to the Dipeta River will be able to be assessed just downstream
lower Dipeta flow monitoring point of Fungurume. It will also provide a site beyond which the

project has no further affect on flow in the Dipeta River.

MOF3 | on the Mofia River, downstream of This will provide a site beyond which the project has no
the confluence with the Kabomboy further effect on flow in the Mofia River.

River, corresponds to the lower
Mofia flow monitoring point

SOK1 | on the Sokalwela River, at the road | There are gallery forests in the region of this monitoring
crossing between Mwanga and point. This will provide an indication of the anticipated
Salabwe villages flow changes in the vicinity of these forests.

SHM1 | on the Shimpidi River, where it There are gallery forests and good fish habitat in the
crosses under the railway line region of this monitoring point. This will provide an

indication of the anticipated flow changes in the vicinity of
these resources.

TSH1 | on the Tshilongo River where the This location will be immediately downstream of mining

Kolwezi-Fungurume road crosses
the Tshilongo River

activities at Goma.
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Modeling Assumptions

Assumptions for hydrologic modeling are based on the current project design.
The environmental team worked closely with the engineering design team to
develop reasonable assumptions with sufficient detail to enable water balance
simulation. Some aspects of engineering may change as a result of future detailed
engineering. As a result, some specific assumptions may also change. Mitigation
measures will ensure that any effects on flows and water levels will be within the
levels presented in this assessment.

The following mine facilities will divert water to the process water circuit during
operation:

e Tailings storage facility.

e Open pit.

e  Waste rock facilities.

e Long-term ore stockpiles (east and west).
e Processing plant areas.

e Return water dam.

e Run-of-mine pad.

Effects on flows from the construction camp sewage treatment plant releases
were calculated using typical water requirements per worker.

Temporal Considerations

The effects of the project on flows were evaluated at two snapshots in time:
Year 7 (before dewatering) and Year 15 (during dewatering). These assessment
snapshots were selected based on information in the mine and water management
plans and capture the project’s effects during the mine’s life. The rationale for
selecting these snapshots is provided in Table C2.11-5.

Table C2.11-5 Snapshots for Quantifying Changes in Flows

Period Rationale
Year 7 this is a snapshot before start of pit dewatering and bottom of the pit is above the groundwater
table
Year 15 this is the snapshot after pit dewatering is initiated and project facilities are at their maximum

extent
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Assessment Methodologies

Changes in flows in receiving streams were evaluated based on predicted
changes in estimated surface water and groundwater contributions at various
locations downstream of the project. Baseline runoff characteristics were derived
from field observations in 2005 and 2006 and runoff modeling. These were used
to estimate pre-development surface water and groundwater contributions to
stream flow.

Groundwater contributions play a significant role in stream flow, particularly
during the dry season. The smaller tributaries behave differently to the larger
rivers in terms of storm flow and baseflow. As a result, changes were separated
into the following three components:

o Effects on storm flow (high flows).
e [Effects on baseflow.

e Effects on total runoff.

Effects on Storm Flow

Effects on storm flow will be dominated by the change in area of project
facilities, and land use of the areas contributing to the flow in the rivers. Changes
in storm flow (surface runoff) during operations were estimated by considering
the reduced drainage areas resulting from runoff diversion in the upper basins.
For example, a five percent reduction in area contributing to runoff will result in
a five percent reduction in storm flow.

Effects on Baseflow

Effects on baseflow will be dominated by the changes in groundwater
contributions to the rivers, mostly through spring flow. The effect of mine
dewatering on the spring flows in the tributaries is critical in determining these
effects.

The detailed groundwater modeling (Appendix C2.10-I) showed that pit
dewatering impacts on the Mofia catchment will be minimal and will amount to
less than 30 liters per second or 0.9 percent of the average baseflow in the Mofia
River. We can assume that the tributaries feeding the Mofia River will be
affected and the total baseflow in these tributaries will be reduced by about
30 liters per second. This impact will largely be split between the Kasana and the
Kanzekanene Rivers, and the tributaries to the north of Mulumbu village. The
greatest impact will be on the Kasana River. This is evident by looking at the
aerial extent of the simulated drawdown cone. The cone’s greatest impacts in the
Mofia catchment occur in the Kasana River catchment. We therefore expect that
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the baseflow in the Kasana River at assessment node KAS1 will be in the order
of 15 liters per second and therefore may dry up.

Dewatering impacts on the baseflow in the Dipeta River catchment are greater
than the impacts on the Mofia River. The groundwater modeling showed that
baseflow in the Dipeta River will be reduced by 90 liters per second to 460 liters
per second or by 3.2 percent to 16.4 percent of the Dipeta River baseflow. These
impacts will mainly occur in the Sokalwela, Shimpidi, Kalengimiawa and the
Dipeta rivers. This is evident from the extent of the drawdown cone. Baseflow in
the Sokalwela and Shimpidi Rivers is likely to be affected. It is likely that the
Sokalwela River may dry up as a result of the dewatering activity, and flows in
the Shimpidi River will be reduced by as much as 75 percent. Baseflow
contributions directly to the Dipeta River are also likely to be affected.

Effects on Total Runoff

The effects on total runoff are the sum of the storm flow and baseflow effects.
Average wet and dry season flows are used in the assessment. These flows are
provided in the surface water hydrology baseline (Section B2.11).

Effects on Flows in Tributaries

Flow changes in the Sokalwela, Kasana and Shimpidi rivers were calculated in a
three-step approach:

1. The proportions of storm flow and spring flow (including interflow) that
make up the total flow in the rivers were calculated. This was done for
both the wet and dry seasons. The lowest recorded flow during the wet
season was assumed to be the spring flow. All flows above this flow
were considered to be storm flow. During the dry season, there is no rain
so all flow is a result of spring flow.

2. Spring flow was reduced by the modeled reduction in spring flow. The
storm flow component was reduced by the amount of catchment that no
longer contributes to flow from the catchment.

3. The two reductions were then added together to get the total reduction in
flow in the Sokalwela, Kasana and Shimpidi rivers.

Prior to dewatering, the spring flow reductions were calculated by the proportion
of non-contributing (recharge) areas to the area of the aquifer above the spring
elevation. The springs that feed the Kasana River are part of the Far North
Aquifer (hydrogeology baseline Section B2.10). The boundaries of this aquifer
are not known, but the western and eastern boundaries are assumed to be in the
vicinity of Tenke and Mulumbu villages, respectively. The northern boundary is
defined by the spring elevations. The southern boundary is assumed to be in the
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vicinity of the Shanika Kundelungu Fragment. Springs that feed the Sokalwela
and Shimpidi rivers are assumed to be in a separate compartment — possibly the
Shanika Kundelungu Fragment. The pit and a portion of the plant area are the
only infrastructure in this compartment. It has been assumed that these will not
significantly change recharge to the groundwater.

Effects on Flow in the Mofia and Dipeta Rivers

Flow changes on the Mofia River were calculated by multiplying the effect on
total flow of the Kasana River by the relative contribution of the Kasana River
flow to the Mofia River flow at each assessment node on the Mofia River. Flow
changes on the Dipeta River were calculated by multiplying the effect on total
flow of the Sokalwela and Shimpidi rivers by the relative contribution of these
rivers to the Dipeta River flow at each assessment node on the Dipeta River. The
simulated direct impacts of dewatering on the Dipeta River were also accounted
for.

Effects on Flows in the Kabomboy River

Flow changes on the Kabomboy River were calculated using the upper and lower
estimate of releases from the construction camp/permanent village sewage
treatment plant. The released flows are based on the following assumptions:

e 2,500 people being serviced by the sewage treatment plant at the camp.
e Upper estimate flow — 200 liters per person per day (Section C2.12).

e Lower estimate flow — 80 liters per person per day (Section C2.12).

The water requirement estimates are for mining camps and include water for
drinking and hygiene. Some water for gardening is included in the upper
estimate of water use, even though this water would not end up in the sewage
treatment plant. Therefore, the upper estimate is a conservative estimate of
released flows. The released flows were then assessed in terms of flows expected
in the Kabomboy River. Flows in the Kabomboy River were not measured or
simulated. Based on the land use and topography of the catchment, it was
assumed that flows in the Kabomboy River would resemble those in the upper
Dipeta River. The unit flows simulated using Agriculture Catchments Research
Unit (ACRU) (Table B2.11-3) were used to calculate average wet and dry season
flows in the Kabomboy River. The 95" percentile wet season simulated flows in
the upper Dipeta River were used to calculate storm flows in the Kabomboy
River. These storm flows were then used to assess the flow changes as a result of
the sewage treatment plant releases on the Kabomboy River. The assessment was
made by calculating the incremental increase in flow as a result of these releases.
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The 95" percentile wet season simulated flows for the upper Dipeta River are
shown in Table C2.11-6.

Table C2.11-6 Summary of Expected Wet Season Flows at the Monitoring

Locations

Catchment Area Above Percentiles of Average Daily Stream Flow

Subcatchment Gauging Station (L/s)
(km’) 5 25 50 95

upper Dipeta 8.82 5.5 16 79 250
Sokalwela 7.72 4.4 14 37 126
Shimpidi 12.0 17 32 92 299
mid Dipeta 106 90 209 717 2,584
Konka 82.0 132 234 600 2,002
lower Dipeta 233 468 969 2,419 6,110
upper Mofia 161 304 511 1,484 4,151
Kasana 10.3 20 33 95 266
mid Mofia 222 516 847 2,393 5,955
lower Mofia 389 933 1,577 4,268 10,563

km? = square kilometers.

L/s = liters per second.

Water Balance

A water balance model was prepared to estimate the available water for recycling
to the processing plant. It also has been used to estimate the freeboard required to
prevent a release of water from the tailings dam, including the probable
maximum precipitation. In addition, a rainfall simulation was run to confirm that
the tailings storage facility can contain multiple years of high rainfall. A
simplified schematic of the project water balance is provided in Figure C2.11-3.
A more detailed water balance is presented in the water balance modeling report
of the Feasibility Study (MinProc 2007).
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Inputs to the tailings storage facility water balance include rainfall over the
tailings storage facility as well as the water in the tailings themselves. Outputs
include evaporation from the pond and the tailings beach area, as well as residual
water retained in the tailings indefinitely. Seepage through the tailings storage
facility and return water dam (RWD) liners, which is calculated to be very minor,
also is considered.

Impact Scenarios and Presentation of Results

During the first seven years, the disturbed areas of the various components and
facilities making up the project will increase. Some of the facilities such as the
processing plant will reach their full disturbance footprint early in the project.
Other facilities, such as the pit, will gradually increase their disturbance footprint
during the first seven years of the project. The impacts will be greatest at the end
of the seven-year period, when facilities are at the largest they will be during this
period. All impacts on flow are therefore assessed at Year 7, just prior to the start
of pit dewatering (pit dewatering is predicted to begin in about Year 8,
Section C2.10).

The assessment for the second time snapshot of key question SWH-1 assumes
that the project facilities will be fully built out (i.e., reached their full extent in
area) by Year 15 and that groundwater wells are being used to intercept flow to
the Kwatebala pit.

The Goma and Fwaulu pits will not be initiated until after 2017. No detailed
mine plans or groundwater data for these pits were available when the assessment
was conducted. However, it is known that the mining activity will be located east
of Tenke. This location is outside of the Tshilongo River catchment. If this is the
case, the Dipeta River will be affected as well as local tributaries in the region of
the Goma deposit. The Tshilongo River catchment will be unaffected.

Due to the uncertainties in the sewage treatment plant discharge, two flow
change scenarios are presented for the Kabomboy River:

1. High-flow change scenario assuming 200 liters per person per day being
released from the sewage treatment plant.

2. Low-flow change scenario assuming 80 liters per person per day being

released from the sewage treatment plant.

These flow scenarios are identical for both time snapshots.
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Mitigation

To mitigate the effect on flows in the streams and rivers in the area, TFM will
implement the following measures:

e Develop the tailings storage facility in stages to limit the amount of
disturbed and exposed areas.

e As soon as feasible, rehabilitate temporary disturbed areas through
grading, revegetation and reclamation so that storm water runoff from
these areas is similar to natural or pre-disturbed conditions.

e Non-contact storm water will be directed along constructed drainage
paths to natural receiving water bodies.

e Predicted reductions in streamflow will be partially mitigated by
discharge of groundwater to augment surface water flows. From
approximately Year 8 onward (i.e., the start of pit dewatering) dry
season baseflows in the Kasana, Sokalwela and Shimpidi rives will be
maintained by augmenting flows with groundwater abstracted from
intercept wells for pit dewatering. It is estimated that a discharge of
around 15 liters per second to each river (i.e., a total discharge of around
45 liters per second) will be required to approximate dry season
baseflows. Only when the dewatering volume exceeds the process water
makeup requirements will groundwater abstracted for mine dewatering
purposes be discharged to surface water. Groundwater modeling
indicates that there should be sufficient dewatering water for both the
processing  plant and stream flow augmentation needs
(Section A4.9.1.1).

As a reference, the predicted normal baseflows are shown in Table C2.11-7.
Note that these flows are based on flows observed on site. Additional baseline
surface water flow monitoring (Section D3.1.5) will confirm these flows. Use of
groundwater to mitigate lost baseflows will have no effect on storm flows. As
indicated above, the health of the potentially affected gallery forest and aquatic
habitats should be maintained through direct discharge of water from the pit
dewatering wellfield. However, there are numerous uncertainties surrounding
the viability of this mitigation approach. Therefore, in addition to using available
pit dewatering water for stream flow augmentation, a program to restore gallery
forest habitat in stream sections within the concession not likely to be
significantly affected by reduced baseflows will be implemented. The goal is to
directly compensate for the possible loss of gallery forest habitat due to project
impacts. In order to minimize those impacts and guide stream flow augmentation,
preliminary suggested flow augmentation rates are presented in the “Effects on
Baseflow” section below.
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Table C2.11-7 Predicted Normal Baseflow

Results

River Wet Season Flow Dry Season Flow
(L/s) (L/s)
Kasana 150 15
Sokalwela 100 15
Shimpidi 150 15
Total 400 45

L/s = liters per second.

The wet season baseflows will be made up of interflow (shallow groundwater)
and spring flows (deeper groundwater). Hydrographs of recorded flow data
(Section B2.11) indicate that the flows in the streams during the wet season
reduce fairly rapidly after storm events. This may indicate that interflow
contributions cease after a few days without rain. This would then imply that the
remaining flow in the streams during the wet season is a result of spring flow.

A summary of mitigation measures that will be implemented is provided in
Section D3.1.5.

Project Areas Affecting Stream Flow

The assessment evaluated effects for two cases: (1) assuming no baseflow
augmentation in rivers; and (2) assuming baseflow augmentation is implemented.
No flow augmentation is likely to be required prior to pit dewatering (Year 8).

As discussed in Section C2.11.3.1, some areas of the mine will no longer
contribute to runoff while other areas will contribute more to runoff.
Table C2.11-8 summarizes these areas and their effect on runoff.

Effects on Storm Flow (High Flow)

The project will result in net reductions in stream storm flow at all assessment
nodes for both time snapshots except the Kabomboy River where flows will
increase (Table C2.11-9). With the exception of the Kasana River, flow
reductions are predicted to be less than nine percent. The Kasana River will
experience the greatest reduction in flow (-45 percent to Year 7, -48 percent
thereafter). Should flow augmentation be required, there would be no effect on
storm flows, since flow augmentation is targeted at compensating for reduction in
spring flows (i.e., groundwater discharge). The reduction in storm flow is a
result of a reduction in area that contributes to storm flow and is not dependent
on spring flow.
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Table C2.11-8 Facilities on the Mine Site and Their Effect on Runoff

Facility Area (ha) Area (ha) Affected Catchment Effect on Runoff
Year 7 Year 15
tailings storage facility 216 216 Kasana runoff to process water circuit
open pit 105 151 Shimpidi, Kasana and runoff to process water circuit
Sokalwela
waste rock facilities 172 211 Kasana runoff to process water circuit
and released to catchment

ore stockpiles 95 95 Kasana runoff to process water circuit
g:ggi(sa)smg plant 30 30 Shimpidi and Kasana runoff to process water circuit
return water dams 14.4 20 Kasana runoff to process water circuit
run-of-mine pad 3 3 Shimpidi and Kasana runoff to process water circuit
sewage treatment n/a n/a Kabomboy increased runoff due to
works releases

(a)

Notes: ha = hectares.
n/a = not applicable.

Plant areas generally increase the runoff.

Table C2.11-9 Potential Flow Changes on Storm Flow by the Project

Year 7 Year 15
Catchment Area Flow Flow Change. Flow Change.
Node River (kmz) Contributing to Change Unmitigated Mitigated
Flow at Node (a)(b) Scenario®® Scenario®®
KAS1 Kasana 10.33 -45% -48%
MOF1 Mofia 161.2 -2.9% -3.1%
MOF2 Mofia 221.6 2.1% -2.2%
KAB1 Kabomboy 14.3 +2.3% +2.3% +2.3%
KAB1 Kabomboy 14.3 +0.9% +0.9% +0.9%
DIP1 Dipeta 106.3 -0.9% -1.2%
DIP2 Dipeta 233.2 -0.4% -0.5%
MOF3 Mofia 389.3 -1.2% -1.3%
SOK1 Sokalwela 7.72 -1.1% -1.4%
SHM1 Shimpidi 12.0 -6.9 -8.5%
TSH1 Tshilongo 40 0% 0%®

(a)

represents a negligible effect.

(b)
(c)

plant to the Kabomboy River.

(d)

plant to the Kabomboy River.

(e)

Note: km? = square kilometers.
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A reduction in flow is noted by a minus (-) sign. An increase in flow is noted by a plus (+) sign. Zero percent change

Impacts do not include the effect of the proposed mining of the Goma and Fwaulu deposits.
Represents high-flow change scenario of 200 liters per person per day being released from the sewage treatment

Represents low-flow change scenario of 80 liters per person per day being released from the sewage treatment

The future mining activities at Goma do not appear to be in the Tshilongo River catchment.
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Effects on Baseflow

The TFM project has the potential to result in a net reduction in baseflow once
dewatering is initiated at all assessment nodes except for the Kabomboy River,
where flows will increase (Table C2.11-10). Prior to dewatering, baseflows are
predicted to decrease by up to 10 percent and no mitigation is recommended.
Once dewatering is initiated, flows may decrease by as much as 100 percent in
the Kasana and Sokalwela rivers. Mitigation measures can reduce the impacts to
the dry season baseflows to zero, except for the Kabomboy River where
mitigation is not required. This can be achieved by augmenting the Kasana,
Sokalwela and Shimpidi dry season flows by 15 liters per second each.
Therefore, the dry season baseflows should be returned to normal if they are
reduced by the dewatering program. This implies a total dry season

compensation release of 45 liters per second in the dry season.

Table C2.11-10Potential Changes to Baseflow by the Project

Catchmerz\t Year 7 Year 15
. Area (km®) .
Node | RN | contributingto | pigu Ciange | FloWChange | Floy Change | Flow Change
Scenario®® Mltlg.aﬁg)ﬂ;)(c) Mltlg.atg)%)(c)
Scenario Scenario
KAS1 Kasana 10.3 -10% -100% -90% 0%
MOF1 Mofia 161.2 -0.7% -6.4% -5.8% 0%
MOF2 | Mofia 221.6 -0.5% -4.7% -4.2% 0%
KAB1 | Kabomboy 14.3 +12.3%® +12.3%? +12.3%? +12.3%®
KAB1 | Kabomboy 14.3 +4.9% +4.9% +4.9%° +4.9%
DIP1 Dipeta 106.3 0% -16% -16% 0%
DIP2 Dipeta 233.2 0% -71.2% -7.3% 0%
MOF3 | Mofia 389.3 -0.3% -2.7% -2.4% 0%
SOK1 Sokalwela 7.7 -10% -100% -85% 0%
SHM1 | Shimpidi 12.0 -10% -75% -65% 0%
TSH1 | Tshilongo 40 0% 0% 0% 0%
@ Mitigation flow compensation for wet and dry season is assumed to be 15 liters per second for each of the following three rivers:

Kasana, Sokalwela and Shimpidi (total mitigation is 45 L/s) .

® A reduction in flow is noted by a minus (-) sign. An increase in flow is noted by a plus (+) sign. Zero percent change represents a
negligible effect.

© Impacts do not include the effect of the proposed mining of the Goma and Fwaulu deposits.

@ Represents high-flow change scenario of 200 liters per person per day being released from the sewage treatment plant to the
Kabomboy River.

© Represents low-flow change scenario of 80 liters per person per day being released from the sewage treatment plant to the
Kabomboy River.

@ The future mining activities at Goma do not appear to be in the Tshilongo River catchment.

Note: km? = square kilometers.
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If wet season baseflow mitigation is required, mitigation should be limited to
increasing the wet season baseflows in the Kasana, Sokalwela and Shimpidi
rivers to approximately 12.5 percent of the normal baseflow during the wet
season. (Note that this is an approximation for the purposes of the assessment.
More thorough characterization of baseflow in each river will be conducted in
order to derive the appropriate target for each). This will increase wet season
baseflows to approximately the level of the dry season baseflows. This implies a
maximum total wet season compensation of 45 liters per second for all three
rivers. However, baseflows in the Shimpidi River are expected to be reduced to
only 25 percent of normal wet season baseflow. If 15 liters per second is added
to the existing wet season baseflow in the Shimpidi River the expected wet
season baseflow change will reduce from 75 to 65 percent (Table C2.11-10).

Effects on Total Flow

Total flow is predicted to decrease by up to 20 percent in the wet season and
10 percent in the dry season in the Kasana River prior to pit dewatering
(Table C2.11-11). Once pit dewatering commences, total flow may decrease by
up to 85 percent (wet) and 100 percent (dry). Monitoring will determine if these
predictions are correct. At all other locations, the reductions in flow during the
wet and dry season are predicted to be less than 10 percent.

Table C2.11-11 Potential Changes to Total Flow by the Project

Catchment Area | Year 7 Flow Change Year 15 Flow Change. Year 1;.’:!0“1 C;hange.
(km?) ()c) Unmitigated Scenario®® gare e
Node River Contributing to Scenario
Flow at Node Wet Dry Wet Dry Wet Dry
Season Season Season Season Season Season
KAS1 Kasana 10.33 -20% -10% -85% -100% -78% -90%
MOF1 Mofia 161.2 -1.3% -0.7% -5.4% -6.4% -5.0% -5.8%
MOF2 Mofia 221.6 -0.9% -0.5% -4.0% -4.7% -3.6% -4.2%
KAB1 | Kabomboy 14.3 +3.6% P | +12.3%% |  +3.6% +12.3%9 | +3.6%@ | +12.3%
KAB1 | Kabomboy 14.3 +15°% | +4.9%° +1.5%" +4.9% +1.5%" +4.9%"
DIP1 Dipeta 106.3 -1.7% -1.9% -12% -16% -12% -16%
DIP2 Dipeta 233.2 -0.8% -0.9% -5.4% -71.2% -5.4% -7.3%
MOF3 Mofia 389.3 -0.5% -0.3% -2.3% -2.7% 2.1% -2.4%
SOKA1 Sokalwela 7.72 -9.0% -10% -86% -100% -73% -85%
SHM1 Shimpidi 12.0 -9.0% -10% -50% -75% -44% -65%
TSH1 | Tshilongo 40 0% 0% 0%" 0% 0% 0%
@ Mitigation flow compensation is 15 liters per second for the Kasana, Sokalwela and Shimpidi rivers, resulting in total
mitigation of 45 liters per second. .
&) A reduction in flow is noted by a minus (-) sign. An increase in flow is noted by a plus (+) sign. Zero percent change
represents a negligible effect.
© Impacts do not include the effect of the proposed mining of the Goma and Fwaulu deposits.
@ Represents high-flow change scenario of 200 liters per person per day being released from the sewage treatment plant to
the Kabomboy River.
© Represents low-flow change scenario of 80 liters per person per day being released from the sewage treatment plant to the

Kabomboy River.
o The future mining activities at Goma do not appear to be in the Tshilongo River catchment.
Note: km? = square kilometers.
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If flow augmentation is used after Year 8, the project is predicted to result in the
total flow reductions shown in Table C2.11-11. Flow is predicted to increase at
only the Kabomboy River assessment location. For the Mofia and Dipeta rivers,
flow reductions following mitigation at Year 15 are predicted to range from 4 to
15 percent (range is for wet and dry season flows). For the Kasana, Sokalwela
and Shimpidi rivers, flow reductions following mitigation at Year 15 are
predicted to range from 44 to 90 percent. Mitigation would be targeted
specifically at baseflows. As a result, mitigation measures would be more
effective at reducing flow changes during the dry season.

Flows will revert to close to pre-disturbance conditions after closure.

Water Balance

In an average year, the water balance model indicates that at a tailings production
rate of about 6,980 tonnes per day at 54 percent moisture, about 8,760 cubic
meters per day of water will enter the facility in tailings and an average of
7,321 cubic meters per day from rainfall. About 3,465 cubic meters per day will
be retained indefinitely within the tailings, while about 7,465 cubic meters per
day will be lost in evaporation. Seepage losses from the lined tailings storage
facility will be insignificant. In an average year, the tailings storage facility will
return approximately 5,108 cubic meters per day back to the return water dam,
which will return 5,052 cubic meters per hour to the processing plant.

General Comments

The percentage of total flow changes in the Mofia and Dipeta rivers are smaller
than the percentage of total flow changes in the tributaries. This is due to the
mining activities affecting proportionally larger portions of the smaller
catchments of the tributaries and affecting proportionately smaller areas of the
larger Mofia and Dipeta river catchments.

Storm flows in the upper reaches of the Kasana River will be reduced due to the
tailings storage facility and a portion of the processing plant being located in the
headwaters of this catchment. The potential flow reduction on the storm flow is
significant in the upper reaches of the Shimpidi River. This potential flow
reduction is due to the ore stockpiles and the pit being located in the headwaters
of this catchment. These effects are passed on to the Dipeta River where effects
are assessed.

No infrastructure is located in the Sokalwela River catchment apart from the
mine pit. Storm flows in the upper reaches of this small river will be reduced by a
portion of the pit preventing runoff from reaching the river.
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Currently, no flow changes are predicted for the Tshilongo River. This is due to
the assumption that the infrastructure relating to mining activity at Goma will be
located east of Tenke. This should be outside of the Tshilongo River catchment.
The impacts of the mining of Goma are expected to be on the Dipeta River. The
impacts of the mining of Fwaulu are expected to be mainly on the Dipeta River.
The Sokalwela River catchment should be affected to a lesser degree. Impacts
from the Goma and Fwaulu pits have not been quantified in this assessment as no
detailed plans are available. Future ESIA work will be conducted prior to these
pits being developed. Flow changes resulting from these activities will be similar
to those specified in the assessments for the Dipeta and Mofia Rivers. The
magnitude of the flow changes will depend on the size of the operations
compared to the catchments that are affected.

All flow changes will be reversible to a large degree once the mine closes, as
reclaimed mine surfaces will be designed to be free draining. Storm flow that would
have been generated from this portion of the catchment will be captured by the pit.
The rainfall falling on the pit will contribute to groundwater flows in the immediate
area. These groundwater flows provide baseflow to surface water systems lower
down in the catchment. All other areas will once again contribute runoff.

The groundwater table will recover to some extent following closure of the mine.
Groundwater modeling indicates that there will be slightly lower groundwater
levels near the pit, but not to the extent of preventing most spring flows from
recovering. Up to about 5 springs below Kwatebala Hill may be permanently
affected. All flow changes will be permanent, but most will be small. For the
Kabomboy River, provided the sewage treatment plant continues to operate, flow
increases due to discharge to the river will be permanent.

Impact Analysis

The magnitude of the residual effects from changes in stream flow has not been
addressed in this section. These changes in stream flow have been used by other
disciplines to evaluate effects of flow changes on the receptors that the respective
studies deal with.

Prediction Confidence

Flow change predictions regarding surface water hydrology are generally subject
to a moderate confidence as assumptions were used in the assessment. The major
sources of uncertainty include:

e Assumptions associated with groundwater contributions to stream flow
and a limited understanding of the aquifer boundaries.
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e A limited understanding of dry season flows.

e A limited understanding of the wetting up and drying out phases of the
catchments at the start and end of each wet season.

e Future mining and infrastructure placement at Goma and Fwaulu.

These sources of uncertainty are being addressed through further data collection,
as described in the hydrology baseline report (Section B2.11). Flow change
predictions in the Tshilongo and upper Dipeta rivers are generally subject to a
low confidence as detailed mine plans relating to the mining of the Goma deposit
have not been prepared. Future assessment work will be conducted to assess the
potential effects of the Goma and Fwaulu pits.

Monitoring

The ESIA flow and rainfall station monitoring programs (Section D3.1.6) will be
continued by TFM for at least another year to further strengthen the existing
characterizations of baseline conditions. This will provide a better understanding
of seasonal flows in the rivers. The data can be used for future run-of-river water
supply-related projects, impact assessments for Goma and Fwaulu, and designing
river diversions. A less comprehensive monitoring program will continue for the
life of the mine, as described in Section D3.1.5.

Flows in the Kasana, Sokolwela and Shimpidi rivers will be monitored, as will
water table levels beneath gallery forest habitat within the zone of groundwater
depression (Sections C3.1 and C3.10).

C2.11.3.5 Key Question SWH-2

Key question SWH-2 is: What effect will altered stream flow have on channel
geomorphology?

Linkage Evaluation

Figure C2.11-1 shows the linkage between project activities and potential effects.
The linkages associated with key question SWH-2 are described in this section.
Project activities during construction, operation and closure may result in
changes in flows to receiving waterbodies. These changes in flow may result in
changes to channel geomorphology which affect land use, water quality and fish
and aquatic life. The linkages are valid.
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Assessment Methods

Rivers are dynamic systems with extreme variations in flow. Due to such large
natural changes in flow, channels naturally change shape or course. This
typically occurs through sedimentation and erosion. Substantial changes to flow
regimes affect channel morphology beyond what would naturally occur. These
flow changes are typically in the order of 20 to 30 percent for peak flow
increases, or a 30 to 40 percent flow reduction.

Effect of Flow Increases

The 10-year flood peak discharge was selected as a hydrologic parameter for
quantifying the effects of flow increases on channel erosion and regime. The
flow parameter provides a more reliable indicator for assessing the changes in the
geomorphology of the natural receiving streams than other parameters, such as
erosion depth and enlargement of the channel width. This is because the flow
parameter can be reliably estimated. The pre-development 10-year flood peak
discharge in a natural receiving stream was used as a reference discharge for
calculating changes.

Flows in the Kabomboy River were not measured or simulated. Based on the
land use and topography of the catchment it was assumed that flows in the
Kabomboy River would resemble those in the upper Dipeta River. The 10-year
flows were simulated using ACRU for the upper Dipeta monitoring point. These
simulated flows were adjusted by the relative catchment size difference between
the upper Dipeta and Kabomboy catchments.

Release of intercept dewatering water may be as high as 200 liters per second
(approximately) to each of the Kasana, Sokalwela and Shimpidi drainages. This
is within range of the storm flows in each of the three rivers. However it is about
double the wet season baseflows (Section B2.11). This could cause erosion if
there are continuous flows at this level.

Effect of Flow Decreases

Flow decrease could result in sedimentation of the channel. This applies to
baseflow. It does not apply storm flow. Storm flow is erratic and generally has a
higher flow than the baseflow, when combined with baseflow. Channel
geomorphological impacts are assessed where baseflows have reduced.

Golder Associates



ESIA -283- Tenke Fungurume Mining
Surface Water Hydrology March 2007

Mitigation

To mitigate the effect of flow changes on channel geomorphology in the streams
and rivers in the area, the project will implement the following measures:

e Erosion control measures will be selectively applied, including the
development of stable embankment slopes, silt traps and prompt
revegetation. These measures are intended to prevent excessive silt from
being transported into the streams to prevent changes to channel
morphology.

e  Monitoring of river morphology (Section D3.1.12) will be conducted. If
this indicates that erosion is a problem, then excess water will be piped
to and released in the Dipeta River, or alternate erosion-control
measures will be used.

Other mitigation is described in Section D3.1.5.

Results

Effect of Flow Increases

Channel morphological impacts relating to the project in the form of erosion may
occur where the project results in an increase in flow. The only place where there
is an increase in flow as a direct result of the project is at assessment node
KABI, located on the Kabomboy River. This flow increase is as a result of
treated sewage effluent being released into the Kabomboy River. Indirect
increases in flow due to release of dewatering water is discussed below.

The 10-year flow in the Kabomboy River was calculated as 325 liters per second.
The maximum discharge from the sewage treatment plant is 200 liters per day for
2,500 workers. This equates to 5.8 liters per second. The effluent discharge will
increase the 10-year flow in the Kabomboy River by less than 2.0 percent.
Therefore, due to the small flow increases, effects are expected to be negligible.

Flow increases are also possible during streamflow augmentation. Release of
intercept dewatering water may be as high as 200 liters per second
(approximately) to each of the Kasana, Sokalwela and Shimpidi drainages at
times. This is within range of the storm flows in each of the three rivers.
However it is about double the wet season baseflows (Section B2.11). This could
cause erosion if there are continuous flows at this level. Excess water will be
piped to the Dipeta River, or erosion-control measures will be implemented, to
mitigate these effects.
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Effect of Flow Decreases

Channel geomorphology impacts may occur where baseflows have been reduced.
However, after mitigation, baseflows will probably not be significantly impacted
during the dry season (see Table C2.11-10). During the wet season, the
baseflows are significantly reduced at assessment nodes KAS1, SOKI and SHMI
(i.e., the magnitude of stream reduction is greater than 40 percent, resulting in a
high impact — Table C2.11-3). Storm flows are also significantly reduced at
KAS1 (Table C2.11-9). The reduction in flow will result in a decrease in flow
velocity. However, these rivers are relatively steep and fast flowing. The flows
are to be fast and turbulent enough to keep the sediment load in suspension. For
this reason it is not anticipated that sedimentation due to flow reductions will
occur at assessment nodes KAS1, SOKI or SHMI.

The flows at all other assessment nodes are not predicted to be changed
sufficiently to result in increased sedimentation.

Impact Analysis

A negligible environmental consequence is predicted for the effects of flow
increases on channel geomorphology (Table C2.11-12). The increase in flows
predicted for the Kabomboy River are estimated to be only 1.8 percent. The
effect of flow decreases is predicted to be negligible as mitigation should restore
dry season baseflows to close to their pre-disturbance levels.

Table C2.11-12 Residual Impact Classification for SWH-2

Direction Magnitude Geographic Duration Reversibility Frequency Environmental
Extent Consequence
Key Question SWH-2: What effect will altered stream flow have on channel geomorphology?
Effect of flow increases
negative negligible local ;‘nedlum- yes high negligible
erm

Effect of flow decreases
negative negligible local {gfrg'um' yes high negligible

Prediction Confidence

Flow change predictions regarding surface water hydrology were made with a
high confidence as conservative assumptions were used in the assessment.
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Monitoring

Monitoring of changes in stream flow and channel morphology will include, as
discussed in Section D3.1.5 and D3.1.12:

e Monitoring downstream flows.

e Visual assessments of channel geomorphology.

Operations and water management at the mine site will be adjusted as necessary
to maintain stream flow and minimize changes to channel morphology.

C2.11.3.6 Key Question SWH-3

Key question SWH-3 is: What effect will altered stream flow have on water
supply?

Linkage Evaluation

Figure C2.11-1 shows the linkage between project activities and potential effects.
The linkages associated with key question SWH-3 are described in this section.
Project activities during construction, operation and closure may result in
changes in flows to receiving waterbodies. These changes in flow may result in
changes to volumes of water available for water supply. The linkages are valid.

Assessment Methods

Mitigation

Only the village of Mwanga Muteba withdraws water from local rivers and
springs that could be affected by the project (Figure C2.11-2). Flow changes
with respect to water supply therefore are only assessed on the Kasana River, at
node KAS1 near the village.

Dry season baseflow in the Kasana River will be maintained by augmenting
flows with water abstracted for mine dewatering. The amount of augmentation
that will be required is represented by the “Dry Season Flow” indicated in
Table C2.11-13.
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Table C2.11-13 Volumes of Water That Need to Be Released to Mitigate the Drying

Results

Up of Springs
River Wet Season Flow (L/s) Dry Season Flow (L/s)
Kasana 150 15
Sokalwela 100 15
Shimpidi 113@ 15
Total 363 45

L/s = liters per second
@ Equivalent to 75 percent of estimated baseflow (i.e., 75% of 150 L/s)

The local residents usually use only a fraction of the water that flows past
assessment node KAS1. Water is drawn using buckets and other manual means.
Baseflow assurance levels of supply are far more important than peak flow
assurance levels of supply. This results in communities being more dependent on
baseflows. Peak flows have little bearing on water supply. Baseflows are mostly
fed by springs during the wet season and totally fed by springs during the dry
season. Mitigation of baseflow impacts can reduce water supply impacts to zero.

Unmitigated and mitigated flow change scenarios were assessed at assessment
node KAST1:

e For the unmitigated scenario, baseflow reductions of 100 percent of
flows in the wet and dry season are predicted (Table C2.11-10).

e With dry and wet season flow mitigation, water would be provided by
maintenance of some flow year round (Table C2.11-14). Streamflow
mitigation will include discharge of 15 liters per second to the Kasana
river year round.

Table C2.11-14 Potential Impacts of the Project on Water Supply — Baseflow

Conditions
Catchment Area Flow Change Unmitigated Flow Change Mitigated
(km?) Scenario?®© Scenario@®))
Node River o
Contributing to ®) Dry ® ®
Flow at Node Wet Season Season® Wet Season Dry Season
KAS1 Kasana 10.33 -100% -100% -90% 0%

(a)
(b)

(©)
(d)

The scenarios are described in the paragraph preceding the table.

A reduction in flow is noted by a minus (-) sign. An increase in flow is noted by a plus (+) sign. Zero percent
change represents a negligible effect.

Impacts do not include the effect of the proposed mining of the Goma and Fwaulu deposits.
Mitigation flow compensation is 15 liters per second to the Kasana River.
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o If streamflow mitigation is not sufficient to supply drinking water needs,
in the event of contamination or significant reduction in surface water
availability directly linked to mining operations, alternative drinking
water sources will be provided (e.g., TFM will provide a potable
groundwater source to residents of Mwanga Muteba, the only village
that exists in proximity to the mine that may be affected by changes in
water quantity).

e Groundwater modeling results indicate that wells sited in the village
would be outside the steady-state zone of influence of post-closure mine
facilities (Appendix C2.10-1). A well sited in the village would therefore
be outside the area that could be affected by seepage from the stockpiles
and tailings ponds.

If this is not sufficient to supply drinking water needs to the village of Mwanga
Muteba, alternative drinking water sources will be provided.

Prediction Confidence

Flow change predictions regarding surface water hydrology are made with a
moderate confidence. The major sources of uncertainty include:

e Assumptions associated with groundwater contributions to stream flow.
e A limited understanding of dry season flows.

e A limited understanding of the wetting up and drying out phases of the
catchments at the start and end of each wet season.

e Future hydrological infrastructure location.

These sources of uncertainty are being addressed through further hydrological
data collection (Section D3.1.5).

While flow change predictions are made with moderate confidence, impacts on water
supply are made with high confidence. Flow reductions in streams will be
compensated by using pit dewatering water to augment spring flow (i.e., groundwater
recharge to streams). This would be a dynamic process. Compensation flows can be
changed depending on the amount of spring flow that is lost.

Monitoring

The flow monitoring program is fully described in Section D3.1.5. This program
will provide a better understanding of seasonal flows in the rivers. The data can be
used for future run-of-river water supply related projects and impact assessments.
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C2.11.4 Cumulative Effects Assessment

Linkage Evaluation

Should the project be expanded from a production of 115,000 tonnes of copper
per year to a 400,000 tonnes per year operation, the physical extent of waste rock
facilities, tailings storage facilities and other mine-related facilities would
increase. These facilities would affect surface water hydrology. This linkage is
valid.

Assessment Methods

Mitigation

Results

Detailed plans for the additional development of the project to expand to
400,000 tonnes of copper per year are not yet available. Also, little information
on groundwater conditions in the vicinity of the Goma and Fwaulu pits is
available. Conceptual layouts of areas to be mined are available. The general
concept for such a development was reviewed in the context of known baseline
conditions for surface water hydrology. Professional experience in relation to
changes in flows generally caused by mining, processing plant sites, waste rock
facilities, quarries and linear developments (such as roads, airstrip) was used to
develop an understanding of the potential effect of an expanded project.
Principles developed for closure plans and other project goals for long-term
mitigation of effects were used to develop an assessment of long-term flow
changes.

In addition to the mitigation measures proposed for key question SWH-1, an
expanded 400,000 tonnes per year project would have to create a more detailed
plan for catchment restoration. This is due to the greater level of impact on the
Dipeta and Mofia rivers and their tributaries. Since the geographic extent of the
project would increase, other tributaries would likely need to be studied.

The effects on surface water hydrology with a larger, 400,000 tonnes per year
project would be greater in magnitude than those predicted for key question
SWH-1. The types of impacts expected would be very similar. New waste rock
facilities, dams and ore stockpiles would be developed, possibly in other
catchments. These would be rehabilitated after closure, but the additional pits
would be a permanent feature. Three to four times the land area of the project
would be affected in such a cumulative development case, depending on
economies of scale and advances in technology that can help to reduce this
impact.
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The impacts caused by an expanded project will be directly related to the
footprint areas of facilities such as tailings dams, waste rock facilities, contact
areas of the plant, etc. Additional streams such as the Kampangu and the
Kiomba may be impacted. The Dipeta and Mofia rivers will be further impacted.
Table C2.11-15 shows a rough estimate of what impacts could be experienced in
an expanded project.

Table C2.11-15 Estimated Potential Changes to Total Flow by the Expanded

Project
Flow Change. Flow Change.
Catchment Unmitigated Mitigated
Node River Area (km°) Scenario®®© Scenario®@®©
Contributing to
Flow at Node Wet Dry Wet Dry
Season Season Season Season

KAS1 Kasana 10.33 -85% -100% -78% -90%
MOF1 Mofia 161.2 -5.4% -6.4% -5.0% -5.8%
MOF2 Mofia 2216 -5.0% -6.0% -5.0% -5.5%
KAB1 Kabomboy 14.3 +3.6% +12.3%Y | +3.6%@ | +12.3%?
KAB1 Kabomboy 14.3 +1.5%) +4.9% +1.5%° | +4.9%®
DIP1 Dipeta 106.3 -40% -50% -30% -40%
DIP2 Dipeta 233.2 -10% -12% -10% -12%
MOF3 Mofia 389.3 -2.3% 2.7% 2.1% -2.4%
SOK1 Sokalwela 7.72 -95% -100% -80% -85%
SHM1 Shimpidi 12.0 -50% -75% -44% -65%

Kampangu 15.5 -35% -50% -30% -25%

Kiombo 8.5 -15% -25% -10% -5%
TSH1 Tshilongo 40 0% 0% 0% 0%

@
(b)

(c)

(d)

(e)

(U]

Mitigation flow compensation similar to what is proposed for the impact mitigation as a result of the Kwatebala pit.

A reduction in flow is noted by a minus (-) sign. An increase in flow is noted by a plus (+) sign. Zero percent change
represents a negligible effect.

All impacts based on estimated footprint areas, facility locations, facility types and dewatering impacts.

Represents high-flow change scenario of 200 liters per person per day being released from the sewage treatment
plant to the Kabomboy River. Possible population increase for the expanded project has not been included in
assessment.

Represents low-flow change scenario of 80 liters per person per day being released from the sewage treatment plant
to the Kabomboy River. Possible population increase for the expanded project has not been included in
assessment.

The future mining activities at Goma do not appear to be in the Tshilongo River catchment. There is no anticipated
groundwater impact.

Note: km? = square kilometers.

Residual impacts are provided in Table C2.11-16. Residual flow changes caused
by mining on surface water hydrology will be minimal, but permanent. The mine
site will be rehabilitated, thus returning channel drainage back to normal. The
pits (including Kwatebala) will likely to be sources of recharge to the
groundwater system. Long-term groundwater level changes as a result of
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evaporation from the open pits are unknown at this stage. The groundwater levels
affect spring flows in the rivers. Two scenarios were therefore looked at:

e High flow change — Assumes that spring flows will be reduced by
25 percent in the long-term in the Kasana, Kiomba, Kampangu and
Sokalwela rivers. This scenario assumes that the spring flows in the
Shimpidi River are reduced by 10 percent.

o Low flow change — Assumes that spring flows recover completely.

Table C2.11-16 Residual Impact Classification for the Cumulative Case

Catchment Area Flow Change - High Flow Flow Change - Low Flow
Node River (km?) Change Scenario®® Change Scenario®®
Contributing to
Flow at Node | Wet Season® | Dry Season® | Wet Season” | Dry Season'
KAS1 Kasana 10.33 -19% -25% -1.1% 0%
MOF1 Mofia 161.2 -1.5% 2% -0.1% 0%
MOF2 Mofia 221.6 -1.0% -1.5% -0.1% 0%
KAB1 Kabomboy 14.3 +3.6%'? +12.3% @ +1.5% +4.9%
DIP1 Dipeta 106.3 -15% -20% -12% -15%
DIP2 Dipeta 233.2 -12% -15% -5% -10%
MOF3 Mofia 389.3 -1.0% -1.0% 0% 0%
SOK1 Sokalwela 7.72 -22% -25% -0.2% 0%
SHM1 Shimpidi 12.0 -18% -25% -2.5% 0%
Kampangu 15.5 -15% -25% 0% 0%
Kiombo 8.5 -15% -25% -2.5% 0%
TSH1 Tshilongo 40 0%® 0% 0% 0%

(a)
(b)

(c)
(d)
(e)

The scenarios are described in the paragraph preceding the table.

Impacts include estimated effects of the proposed mining of the Goma and Fwaulu deposits. These estimates are based
on estimated footprint areas, facility locations, facility types and dewatering impacts.

A reduction in flow is noted by a minus (-) sign. An increase in flow is noted by a plus (+) sign.
The sewage treatment plant is assumed to continue operating after the closure of the mine.

The future mining activities at Goma do not appear to be in the Tshilongo River catchment. Detailed mine plans will
confirm this when they are drafted at a later stage.

Note: km? = square kilometers.

Most of the residual effects are a result of the potential spring flow reductions.
The effect of the mine pits on surface flow is minimal. This effect can be seen in
the results of the low impact scenario, where it is assumed that no long-term
spring flow reductions occur. The pits will capture rainfall within their footprint,
and therefore will affect wet season flows as rainfall falling on their footprints
will not contribute to runoff.
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The residual flow changes predicted for the Dipeta River assume that an
attenuation dam is constructed prior to mining of the Goma deposit. This dam is
assumed to be a permanent structure that remains in place at closure.

Impact Analysis

For the cumulative case, flow changes will occur across much of the LSA including
the Goma and Fwaulu hills as well as additional ore-bearing hills outside of the LSA,
such as the Fungurume hills. This expanded project would cover considerably more
land area than those in the project case assessed under key question SWH-1.

All flow changes will be reversible to a large degree once the mine closes.
Similar to Kwatebala, these pits will likely be sources of recharge to the
groundwater system. Storm flow that would have been generated from these
portions of the catchment will be captured by the pit. Groundwater flow will
feed surface water systems lower down in the catchment. All other areas will
contribute to runoff once again. The groundwater table will recover following
closure of the mine. The groundwater levels near the pit may be slightly lower,
but not to the extent of preventing spring flows from recovering. The impacts of
these effects will be larger in local subcatchments than in the larger regional
catchments. A full assessment of the potential effects of the Goma and Fwaulu
pits will be conducted prior to their development.

Prediction Confidence

Impact predictions regarding surface water hydrology are generally subject to a
moderate confidence as assumptions were used in the assessment. Information
concerning the effects of a larger, 400,000 tonnes per year project is limited, but
a general understanding of the effects of such a project is in place. The major
sources of uncertainty include those associated with:

e Assumptions associated with groundwater contributions to stream flow.
e A limited understanding of dry season flows.

e A limited understanding of the wetting up and drying out phases of the
catchments at the start and end of each wet season.

e Future infrastructure location.

These sources of uncertainty will be addressed through further hydrology and
groundwater data collection. However, based on the results of the assessment, no
fatal flaws for surface water hydrology that would prevent expansion of the
project are expected.
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C2.11.5 Conclusions

Surface water hydrology impacts result in a change in flow. The impact of a
change in flow cannot be assessed in itself. It can only be assessed when the
change in flow has a consequential benefit or disadvantage on a receptor. Most
receptors that may be impacted by flow changes in the rivers are dealt with in
other specialist disciplines. These include receptors such as fish and aquatic
habitat (Section C3.3), water quality (Section C2.12) and socio-economics
(Section C4.1). The impacts of flow changes on these disciplines are described in
their respective impact studies. The surface water hydrology impact assessment
provides information for these studies to conduct impact assessments. The effects
on channel morphology were covered in this assessment and the impacts
described and quantified in this assessment. The assessment criterion for surface
water hydrology excludes a magnitude category for surface water hydrology
impacts, except for channel morphology impacts.

Nine assessment nodes were identified in consultation with the water quality, fish
and aquatic habitat and social specialists. There is one node on the Kasana River,
two nodes on the Dipeta River, three on the Mofia River, one on the Kabomboy
River, one on the Sokalwela River, one on the Shimpidi River and one on the
Tshilongo River. Flows at all nodes, except for the Kabomboy River node, will
be reduced as a result of the mining activities. This is due to areas that would
have contributed to stream flow being used for mining-related activities. The
runoff from these areas, which would be classified as contact water, will be
captured and used in the process water circuits. These areas will include the mine
pit, the tailings storage facility, contact areas of the processing plant, process
water dams and the ore stockpiles.

Mine dewatering will occur in order to maintain a dry pit. Groundwater modeling
results show that the local water table will be lowered, affecting the spring flows
and baseflows in the Kasana, Sokalwela and Shimpidi rivers. The modeling
results indicate that baseflows may be totally depleted in the Kasana and
Sokalwela rivers and mostly depleted in the Shimpidi River. This may have a
significant effect on baseflows in these rivers, possibly drying up the Kasana and
Sokalwela rivers during the dry season. These flow reductions have subsequent
effects on the Mofia and Dipeta rivers. Direct influences (reductions) on the
Dipeta River are also expected to occur. The percentage of the total flow
reductions in the Mofia and Dipeta rivers would be significantly less than the
flow reductions in the tributaries of these two rivers. This is due to the affected
areas being proportionally smaller in larger catchments such as the Dipeta and
Mofia, compared to smaller tributary catchments. Mitigation by means of stream
flow augmentation after Year 7 will increase lost baseflows.
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Flows to the Kabomboy River catchment will be increased due to release of
treated effluent from the sewage treatment to the Kabomboy River.

Flow changes predicted for Year 7 (before pit dewatering) and Year 15 (after pit
dewatering) are summarized in Table C2.11-17. Total wet season flows are
predicted to decrease by up to 78 percent, but this should not influence water
users as only a small percentage of stream flow is used during the wet season.
Total dry season flows are expected to be reduced by up to 90 percent.

Table C2.11-17 Potential Flow Changes on Total Flow by the Project

Mitigated Flow Change Mitigated Flow Change
Node River Year 7 Mine Closure (Year 15)
Wet Season Dry Season Wet Season Dry Season
KAS1 Kasana -20% -10% -78% -90%
MOF1 Mofia -1.3% -0.7% -5.0% -5.8%
MOF2 Mofia -0.9% -0.5% -3.6% -4.2%
KAB1 Kabomboy +3.6%" +12.3%" +3.6%") +12.3%"
KAB1 Kabomboy +1.5%"° +4.9%"° +1.5%" +4.9%"°
DIP1 Dipeta -1.7% -1.9% -12% -16%
DIP2 Dipeta -0.8% -0.9% -5.4% -7.3%
MOF3 Mofia -0.5% -0.3% -2.1% -2.4%
SOK1 Sokalwela -9.0% -10% -73% -85%
SHM1 Shimpidi -9.0% -10% -44% -65%
TSH1 Tshilongo 0% 0% 0% 0%

@) Key question SWH-1, Section C2.11.3.4.
Represents high-flow change scenario of 200 liters per day being released from the sewage treatment plant to the

Kabomboy River.

Represents low-flow change scenario of 80 liters per day being released from the sewage treatment plant to the

Kabomboy River.

The future mining activities at Goma do not appear to be in the Tshilongo River catchment. Detailed mine plans

will confirm this when they are drafted at a later stage in the mine’s development.

Release of excess dewatering water may cause erosion in local rivers. Erosion will
be monitored and actions taken should this prove to be an issue (Section C3.1.5).

All flow changes will be reversible to a large degree once the mine closes. The
mine pit will likely be a source of recharge to the groundwater system. Storm
flow that would have been generated from this portion of the catchment will be
captured by the mine pit. Groundwater flow will feed surface water systems
lower down in the catchment. All other areas will contribute to surface runoff
once again. The groundwater table will recover following closure of the mine.
The pit may result in lower groundwater levels, but not to the extent of
preventing the spring flows from recovering. All flow changes will be
permanent, although significantly reduced.
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Monitoring

The monitoring program established will be continued during the life of the
mine. This will benefit the personnel involved with the monitoring program by
providing a small income and enhancing their skills. TFM will gain a better
understanding of how the catchments respond to rainfall and what flows can be
expected in the rivers. This information can be used in the future for impact
assessment and mine planning in terms of water supply and storm water
management. The information may also be useful to the broader scientific
community. The monitoring program is not a long-term benefit and will cease
once the mine closes, unless the broader scientific community continues with the
program.

Flows, erosion and channel morphology in the Kasana, Sololwela and Shimpidi
rivers will be monitored (Sections D3.1.5 and D3.1.12), as will water tables
beneath of gallery forest habitat downstream of the mine (Section D3.1.6).
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C2.12 WATER AND SEDIMENT QUALITY

C2.12.1 Introduction

This section presents the environmental assessment for the effects of the
Tenke Fungurume Mining (TFM) project on water and sediment quality. The
information presented in this section meets the terms of reference for the project
(Appendix E8) and includes details on:

e Components within each phase of the project that may influence or
affect surface water and sediment quality.

e Concerns identified by stakeholders and regulators.

e Impact assessment (using qualitative and quantitative methods) for
potential impacts of the project on surface water and sediment quality
within the study areas.

e Sustainability assessment for key surface water and sediment quality
issues.

e Proposed mitigation measures to be considered during the construction,
operation and reclamation phases of the project to maintain surface
water and sediment quality.

e The monitoring program that will be used to identify and monitor
project impacts on surface water and sediment quality.

This section of the environmental and social impact assessment (ESIA) is
organized as follows:

e Section C2.12.2 describes the study areas.

e Section C2.12.3 discusses the approaches and results for the impact and
sustainability assessments.

e Section C2.12.4 discusses the cumulative effects assessment.

e Section C2.12.5 discusses the conclusions of the impact assessment.

Existing surface water, groundwater and sediment quality is described in the
water and sediment quality baseline report (Section B2.12). A glossary of terms
and acronyms used in this section is provided at the end of the volume.
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C2.12.2 Study Areas

The Regional Study Area (RSA) covers the Mofia River and the Dipeta River
catchments and a small portion of the Tshilongo River catchment near Tenke.
Proposed and potential future mining activities in the TFM concession will occur
within these areas (Figure C1.5-1).

Although the TFM project will include pits at Goma, Fwaulu and Kwatebala, the
assessment is for the Kwatebala pit only. The area where mining of Kwatebala
hill and its associated activities have the potential to directly impact surface water
comprises the Local Study Area (LSA) (Figure B1.5-1). The mine site is located
in the upper Dipeta, Shimpidi, Sokalwela and Kasana river catchments. The
airstrip, limestone quarry and permanent village will be located in the Kabomboy
River catchment. Changes in these catchments also have the potential to impact
the Dipeta and Mofia rivers. Construction and operation of access roads have the
potential to cause localized effects in a number of other subcatchments of the
Mofia and Dipeta rivers.

C2.12.3 Impact Assessment

C2.12.3.1 Issue Scoping

The TFM project has the potential to affect surface water, groundwater and
sediment quality as a result of a number of activities, including:

e Site preparation and clearing.

e Diversion and disruption of natural drainage lines.
e Dewatering and subsequent decrease in flows.

e Disposal and stockpiling of waste rock and ore.

e Ore processing activities.

e Discharge of treated sewage effluent.

e Accidental releases and spills.

e Site reclamation and closure activities.

Stakeholders identified many of the above activities as concerns and had
additional specific concerns. The potential for toxic effects from the tailings
storage facility was an issue raised often by stakeholders. Stakeholders are
concerned that the quality of water would be affected by toxins from the tailings
storage facility and effluent pollution from the processing plant and mine. Heavy
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C2.12.3.2

metal pollution, especially lead pollution, is of particular concern. Others
expressed concern that the removal of trees and vegetation near rivers will cause
erosion which, in turn, may cause reduced water quality. Stakeholders were also
concerned about the potential presence of radioactivity in the ore and subsequent
effects to human health and safety. In the Kambove area west of Likasi,
approximately 40 kilometers away, some of the copper and cobalt ore has a trace
of radioactivity.

The major surface water uses in the project concession include bathing and
laundry, potable (drinking water) consumption, agricultural irrigation and use to
sustain natural habitats and species. Surface waters are also used as latrines by
some of the population and, until the end of 2005, were used for washing of
heterogenite and copper ores by artisanal miners at some locations. Currently,
surface water quality may be affected by runoff from artisanal mining operations,
urban centers and agricultural land (Section B2.12).

The linkages between project activities and potential effects on water and
sediment quality are depicted in Figure C2.12-1. Potential surface water and
sediment quality effects could occur during all phases of the project, including
construction, operations, closure and post-closure. The key questions used to
guide this assessment are also shown. Results of this assessment that were used
in another component of the ESIA are shown to the right.

Key Questions and Indicators

The linkages shown in Figure C2.12-1 were assessed by answering key questions
for water and sediment quality (Table C2.12-1). The use of linkage analysis and
key questions is described in Section AS.

Table C2.12-1 Key Questions for Water Quality

Impact Assessment

WQ-1 What effect will the project have on water quality indicators in local watercourses?

WQ-2 What effect will the project have on sediment quality in local watercourses?

WQ-3 What are the predicted water quality characteristics of the pit lake?

Sustainability Assessment

WQ-4 How can the project have a positive effect on water and sediment quality?
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Figure C2.12-1 Water and Sediment Quality Linkage Diagram
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Both the Global Reporting Initiative (GRI 2006) and International Federation of
Consulting Engineers (FIDIC 2004) have identified indicators for surface water
quality. Table C2.12-2 provides a description of these indicators and how these
have been adapted for use in the ESIA. These indicators are used to assess
potential effects of the project on water quality.

Table C2.12-2 Water Quality Indicators

GRI/FIDIC Indicators

ESIA Indicators

GRI - EN12. significant effluent discharges to water
by type

predicted effluent water quality at point of discharge compared to
guidelines and background concentrations for a comprehensive suite
of parameters

GRI - EN32. water sources and ecosystems/habitats
significantly affected by use of water

predicted water quality in surface water compared to guidelines and
background concentrations for a comprehensive suite of parameters

FIDIC — EN14. measurements of biological oxygen
demand on water bodies affected by
project during all phases

predicted biological oxygen demand at point of discharge and in
surface water

FIDIC - EN11. measurements of changes in algae
concentrations

predicted water quality in surface water compared to guidelines and
background concentrations for a comprehensive suite of parameters

FIDIC — EN15. measurements of fecal coliform in
freshwater bodies affected by project
during all phases

n/a — coliform monitoring in surface water will be included in the
environmental action plan (Section D3)

C2.12.3.3 Assessment Criteria

Table C2.12-3 provides the impact description criteria used to quantify changes
in indicators as described in Section A5.1.7.

C2.12.3.4 Key Question WQ-1

Key question WQ-1 is: What effect will the project have on water quality in local

watercourses?

Linkage Evaluation

Figure C2.12-1 shows the linkage between project activities and potential effects.
The linkages associated with key question WQ-1 are described in this section.
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Table C2.12-3 Impact Description Criteria for Water Quality
Direction® Magnitude® Geographic Extent® Duration® Reversibility® [ Frequency"
positive, negative | negligible: releases do not | local: effect restricted | short-term: <3 years | reversible low: occurs
or neutral for the cause guidelines or existing | to the LSA medium-term: 3to |or once or rarely
measurement backgrounds to be regional: effect 20 years irreversible medium:
endpoints exceeded extends beyond the long-term: occurs
low: releases contribute LSA into the RSA >20 years intermittently

slightly to existing
background being
exceeded

moderate: releases cause
the guidelines to be
exceeded (where guidelines
were not previously
exceeded)

high: releases cause the
guidelines to be exceeded
substantially

beyond regional:
effect extends beyond
the RSA

high: occurs
continuously

@ Direction: positive or negative effect for measurement endpoints, as defined for specific component.

(b)
(c)

Magnitude: degree of change to analysis endpoint.
Geographic Extent: area affected by the impact.

@ Duration: length of time over which the environmental effect occurs. Considers a two-year construction period and a 20-year

operation period.

@ Reversibility: effect on the resource (or resource capability) can or cannot be reversed.
@ Frequency: how often the environmental effect occurs.

Changes in Groundwater Flow

Changes in groundwater flow due to changes in infiltration and groundwater
extraction (removal) for process water have the potential to affect the
contribution of groundwater to surface water and, as a result, the combined water
quality.

The hydrology assessment (Section C2.11) showed that there could be a change
in groundwater flow to streams in the LSA and the linkage was considered to be
valid.

Changes in Groundwater Quality

The tailings storage facility will be lined to minimize seepage to surface water.
However, the hydrogeology assessment (Section C2.10) showed that this seepage
rate is not likely to be zero (although extremely close), even with a well
engineered and constructed liner. Therefore, this linkage was considered to be
valid.

The ore stockpiles and waste rock facilities will not be underlain by a low
permeability liner and there will be some seepage (Section C2.10). This linkage
was considered to be valid.
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The pit lake will not have a surface discharge but pit lake recharge to
groundwater will eventually discharge to surface water in the local study area
after the mine closure (Section C2.10). This linkage was considered to be valid.

Changes in Amount of Surface Water Runoff

Mine activities have the potential to affect the amount of surface runoff as a
result of containment of runoff water from ore stockpiles, the waste rock facility,
the limestone quarry, the tailings storage facility and the processing plant.
Changing surface water runoff could have an effect on water quality in nearby
watercourses. The hydrology assessment (Section C2.11) showed that changes in
stream flows in the LSA were dominated by changes in groundwater flow during
the dry season and that changes in surface runoff did not greatly affect stream
flow. In the wet season, the change in surface water flow would not affect
surface water quality because the proportion of groundwater in stream flows
would not change substantially. As a result, the linkage between changes in
surface water flow and changes in water and sediment quality was considered to
be invalid.

Changes in Sedimentation and Quality of Runoff

Construction

Site preparation, site clearing and construction of roads and other facilities have
the potential to result in increases in suspended sediment loadings and of
sedimentary-bound contaminants to receiving water bodies. This linkage was
considered to be valid.

Operation

During operation, the water quality of runoff from different land types within the
mine area and the limestone quarry may be different than the water quality of
runoff during baseline conditions. Changes in the quality of runoff could result
from leaching of metals from ore stockpiles and the waste rock facilities and
increased runoff, which has the potential to increase erosion and sedimentation.

Ore Stockpiles, Waste Rock Facilities and Processing Plant Site

The surface water management plan (Section A4.9) includes capture of storm
water runoff (i.e., contact water runoff) from mine waste facilities and use of this
water within the process water circuit. Non-contact runoff will be channeled
around the waste rock facilities and ore stockpiles. These channels will be
inspected and maintained as part of the water management system for the waste
rock facilities. Storm water runoff from the processing plant site and the
run-of-mine (ROM) pad will be collected in storm water ponds for use in the
process water circuit.
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Runoff from the ore stockpiles, the waste rock facilities, Kwatebala pit and ROM
pad will normally be captured and tested for water quality prior to release,
treatment, and/or use within the process plant. When meeting all applicable
water quality standards, storm water may be released during the wet season to
manage the amount of water retained within the water circuit. However, if the
water inventories exceed the containment capacity of the facility, a discharge of
untested and untreated storm water may occur. The Tenke Fungurume facility is
designed to limit this kind of discharge to a frequency of less than once every ten
years, on average. The south retention pond, which contains water from
Kwatebala pit and the ROM pad, is predicted to spill to surface water at a
frequency less than once in 50 years. Because the frequency is extremely low,
and based on conservative model assumptions, the linkage was considered to be
invalid.

The linkage between storm water runoff and surface water quality was therefore
considered to be invalid for typical operating conditions but valid for storm flow
during a 1 in 10 year storm event.

Limestone Quarry

A site visit to the limestone quarry location demonstrated that runoff water from
the limestone quarry site will not reach surface waters (Appendix B2.3-II). The
linkage between runoff from the limestone quarry site and surface water quality
was considered to be invalid.

Post-Closure

After closure, water quality could be affected as a result of water releases from
pits and reclaimed areas. A reclamation landscape with sustainable drainage and
vegetation cover will be established at closure to prevent runoff water from
coming into contact with mine or waste material and to minimize erosion
(Section D5). The pit lake will not drain to surface water because of the
topography of the catchment and runoff quality from the ‘capped’ reclaimed
areas will be equivalent to baseline runoff quality. The linkage between surface
runoff and water quality at closure (excluding water quality of the pit lake) was
considered to be invalid. At closure, if hydrologic and water quality conditions
allow, a surface water outlet from the pit lake may be considered to stabilize
seasonal flows in downstream reaches of the drainage (Section D3.1.14.3). Water
quality of the pit lake is assessed in Appendix B2.3-1. The pit lake will likely be
a source of recharge to the groundwater system (Section C2.10) and subsequently
surface water. The effect of this seepage (i.e., recharge to groundwater) from the
pit lake to surface waters was assessed and was found to be of low environmental
consequence (Table C2.12-9).
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Liquid Effluents

Water quality in the receiving environment may also be affected during
construction and operation of the mine as a result of wastewater (effluent)
releases. Potential wastewater releases include sewage and water from mine pit
dewatering and tailings effluent (waste).

The water management plan (Section A4.9) includes a site water balance
demonstrating that all tailings water can be contained within the tailings storage
facility and that there will be no operational release of tailings water to surface
water. This linkage was considered to be invalid.

Sewage effluent will be released from the sewage treatment plant at the
construction camp. This linkage was considered to be valid. Sewage effluent
from the sewage treatment plant at the processing plant will be released to the
process water circuit. This linkage was considered to be invalid.

The mine pit will be dewatered by controlled pumping of groundwater. Required
extraction volumes are predicted to be greater than what can be used by the
processing plant. The excess water will be released to nearby watercourses. The
linkage between mine pit dewatering and surface water quality was considered to
be valid.

Spills
Accidental releases or spills have the potential to affect water and sediment
quality and impair downstream water uses depending on the type of material,
magnitude, duration, weather conditions and location of the spill or release. This
linkage was assumed to be valid.

Assessment Methods

Changes in Groundwater Flow

The Kasana and Sokalwela rivers are predicted to dry up in the dry season during
operation (once pit dewatering begins in Year 8) if pit dewatering water is not
used to replace flows (Section C2.11). Only the Kasana River is used by
villagers as a water source. The effect of changes in groundwater flow was
evaluated by comparing the quality of water in the local watercourses to water
quality of the springs in the headwaters of the watercourses that could experience
changes in flows to surface waters.
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Changes in Groundwater Quality

Groundwater Model Description

A simple groundwater transport model was developed to assess transport of
constituents from the tailings management facility, waste rock facilities, ore
stockpiles and the pit lake to receiving watercourses. The model was used to
predict mass loadings of constituents to the watercourses over time. The
groundwater transport model includes attenuation, which is retardation of
transport of substances due to adsorption to particles along the groundwater
pathway. A detailed description of the model is provided in Appendix C2.12-I.

Input groundwater quality data for the pit lake, waste rock facility, ore stockpiles
and the tailings pond seepages are provided in the mine waste characterization
study (Appendix B2.3-I). The water quality assessments for the waste rock
storage facility and the ore stockpiles included water quality predictions that
account for geochemical control mechanisms, such as mineral precipitation,
commonly observed at mining sites, as described in Appendix B2.3-I.

Seepage water from the tailings storage facility, waste rock storage facilities and
ore stockpiles was assumed to enter the small springs in the headwaters of the
Kasana River, while seepage from the pit lake was assumed to enter both the
Kasana River and the Dipeta River. A range of groundwater flow scenarios, as
described in the hydrogeology impact assessment (Section C2.10), was
considered. As a conservative assumption, the highest flow to each watercourse
was used in the groundwater transport modeling.

The following assumptions are inherent in the groundwater transport model
method:

e Flow is effectively one-dimensional between the source and the point of
entry to the stream. All flow from the tailings storage facility, waste
rock storage facilities and ore stockpiles enter the small springs in the
headwaters of the Kasana River. Flow from the pit lake enters into the
headwaters of the Dipeta and Kasana rivers. These conservative
assumptions were made in the absence of detailed groundwater transport
modeling.

o The groundwater regime can be represented as a porous medium.
e Groundwater flow is steady and uniform along the flowpath.

e Reactions along the flowpath are reversible and can be adequately
represented by a linear adsorption isotherm.
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e Mass fluxes into the receiving streams increase linearly between the
time of initial arrival and the time of arrival for constituents from the
furthest point from the receiving stream.

e Mass fluxes into the receiving streams change at the time of closure due
to reduction in the volumetric flow of seepage from the waste rock
facility and ore stockpiles.

Surface Water Model Description

Mass balance models were used to predict changes in water quality caused by
changes in the quality of groundwater due to seepages from the tailings storage
facility, waste rock storage facilities, ore stockpiles and the pit lake. The mass
balance model included worst case predictions based on a low-flow scenario.
Base flow of the rivers was calculated using the average groundwater recharge
rates provided in the hydrogeology impact assessment (Section C2.10). The
loadings were derived from the groundwater transport model one thousand years
after closure. The following assumptions were used in the model:

e  Watercourses are fully mixed.
e All substances behave conservatively in the surface water.

e Median seasonal concentrations reflect background conditions.

Only the dry season conditions were modeled as this is when the lowest
background flow, and hence greatest effects from the groundwater, is predicted
to occur.

Scenarios

The effects of changes in groundwater quality were assessed for three different
time frames: Short-term (during the life of the mine); long-term (up to one
thousand years after closure); and far-future (greater than one thousand years in
the future). The short-term and far-future scenarios were assessed qualitatively.
The assessment of the long-term scenario was based on the groundwater and
surface water models discussed above. The impact analysis was based on the
long-term scenario as geologic processes acting on time scales greater than
one thousand years lead to large uncertainties in groundwater flows and seepage
quality.

Water Quality Parameters Assessed

All water quality parameters for which sufficient data were available were
modeled at the mine area. These parameters are listed in Table C2.12-4.
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Table C2.12-4 Water Quality Variables Assessed

Group Water Quality Variables
major ions calcium, chloride, magnesium, potassium, sodium and sulfate
nutrients nitrate and nitrite
metals aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper,

iron, lead, manganese, mercury, molybdenum, nickel, selenium, silicon, silver, strontium,
thorium, tin, uranium, vanadium and zinc

Boron and thallium were not included in this assessment. They were generally
not encountered above the analytical detection limits used in the geochemistry
and water quality baseline determinations. However, these analytes will be
included in the ground and surface water quality monitoring programs for the
project, using lower detection limits. This will assure that any potential impacts
to the Kasana, Mofia and/or Dipeta rivers will be assessed.

Comparison to Baseline Values and Guidelines

Predicted concentrations of the assessed parameters in the receiving streams were
compared to corresponding baseline values. Changes in predicted concentrations
that were less than 10 percent above background concentrations were assumed to
have no effect on the water quality even if background concentrations exceed
reference guidelines. Predicted concentrations that were greater than 10 percent
higher than baseline concentrations were compared to relevant guidelines. The
guidelines used are provided in Section A2.7.5.

Changes in Sedimentation and Quality of Runoff during Construction

Risk of contamination of surface and groundwater from spills was evaluated
qualitatively, taking into account mitigation measures described in
Section C2.11. No quantitative assessment was conducted.

The stormwater management system has been designed not to discharge waste
rock runoff to receiving water bodies at a frequency of greater than once every
ten years, on average (Section A4.3.7).

Changes in Sedimentation and Quality of Runoff during 1 in 10 Year Storm Event

Runoff Water Quality Model Description

For the purposes of this assessment this was assumed to be in the 1 in 10 year
24-hour rain event. During these events, the collection ponds for the waste rock
facilities and ores stockpiles are predicted to overflow and the runoff waters will
be released into the surrounding environment. A mass balance model was used to
predict the effects of these releases on the Kasana and Mofia Rivers. In the mine
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waste characterization study (Appendix B2.3-I) the water quality was predicted
for the runoff from the waste rock storage facilities and the ore stockpiles. The
water quality assessments for the waste rock storage facility and the ore
stockpiles included water quality predictions that account for geochemical
control mechanisms, such as mineral precipitation, commonly observed at
mining sites, as described in Appendix B2.3-1.

Modeling assumptions include:

e  Watercourses are fully mixed.
o All substances behave conservatively in the surface water.

o The flows over waste rock and natural land are proportional to the
respective surface areas during the event.

e Median wet season concentrations reflect background conditions during
storm events.

Water Quality Parameters Assessed

The same parameters that were assessed to evaluate the changes in groundwater
quality also were used to evaluate changes in the quality of storm water runoff.

Comparison to Baseline Values and Guidelines

Maximum concentrations predicted for the 1 in 10 year storm runoff events were
compared to corresponding baseline values. Changes in predicted concentrations
that were less than ten percent above background concentrations were assumed to
have no effect on the water quality even if background concentrations exceed
reference guidelines. Predicted concentrations that were greater than ten percent
higher than baseline concentrations were compared to relevant guidelines. For
the storm runoff events, only the ambient acute guideline is relevant because
these events are very infrequent and have a short time span (1 day in 10 years).
The guidelines used are provided in Section A2.7.5.

Liquid Effluents
Sewage Effluents from the Construction Camp/Permanent Village

A mass balance model was used to predict changes in water quality due to release
of sewage effluent from the construction camp/permanent village. Sewage
effluent was assumed to enter the Kabomboy River. Predicted flows are provided
in the surface water hydrology impact assessment (Section C2.11). Water quality
for the receiving streams is provided in the water and sediment quality baseline
report (Section B2.12). Modeled parameters include ammonia, phosphorus and
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Spills

Mitigation

biochemical oxygen demand. Treated sewage effluent chemistry is discussed in
Section A4.7.1.4.

The following assumptions were used in the model:

e The Kabomboy River is fully mixed.
e All substances behave conservatively in the surface water.

e Median seasonal concentrations reflect background conditions.

Mine Pit Dewatering

The Kasana and Sokawela rivers are predicted to dry up in the dry season during
operation if pit dewatering water is not used to replace flows. The effect of
replacing water in the surface waters with dewatering water was evaluated by
comparing the quality of river water to the water quality of the springs in the
headwaters of the rivers. It was assumed that the current springs are derived from
groundwater with the same source as the future dewatering wells.

Impact analysis of contamination of surface and groundwater from spills was
evaluated qualitatively, taking into account mitigation measures described in
Section C2.11. No assessment was conducted.

Full details of the mitigation proposed is provided in Section D3.1.5.

Changes in Sedimentation and Quality of Runoff

Construction

Protection of the water quality will be accomplished during construction through
the use of best management practices (BMP) that are widely accepted to reduce
effects of construction. Runoff water will be diverted away from haul roads and
other disturbed areas. Stream crossings will be constructed in a way to minimize
sedimentation. Technologies for reducing the energy force of runoff water, such
as installation of diversion channels, sedimentation ponds, rock filters or plastic
water dams, will be selectively implemented so that runoff does not carry
significant sediment from disturbed areas.
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Spills

Results

Operation

Mitigation measures implemented for operation are described in the surface
water hydrology linkage analysis (Section C2.11). These measures include:

e Use of diversion ditches and berms to reduce the amount of surface
water entering the mining and process areas.

e Incorporating potentially contaminated storm water into the process
water circuit.

e Provision of potable groundwater to residents of Mwanga Muteba if
impact predictions or monitoring determines that guidelines will be/ are
being exceeded.

Closure

Mitigation measures implemented for closure are described in the surface water
hydrology linkage analysis (Section C2.11). Mitigation measures include a
reclamation landscape with sustainable drainage and vegetation cover to be
established at closure. The closure landscape will have slopes and drainage
channels that will:

e Minimize erosion.
e Minimize transport of soil material into downstream receiving waters.

e Minimize contact of runoff with mine or waste material.

Fuel and oil tanks will be placed within secondary lined containment cells to
contain spills in the case of tank failure. Equipment maintenance areas will be
located away from surface waters and bermed to prevent runoff of equipment
fluids. Dedicated storage and handling areas for waste materials will be used. A
waste management plan and an emergency response plan will be part of an
environmental and social management system (Volume D).

Changes in Groundwater Flow and Release Water from Mine Pit Dewatering

The groundwater assessment indicates that some springs could dry up in the dry
season in the Kasana and Sokawela catchments due to mine pit dewatering.
Drying up of springs will affect baseflow in the catchments. Baseflow is
predicted to be completely eliminated for portions of each catchment without
mitigation. Mine pit dewatering water will be used to mitigate the effects of
decreased natural groundwater inputs. Baseflow is predicted to return to near
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baseline conditions after mine pit dewatering ceases and the groundwater regime
returns to a state of equilibrium (Section C2.10).

The spring water in the headwaters of the catchment has major ions and total
dissolved solids concentrations within the range of concentrations in surface
waters. Nitrogen parameters as well as barium, iron and strontium were higher in
the springs than in surface water; however, none of these parameters exceed
guidelines in the spring waters. Therefore, there is no expected degradation in
surface water quality as a result of changes in groundwater flow or release of
water from pit dewatering.

Changes in Groundwater Quality
Short-term Effects (during the life of the mine)

The groundwater model shows that with the exception of some of the major ions,
contaminants in seepage waters do not reach the Kasana River until after closure.
Thus there is no expected decline in water quality in the short term as a result of
changes in groundwater quality.

Long-term Effects (up to one thousand years after closure)

Table C2.12-5 provides the predicted concentrations in the Kasana, Mofia and
Dipeta rivers one thousand years after closure. Concentrations are the maximum
predicted over the first 1,000 years. The three assessment nodes (potential
environmental compliance points) are shown in Figure C2.12-2. The table
includes the background water quality in each river as well as the maximum and
minimum concentrations predicted to occur in each river.

Concentrations of major ions in seepage waters entering the receiving streams are
not expected to change over the examined timeframe (Appendix C2.12-I).
Maximum predicted concentrations of chloride, potassium, sodium and sulfate
are greater than the background concentrations in all three rivers but the
maximum concentrations are not predicted to exceed any guidelines.

One thousand years after closure, maximum predicted concentrations of several
metals are predicted to exceed background concentrations by more than 10 percent in
at least one of the rivers. However, none of the parameters are predicted to exceed
any of the reference water quality guidelines.

Golder Associates



ESIA

Water and Sediment Quality

-311-

Tenke Fungurume Mining

March 2007

Table C2.12-5 Background and Predicted Concentrations in the Kasana, Mofia and Dipeta Rivers in the Dry Season
1,000 Years after Closure

Kasana Dry Season Mofia Dry Season Dipeta Dry Season
Parameter Units | Background Predicted Background Predicted Background Predicted
Concentrations Concentrations'” Concentrations Concentrations'” Concentrations Concentrations”
(2006)(3) Minimum | Maximum (2006)(3) Minimum | Maximum (2006)(3) Minimum | Maximum
Nutrients
nitrate + nitrite (as mg/L 0.7 0.7 0.7 0.2 0.2 0.2 0.6 0.6 0.6
nitrogen)
total phosphate mg/L 0.6 0.6 0.6 0.05 0.05 0.05 1.1 1 1
Major lons
calcium mg/L 58 63 67 48 48 49 54 55 57
chloride mg/L 0.1 3 98 0.3 1 7 0.3 1 14
magnesium mg/L 69 69 69 38 38 38 56 56 56
potassium mg/L 2 7 120 2 2 9 3 3 57
sodium mg/L 3 3 36 5 5 7 2 2 3
sulfate mg/L 41 47 230 11 11 23 39 39 53
Metals®
aluminum Mg/l 4 4 4 3 3 3 5 5 5
antimony Hg/L 0.5® 0.5 0.8 0.5® 0.5 0.5 0.5© 0.5 0.7
arsenic Mg/l 0.3 0.3 0.4 1 1 1 0.4 0.4 0.4
barium pg/L 161 161 161 252 252 252 165 170 170
beryllium Hg/L 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
cadmium Hg/L 0.05® 0.05 0.05 0.05® 0.05 0.05 0.05® 0.05 0.05
chromium® Hg/L 0.5® 0.5 0.5 0.5® 0.5 0.5 0.5© 0.5 0.5
cobalt Hg/L 1 1 17 1) 1 2 7 7 7
copper Hg/L 1@ 1 1 1@ 1 1 3 3 3
iron ng/L 5 5 5 4 4 4 4 4 4
lead Hg/L 0.5® 0.5 0.5 0.5® 0.5 0.5 0.5@ 0.5 0.5
manganese Mg/l 12 12 16 30° 30° 30° 6 6 6
mercury Hg/L 0.05® 0.05 0.05 0.05® 0.05 0.05 0.05® 0.05 0.05
molybdenum Hg/L 0.5® 0.5 0.7 0.5® 0.5 0.5 0.5© 0.5 0.5
nickel pg/L 3 3 3 2 2 2 3 3 3
selenium Hg/L 0.5® 0.5 1 1 1 1 0.5@ 0.5 0.5
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Table C2.12-5 Background and Predicted Concentrations in the Kasana, Mofia and Dipeta Rivers in the Dry Season one
thousand Years after Closure (continued)

Kasana Dry Season Mofia Dry Season Dipeta Dry Season
Parameter Units | Background Predicted Background Predicted Background Predicted
Concentrations Concentrations'? Concentrations Concentrations'? Concentrations Concentrations'?
(2006)(3) Minimum | Maximum (2006)(a) Minimum | Maximum (2006)(3) Minimum | Maximum
silver Hg/L 0.5 0.5 0.8 0.5 0.5 0.5 0.5 0.5 0.7
strontium pg/L 566 570 570 220 220 220 360 360 360
tin Hg/L 0.5® 1 1 0.5® 0.5 0.5 0.5© 0.5 0.5
uranium Mg/l 04 0.4 0.4 0.3 0.3 0.3 1 1 1
vanadium pg/L 2 2 2 1 1 1 1 1 1
zinc Mg/l 3 3 3 5 5 5 4 4 4

@ Background data is based on data provided in Table B2.12-7.
® " Flow values were calculated assuming an average flow value of 175 mm/yr over the catchment area.
© Predicted pH, temperature and hardness were assumed to be equal to baseline median values and were used in the calculation of guidelines.
@ Values based on dissolved metals concentrations as no data for total metals were available.
©® The median concentration was below the detection limit and half of the detection limit was used to represent the background concentration.
" Values calculated by adding the groundwater loadings derived in Appendix C2.12-I to the background loadings.
Bolded concentrations are higher than relevant water quality guidelines. Italicized values are higher than background by more than 10 percent.
D = concentration higher than the most stringent drinking water guideline.
P = concentration higher than the South Africa Guidelines for plant health.
L = concentration higher than the South Africa Guidelines for livestock.
A = concentration higher than the relevant US EPA acute aquatic life guideline.

C = concentration higher than the relevant US EPA chronic aquatic life guideline.
- =no data / no guideline.
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Far Future Effects

On very long time scales, attenuation is not expected to affect loading for many
metals. Therefore, the groundwater model predicts that the concentration of the
metals in the groundwater entering the streams is the same as than in the
seepages. However, on very long timescales many of the assumptions in the
groundwater model are not valid. Geological processes acting on these time
scales are likely to dramatically change the groundwater dynamics of the region
and prediction of the influence of the groundwater on the local streams is not
practical. Additionally, the quality of the seepage from waste rock facilities and
ore stockpiles would be expected to change over this timeframe.

Changes in Runoff Water Quality during Storm Events

Tables C2.12-6 and C2.12-7 provide predicted concentrations in the Kasana and
Mofia rivers during the 1 in 10 year rainfall events. The storm water handling
system has been designed to contain all water up to the rainfall conditions
represented by this design criteria. Therefore, this is the only condition under
which a reasonably predictable discharge of “contact” storm waters may occur.
Both tables include:

e World Bank and DRC effluent standards.
e Background water quality in the river for the 2006 wet season.

e Predicted runoff quality from the wasterock storage facility and ore
stockpile.

e Predicted concentrations in the river resulting from the storm water
release.

The two assessment nodes (potential human and environmental compliance
points) are shown in Figure C2.12-2.

In the Kasana and Mofia rivers, the maximum predicted concentrations of some
constituents are predicted to exceed background concentrations in the river by
greater than 10 percent. None of the relevant reference guidelines are exceeded
by these constituents.

All of the predicted concentrations in the Kasana and Mofia rivers are below
acute ambient guidelines as described in Section A2.7. Other ambient guidelines
are not relevant to a short-term, one day in ten year release. Thus, the temporary
exceedances of the plant health, human health and chronic aquatic guidelines
would not have an effect on the water uses of the Kasana or Mofia rivers.
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Table C2.12-6 Model Inputs and Predicted Maximum Concentrations in the
Kasana River during 1 in 10 Year Runoff Events

Kasana River Runoff Model - Wet Season

| WorldBank | ho Etflyent | Background Input Concentratio.nsm Predicted
Parameter Units Effluent Standards Concentrg?lon Maximum Maximum Ore Concentration
Standards (2006) Wasterock Runoff | Stockpile Runoff
Nutrients
nitrate + nitrite (as mg/L ) R 0.2 13 9 4
nitrogen)
total phosphate mg/L - - 1 0.3 0.03 1
Major lons
calcium mg/L - - 58 18 1 42
chloride mg/L - - 4 10 109 6
magnesium mg/L - - 66 15 0 47
potassium mg/L - - 2 11 3 4
sodium mg/L - - 4 3 2 4
sulfate mg/L - - 41 56 7 39
Metals
aluminum g/l - - 5 340 13 69
antimony pg/L - - 5@ 20 1 7
arsenic g/l 100 400 10@ 7 1 8
barium g/l - - 150 53 1 110
beryllium ug/L - - 1) 1 1 1
boron ug/L - - 3¢ 20 20 9
cadmium g/l 100 - 0.5® 2 1 0.9
chromium g/l 50 - 20 7 1 2
cobalt g/l - - 1 380 150 94
copper ug/L 300 1500 16 16 170* 30
iron g/l 2000 6000 0.5® 1 1 1
lead g/l 100 500 5@ 6 1 5
manganese pg/L - - 20 260 3 63
mercury pg/L 2 2 0.5 1 1 1
molybdenum ug/L - - 0.5® 19 1 1
nickel g/l 500 1000 2© 16 1 4
selenium ug/L - - 10® 10 1 9
silver g/l - - 20 3 1 2
strontium ug/L - - 220 10 1 140
tin g/l - - 10@ 10 1 7
uranium g/l - - 2© 10 1 2
vanadium ug/L - - 1) 109 1 1
zinc g/l 1000 10000 3¢ 150 5 29

(@)
(b)

(c)

(d)
(e)

(U]
@
(h)

Background data is based on data provided in Table B2.12-5.

Flow values were calculated assuming the 95" percentile of the wet season flow (Section B2.11) and that the flows over waste rock and

natural land are proportional to the respective surface areas during the event.

Predicted pH, temperature and hardness were assumed to be equal to baseline median values and were used in the calculation of
guidelines.

Values based on dissolved metals concentrations as no data for total metals were available.

The median concentration was below the detection limit and half of the detection limit was used to represent the background
concentration.

Values from the Mine Water Characterization study (Appendix B2.3-I).

No value was predicted so value assumed to be equal to the ore/waste rock runoff.

This is the total mercury concentration.

Bolded concentrations are higher than relevant water quality guidelines. Italicized values are higher than background by more than 10
percent.

A=
E=

concentration higher than the relevant US EPA acute aquatic life guideline.
concentration higher than the relevant DRC effluent standards.

W = concentration higher than the World Bank Effluent Standards.
- = no data / no guideline.

Golder Associates




ESIA

Water and Sediment Quality

-316-

Tenke Fungurume Mining
March 2007

Table C2.12-7 Model Inputs and Predicted Maximum Concentrations in the Mofia

River during 1 in 10 Year Runoff Events

Mofia River Runoff Model - Wet Season

]

World Bank Background Input Concentrations' .
Parameter Units Effluent Dgg f(r::jdesnt Conce?]trﬁ}ion Maximum Maximum Ore CoiT:r:(t:::t(i’on

Standards (2006) Wasterock Runoff | Stockpile Runoff
Nutrients
nitrate + nitrite (as mg/L ) _ 0.1 13 9 0.2
nitrogen)
total phosphate mg/L - - 0.1 0.3 0.03 0.1
Major lons
calcium mg/L - - 22 18 1 22
chloride mg/L - - 6 10 109 6
magnesium mg/L - - 15 15 0 15
potassium mg/L - - 2 11 3 2
sodium mg/L - - 4 3 2 4
sulfate mg/L - - 6 56 7 6
Metals™
aluminum ug/L - - 5¢) 350 13 7
antimony g/l - - 5@ 20 1 5
arsenic pg/L 100 400 10® 8 1 10
barium pg/L - - 50 50 1 50
beryllium g/l - - 16 1 1 1
boron ug/L - - 3¢ 20 20 3
cadmium ug/L 100 - 0.5@ 2 1 0.5
chromium ug/L 50 - 1.5® 7 1 2
cobalt g/l - - 1@ 380 150 4
copper ug/L 300 1500 16 16 170" 2
iron ug/L 2000 6000 0.5° 1 1 1
lead ug/L 100 500 5@ 6 1 5
manganese pg/L - - 2 260 3 4
mercury ug/L 2 2 0.5 1 1 0.5
molybdenum pg/L - - 0.5@ 10 1 0.5
nickel ug/L 500 1000 1.5© 16 1 2
selenium ug/L - - 15©) 10 1 15
silver ug/L - - 2 3 1 2
strontium ug/L - - 30 10 1 30
tin ug/L - - 10© 10 1 10
uranium g/l - - 2 10 1 2
vanadium g/l - - 9 10 1 9
zinc ug/L 1000 10000 2,50 150 5 3

a)

(b)

(c)

(d)
(e)

U]
()]
(h)

Background data is based on data provided in Table B2.12-5.

Flow values were calculated assuming the 95" percentile of the wet season flow (Section B2.11) and that the flows over waste rock
and natural land are proportional to the respective surface areas during the event.

Predicted pH, temperature and hardness were assumed to be equal to baseline median values and were used in the calculation of
guidelines.

Values based on dissolved metals concentrations as no data for total metals were available.

The median concentration was below the detection limit and half of the detection limit was used to represent the background
concentration.

Values from the Mine Water Characterization study (Appendix B2.3-I).

No value was predicted so value assumed to be equal to the ore/waste rock runoff.

This is the total mercury concentration.

Bolded concentrations are higher than relevant water quality guidelines. lItalicized values are higher than background by more than 10

percent.

A = concentration higher than the relevant US EPA acute aquatic life guideline.
E = concentration higher than the relevant DRC effluent standards.

W = concentration higher than the World Bank Effluent Standards.

- = no data / no guideline
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None of the runoff concentrations from the waste rock facility or the ore
stockpiles are predicted to exceed either the World Bank or DRC effluent
standards. Maximum copper concentrations in the runoff from the ore stockpile
could exceed the US EPA acute guidelines for the protection of aquatic life but
this effect is diluted in the Kasana and Mofia rivers.

Release of Sewage Effluents from the Construction Camp

A sewage treatment plant will be installed to treat waste from individual dwelling
units, communal buildings and the kitchen and mess. The sewage treatment plant
will produce both solid and liquid waste products. The solids (i.e., sludge) will
either be composted and, provided adequate sterilization is achieved, used as a
soil amendment, or will be disposed of in a landfill. Water use per person was
assumed to range from 80 to 200 liters per day and the peak construction camp
occupancy will be about 2,500 people (including workers and their families).
Where households are connected to piped water supplies, wastewater is
generated at a rate of 35 to 200 liters per person per day, depending on the water
supply service level, climate and water availability (Helmer and Hespanhol
1997). In developing countries, wastewater production rarely exceeds 100 liters
per day whereas in the United States, wastewater production can exceed
200 liters per day (Winblad and Simpson-Hebert 2004; Crites and
Tchobanoglous 1998).

Sewage effluent characteristics and predicted concentrations in the Kabomboy
River are shown in Table C2.12-8 and are provided in Section A4.7.1.4 for BOD,
TSS and ammonia. Nitrate + nitrite and phosphate concentrations are
specifications commonly used by the World Health Organization to represent
concentrations in treated municipal wastewater (see for example WHO 2006).
No guideline exceedances are predicted to result from the release of treated
sewage effluent to the river. Total suspended solids concentrations are predicted
to be lower than background concentrations. Small increases in biological
oxygen demand, nitrate + nitrite and total phosphate concentrations are predicted,
but predicted concentrations are within the range of concentrations observed in
surface waters in the area as shown in Section B2.12.

Impact Analysis

Table C2.12-9 presents a summary of the residual impacts for key
question WQ-1.
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Table C2.12-8 Sewage Effluent Characteristics and Predicted Concentrations in

the Kabomboy River

Backgr_oun_d Sewage Treatment Predict;d:on;ent;qtion in the
) Concentration in the Plant abomboy Kiver
Parameter Units Kabomboy River Dry Season Wet season
Dry Wet Maximum | Minimum | Maximum Minimum | Maximum | Minimum
flow m’/s 0.07 0.22 0.0058 0.0023 0.076 0.072 0.23 0.22
ammonia (total) (as
nitrogen) mg/L 0.05 0.05 10 10 0.8 0.4 0.3 0.1
nitrate + nitrite (as
nitrogen) mg/L 0.05 0.2 15 15 1.2 0.5 0.4 0.2
total phosphate mg/L 0.05 0.05 3 3 0.3 0.1 0.1 0.05
total suspended solid mg/L 206 4 30 30 193 200 201 65
biological oxygen
demand mg/L 0.6 1.3 20 20 2.1 1.2 1.1 0.4

mg/L = milligram per liter.

Table C2.12-9 Residual Impact Classification for WQ-1

Direction

Geographic Environmental

Magnitude Extent Duration | Reversibility | Frequency Consequence

Key question-WQ-1: What effect will the project have on water quality in local watercourses?

Pathway: Changes in groundwater quality

negative

| low | local | long-term ‘ no ‘ low ‘ low

Pathway: Changes in sedimentation and quality of runoff during construction

negative

| negligible | local | short-term ‘ yes ‘ medium ‘ negligible

Pathway: Changes in sedimentation and quality of runoff during storm events

negative

| low | local | short-term ‘yes ‘ low ‘ low

Pathway: Sewage effluents

Negative

|neg|igible |Ioca| |Iong—term ‘yes ‘ high ‘negligible

Pathway: Changes in groundwater flow and release from mine pit dewatering

negative

|neg|igible |Ioca| |Iong—term ‘yes ‘ high ‘negligible

Pathway: Spills

negative

| negligible | local | short-term ‘ yes ‘ low ‘ negligible

The magnitude of the residual effects from changes in groundwater quality is
low. Maximum predicted concentrations of several major ions, nutrients and
metals are predicted to exceed background concentrations in the Kasana, Mofia
and Dipeta rivers due to seepage from the ore stockpiles, tailings pond, pit lake
and waste rock storage facilities. None of these predicted increases resulted in
exceedances of reference guidelines and therefore, the magnitude was classified
as low. The effects are negative in direction and local in geographic extent
because effects are limited to the catchments in the vicinity of the project,
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particularly the Kasana catchment. The duration is classified as long-term,
corresponding to the life of the project and far into the future. The frequency of
the predicted effects is classified as low because background concentration
exceedances would be expected only under conditions of very low river flows.
The effects are considered irreversible as seepage cannot easily be recaptured.
The environmental consequence of the predicted effects is low.

The magnitude of the residual effects from changes in sedimentation and quality
of runoff during construction is negligible because universally accepted BMPs
will be used during construction. The effects are negative in direction and local in
geographic extent. The duration is classified as short-term. The frequency of the
predicted effects is classified as low and the effects are considered reversible.
The environmental consequence of the predicted effects is negligible.

The magnitude of the residual effects from changes in sedimentation and quality
of runoff during the 1 in 10 year storm events is low. While the maximum
predicted concentrations of several parameters are predicted to exceed
background concentrations, no relevant guidelines are predicted to be exceeded
as a result of these changes and therefore, the magnitude was classified as low.
The effects are negative in direction and local in geographic extent. The duration
is classified as short-term as these exceedances will only occur during the
flooding events while the mine is in operation. The frequency of the predicted
effects is classified as low and the effects are considered reversible. The
environmental consequence of the predicted effects is low as the predicted
concentrations in the Kasana River are below acute ambient guidelines as
described in Section A2.7. Other ambient guidelines are not relevant to
short-term infrequent releases

The magnitude of the residual effects from treated sewage release is negligible
because no guideline exceedances are predicted and predicted concentrations are
within the range of variation in the surface waters in the area. The effects are
negative in direction and local in geographic extent. The duration is classified as
long-term, corresponding to the life of the project. The frequency of the predicted
effects is classified as high (continuous) and the effects are considered reversible.
The environmental consequence of the predicted effects is negligible.

The magnitude of the residual effects from changes in groundwater flow and
release of mine pit dewatering water is negligible because pit dewatering water is
expected to have similar quality to the springs that naturally feed the headwaters
of the streams. The effects are negative in direction and local in geographic
extent because effects are limited to the catchments in the vicinity of the project,
particularly the Kasana and Sokalwela catchments. The duration is classified as
long-term, corresponding to the life of the project. The frequency of the predicted
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effects is classified as high (continuous) and the effects are considered reversible.
The environmental consequence of the predicted effects is negligible.

The magnitude of the residual effects from spills is negligible because safety
measures will be put in place to prevent spills from reaching surface water and
groundwater. The effects are negative in direction and local in geographic extent.
The duration is classified as short-term. The frequency of the predicted effects is
classified as low and the effects are considered reversible. The environmental
consequence of the predicted effects is negligible.

Prediction Confidence

Monitoring

C2.12.3.5

Impact predictions regarding water qual