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EXECUTIVE SUMMARY 

Introduction 

SLR Consulting (Africa) (Pty) Ltd (SLR) was appointed by Sovereign Metals Limited (Sovereign) to undertake a 
technical specialist surface water impact assessment to support the Environmental and Social Impact 
Assessment (ESIA) for the Malingunde Graphite Project (the Project) in Malawi. In addition to the surface water 
impact assessment, SLR was appointed to undertake the following studies during the Pre-Feasibility Study 
(PFS). 

• PFS Surface Water Management.  

• PFS Tailing Storage Facility Design. 

• PFS Groundwater Hydrogeology. 

• PFS Geotechnical Assessment. 

• PFS Geochemistry and Hydrocarbon Assessments. 

This surface water impact assessment builds on the PFS and identifies the potential mitigated and unmitigated 
impacts upon the surface water resources baseline conditions. Furthermore, this surface water impact 
assessment report summarises the identified impact and mitigation measures considering the hydrological 
studies undertaken for the following two options: 

• Option 1A to 1E (production rate of 400ktpa),and 

• Option 2A (production rate of 600ktpa). 

Climate Data 

An understanding of the rainfall and evaporation of the Malingunde Project site was developed based on a 
review of records from the following sources: 

• The FAO- monthly long term averages for Lilongwe International Airport, 20km north-north-east of the 
project site and Chitedze, 18km south-west of the project site 

• Sinyala Rainfall Station- data available for the period of 1995 to 2016 

• Daily weather data from the Kamuzu Dam Weather Station -recorded between 1985 and 2017 

The data indicated that monthly average rainfall for the project site shows a distinct wet season from 
November to April and dry season from May to October. 

Annual average evaporation for the project site is estimated to be 1621mm which is almost 40% more than the 
mean annual rainfall. 32 years of daily rainfall available from the Kamuzu Dam weather station, located in the 
immediate vicinity of the project area, was analysed to obtain a 955mm mean annual rainfall, and a mean 
annual precipitation varying from 547mm in the driest year to 1 320mm in the wettest year. 

A comparison of storm depth duration frequency (DDF) data was undertaken based on three different methods 
as follows: 

• Statistical Analysis Generalised Extreme Value (GEV) of Kamuzu Dam 

• Transport and Road Research Laboratory (TRRL) Report 623 method for East Africa 
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• Hydrological Research Unit (HRU) 2/78 method for southern Africa 

From the comparison, the TRRL method estimates were adopted for representing sub-daily rainfall events at 
the project site, whilst the GEV method was adopted for representing multi-day rainfall events at the project 
site.  The adopted 1:100 year/24 hour storm event is 178mm, for use in the hydrological design criteria.  

Baseline Hydrology 

The proposed Malingunde Project site is located within the greater catchment of the Lilongwe River, which 
generally flows towards the north east to a confluence with the Linthipe River near Salima, ultimately flowing 
into Lake Malawi. The Project site is located in close proximity to Kamuzu Dam I (KD1) and Kamuzu Dam II 
(KD2) constructed along the Lilongwe River in 1966 and 1989 respectively.  These dams are the main water 
resource for Lilongwe, the capital of Malawi, which is approximately 20km north-east (downstream) of the site.   

The southern boundary of the site runs along the 150 m buffer zone that was established around the Kamuzu 
Dam. Furthermore, the site and surroundings feature several dambos which also currently receive runoff from 
the proposed site. Some of the surface water uses identified during a site visit undertaken by an SLR 
hydrologist in February 2018, in and around the site, include drinking water, fishing, washing, swimming and 
livestock watering. 

Water Quality 

Surface water monitoring was undertaken by Sovereign Metals at the Malingunde project area as follows: 

• Five sites identified by Malingunde were sampled in April 2017. 

• Five sites identified by Malingunde were sampled in October 2017. 

• 14 of the 15 sites identified by SLR were sampled in February 2018. 

• In May 2018, SLR was requested to reduce the number of sites requiring samples and therefore only 8 sites 
were sampled. 

Samples were analysed at Waterlab in Pretoria, South Africa, and the results were provided to SLR for 
interpretation and comparison against the following standards and guidelines: 

• World Health Organisation Guidelines for Drinking Water Quality. 

• Malawi Standard (MS214:2015) Drinking Water Specification. 

• The International Finance Corporation (IFC) Mining Effluent Guidelines. 

Wet season water quality monitoring assessments were carried out as follows: 

• Five sites (namely MM ST1, KZ 1, KZ 2, KZ 4 and KZ 5) were sampled in April 2017 
• 14 sites (excluding SWQ 4) were sampled in February 2018. 

The results indicated that most of the parameters assessed on all samples were within all three standards (MS 
drinking water specifications, WHO Guidelines and IFC Mining Effluent Guidelines water quality specifications) 
with the exception of a few (i.e. Turbidity, Aluminium, Faecal Coliform, Iron, Manganese, and Antimony).  

The turbidity was found to be elevated above the MS214 drinking water specifications for all samples collected 
which can be attributed to current existing farming methods which consist of natural vegetation coverage 
stripped and exposing significant areas of exposed soils. This results in easily erodible soil surfaces which are 
transported to the water resources which were sampled.  Furthermore, turbidity can also be attributed to 
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inorganic parameters i.e. aluminium, iron and manganese levels which also exceed all the standards at most of 
the sites. 

The Total Suspended Solids (TSS) were not sampled in the wet season yet it is an important parameter to 
complete the baseline, considering that it is anticipated that the mining will be source of sediments and may 
cause elevated TSS in the future. 

Dry season water quality monitoring assessments were carried out as follows: 

• Five sites (namely MM ST1, KZ 1, KZ 2, KZ 4 and KZ 5) were sampled in October 2017 (end of the dry 
season). 

• Eight sites were sampled in May 2018 (the start of the dry season). 

The total suspended solids were sampled at five sites in October 2017 and at seven of the eight sites in May 
2018. In both cases, the TDS’s only exceed the IFC EHS guidelines at site MMST1. 

When comparing the sites sampled for the wet season (April 2017 and February 2018) and dry season (October 
2017 and May 2018), there are more parameters exceeding standards in the wet season than in the dry 
season. This difference can be attributed to the rains which occur in the wet season. These rains wash away/ 
mobilise/ diffuse the polluted material within the catchments which entre the water receptors which are 
sampled.  

Stormwater Management 

A conceptual stormwater management plan was developed in line with the IFC Environmental Health and 
Safety Guidelines and comprises of clean, silty and dirty water management. The stormwater management 
plan included the following main features. 

• Clean water from the catchments upstream of the mining infrastructure (i.e. at the pits) is diverted around 
the proposed infrastructure. 

• Dirty water at the processing plant, Run of Mine (RoM) pad and the Tailings Storage Facility (TSF) as well as 
silty stormwater from the pits will be collected on site and reused, after being passed through silt traps 
located in the respective catchments. Excess water will be allowed to discharge to the environment 
through silt traps and subject to water quality analysis. 

• Several silt traps have been proposed and sized for the management of silty water (i.e. silt traps at the pit 
discharge points, inflow into the Return Water Dam (RWD) and at the inflow into the pollution control dam 
(PCD)).  

• On a macro scale, dirty water conveyance infrastructure at the plant is sized for flows during a 100-year 24-
hour storm event using the Soil Conservation Science (SCS) method.  

• Furthermore, the dirty water containment dams (PCD and RWD) are sized to contain stormwater 
generated during a 100-year 24-hour storm event for both Option 2A and Option 1A to 1E as follows: 

o A PCD with a full supply level capacity of approximately 10 000 m³  

o A RWD for the TSF of approximately 80 000 m³. The PCD is allowed to spill into the RWD for 
larger storm events. 

• The RWD will contain stormwater generated during a 1:100 year 24 hour rain event as well as 
approximately 15 days of tailings production water for Option 2A or 22 days of tailings production water 
for Option 1A to 1E. 
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Static Site Wide Water Balance  

A site wide static water balance has been prepared in Microsoft Excel to understand the flows within the 
mine’s operation water circuit for the average wet and dry season as well as annual average flows throughout 
the various stages of the life of mine (i.e. start-up of mine, mid-life of mine, and at the end / life of mine).  

The water balance considered several assumptions including but not limited to the following:  

• Consideration of full pit sizes for average balances. 

• Consideration of raw water requirements at the plant as follows: 

o 35.2m3/hr for Option 1Ato 1E  

o 51.8m3/hr for Option 2A. 

• The process plant is treated as a “black box”, where the water recycled in the plant system is not 
considered in the water balance.  

• Water reuse is given priority in the water balance before any external source of make-up water is 
required or any water can be discharged to the environment following pre-treatment based on the 
water quality. 

• Dust suppression of 16m3/hr has been assumed. 

Considering the key assumptions, the results of the static water balance are reported for both Options shown 
in Section A and Section B within this executive summary below.  

A. Option 1A to 1E 

At the start of mining, groundwater inflows are relatively low in the order of 33 300 m3/month. Therefore, 
in the dry season, the mine will be reliant on external makeup water (approximately 15 430 m3/month). 
This will be to balance the processing plant raw water demands of 25 680 m3/month (i.e. plant services 
water) and plant dust suppression demand, also given that only 30% of the tailings water returns to the 
plant. There is no discharge from the pits in the dry season.  

In the wet season, at the start of mining, the collected stormwater on site becomes a supplementary 
source of process water thereby reducing / eliminating the use of pit water, and hence a need to discharge 
pit water. Furthermore, given the water demands (25 680m3/month) for a production rate scenario of 
400ktpa, there will be excess water in the wet season at the RWD, therefore requiring discharge. 

From Year 2 onwards the groundwater inflow into the pits more than triples and the mine becomes water 
positive for the rest of the Life of Mine (LOM) with a requirement to discharge water from dewatering of 
pits in both the dry and wet seasons. At the RWD during the dry season, as there will be no stormwater and 
nearly constant tailing production rates, there will be no need to discharge, unlike in the wet season.  

Throughout the LOM, groundwater inflows into the pits become a significant source of water for the mine 
in the dry season. As there is inadequate stormwater collected at the plant and TSF, more water is pumped 
from the pits to satisfy the water requirements of the plant in the dry season throughout the LOM.   

B. Option 2A 

At the start of mining, groundwater inflows are relatively low and in the dry season the mine will be reliant 
on external makeup water (19 555 m3/month) to satisfy the processing plant raw water demands (plant 
services water demands) and plant dust suppression demands, also given that only 30% of the tailings 
water returns to the plant.  
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In the wet season, at the start of mining, the collected stormwater on site becomes a supplementary 
source of process water thereby reducing the use of pit water, and hence a need to discharge pit water. 
Furthermore, given the water demands (of 37 790 m3/month) for a production rate scenario of 600ktpa, 
there will be excess water in the wet season at the RWD, therefore requiring discharge. 

From Year 2 onwards the groundwater inflows into the pits more than triples and hence the mine becomes 
water positive for the rest of the LOM with a requirement to discharge water from the dewatering of the 
pits. 

Groundwater inflow into the pit areas becomes a very significant source of water for the mine in the dry 
season, as there is inadequate stormwater collected at the plant and TSF, therefore more water is pumped 
from the pits to satisfy the water required at the throughout the LOM.  In the wet season, there is a need 
for discharge from the pits and the RWD. 

The supply of raw water in the initial year will need to be determined in the next phase of design. The potential 
sources of raw water identified are as follows: 

• Kamuzu Dam (will require a permit). 

• Additional boreholes (will require a permit). 

Based on the average water balances, the management of excess water from the RWD and the pits will be of 
concern and this will need to be further investigated during the next phase of design. Considering that pit 
dewatering is envisaged to be undertaken through dewatering boreholes mostly and residual water pumped 
from the pit for reuse or passed through silt traps, the dewatering boreholes could be used for clean water 
supply. These could supply the nearby community for household or farming needs or be discharged to the 
dambos directly for downstream uses as the water is considered clean and is of similar quality to baseline 
groundwater (this requires a permit). 

Furthermore, to manage the excess water, pit stormwater can be reduced by decreasing the footprint of the 
pits open at each phase of mining, which contributes to in pit stormwater collection. The steady state water 
balance provides certain volumes of excess water, this is considered worst case scenarios as the dust 
suppression demands for the plant and pits have not been quantified and are envisaged to be higher than the 
estimates in the water balance. Considering that the processing plant is treated as a black box, where only net 
inflows and losses are considered, as it is assumed that the net inflow for the plant will be met by water from 
all or any of the water supply sources, the actual volumes of water discharged could further reduce to cover for 
losses in the simplified (static) water balance. 

Considering that pit water is classified as silty water (in the stormwater management) and will be reused or 
managed through silt traps before discharge, the pit dewatering rates (average 0.016 m3/s or 16l/s) from all 
three pits) indicate that the design flows for the silt traps are adequate (i.e. designed for 0.3 and 0.6 m3/s) to 
treat the silty water before discharge into the dambos. 

Preliminary Salt Balance  

A preliminary site wide salt balance was developed based on the water balance for the annual average rainfall 
and evaporation for average LOM groundwater inflows into the pits. This was undertaken for the two options 
considered during the PFS (Option 2A and Option 1A to 1E) to estimate the salt loads from the estimated water 
qualities based on total dissolved solids of the inflows and outflow at the mine. 

For the Option 1A-1E – 400ktpa, the operations at Malingunde will circulate about 1300 kg of salt per day and 
about 1500 kg of salt per day for the Option 2A. This salt load should be confined to the operating system so as 
to avoid discharge and deterioration of surface water resources. The salt load however, is made up of the 
various salt loads from different sources in the mine water circuit (assuming a dynamic water flow system) 
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making up small portions of this total salt load. Furthermore, these individual salt loads are all below the 
groundwater inflow salt loads. This could imply minimum contamination in the system as the salt load will 
critically depend on the salt concentrations added to the system from the pits, the process plant and leached 
from the TSF. The salt loads in the discharge from the pits, has marginally lower salt loads to the groundwater 
quality, thereby implying that salts are retained in the system. The water quality within the process and 
discharge will need to be verified during the operation of the mine.  

Recommendations  

During the detailed PFS, several issues were identified, and need to be addressed during the detailed design 
phase including: 

• Compare the Kamuzu Dam rainfall data to daily rainfall data for much longer time periods at another 
station nearby, i.e. if any site is available at Lilongwe. 

• Daily time step stochastic water balance modelling to be undertaken to confirm the storage capacities and 
discharge volumes and assess the risks of spillage in climatic extremes to the operation. 

• A revision of the water balances for the impact of water quality treatment facilities, should any changes in 
the processing plant water be effected. 

• Investigation of measures for the management of excess water from the RWD and the pits. 

• Undertake further monitoring:  

o Monitoring the surface water environment during the operational phase of the mine at a 
higher frequency as impacts could arise more frequently.  

o Dry season water quality baseline monitoring at all sites to try and assist in understanding any 
seasonal variations in the baseline. 

• The salt balance presented within this report considers the steady state situation, however, the actual 
removal of excess salts should be determined during operation when representative in circuit water 
qualities can be measured. 

• The salt inputs from the pit will need to be clarified during the next phase of design when the respective 
high grade ore geochemical assessments are available. The PFS salt balance assumed the PFS geochemical 
assessments results of the low grade ore leach tests for in-pit water quality. Furthermore, the water quality 
of the processing plant released from the PCD to the RWD as well as the RWD water quality will also be 
important as it is mixed with tailings seepage and decant water.  

• Based on the preliminary water and salt balances, water quality monitoring should be conducted to assess 
salt sources and losses in the mine water system at the following key sites: 

o Potable water quality at source lines. 

o Treated effluent from the sewage treatment plant before reuse. 

o Raw water quality at all sources. 

o Pit water quality at sump prior to pumping to Processing plant. 

o TSF pool water. 

o Process water / tailings supernatant at process plant. 
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o Dirty stormwater in the PCD. 

o Dirty water in the tailings RWD. 

o Environmental discharge points. 

Monitoring should continue on site to ensure the effectiveness of mitigation measures and further 
improvements so as to minimise impacts from the mining activities upon the surface water resources. 

Impacts on the surface water quality and quantity have been identified and mitigation measures 
recommended. In the absence of mitigation the project could cause contamination of surface water resources 
used by local communities for drinking water (occasionally), fishing, washing, swimming and livestock watering 
and result in increased flows within the dambos due to the discharge of excess water to the environment. 
Baseline water quality already shows elevated levels of turbidity and elevated levels of faecal coliform, iron, 
aluminium, manganese, zinc and antimony certain parameters. The design of infrastructure in line with best 
practice guidelines such as the International Finance Commission (IFC), Environmental, Health and Safety (EHS) 
Guidelines for Mining is considered to already provide mitigation measures for some potential impacts. In 
addition to these mitigation measures embedded in the design standards, additional mitigation measures are 
recommended. A monitoring plan is also proposed for monitoring water quality, quantity and the water 
management infrastructure.  

The major impacts identified are the effect of infrastructure on surface water quality and surface water 
quantity. The impacts assessment undertaken shows that for both quality and quantity of surface water, if the 
impact is unmitigated, the significance of the impact will be high, whereas if the impact is mitigated, the 
significance of the impact will be low. 
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 INTRODUCTION 1

 BACKGROUND BACKGROUND BACKGROUND BACKGROUND     1.11.11.11.1

SLR Consulting (Africa) (Pty) Ltd (SLR) was appointed by Sovereign Metals Limited (Sovereign) to undertake a 
technical specialist surface water impact assessment to support the Environmental and Social Impact 
Assessment (ESIA) for the Malingunde Graphite Project (the Project) in Malawi. 

In addition to the surface water impact assessment, SLR was appointed to undertake the following studies 
during the Pre-Feasibility Study (PFS): 

• PFS Surface Water Management.  

• PFS Tailing Storage Facility Design. 

• PFS Groundwater Hydrogeology. 

• PFS Geotechnical Assessment. 

• PFS Geochemistry and Hydrocarbon Assessments. 

The proposed mining project includes open pit mining in soft highly weathered gneiss with traditional 
excavator, Run of Mine (RoM) pad, ore process plant (using scrubbers followed by floatation, polishing grind, 
cleaner floatation stages and final gentle attritioning), Tailings Storage Facility (TSF), Return Water Dam (RWD) 
and Pollution Control Dam (PCD), and other support infrastructure such as offices and workshops. 

This surface water impact assessment builds on the PFS and identifies the potential impacts emanating from 
the proposed project activities upon the surface water resources baseline conditions unless managed by 
recommended mitigation measures. Furthermore, the surface water impact assessment report summarises the 
identified impact and mitigation measures considering the hydrological studies undertaken for the following 
two options: 

• Option 1A to 1E (production rate of 400ktpa), and 

• Option 2A (production rate of 600ktpa). 

 LEGISLATIONLEGISLATIONLEGISLATIONLEGISLATION    AND DESIGN STANDARDSAND DESIGN STANDARDSAND DESIGN STANDARDSAND DESIGN STANDARDS        1.21.21.21.2

The applicable Malawian laws and regulations, as well as permits or legal processes relating to the project were 
reviewed and included in the compilation of this report.  In addition, the International Finance Corporation 
(IFC) Performance Standards and Environmental, Health and Safety (EHS) Guidelines were considered to ensure 
the hydrology studies are compliant with the requirements of these guidelines. This section outlines the 
relevant laws, regulations, guidelines and standards. 

 Local Malawian Standards 1.2.1

The ESIA administrative and regulatory frameworks and requirements that are pertinent to the hydrology 
assessments and management of water are identified as the following: 

• Environment Management Act (AMA) of 2017 - specifying regulation for the administration, 
implementation and monitoring of EIA as well as the requirements of an EIA report as detailed in Section 
24 and Section 25 of the EMA. 
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• Water Resources Act, 2013 (No.2 of 2013) which guides the application of water permits for the use, 
abstraction and diversion of water. 

• Under Section 22 of the Water Resources Act, certain areas are classified as controlled water areas and the 
Lilongwe catchment specifically identified in the Water Resources (Controlled Water Areas) Order, 1993 - 
GN91 as such any area and any activities within this catchment require necessary approval. 

• Water Resources (Water Pollution Control) Regulations, G.N 39/1997 for the control of water pollution, 
discharge of effluent into public water, analysis of water and effluent. Effluent discharge consents are 
issued in terms of the regulations based on a number of factors namely the receiving water uses, effluent 
quality and quantity as well as dry weather flow dilution.  

• In terms of water quality, the local applicable guidelines are stipulated in the Malawi Bureau of Standards 
(MBS) Maximum Permissible Levels (MS 214:2005) (MBS, 2005). 

Requirements for sediment control within the specific Kamuzu Dam catchment is presented in a study 
commissioned by the Lilongwe Water Board and Ministry of Agriculture Irrigation and Water Development 
(SMEC International, August 2015), with the objective of the sediment management plan to determine 
appropriate methods to manage reservoir sedimentation at Kamuzu Dams inflow and outflow sites. The 
options for sediment control recommended and applicable to this study are predominantly measures to reduce 
sediment inflows through the following: 

• Catchment management / land use management 

• Sediment routing, or 

• Bypass and sediment trapping.  

 International Standards  1.2.2

Water management should comply with the following international best practice requirements: 

• International Finance Commission (IFC), Environmental, Health and Safety (EHS) Guidelines for Mining 
(2007) on the following water management aspects: 

o Management of stormwater including separation of clean and dirty water, minimising run-off, 
avoiding erosion of exposed ground surfaces, avoiding sedimentation of drainage systems and 
minimising exposure of polluted areas to stormwater; 

o Temporary drainage installations should be designed, constructed, and maintained for 
recurrence periods of at least a 25-year/24-hour event, while permanent drainage installations 
should be designed for a 100-year/24-hour recurrence period; 

o Management of impacts to water quality, monitoring and mines effluent emission and 
treatment should meet guidelines to conform to effluent discharge guideline levels presented 
in Table 1 of EHS Guidelines for Mining at least 95% of the time; and  

o Water use guidelines managed by the development of a water balance which should include 
probable climatic events, minimizing make up water and considering reuse, recycling and 
treatment of process water. 

• World Health Organisation drinking water standards (WHO, 2017) and International Finance Corporation 
(IFC) Mining Effluent Guidelines for the management of water quality at the mine, where the mine 
activities impacts should not result in discharge or impacts to water quality that will exceed these 
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guidelines. Water monitoring should be undertaken during the life of the mine to ensure that the baseline 
water quality when compared against these guidelines is maintained or not adversely deteriorated. 

 

 APPROACH AND METHODOLOGY 2

The technical work undertaken in the PFS was used to inform the surface water impacts assessment. The 
specific report structure and methodologies for each section have been summarised below: 

• Climate – Section 2 presents a review of local rainfall including storm rainfall intensities and evaporation 
data, which are used to inform water management at the site.  

• Baseline Hydrology - Section 3 presents a description of the baseline hydrology of the site and surroundings 
including: topography, vegetation coverage, hydrological soil types, hydrogeology, watercourse network, 
catchment delineations, and sensitive surface water receptors. Information was obtained from various 
sources of baseline information and informed by a site visit undertaken by an SLR Hydrologist during 
February 2018. 

• Water Quality – Section 4 presents wet and dry season water quality sampling results and assessments 
benchmarked against the local and international water quality standards and guidelines.  

• Storm Water Management – Section 5 presents recommendations on storm water management measures 
to be implemented at the operational site including catchment classification (clean or dirty) and 
delineation, location and preliminary capacity estimation for return water dams and/or pollution control 
dams, peak flow estimation and hydraulic sizing of channels. 

• Site Wide Water and Salt Balance – Section 6 presents the mine steady state water balance for wet and dry 
season and annual averages for 3 scenarios (e.g. start-up, mid-life of mine, end-life of mine) and the 
dynamic daily timestep water balance model to understand impacts of climatic extremes and estimate 
capacity requirements for PCDs and RWDs followed by a salt balance based on steady state annual average 
water balance. 

• Impact Assessment and Mitigation – Section 7 presents a description of identified potential impacts upon 
the baseline environment and a summary of the mitigation measures (developed as part of PFS scope), 
assessing residual impacts and developing a monitoring programme. 

The environmental impact assessment framework is presented below as provided by Sovereign: 

The impact assessment consists of: 

• Impact definition: The definition statement (description) should include the activity (source of impact), 
predicted change, receptor as well as whether the impact is direct, indirect or cumulative. 

• Impact evaluation: Impacts are evaluated according to the methodology provided, often using judgement 
and values as much as science-based criteria and standards. 

The impact assessment methodology requires that each potential impact identified is clearly described 
including the following: 

• Extent (spatial scale) - will the impact affect the national, regional or local environment or only that of the 
site? 

• Duration (temporal scale) - how long will the impact last? 
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• Magnitude (severity) - will the impact be of high, moderate or low severity?  

• Probability (likelihood of occurrence) - how likely is it that the impact may occur? 

To determine the environmental significance (importance) of each identified potential impact, a numerical 
value has been assigned to each of the above criteria (Table 2-1). The following formula is used to calculate the 
environmental consequence of each impact: 

Consequence = Duration + Extent + Magnitude 

TABLE 2-1: CONSEQUENCE CRITERIA 

 Description Criteria Score 

Du
ra

tio
n 

Permanent / 
Unknown 

Impact or change will remain permanently. 5 

Long-term Impact remains for longer than 10 years; Impact will still occur in the 
closure phase, but will not remain permanently. 4 

Medium-term  Impact duration is 5-10 years. 3 

Short-term  Impact duration is < 5 years. 2 

Transient Very short duration. 1 

Ex
te

nt
 

National / 
Unknown 

Affects the resources of the country; impact experienced nation-wide. 4 

Regional/District Affects the resources of the region or district. 3 

Local Affects the area surrounding the Project and nearby villages. 2 

Site-specific Localised; confined within the mining licence area. 1 

M
ag

ni
tu

de
 

Very High / 
Unknown 

Extreme effect – where natural, cultural or social functions or 
processes cease in full. Receptors have high sensitivity and very little 
resilience to impact.  

10 

High Severe effect – where natural, cultural or social functions are 
fundamentally altered and do not function in full. Minor adaptation by 
receptors may be possible but there is high sensitivity to the impact.  

8 

Moderate Moderate effect – where natural, cultural or social functions continue, 
albeit in a noticeably modified way. Some degree of adaptation by 
receptors is possible.  

6 

Low Minimal effect – affects the environment in such a way that natural, 
cultural or social functions and processes can readily adapt to the 
impact. 

4 

Negligible Minimal or negligible effect. Receptors have low sensitivity to the 
impact.  2 
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The consequence of an environmental is rated based on the calculated value as per Table 2-2: 

TABLE 2-2: CONSEQUENCE SCALE 

Level Environmental Community & Government Rating 

Very High Severe long term environmental impact which 
extends to regional or national level. Extensive 
clean-up required after incidents. Rehabilitation 
efforts proven to be unsuccessful. Severe breach 
of Government regulations or non-compliance 
with likely suspension of operations 

Extreme impact on community. High 
number of concern, complaints or 
interest from local community. Major 
increase in the risk of health effects 
resulting in increased incidence of 
multiple disabling illnesses among 
employees and community. 

17 - 19 

High Major environmental impact. Impact may extend 
beyond the lease boundary. Significant clean-up 
effort required using site and external resources. 
Ongoing or recurring breach of regulations and 
standards. Rehabilitation difficult or unlikely to be 
successful. 

Major impact on community. Increasing 
rate of complaints, repeated complaints 
from the same area (clustering). 
Significant increase in the risk of health 
effects resulting in increase in incidence 
of disabling illnesses among employees 
and community. 

14 - 16 

Moderate Moderate environmental impact confined within 
the lease boundary. Medium term (typically 
within a month) clean-up. Multiple repeat 
exceedances of regulatory requirement. 
Rehabilitation and closure of moderate difficulty. 

Moderate impact on community. 
Regular rate of concerns or complaints, 
repeated complaints from the same 
area (clustering). Increase in the risk of 
health effects resulting from acute, 
short term exposure or progressive 
chronic condition, infectious disease. 

11 - 13 

Low Low environmental impact contained within area 
impacted by operations. Short term (typically 
within a week) clean-up. Single repeat 
exceedance of regulatory requirement related to 
low impact activity. Single exceedance of 
regulatory requirement for high impact activity. 

Low impact on community. Small 
numbers of sporadic complaints. Small 
increase in the risk of health effects 
resulting in increase in incidence of 
health effect resulting from acute, short 
term exposure or progressive chronic 
condition, infectious disease.  

8 - 10 

Very Low No or very low environmental impact confined to 
a small area within the area impacted by 
operations. Clean-up undertaken within a few 
hours. Single exceedance of regulatory 
requirement (e.g. licence, permit or consent 
condition; legislation or regulation) related to low 
impact activity.  

No or very low impact on community. 
Isolated complaints possible. No 
discernible increase in the likelihood of 
effects on community health. 4 - 7 
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TABLE 2-3: LIKELIHOOD / PROBABILITY OF IMPACT OCCURRING 

 Description Criteria Score 

Pr
ob

ab
ili

ty
 

Almost Certain / 
Don't Know 

The impact is expected to occur; Consequence is likely to be of a high 
frequency; >90% chance. 5  

Highly Likely The impact will probably occur or has occurred elsewhere before; 
>50% chance of occurrence during the project. 4 

Likely The impact will occur under certain circumstances; Approximately 30 - 
50% chance of occurrence during the project. 3 

Unlikely The impact could occur under certain circumstances that are not likely 
to occur; Consequence could occur within a one to five year 
timeframe; <30% chance of occurrence in this period. 

2 

Rare Consequence may occur in exceptional circumstances; Consequence 
has rarely occurred in the industry and is not expected in the life of 
the project; < 5% chance of occurrence. 

1 

 

The risk assessment matrix in Figure 2-1 is used to determine the overall significance of environmental and 
social impacts (Table 2-4), based on the overall consequence and probability of each impact.  

The assessment approach considers the impact prior to any potential management controls or mitigation 
measures, and then assesses the residual impact following the implementation of controls and mitigation 
strategies. The significance rating is based on the criteria provided in Table 2-2 and Table 2-3. 

 

FIGURE 2-1: SIGNIFICANCE ANALYSIS FROM THE CONSEQUENCE VS LIKELIHOOD ASSESSMENT 
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TABLE 2-4: INTERPRETATION OF SIGNIFICANCE ANALYSIS 

Significance of the 
Residual Impact 

Implications for Project 

Positive Impacts Negative Impacts 

Very low significance Negligible effects Negligible effects 
Low significance Some benefits Acceptable effect 
Moderate significance Appreciable improvements to, or will 

sustain, existing resources 
Effect is serious enough to cause concern. 
Changes to project design should be 
considered. 

High significance Very substantial improvement to existing 
resources 

Unacceptable effect. The project should not 
proceed unless the design is changed so that 
the significance of this impact is reduced to 
acceptable levels. 

Very high significance Extremely beneficial and enduring effect. An automatic fatal flaw. The project should not 
proceed unless the design is changed so that 
this impact is eliminated or its significance is 
reduced to acceptable levels. 

 

 CLIMATE DATA 3

 SOURCES OF INFORMATISOURCES OF INFORMATISOURCES OF INFORMATISOURCES OF INFORMATIONONONON    3.13.13.13.1

To understand the local climate of the site including rainfall and evaporation, the following data was sourced 
and analysed: 

• FAO’s CLIMWAT 2.0 – Long term monthly averages for evaporation and rainfall were downloaded from the 
FAO’s CLIMWAT 2.0 database1 for Lilongwe International Airport (20km north-north-east of the project 
site) and Chitedze (18km south-west of the project site), an average of these two stations is used to 
estimate monthly averages at the project site. The FAO CLIMWAT database comprises a dataset of 
measured climatic parameters taken from over 5 000 weather stations around the world with the records 
for each weather station comprising at least 15 years, in most cases covers the period 1971 – 2000, and 
data has been cross checked between stations to ensure a consistent database suitable for determining 
regional and temporal variations in average weather conditions. 

• Meteo Blue – hourly weather data for Kamuzu Dam Weather Station for a period between 1985 and 2017 
were sourced from Meteo Blue2 website (downloaded by Matthew Wheeler on 2017-10-12) and provided 
by the client. The Kamuzu Dam weather station records various climatic parameters and is located in close 
proximity to the project site (<5km) at 14.1628° S, 33.6848°E. 

______________________ 

1 http://www.fao.org/nr/water/infores_databases_climwat.html 
2 https://www.meteoblue.com/en/weather/forecast/archive  
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•  Malawi Meteorological Department – record of rainfall data for Sinyala Rainfall Station, located 5 km from 
the project site for the period of 1995 to 2016 were presented in GCS’s 20173 surface water report. 

 

 GENERAL CLIMATEGENERAL CLIMATEGENERAL CLIMATEGENERAL CLIMATE    3.23.23.23.2

Table 3-1 presents monthly averages for various climatic parameters at the project site including: temperature, 
humidity, sunshine hours, wind speed and wind direction. 

TABLE 3-1: AVERAGE MONTHLY CLIMATIC DATA (FAO CLIMWAT AND METEO BLUE) 

Month FAO CLIMWAT Meteo Blue 

Min. Temp  
(°C) 

Max. Temp  
(°C) 

Humidity 
(%) 

Sun 
(hours/day) 

Wind 
Speed 
(km/hour) 

Wind 
Direction 
(º) 

Direction 
(Cardinal) 

January 17.5 26.7 83.5 5.3 6.1 99.1 E 

February 17.3 26.7 84.5 5.3 5.7 104.1 ESE 

March 16.5 26.8 83.0 6.2 6.4 108.2 ESE 

April 14.7 26.5 80.0 7.6 7.6 118.7 ESE 

May 11.3 25.6 73.0 8.0 7.8 117.1 ESE 

June 8.7 23.9 68.0 7.2 8.4 117.5 ESE 

July 8.5 23.7 65.5 7.6 9.3 115.6 ESE 

August 9.6 25.3 59.0 7.9 9.8 103.7 ESE 

September 12.0 28.1 53.0 8.1 10.8 91.1 E 

October 15.0 30.0 53.0 9.0 11.2 82.4 E 

November 17.0 29.7 62.5 7.6 10.7 77.9 ENE 

December 17.6 27.4 79.0 5.6 8.2 78.6 ENE 

 

 RAINFALL AND EVAPORARAINFALL AND EVAPORARAINFALL AND EVAPORARAINFALL AND EVAPORATIONTIONTIONTION    3.33.33.33.3

The Table 3-2 present the monthly rainfall from the FAO CLIMWAT database and the Meteo Blue data.  There 
are no records of evaporation from the Meteo Blue data, and estimated lake evaporation is taken from the 
FAO CLIMWAT database, which presents monthly estimates of ETo, defined as the rate of evaporation from a 
reference surface that is not limited for water, using the Penman-Monteith Method (FAO, 1998). 

______________________ 

3 GCS Water & Environmental Consultants (GCS), June 2017. Malingunde Flake Graphite Project Desktop Surface Water Assessment. 
Report 17-0495 
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TABLE 3-2: ESTIMATED AVERAGE MONTHLY RAINFALL DATA AND EVAPORATION AT THE PROJECT SITE 

Month Rainfall (mm) Lake Evaporation (mm) 

FAO CLIMWAT Meteo Blue FAO CLIMWAT 

Jan  222.7 360.0 119.4 

Feb  193.05 245.0 104.9 

Mar 139.5 97.5 118.7 

Apr  44.15 14.8 115.7 

May  10.55 3.1 115.0 

Jun  1.6 0.6 105.0 

Jul  1.6 0.3 115.2 

Aug   0.1 1.0 141.5 

Sep  1.25 1.0 173.0 

Oct  10.7 9.9 206.8 

Nov  73.15 32.5 175.7 

Dec  197.5 189.7 130.4 

Total 895.9 955.3 1621.0 

 

GCS presented analysis of the variability of 21 years of monthly rainfall data as sourced from Malawi 
Meteorological Department, as presented in Figure 3-1. 
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FIGURE 3-1: RAINFALL VARIATION AT SINYALA STATION (SOURCE: GCS, 2017) 

When the Sinyala station (GCS data) is compared against the Kamuzu Dam data (32 years of monthly rainfall) 
presented in Figure 3-2 the two data sources are comparable with small variations attributed to length of 
records under consideration in each dataset. 

The longer record from Kamuzu Dam shows much more rainfall during January and February, and much less in 
March than the record from Sinyala.  Furthermore, the wettest Januarys and Februarys presented by records 
exceeded only 10% of the time (E10) in Figure 3-1 and Figure 3-2 sees 43% and 47% respectively more rainfall 
at Kamuzu Dam than Sinyala Station.  



Sovereign Metals Limited 
Surface Water Specialist Report for the Environmental and Social Impact Assessment (ESIA) 
File name: Malingunde Hydrology ESIA Report_Revision_02_Final 

 
710.19112.00005 

February 2019 

 

  
Page 11    

 

 

FIGURE 3-2: RAINFALL VARIATION AT KAMUZU DAM (METEO BLUE DATA) 

The distribution of total annual rainfall (assumed water year starts on 1 September) based on the Meteo Blue 
data is presented in Figure 3-3, which shows probability of exceedance against annual rainfall. For example, 
there is a 90% probability that annual rainfall will exceed 547mm and 10% probability that annual rainfall will 
exceed 1 320mm in any given year.  

 

FIGURE 3-3: DISTRIBUTION OF ANNUAL RAINFALL TOTALS (1985 – 2016) KAMUZU DAM (METEO BLUE DATA) 
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When compared against the other sources of rainfall data, the Meteo Blue data for Kamuzu dam is fairly 
consistent, located in the immediate vicinity of the project area and given the long record (32 years), it is 
recommended that this dataset is suitable for the purpose of characterising rainfall at the project site, whilst 
the evaporation data from the FAO CLIMWAT database will be adopted for the site.  

On this basis, the adopted Mean Annual Precipitation (MAP) for the project site is 955mm and the Mean 
Annual Evaporation (MAE) is 1 621mm. It should be noted that for January, there is a very large difference 
against FAO data, likewise the MAP for Kamuzu is slightly higher. 

 

 STORM DEPTHSTORM DEPTHSTORM DEPTHSTORM DEPTH----    DURATION FREQUENCY (DURATION FREQUENCY (DURATION FREQUENCY (DURATION FREQUENCY (DDF) ESTIMATES DDF) ESTIMATES DDF) ESTIMATES DDF) ESTIMATES     3.43.43.43.4

Storm depth duration frequency (DDF) data is an important design parameter for stormwater management 
infrastructure, and the DDF estimates for the site are based on the following methods: 

• Statistical Analysis of Kamuzu Dam data – Annual maximum analysis for various duration events (from 1hr 
up to 72hrs) was undertaken on the 32 year hourly rainfall records from Meteo Blue database. The 
Generalized Extreme Value (GEV)4 distribution was then fitted to the annual maximum series to estimate 
storm depths for events with an annual probability of occurrence of up to 1:100 (1%).  

• TRRL Laboratory Report 6235 method for East Africa, which is based on records of 1:2 year, 24 hour point 
rainfall for the region, to which generalised depth duration equations are applied depending on locality 
within East Africa. The Malingunde project site is considered similar to inland area for adopting parameters 
for this method. Given this method was developed for eastern Africa and estimated up to 24 hour rainfall, 
it is presented below for comparison purposes (based on inland parameters). It is considered more 
appropriate for smaller storm duration events to complement the spreadsheet based GEV method.  

• Hydrological Research Unit (HRU) 2/78 method6
 for southern Africa, is a simplistic methodology which uses 

the mean annual precipitation (MAP) for the proposed project area and a factor to account for the site’s 
location (coastal or inland). Given this method was developed for southern Africa (South Africa, Botswana 
and Namibia); it is presented below for comparison purposes only, and is considered less representative 
than estimates from any of the other methods.  

The DDF from the various methods are presented in Table 3-3. 

TABLE 3-3: COMPARISON OF 100 YEAR RAINFALL DEPTHS (MM) FROM DIFFERENT SOURCES 

Storm Duration 
(hours) 

GEV Analysis- 
Kamuzu Dam 

TRRL LR623 HRU 2/78 Adopted Design 
Rainfall Depths 

1 18.0 115.5 131.4 115.5 

2 35.0 146.6 155.3 146.6 

4 62.0 152.0 176.0 152.0 

______________________ 

4 Chadwick A, John Morfett, Martin Borthwick. 1998. Hydraulics in Civil and Environmental Engineering, Chadwick, Third Edition page: pg 295 
5 Transport and Road Research Laboratory report 623 (1974) “The Prediction of Storm Rainfall in East Africa” 
6 Hydrological Research Unit Report 2/78 (1978) “A Depth-Duration-Frequency Diagram for Point Rainfall in Southern Africa” 
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Storm Duration 
(hours) 

GEV Analysis- 
Kamuzu Dam 

TRRL LR623 HRU 2/78 Adopted Design 
Rainfall Depths 

12 122.0 172.4 205.5 172.4 

24 170.0 177.8 223.7 177.8 

48 270.0 - 242.5 270.0 

72 303.0 - - 303.0 

As can be seen, the design rainfall estimates based on statistical analysis of the Kamuzu Dam data (32 years 
data), are very similar for the TRRL 623 estimates for 24 hour events, and are considered suitable for 
estimating rainfall depths for events at the project site from 24 to 72 hours in duration. However, the Kamuzu 
Dam rainfall data is very low for shorter (sub-daily) events, and is not considered fit for purpose for events 
shorter than 24 hours.  The HRU 2/78 estimates are presented for comparison only, but these estimates further 
demonstrate that sub-daily rainfall data sourced for Kamuzu Dam is not fit for purpose.   

It is recommended that the TRRL 623 estimates are adopted for representing sub-daily rainfall events at the 
project site, whilst the GEV analysis of Kamuzu Dam is adopted for representing multi-day rainfall events at the 
project site.  

 

 BASELINE HYDROLOGY  4

 BACKGROUNDBACKGROUNDBACKGROUNDBACKGROUND    4.14.14.14.1

In order to inform the design of storm water management measures and the site wide water balance as well as 
undertaking the impact assessment, an understanding of the baseline hydrology is required. This section 
presents a summary of the baseline review of various sources of baseline information and informed by a site 
visit undertaken by an SLR Hydrologist during February 2018.  

The project area is approximately 30km2 and is situated within the Lilongwe region of Malawi, approximately 
20km south-west of Lilongwe and 31km north-east of the Mozambican border. 

 REGIONAL HYDROLOGYREGIONAL HYDROLOGYREGIONAL HYDROLOGYREGIONAL HYDROLOGY    4.24.24.24.2

As presented in Figure 4-1, the site is within the greater catchment of the Lilongwe River, which generally flows 
towards the north east to a confluence with the Linthipe River near Salima, ultimately flowing into Lake 
Malawi. The western edge of the Lilongwe River catchment runs along the Dzalanyama Range of hills which run 
along the Mozambican border, where elevations of up to 1600 - 1700m AMSL are found. 
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FIGURE 4-1: HYDROLOGY OF MALAWI 

 

 WATERCOURSES AND SURWATERCOURSES AND SURWATERCOURSES AND SURWATERCOURSES AND SURFACE WATER FEATURESFACE WATER FEATURESFACE WATER FEATURESFACE WATER FEATURES    4.34.34.34.3

The southern boundary of the site runs along the 150 m buffer zone that was established around the Kamuzu 
Dam, which is the receptor for stormwater from the majority of the site at present.   

The site and surroundings feature several dambos i.e. shallow, wide, seasonally inundated wetlands, as shown 
in Figure 4-2 and Figure 4-3. 
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FIGURE 4-2: ROAD CROSSING AT DAMBO 7KM NORTH OF THE PROJECT SITE 

 

 

FIGURE 4-3: FOOTPATH CROSSING AT DAMBO 1A 

The site is dominated by red-brown sandy clay soils, with colours varying depending on degrees of cultivation 
and humus present in the soils. Dambos soil is mostly characterised by hydromorphic soils; dark grey, black and 
mottled soils mainly composed of clay minerals with thin humus of the A-horizon which supports only shallow 
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rooted plants, like grasses. The low permeability of clays combined with the poor site drainage produce a 
waterlogged soil susceptible to seasonal flooding (Hudson, 2018).  

The Figure 4-5 presents the hydrology in the project site. 

 TOPOGRAPHYTOPOGRAPHYTOPOGRAPHYTOPOGRAPHY    4.44.44.44.4

Ground levels in and around the site are typically between approximately 1 080mamsl and 1 180mamsl.  
Typical gradients in and around the site range between 1:20 and 1:100, with the topography influenced by 
relatively flat and wide dambos between gentle to moderately sloping hills. 

 SURFSURFSURFSURFACE WATER USERSACE WATER USERSACE WATER USERSACE WATER USERS    4.54.54.54.5

Surface water users in and around the site include: 

• Drinking water – it is understood that occasionally people drink water from Kamuzu Dam 2 (KD2) and the 
Lilongwe River, although the majority of the villages in the area have hand pumped wells which represents 
their source of drinking water. 

• Fishing – several people were observed fishing in KD2. 

• Washing – several people were observed washing clothes in the Lilongwe River and this would be expected 
in KD2 too. 

• Swimming – several people were observed swimming and bathing in KD2, close to the KD1 spillway at 
Malingunde bridge. 

• Livestock watering – cattle and goats were observed drinking water from the dambos, and it is expected 
that livestock watering would occur in KD2 and the Lilongwe River too. 

 

FIGURE 4-4: LIVESTOCK WATERING IN DAMBO NEAR THE PROJECT SITE 
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 VEGETATIONVEGETATIONVEGETATIONVEGETATION    4.64.64.64.6

The site and surroundings is predominantly used for small scale farming predominantly for maize, soya, 
groundnut (peanut) and tobacco. There are only a few small areas which are not cultivated, mostly the dambos 
but also a few miombo woodland areas. 

 SOILSSOILSSOILSSOILS    4.74.74.74.7

The site is dominated by red-brown clayey silty soils, with colours varying depending on the degree of exposure 
to cultivation and humus present in the soils. 

Dambos soil is mostly characterised by hydromorphic soils; dark grey, black and mottled soils mainly composed 
of clay minerals with thin humus of the A-horizon which supports only shallow rooted plants, like grasses.  The 
low permeability of clays combined with the poor site drainage produce a waterlogged soil prone to seasonal 
flooding (Hudson, 2018). 

SLR’s Pre-Feasibility Study (PFS) Geotechnical site assessments (SLR, 2018) identified the soils as having 
moderate to slow permeability, comprised of mixtures of fine textured and unstructured clayey and silty soils 
which include some fine sands.  Furthermore, the soil permeability was determined in the ranges of 2.30x10-7 
and 5.80x10-8 m/s which could result in low or negligible seepage from the surface infrastructure i.e. the TSF. 
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FIGURE 4-5: MALINGUNDE LOCAL HYDROLOGY 
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 WATER QUALITY  5

This section of the report presents a discussion of the baseline water quality of the local watercourses for the 
wet and dry season and recommendations for future monitoring for any data gaps identified.  

 WATER QUALITY MONITOWATER QUALITY MONITOWATER QUALITY MONITOWATER QUALITY MONITORING PROGRAMMERING PROGRAMMERING PROGRAMMERING PROGRAMME    5.15.15.15.1

Surface water monitoring was undertaken by Sovereign Metals at the Malingunde project area as follows: 

• Five sites identified by Malingunde were sampled in in April and October 2017 

• 14 of the recommended 15 sites (5 sites from 2017 and an additional 10 site identified by SLR) were 
sampled in February 2018 

• In May 2018, SLR were requested by Malingunde to reduce the number of sites at which sampling is 
undertaken and therefore the number of sampling sites were reduced to eight. These eight sites were 
sampled in May 2018 and September 2018.  

Samples were analysed at Waterlab in Pretoria, South Africa and the results were provided to SLR for 
interpretation.  

The sample collection points include dambos, the Lilongwe River and the Kamuzu Dam at downstream and 
upstream locations and shown in Figure 5-1 and Table 5-1.  

TABLE 5-1: SURFACE WATER SAMPLING LOCATIONS 

Sample ID  Coordinates UTM 36 S Description  

X Y 

MM ST1 571796 8435449 Located on dambo 5 draining towards the Kamuzu Dam 
downstream of the proposed pit  

KZ 1 569291 8432780 Upstream site location into the Kamuzu Dam (KD1) 

KZ 2 571398 8434442 On the Kamuzu Dam before the affected dambo 5 joining the 
dam 

KZ 4 573794 8434206 At the Kamuzu Dam outflow (KD2) 

KZ 5 574717 8435445 On the Lilongwe River after dambo 3 (from the project site) 
inflow and a feeder tributary from south (unaffected catchment) 

SWQ 1 569 744 8 440 059 At dambo north of proposed project site outside the catchments 
affected by proposed project  

SWQ 2 568 843 8 440 065 At dambo north of proposed project site outside the catchments 
affected by proposed project 

SWQ 3 572 018 8 438 441 At dambo 1A, north of proposed tailings, potential receptor of 
infrastructure runoff 

SWQ 4 574 766 8 436 351 At dambo feeding the Lilongwe River potentially a receptor of 
TSF runoff 

SWQ 5 575 770 8 438 956 Downstream on dambo 1A north of proposed TSF and SWQ3 
before confluence with the Lilongwe river  
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Sample ID  Coordinates UTM 36 S Description  

SWQ 6 574 530 8 443 383 Downstream of SWQ1 and SWQ2 before confluence with 
Lilongwe River  

SWQ 7 576 746 8 444 986 Most downstream site on the Lilongwe River  

SWQ 8 576 671 8 443 951 Downstream location on the Lilongwe before the confluence 
with the project's upper most northern dambo  

SWQ 9 576 104 8 438 352 Upstream of the confluence between the Lilongwe and affected 
north dambo 1A 

SWQ 10 576 293 8 439 001 Lilongwe River downstream of the confluence with affected 
north dambo 1A  

 WATER QUALITY GUIDELWATER QUALITY GUIDELWATER QUALITY GUIDELWATER QUALITY GUIDELINES INES INES INES     5.25.25.25.2

The water quality results were compared against the following guidelines: 

• World Health Organisation (WHO), 2017, Guidelines for Drinking Water Quality, 4th Edition Incorporating 
the First Addendum. 

• Malawi Standard (MS214:2015) Drinking Water Specification. 

• International Finance Corporation (IFC) Mining Effluent Guidelines, 2007. 

 WATER WATER WATER WATER QUALITY RESULTSQUALITY RESULTSQUALITY RESULTSQUALITY RESULTS    5.35.35.35.3

All the water quality results are presented in Appendix A. 

 Wet Season 5.3.1

The water quality monitoring during the wet season indicated the following:  

• The wet season water quality samples were collected as follows: 

o Water samples were collected at 5 sites identified by Malingunde (namely MM ST1, KZ 1, KZ 2, 
KZ 4 and KZ 5) in April 2017  

o Water samples were collected at  the five sites identified by Malingunde and 9 of the 10 sites 
identified by SLR (excluding SWQ 4) in February 2018. 

• Most of the parameters assessed on all samples are within all three standards (MS drinking water 
specifications, WHO Guidelines and IFC Mining Effluent Guidelines water quality specifications) with the 
exception of a few (i.e. turbidity, aluminium, iron, manganese, and antimony) discussed in detail below.  

• All of the samples show elevated turbidity above the MS214 drinking water specifications which can be 
attributed to current existing farming methods  (natural vegetation coverage stripped resulting in large 
areas of exposed soils). The large areas of exposed soils result in easily erodible soil surfaces in the 
catchments which flow to the  water resources which were sampled.  Turbidity can also be attributed to 
inorganic parameters i.e. aluminium, iron and manganese levels which also exceed all there standards. 

• The elevated aluminium, iron and manganese levels can also be attributed to the natural prevalence of 
these elements which are abundant in natural soils (WHO, 2011).  
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o Aluminium exceeds the MS Drinking Water Specification and the WHO Guidelines at most of 
the sites.  

o Iron exceeds the MS Drinking Water Specification and the IFC Mining Effluent Guidelines at 
most of the sites with all sites exceeding the MS Drinking Water Specification in the February 
sample run.  

o Manganese exceeds the MS Drinking Water Specification and the WHO Guidelines at almost all 
of the sites. 

• Only SWQ1 exceeds the MS Drinking Water Specification for sulfate. SWQ6, downstream on the same 
dambos as SWQ1,  a high sulfate level is also recorded, although not exceeding the MS Drinking Water 
Specification.. The high sulfate levels are  not recorded at any other sites located in the area, therefore, the 
source of sulfate can potentially be attributed to anthropogenic sources or farming methods. 

• Of all the sites, MMST1 and SWQ 3 have the highest concentration for the parameters exceeding standards 
discussed above. 

• At the time of writing this report, the Total Suspended Solids (TSS) had not yet been sampled in the wet 
season, however it is an important parameter to complete the baseline, considering that it is anticipated 
that the mining will be source of sediments and may cause elevated TSS.  

 Dry Season 5.3.2

The water quality in the dry season includes the following: 

• Historical water quality samples were collected for five sample locations (namely MM ST1, KZ 1, KZ 2, KZ 4 
and KZ 5) in October 2017 at the end of dry season. 

• Eight sampling sites (excluding SWQ 4, KZ 2, SWQ1, SWQ2, SWQ6, SWQ8, SWQ7) were sampled in May 
2018 at the start of the dry season and in September 2018 at the end of the dry season. 

• The five samples collected in October 2018 for the dry season were analysed for TSS, and only exceed the 
IFC EHS guidelines at one of the sites namely, MMST1. 

• Elevated antimony levels were recorded at the five sites sampled in October 2017, exceeding the WHO 
Guidelines (recorded in the groundwater report(SLR, 2018)). Considering that antimony was not recorded 
again at elevated levels in surface water at the same sites, these levels could be attributed to potential 
sample contamination. 

• During the May and September 2018 sample run, most parameters were within all the three standards (MS 
drinking water specifications, WHO Guidelines and IFC Mining Effluent Guidelines water quality 
specifications) except for the a few (i.e. iron, faecal coliform, aluminium, manganese and zinc) discussed in 
detail below. 

• All samples except KZ4 and SWQ 5, exceed the MS Drinking Water Specification for iron. 

• The site MMST1 exceeds all of the standards in most of the exceeded parameters namely, MS Drinking 
Water Specification for aluminium, IFC Mining effluent guidelines for zinc and iron, as well as exceeding 
WHO Guidelines for Manganese. 

• Considering the exceeded aluminium, SWQ 10 exceeds the MS Drinking Water Specification and SWQ 10 
exceeds the WHO Guidelines.  



Sovereign Metals Limited 
Surface Water Specialist Report for the Environmental and Social Impact Assessment (ESIA) 
File name: Malingunde Hydrology ESIA Report_Revision_02_Final 

 
710.19112.00005 

February 2019 

 

  
Page 22    

 

• All of the samples show elevated turbidity above the MS214 Drinking Water Specification and can be 
attributed to current existing farming methods  (natural vegetation coverage stripped resulting in large 
areas of exposed soils) The large areas of exposed soils result in easily erodible soil surfaces in the 
catchments which flow to the  water resources which were sampled.  Turbidity can also be attributed to 
inorganic parameters i.e. aluminium, iron and manganese levels which also exceed all there standards. 

• Total suspended solids only exceeded the IFC Mining effluent guidelines, for the location MMST1, similarly 
to the 2017 October sample run. Furthermore, at SWQ 3, the TSS exceeds the IFC guidelines which can also 
be attributed to activities by the community including preparation of land for the coming wet season.  

 Summary  5.3.3

When comparing the sites sampled in both the wet seasons (April 2017 and February 2018) and dry seasons 
(October 2017, May 2018 and September 2018) there are more parameters exceeding one or more standards 
(any of the three) in the wet season than in the dry season. This difference can be attributed to the rains in the 
wet season washing away/ mobilising/ diffusing polluted material to the surface water resources sampled.  

 RECOMMENDATIONS FOR RECOMMENDATIONS FOR RECOMMENDATIONS FOR RECOMMENDATIONS FOR FUTURE MONITORING FUTURE MONITORING FUTURE MONITORING FUTURE MONITORING     5.45.45.45.4

Considering the proposed activities and the current monitoring sites and parameters that have been analysed, 
the following recommendations are made for future monitoring  

• Historical water quality data was considered to be adequate for the baseline characterisation and 
establishing the current conditions and should continue as stated in the monitoring plan presented in 
Section 8.4 

• Monitoring the surface water environment will be useful to confirm whether the mitigation measures are 
effective in managing any potential water quality impacts. The monitoring must however be modified to 
ensure specific appropriateness for the phase of the project as impacts could arise more frequently as 
presented in more detail in Section8.4 . 
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FIGURE 5-1: SURFACE WATER QUALITY SAMPLING LOCATIONS  
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 STORMWATER MANAGEMENT  6

Informed by the proposed mining activities, climate data, baseline hydrology and local topography, a review of 
the proposed surface infrastructure has been undertaken and a series of design principles of stormwater 
management have been developed to ensure compliance to the IFC EHS standards and the Malawian local 
guidelines. 

 DESIGN PRINCIPLES ANDESIGN PRINCIPLES ANDESIGN PRINCIPLES ANDESIGN PRINCIPLES AND STANDARDSD STANDARDSD STANDARDSD STANDARDS    6.16.16.16.1

As discussed in section 1.2.2, the IFC EHS Guidelines requires the following; 

• Conveyance: all water infrastructure to be designed, constructed and maintained to convey 1:25 year/24 
hour duration events for temporary drainage systems and to convey 1:100 year/24 hour event for 
permanent drainage installations. 

• Collect and reuse: ensure that dirty water is collected and reused as far as is practicable to minimize 
effluent discharge and the make-up water requirements. 

• Capacity: dirty water containment facilities should be designed, constructed and maintained to ensure they 
have capacity to store a 1:100 year / 24 hour event.  

• Diversion: minimise flood water into operational areas and design requirements for temporary drainage 
structures should additionally be defined on a risk basis considering the intended life of diversion 
structures, as well as the recurrence interval of any structures that drain into them. 

• Design and Sediment Control: all infrastructure should be protected against erosion and offsite sediment 
transport should be prevented as much as is possible. The Sediment control facilities should be designed 
and operated for a final Total Suspended Solids (TSS) discharge of 50 mg/l and other applicable parameters 
and guideline values in the EHS 2007 Effluent Guidelines Table 1.  

 STORMWATER QUALITY CSTORMWATER QUALITY CSTORMWATER QUALITY CSTORMWATER QUALITY CLASSIFICATION LASSIFICATION LASSIFICATION LASSIFICATION     6.26.26.26.2

Geochemical assessments were undertaken by SLR Consulting (SLR, 2018) to characterise the pit waste, tailings 
material and low-grade ore material in terms of the acid generating potential, total elemental concentrations, 
and leachable concentrations. All the leachate water quality results are presented in Appendix B and results of 
the assessments are summarised below: 

• The material testing results for the pit waste and low grade ore indicated highly weathered lithologies with 
low acid potential and low neutralising potential. The low acid potential (<0.3% S) indicated that the 
materials are unlikely to be capable of sustained acid generation, and this is confirmed by the net acid 
generation (NAG) tests, which indicated a near-neutral pH even after intense oxidation of the samples. 

• At the time of report compilation, kinetic leach testing was being conducted on the tailings material and 
following ten weeks of leach tests, although the sulphate production rate were found to exceed the 
neutralisation rate during all but one of the monitoring weeks, the pH of the material remained between 
pH 6 and 7. 

• Leachable concentrations of aluminium (Al) and iron (Fe) exceeded the Malawian Drinking Water Standard 
in some pit waste and the tailings samples. 

• In the pit waste that is anticipated to be utilised to construct the TSF side walls, Al, F, Fe, Mn and pH were 
identified as constituents of interest exceeding the WHO and Malawian drinking water standards and the 
IFC effluent standards. The elevated Al and Fe concentrations may be associated with particulate matter 
that was not filtered adequately after leaching.  
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• For the tailings samples, Al and Fe exceeded the Malawian Drinking Water Standard. 

• No exceedances of the guideline values were observed for the low-grade ore samples. 

The leachates’ are elevated in Al and Fe when compared with the baseline water quality, which indicates that 
elevated Al concentrations have previously been observed in the groundwater and surface water monitoring 
data. Therefore this could be an indication that no new chemical contaminants will be introduced into the 
surrounding environment. The groundwater and storm water could potentially contain silt and TSS which must 
be managed prior to discharge. This will be confirmed during monitoring and comparison of data to final 
effluent discharge limits.  

Therefore based on the future mine layout, clean, silty and dirty water catchments were delineated based on 
the expected water quality from the different catchments and the associated treatment techniques 
recommended for each classification as presented in Table 6-1 and Figure 6-1. 

TABLE 6-1: STORMWATER CATCHMENT CLASSIFICATION  

Classification Areas Treatment Technique 

Clean 
• Undisturbed areas 

• Dewatering BHs 

• Divert around silty and/or dirty 
areas. 

• Discharge to dambo 

Silty 
• Pits 

• TSF side slope 

• Stockpiles  

• Silt traps 

• Perimeter berms  

Dirty 
• TSF 

• Plant 

• RoM pad 

• Contain in RWD or PCD and re-
use. 

 

 PROPOSED STORMWATER PROPOSED STORMWATER PROPOSED STORMWATER PROPOSED STORMWATER MANAGEMENT MEASURES MANAGEMENT MEASURES MANAGEMENT MEASURES MANAGEMENT MEASURES     6.36.36.36.3

The proposed conceptual stormwater management strategy for the Project is presented in Figure 6-1 and 
includes the following key features: 

• Process Plant and RoM Pad: 

o There is no water catchment upstream of the plant as it is located on a catchment divide, as 
such, no diversion berms are necessary. 

o Dirty water from the areas of the plant, where diesel will be used in processing, will be covered 
with hard standing and bunded off from the rest of plant catchments and any stormwater will 
be collected in a sump and reused within the processes.  
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o Dirty stormwater from the rest of the plant and RoM pad will be intercepted at a macro scale 
by a perimeter drainage channel and conveyed to the Plant PCD. 

o Dirty storm water inflow channels from the RoM pad and the plant will pass through a silt trap 
(ST1) before flowing into the PCD although only the RoM pad is envisaged to generate 
significant loading of silt / sediment. The plant catchment will have some parts which are hard 
standing, some covered by gravel / erodible stockpile material and open vegetation. Open 
channels are preferred for ease of maintenance and can easily be constructed to accommodate 
design capacity, whilst maintaining suitable drainage gradients. 

o Overflow from the PCD will be further passed through a hydrocarbon separator before being 
routed to the TSF RWD for reuse or spillage to the environment (subject to water quality 
meeting the relevant standards) 

• Pits: 

o Clean stormwater will be prevented from entering into the pit area footprints through 
upstream diversion berms for all pits, this will be in addition to the perimeter berms that are 
normally part of pit designs that prevent runoff ingress of water into the individual pits. The 
upstream catchments to be diverted are quite small and hence nominal 1m or 0.5m berms will 
be adequate to divert clean water with an inside earth channel. The clean water from the west 
of the N pit will be diverted to the north, whilst clean water from the east of the S pits will be 
diverted to the south. 

o Silty stormwater from the pits (as classified in Section 6.2 will be collected in a pit sump within 
the lowest point of each pit and will be pumped to provide process water at the plant when 
there is a need for additional water. Any excess water not required for use at the plant or for 
onsite dust suppression, will be passed through silt traps located upstream of the discharge 
point flowing towards the dambos where if any minimal residual silt remains, it can be further 
settled as water filters through the dambos. As the full footprint of the pits is realised, there is 
potential that the pit sumps will not have sufficient capacity to store the large volumes of pit 
water envisaged, and a series of pit sumps or in-pit paddocks should be constructed to store 
sufficient water such that decant from the pits is prevented.  

o The silty stormwater in the N pit will be pumped north of the pit from where it will flow by 
gravity to a silt trap (ST3) and be released to Dambo 1A; S pits 1 water will be pumped out of 
the pit and gravity drained to a silt trap (ST4) to the south of the pit then to Dambo 5; and S 
Pits 2 water will be pumped to a silt trap (ST5) located on the west and then to Dambo 3. 
Water might need to be pumped from the S pits to a total elevation of 20m high over the road 
on the east of S pits and will be discharged at Dambo 3 (Refer to Figure 6-1 for location and, 
Section 6.4.4, Section 7.1.3 and Section 7.1.5 for the estimated discharge volumes.  

o Clean groundwater inflows will be intercepted by dewatering boreholes and released to the 
various dambos adjacent the silt trap release points avoiding direct discharge into the Kamuzu 
Dam or supplied as potable water to the nearby community (subject to water quality meeting 
the relevant drinking water standards and relevant permits). 

o At clean and silty water release points where necessary, flow dissipation measures will be 
installed at the ends of diversion channels to help prevent / minimise erosion by dissipating the 
energy from those flows (these will be investigated and detailed in the detailed designs). 
Details of the inflows to the open pit from runoff and groundwater seepage as well as 
dewatering flows, as modelled by the steady state water balance model are detailed in Section 
7 
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• Stockpiles  

o Considering that some of the stockpiles are located on a gentle catchment divide, limited 
upstream catchment will drain towards the stockpiles, and hence nominal 1m or 0.5m berms 
will be adequate to divert clean water with an inside earth channel towards the south of South 
Pits 1 towards dambo 5. 

o The runoff within the silty stockpile catchments and the pits will be managed at the silt trap 
ST4 with the excess water pumped from the pit before release to the dambos.  

o Stockpiles should be deposited such that the side slopes are terraced and do not encourage 
generation of runoff and associated erosion until such a time that they are reclaimed. 

• TSF: 

o Due to the TSF location on a gentle catchment divide, no external clean water catchment will 
drain towards the TSF and hence there is no requirement to divert clean stormwater away 
from the TSF. 

o Silty stormwater from the TSF sidewalls constructed from overburden material will be collected 
in perimeter toe paddocks and allowed to evaporate, the sizing of the paddocks are discussed 
in Section 6.4.2. 

o Dirty stormwater from the TSF will be collected through the supernatant pond and TSF 
penstock or barge pump system, and conveyed through a silt trap (ST2) to the RWD for re-use, 
details of which are included in Section7.  

In order to meet the design principles detailed above, conceptual design details for the proposed stormwater 
management measures are presented below, along with the specific hydraulic design standards, 
methodologies, assumptions and input parameters for each measure proposed. 
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FIGURE 6-1: CONCEPTUAL STORMWATER MANAGEMENT PLAN  
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 INFRASTRUCTURE SIZININFRASTRUCTURE SIZININFRASTRUCTURE SIZININFRASTRUCTURE SIZING AND DESIGNG AND DESIGNG AND DESIGNG AND DESIGN    6.46.46.46.4

 Drainage Channel and Berms  6.4.1

Peak flows for conveyance infrastructure were estimated using the SCS Method applied within the HydroCAD 
stormwater design software package. A curve number (CN) is used for each catchment to characterise the 
runoff properties for a particular soil and ground cover. The CN value is a primary input parameter for the SCS 
runoff equation, as used by HydroCAD. A high CN value (such as 98 for pavement) causes most of the rainfall to 
appear as runoff, with minimal losses. Lower values (such as 58 for certain wooded areas) correspond to an 
increased ability of the soil to retain rainfall, and will produce much less runoff. A Type III storm profile was 
applied to the 1:100 year 24 hour rainfall depth (177.8 mm) to estimate peak flows from each catchment. 

The channels were sized to take the maximum flow calculated for the downstream end of the contributing 
catchment and the channel sizing will be uniform along their entire length.  Some cut and fill maybe required 
along the length of the channels to achieve the required gradient to ensure that water flows freely within these 
channels. The clean water will be kept out of the dirty water channels by construction of a linear bund 
upstream of the channel with material excavated from the channel.  

The input parameters are presented below in Table 6-2. 

TABLE 6-2: PLANT CATHMENT PARAMETERS  

Catchment Area (Ha) Curve Number  Time of concentration (mins) 

RoM Pad 1.3 88 15 

Plant – Gravel Roads  1.9 88 15 

Plant Impermeable  0.6 98 15 

Plant Open Veg cover 3.8 69 15 

Total  7.6   

The 1:100 year 24 hour rainfall intensity (178 mm) and peak flows for the plant stormwater diversion channels 
is 2.2 m3/s.  

Typical; cross section of recommended dirty water diversion channel in order to accommodate the design 
flows, the recommended channel sizes are presented in Table 6-3 together with the reference channel cross 
section shown in Figure 6-2 

 

FIGURE 6-2: STORMWATER DIVERSION CHANNEL CROSS SECTION  
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TABLE 6-3:  PLANT STORMWATER DIVERSION CHANNEL SIZING  

Catchment  Total 
Flow 

Drainage 
Channel 

*Required 
Design flow  

b1 d1 b2 d2 b3 S n A P R V **Design 
flow  

m3/s  % m3/s m m m m m m/m   m2 m m m/s m3/s 

Plant and RoM 
channel dirty water 
catchment 

2.2 DW1 East 50% 1.05 0.5 0.6 0.5 0.6 1 0.005 0.025 0.9 2.6 0.4 1.4 1.3 

DW2 West  50% 1.05 0.5 0.6 0.5 0.6 1 0.005 0.025 0.9 2.6 0.4 1.4 1.3 

*The calculated flow for which the channels should be designed to convey and is informed by the catchment characteristics. 

**The flow which the designed channel can convey based on the application of the Manning’s equation. 

 

 

Manning's Equation

where:
V Velocity (m/s)
A Cross sectional area of pitch
P Wetted Permiter
S Slope

! " # ∗ % " &' () ∗ *+ ')

,
& " %

-
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Upstream Berms  

The nominal berm heights of 1.0m are considered to be sufficient to prevent runoff from clean catchment 
areas flowing into dirty areas. Given the gently sloping gradient, high rainfall and high evaporation, it is 
expected that any clean stormwater will slowly drain toward the dambos and stream and any clean stormwater 
ponding against the berm will either evaporate or infiltrate within a few days of a storm event. 

 TSF Stormwater Retention Berm 6.4.2

Runoff from the TSF sides will collect at the toe of the TSF and it is recommended that toe paddocks are 
constructed around the perimeter of the TSF to collect dirty stormwater from the TSF and satisfy the 
requirements of IFC EHS.  

The height of the TSF will be about 30m, and the side slopes are likely to be about 1:3, giving a 90m horizontal 
footprint of the side slope all around the perimeter of the TSF and any runoff from the slopes of the TSF will be 
collected by a perimeter berm created parallel to the toe of TSF. This will be divided into paddocks by smaller 
berms created at regular intervals perpendicular to the toe of the TSF in order to retain stormwater at the toe 
of the TSF and prevent conveyance around the perimeter of the TSF as presented in Figure 6-3.  

Indicative sizing of the toe paddocks is as follows: 

• Maximum width of TSF side slope = 90m. 

• Offset of perimeter stormwater retention berm from toe of TSF = 30m. 

• Distance between perpendicular berms creating paddocks = 50m. 

• 1:100 year 24 hour rainfall depth = 178mm. 

• Runoff coefficient = 0.53. 

• Nominal berm height = 1.0m. 

• Runoff Volume per paddock = 421m3. 

• Maximum Water Depth in paddocks = 0.28m. 

The toe paddocks recommended above will be sufficient to retain dirty runoff and prevent discharge to off-site 
surface water receptors.  During detailed design and construction, the dimensions of the berms / paddock 
arrangement can be revised according to site constraints whilst still ensuring the volumetric requirements can 
be accommodated, for example by reducing the offset from 30m to 15m will not necessarily need the berm 
height to be adjusted as it is already designed for 1.0m.  
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FIGURE 6-3: CONCEPTUAL TSF SILTY STORMWATER RETENTION 

 

 Dirty Water Containment Facilities  6.4.3

The capacity of dirty water containment facilities (PCD and RWD) is based on the containment of the 1:100 
year design rainfall (24 hour) event of 178 mm.  Stormwater from the plant PCD will be pumped to the plant for 
reuse and any spillages diverted to the TSF RWD, which will also be collecting stormwater from the TSF that will 
be reused at the plant. This will ensure a single discharge point to the environment for the PCD and RWD.  In 
addition to design stormwater, the RWD should also accommodate an operation volume approximately 
equivalent to 15 days process water supply. 

Emergency outflow from the plant PCD and the RWD for design exceedances will be via a spillway, designed to 
convey stormwater exceeding a 1:100 year event.  

The design parameters used for sizing the PCD and the RWD are presented in Table 6-4. 

TABLE 6-4: PLANT PCD AND TSF RWD DESIGN PARAMETERS  

Description Catchment 
area m2 

Runoff 
coefficients  

Rainfall  
(m)  

Maximum 
Stormwater 
Volume-1:100 
year - m3 

Operational 
volume (Approx 
15 days ) m3 

Total 
RWD/PCD 
Volume (m3) 

Plant PCD  75 300 0.72 0.18 9 650 - 10 000 

TSF RWD 443 000 0.75 0.18 59 141 22 000 80 000 
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 Silt Traps / Settlement Ponds 6.4.4

Based on the classification of the various stormwater qualities, the following silt traps have been 
recommended: 

• Inflow to PCD - plant and RoM pad stormwater (Silt Trap 1) 

• Inflow to RWD - stormwater in contact with Tailings (Silt Trap 2)  

• Pit dewatering- stormwater in contact with pit mining operations  

o N pit (Silt Trap 3) 

o S pits 1 (Silt Trap 4) 

o S pits 2 (Silt Trap 5) 

Silt traps have been designed to settle silt particles of size from 0.075mm and bigger. Water will be released 
into the silt traps in the following scenarios.  

• Silty stormwater generated from the pits, peak flow generated following a storm intensity equivalent to 
the rainfall from the wettest month falling in 7 days period on the entire pit footprint, and a runoff factor 
of 100%. 

• Dirty stormwater generated from the plant for peak flows occurring from a 1:5 years - 24 hour storm event 
of 102mm. 

• Dirty stormwater generated on the TSF pond from a 1:100 year 24 hour storm event (178mm), emptied 
over 5 days through a 300mm vertical penstock or barge pump system. 

The silt trap sizing is presented in Table 6-5. 

TABLE 6-5: SILT TRAP SIZING  

Description Discharge 
(m3/s) 

Depth (m) *Approximate 
Dimensions (m) 

Volume Required 
(m3) 

Silt Trap 1 (Plant PCD)  1.00 1 15 224 

Silt Trap 2 (RWD) 0.67 1 12 148 

Silt Trap 3 (N pit) 0.06 1 4 13 

Silt Trap 4 (S pits 1) 0.03 1 3 7 

Silt Trap 5 (S pits 2) 0.03 1 3 7 

*Assuming a square then length = width in m 

All the silt traps should be constructed comprising two equally sized compartments, an operational one and a 
standby compartment to allow one to be cleaned whilst the other is being used. 

 SILT MANAGEMENT AND SILT MANAGEMENT AND SILT MANAGEMENT AND SILT MANAGEMENT AND EROSION CONTROLEROSION CONTROLEROSION CONTROLEROSION CONTROL    6.56.56.56.5

In compliance with IFC EHS requirements and the Lilongwe Water Board sediment management 
recommendations detailed in Section 1.2.1, the following measures will be considered:  
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• Minimising disturbance: the most effective source control measures are to minimise disturbance of 
vegetation and soils and as much as possible, maintain existing catchment protection measures. In the case 
of linear earthworks, phasing of working areas and progressive rehabilitation will be necessary to minimise 
the footprint of disturbance at any given time.  

• Source control: protection of exposed surfaces from erosive energy of rain splash and surface runoff flow 
need to be the major factors of controlling runoff. Topsoiling in conjunction with one or more of the 
following is required:  

o Seeding,  

o Hydro-seeding,  

o Erosion control blankets,  

o Turf reinforcement matting,  

o Riprap,  

o Aggregate cover and paving can be effective for source control. 

• Phasing / Scheduling: carefully considered phasing of earthworks can minimise the footprint at risk of 
erosion at any given time, or schedule works according to the season e.g. undertake works which cause 
most disturbance of vegetation and topsoils during the dry season, and revegetate, hydroseed, install 
permanent drainage etc. before the wet season commences. 

• Diversion / Temporary drains diverting upslope runoff, around or across the site, and collecting and 
channelling silty runoff downslope of the site to prevent it leaving the site and polluting water resources. 
These measures should be implemented during the construction phase, after site clearing, i.e. pit stripping, 
TSF site and plant site and RoM construction. 

• Vegetated Buffers: retention of a vegetated buffer down gradient of any earthworks will filter out silt and 
prevent further erosion of soil through soil stabilisation i.e. downstream of the pit, vegetative growth 
should be maintained and will be of particular importance during pit development downstream of the pit 
between the pit and the Kamuzu Dam.  

• Treatment downstream of any silt producing areas or activities using settlement ponds / silt traps i.e. 
within the pit, TSF perimeter toe paddocks and formally designed silt trap for inflows into the RWD and 
PCD and at discharge points for silty pit contact water. Site runoff or water pumped from excavations is 
channelled into a silt trap constructed specifically to allow any suspended solids to settle out before 
discharge into the dirty water containment facility.  

• Monitoring for sediment deposition within the settlement ponds or dams and if sedimentation builds up to 
a level that it affects the active storage volume of the reservoirs, it can be managed through mechanical 
removal such as excavation when the reservoir level is low, or dredging. 
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 IMPACT ON RUNOFFIMPACT ON RUNOFFIMPACT ON RUNOFFIMPACT ON RUNOFF    6.66.66.66.6

It was concluded in the National Water Resources Master Plan Project 7 that in the rainy season, runoff yield is 
about 20% of rainfall depth and the annual runoff ratios of rivers in Malawi fluctuate between 0.2 and 0.3 
based on the collected rainfall and discharge data in the Project. Considering the MAP of 955mm, the mean 
annual runoff (MAR) for the entire catchment is therefore approximately 155Mm3 for a 0.3 runoff ratio. 

The implementation of storm water management measure of containment of dirty water from the 
infrastructure catchments inevitably reduces the available catchment area for runoff to the surface water 
resources. This therefore results in reduction in runoff reporting to the dambos and then the Kamuzu Dam and 
the Lilongwe River.  

The Project’s area of influence includes direct disturbance of land due to the Project’s footprint, as well as 
construction and operational impacts on the surrounding environment.  

Based on a review of the project description and listed activities, a total of 120ha (1.2 km2) is proposed for 
mining and supporting infrastructure, thereby implying a small source area of impacts i.e. less than 0.1% of the 
Kamuzu Dam catchment is proposed for pits and approximately 7.3% of the Dambo 1 and 1B catchment is 
proposed for the TSF, plant, RoM pad and RWD, as presented in Table. The location of this infrastructure is 
shown in Figure 4-5. 

TABLE 6-6: SUMMARY OF PROJECT FOOTPRINT CATCHMENT AREA DISTURBANCES    

Infrastructure Catchment  Infrastructure 
Footprint (km2) 

Catchment Area (km2) % of 
catchment  

Pits South (South 1, 2 and 
Stockpiles) 

Kamuzu Dam  0.41 797.7 0.05% 

Pits North Plant , TSF and 
RWD  

Dambo 1 (A and B) 0.89 12.3 7.24% 

Total   1.3 810 0.16% 

 LIMITATIONS AND FURTLIMITATIONS AND FURTLIMITATIONS AND FURTLIMITATIONS AND FURTHER WORK HER WORK HER WORK HER WORK     6.76.76.76.7

The sizing (capacity) of the stormwater structures have been determined from single event design storms i.e. 
the PCD and RWD were sized to contain a 1:100 year storm, silt traps at the TSF sized to pump stormwater 
from a 1:100 year 24 hour storm over 5 days from a 510mm diameter penstock intake etc. It is recommended 
that during the design phase, dynamic daily time step modelling should be undertaken when the rainfall has 
been confirmed and verified to understand the impact of climatic extremes, and hence it would potentially 
increase the capacity requirements of these structures to minimise spillage frequencies.  

As part of the detailed design, capacities and lining material requirements will be confirmed. De-sludging of the 
silt traps to remove the settled sediments should be considered. 

 

______________________ 

7 Republic Of Malawi Ministry Of Agriculture, Irrigation And Water Development (MoAIWD ) 2014 Project for 
National Water Resources Master Plan in the Republic of Malawi. Final Report. Compiled by Japan International 
Cooperation Agency (JICA), CTI Engineering International Co., Lltd, ORIENTAL CONSULTANTS CO., LTD. and 
NEWJEC Inc. 
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 SITE WIDE STEADY STATE WATER AND SALT BALANCE  7

 WATER BALANCEWATER BALANCEWATER BALANCEWATER BALANCE    7.17.17.17.1

A site wide water balance has been prepared to understand the flows within the mine’s operation water circuit 
for the wet and dry season as well as annual averages throughout the various stages of the life of mine.  

The modelled water balance circuit includes water inflows, losses and transfers for the following aspects of the 
operation: 

• Open pits; 

• Stormwater from various dirty water catchments; 

• Process plant (crushing and screening), run of mine pad (RoM)and associated PCD;  

• Tailings Storage Facility (TSF) and associated Return Water Dam (RWD); and  

• Various support services (offices, laboratory, stores, contractors, change house, workshops, wash bay, 
drilling etc.). 

The water balance was developed as astatic / steady state water balance. The dry season inflows, transfers and 
losses which are not influenced by rainfall and are modelled as steady flows.  

 Methodology  7.1.1

A spreadsheet based static model was used to represent the flows within the water circuit using information 
taken from the following studies: 

• PFS TSF Design Report (SLR, June 2018). 

• PFS Groundwater Hydrogeology (SLR, June 2018). 

 

To demonstrate how variations in groundwater inflows to the pits will impact upon the water balance, the 
following scenarios were modelled: 

• Year 0 at the start of the mine to represent the lowest groundwater inflows. 

• Year 8 at mid-life of mine to represent moderate groundwater inflows. 

• Year 15 closest to at end of life of mine to represent the maximum groundwater inflows. 

• Average groundwater inflows (average of life of mine). 

 

Furthermore the above scenarios were considered in modelling two infrastructure scenarios based on the 
production rates: 

• 400ktpa –Option 1A to 1E as the second option 

• 600ktpa – Option 2A as the first option 
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Water sources (inflows) were taken as: 

• Groundwater and stormwater ingress into the open pit workings. 

• Potable water from water supply boreholes (i.e. different to pit de-watering boreholes). 

• Stormwater collected from the plant and RoM pad and conveyed to the PCD. 

• Direct rainfall into the various dams and the TSF. 

 

Water losses were taken as 

• Evaporation from the PCD, RWD, TSF and pit sumps. 

• Potable water consumption and sewage plant losses. 

• Interstitial lock up in the TSF. 

• Discharge from the dewatering boreholes and pits. 

• Dust suppression – roads and at the plant. 

 

Stormwater, groundwater and process water will be collected within a series of storage facilities including: 

• Plant PCD.  

• TSF Return Water Dam. 

• Pit sumps. 

Water within these facilities will be returned for re-use at the plant or discharged to the environment subject 
to water quality. 

 Option 1A to 1E (400ktpa) - Assumptions and Input Parameters 7.1.2

The water balance is based on the following assumptions: 

• Rainfall related inflows and evaporation related losses for the wet and dry season scenarios were 
estimated based on:  

o i) average values during the three driest months of the year (June to August);  

o ii) average values during the three wettest months of the year (December to February); and  

o iii) Annual average values. 

• For the site wide water balance, the processing plant is treated as a black box, where only net inflows and 
losses are considered. 

• The plant process water demand is assumed constant throughout the LOM and is assumed all lost with the 
plant for dust suppression at the plant with no recovery. 
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• The plant raw water demands were assumed to be as provided by the client (35.2 m3/hr ~ 25 682 
m3/month) and in addition, estimated moisture in ore and requirements for dust suppression were 
included as presented in Table 7-1.  

• Although SLR estimated a lower raw water demand for the plant, the water demand in the water balance 
was kept at a rate provided by Sovereign (35.2 m3/hr) with the balance considered as raw water uses and 
or losses throughout the LOM. 

• Water in the tailings slurry, specified from the design criteria document, ranged from an average of 
25 639 m3/month (at 50% solids to water ratio by mass) including the low production years (Year 1 and 
year 17) and to average of 27 551 m3/month excluding the low production years. The average tailings 
production of 27 551 m3/month is considered in the static water balance 

• The interstitial storage is assumed at 20% by mass of tailings. 

• The potable water used at all facilities collected in one central sewage treatment plant and water is clean 
enough for discharge. 

• The runoff areas are based on the proposed mine layout plan footprint area and constant throughout the 
life of mine, except the groundwater pit inflows which varies. 

• A fixed total pit footprint is considered for modelling the storm water inflows. 

• The groundwater de-watering rates from pit workings is considered in totality without considering the 
separated two types of dewatering i.e. only pits dewatering or boreholes dewater or boreholes and pit. 

• Runoff coefficients were estimated based on observations during the site visit and are fixed i.e. not 
influenced by antecedent climatic conditions. 

• Evaporation from the dams will only occur if there is water in the dam.  

• This water balance model is run for only steady state average wet dry season conditions and no 
consideration is given to storage of water at any aspect of the infrastructure modelled i.e. flow in = flow 
out. 

The input parameters are presented in Table 7-1. 

TABLE 7-1: 400KTPA STATIC WATER BALANCE INPUT PARAMETERS  

Parameter  Description Source  

Climate Data  
• Average dry month  Rainfall  = 0.6mm 

• Average wet month  Rainfall = 265mm 

• Average dry month evaporation = 120mm 

• Average wet month evaporation = 118 mm 

• Average annual Rainfall = 80 mm 

• Average Annual Evaporation = 135mm 

• Section 2.3 of this report  
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Parameter  Description Source  

Pit Inflows  
• Minimum Inflows : Year 0 = 1 084 m3/d 

(11.93 l/s) 

• Moderate Inflows: Year 8 = 3 552 m3/d 
(39.0 l/s) 

• Maximum Inflows: Year 15 = 7 852 m3/d 
=86.38 l/s (note Year 16 is LoM but inflows = 
6 945 m3/d) 

• Average LoM =4 400 m3/d (50.6 l/s) 

• PFS Groundwater 
Hydrogeology (SLR, 2018) 

 

Potable Water 
• Water demand 

o 100 employees at any one time  

o 150 l/employee/day  

o 30.4 days per month 

• Consumption losses = 10% 

• Sewage treatment plant losses =10% 

• Assumed 

Processing Plant  
• Total Processing plant raw water = 35.2 m3/hr 

~25 682 m3/month (Note: resulting in excess 
raw water (based on SLR calculations 
=8.77 m3/hr (6 396 m3/month) constant in the 
water balances for the LOM) 

• Water in tailings = 27 500 m3/month 

• Moisture in ore at start of mine, approximately 
10% of solids processed=2 000 m3/month 

• Moisture in ore over the rest of life of mine, 
approximately 20% of solids processed=6 700 
m3/month 

• Dust suppression losses based on rough figure 
of 400m3/day (12 160 m3/month) 

• Client email (18 June 2018) 

• PFS Tailings Design (SLR , 2018 



Sovereign Metals Limited 
Surface Water Specialist Report for the Environmental and Social Impact Assessment (ESIA) 
File name: Malingunde Hydrology ESIA Report_Revision_02_Final 

 
710.19112.00005 

February 2019 

 

  
Page 40    

 

Parameter  Description Source  

Tailings and Return 
Water Dam  

• Average water in tailings = 27 500 m3/month 

• Beach area = 443 295 m2 

• Water losses 

o Interstitial storage = 20% by mass 
of tailings of tailings volume (6 000 
m3/mon) 

o Evaporation pond / wet and dry 
beach= 100% and 20%  

• RWD footprint = measured in GIS at 54 500 m2 

• RWD evaporation in dry season is limited due 
to water availability and pump out rates = 60%  

• RWD evaporation in wet season = 100% 

• PFS Tailings Design (SLR , 2018 

• Measured from Layout Plan 

• Estimated  

 

 

 

 

• Measured from Layout Plan 

• Estimated 
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Parameter  Description Source  

Stormwater 
Catchments 

• Pollution Control Dam: 

o Capacity = 10 000 m3 

o Footprint assuming 1.5 m depth to 
accommodate capacity = 8 000m2 

o Dirty catchment area:= (inc. Plant, 
RoM stockpile) = 75 300 m2 

o An overall runoff coefficient: Wet 
season = 50% , Dry Season = 20% 

o Losses = 10% of inflows  

• Pit Storm Water :  

o Pit footprint Area = 360 000 m2 

o Pit Sump footprint = assume 1% 
pits size in summer and 5% in 
winter 

o Runoff coefficient = Wet season 
=53% , Dry Season = 10% 

o Losses = evaporation from pit 
sump 

o Dust suppression losses assumed 
to be 400m3/day (based on high 
level assumption-needs 
validations) 

 

• Section 5.5 of this Report 

• Assumed 

• Mine Layout Plan  

 

 

 Option 1A to 1E - Results 7.1.3

The average dry and wet season are presented for the years 0, 8 and 15 in Figure 7-1 through to Figure 7-7 
where; 

• Y0 represents the initial years of striping and pit development; 

• Y8 presents the mid-life of mine; and  

• Y15 represents the LoM, and was considered instead of Y16 as it has maximum groundwater inflows 
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FIGURE 7-1: AVERAGE DRY SEASON AT STARTUP – YEAR 0 400KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Dry Season- Startup(Y0)
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated  Sewage Wastewater Disposal 

Groundwater Inflow 32 966 Open Pits 
435 Evaporation

Stormwater 23 Inflow Balance Outflow 0 Discharge/ Storage  
32 989 0 32 989 12160 Dust Supression around Pits

20 394
PCD 1.5 Evaporation

Stormwater Plant  & 15 Inflow Balance Outflow
ROM Pad 15 0 15

13 6 396 Raw Water uses /losses
Processing Plant 12 160 Dust Suppression around Plant and TSF

8 271
Moisture in ore 2 000 Inflow Balance Outflow

46 107 0 46 107
Raw Water Requirements 15 429 Return Water Dam 35 Evaporation 

Inflow Balance Outflow
Direct rainfall 35 8 306 0 8 306 0 Discharge 

27 551
8 271

TSF
13 896 Evaporation

Stormwater 126 Inflow Balance Outflow 5 510 Interstitial Lock up & Seepage losses
27 678 0 27 678

Total Inflows 51 278 Balance 0 51 278  m3/month

Boreholes / Raw Water Sources 

Total Outflows 
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FIGURE 7-2: AVERAGE WET SEASON AT STARTUP – YEAR0- 400KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Wet Season -Startup (Y0)
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated  Sewage Wastewater Disposal 

Groundwater Inflow 32 966 Open Pits 12 160 Dust Supression around Pits
2 134 Evaporation

Stormwater 50 672 Inflow Balance Outflow 69 344 Discharge/ Storage 
83 638 0 83 638

0
PCD 1 209 Evaporation

Stormwater Plant  & 12 093 Inflow Balance Outflow
ROM Pad 12 093 0 12 093

6 396 Raw Water uses /losses
10 883 Processing Plant 12 160 Dust Suppression around Plant and TSF

33 224
Moisture in ore 2 000 Inflow Balance Outflow

46 107 0 46 107
Raw Water Make up 0 Return Water Dam 

Inflow Balance Outflow 1 444 Evaporation 
Direct rainfall 1 444 62 700 0 62 700 28 033 Discharge 

27 551
61 257

TSF
13 627 Evaporation

Stormwater 52 843 Inflow Balance Outflow 5 510 Interstitial Lock up & Seepage losses
80 394 0 80 394

Total Inflows 152 701 Balance 0 152 701  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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FIGURE 7-3: AVERAGE DRY SEASON AT MIDLIFE – YEAR 8 - 400KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Dry Season- Y8
Recycled
All Flow Rates in m3/month

Potable Water 136.8 Losses

684 Inflow Balance Outflow
684 0 684 547.2 Treated  Sewage Wastewater Disposal 

Groundwater Inflow 107 982 Open Pits 12160 Dust Supression around Pits
2 134 Evaporation

Stormwater 23 Inflow Balance Outflow 62 589 Discharge/ Storage  
108 005 0 108 005

31 123
PCD 1.5 Evaporation

Stormwater Plant  & 15 Inflow Balance Outflow
ROM Pad 15 0 15

13 6 396 Raw Water uses /losses
Processing Plant 12 160 Dust Suppression around Plant and TSF

8 271
Moisture in ore 6 700 Inflow Balance Outflow

46 107 0 46 107
Raw Water Make up 0 Return Water Dam 35 Evaporation 

Inflow Balance Outflow
Direct rainfall 35 8 306 0 8 306 0 Discharge 

27 551
8 271

TSF
13 896 Evaporation

Stormwater 126 Inflow Balance Outflow 5 510 Interstitial Lock up & Seepage losses
27 678 0 27 678

Total Inflows 115 565 Balance 0 Total Outflows 115 565  m3/month

Boreholes / Raw Water Sources 
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FIGURE 7-4: AVERAGE WET SEASON AT MIDLIFE – YEAR8 - 400KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Wet Season- Y8
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated  Sewage Wastewater Disposal 

Groundwater Inflow 107 982 Open Pits 12 160 Dust Supression around Pits
2 134 Evaporation

Stormwater 50 672 Inflow Balance Outflow 144 361 Discharge/ Storage 
158 655 0 158 655

0
PCD 1 209 Evaporation

Stormwater Plant  & 12 093 Inflow Balance Outflow
ROM Pad 12 093 0 12 093

6 396 Raw Water uses /losses
10 883 Processing Plant 12 160 Dust Suppression around Plant and TSF

33 224
Moisture in ore 2 000 Inflow Balance Outflow

46 107 0 46 107
Raw Water Make up 0 Return Water Dam 

Inflow Balance Outflow 1 444 Evaporation 
Direct rainfall 1 444 62 700 0 62 700 28 033 Discharge 

27 551
61 257

TSF
13 627 Evaporation

Stormwater 52 843 Inflow Balance Outflow 5 510 Interstitial Lock up & Seepage losses
80 394 0 80 394

Total Inflows 227 718 Balance 0 227 718  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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FIGURE 7-5: AVERAGE DRY SEASON AT LOM – YEAR15 - 400KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Dry Season- Y15
Recycled
All Flow Rates in m3/month

Potable Water 136.8 Losses

684 Inflow Balance Outflow
684 0 684 547.2 Treated  Sewage Wastewater Disposal 

Groundwater Inflow 239 000 Open Pits 12160 Dust Supression around Pits
2 134 Evaporation

Stormwater 23 Inflow Balance Outflow 193 606 Discharge/ Storage  
239 023 0 239 023

31 123
PCD 1.5 Evaporation

Stormwater Plant  & 15 Inflow Balance Outflow
ROM Pad 15 0 15

13 6 396 Raw Water uses /losses
Processing Plant 12 160 Dust Suppression around Plant and TSF

8 271
Moisture in ore 6 700 Inflow Balance Outflow

46 107 0 46 107
Raw Water Make up 0 Return Water Dam 35 Evaporation 

Inflow Balance Outflow
Direct rainfall 35 8 306 0 8 306 0 Discharge 

27 551
8 271

TSF
13 896 Evaporation

Stormwater 126 Inflow Balance Outflow 5 510 Interstitial Lock up & Seepage losses
27 678 0 27 678

Total Inflows 246 582 Balance 0 Total Outflows 246 582  m3/month

Boreholes / Raw Water Sources 
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FIGURE 7-6: AVERAGE WET SEASON AT LOM – YEAR15 - 400KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Wet Season- Y15
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated  Sewage Wastewater Disposal 

Groundwater Inflow 239 000 Open Pits 12 160 Dust Supression around Pits
2 134 Evaporation

Stormwater 50 672 Inflow Balance Outflow 275 378 Discharge/ Storage 
289 672 0 289 672

0
PCD 1 209 Evaporation

Stormwater Plant  & 12 093 Inflow Balance Outflow
ROM Pad 12 093 0 12 093

6 396 Raw Water uses /losses
10 883 Processing Plant 12 160 Dust Suppression around Plant and TSF

33 224
Moisture in ore 2 000 Inflow Balance Outflow

46 107 0 46 107
Raw Water Make up 0 Return Water Dam 

Inflow Balance Outflow 1 444 Evaporation 
Direct rainfall 1 444 62 700 0 62 700 28 033 Discharge 

27 551
61 257

TSF
13 627 Evaporation

Stormwater 52 843 Inflow Balance Outflow 5 510 Interstitial Lock up & Seepage losses
80 394 0 80 394

Total Inflows 358 735 Balance 0 358 735  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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FIGURE 7-7: ANNUAL AVERAGE FOR LOM 400KTPA OPTION 

 

 

 

 

 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Annual Average -LoM
Recycled
All Flow Rates in m3/month

Potable Water 136.8 Losses

684 Inflow Balance Outflow
684 0 684 547.2 Treated  Sewage Wastewater Disposal 

Groundwater Inflow 139 840 Open Pits 12160 Dust Supression around Pits
1 463 Evaporation

Stormwater 8 621 Inflow Balance Outflow 117 893 Discharge/ Storage 
148 461 0 148 461

16 945
PCD 274 Evaporation

Stormwater Plant  2 735 Inflow Balance Outflow
Rom storm water 2 735 0 2 735

6 396 Raw Water uses /losses
12 160 Dust Suppression around Plant and TSF

2 462 Processing Plant 
22 351

Moisture in Ore 4 350 Inflow Balance Outflow
46 107 0 46 107

Raw Water Make up 0 Return Water Dam 434 Evaporation 
Inflow Balance Outflow 0.0 Discharge 

Direct rainfall 434 22 785 0 22 785
27 551

22 351
TSF

15 572 Evaporation
Stormwater 15 882 Inflow Balance Outflow 5 510 Interstitial Lock up & Seepage losses

43 433 0 43 433

Total Inflows 172 546 Balance 0 172 546  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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At the start of mine, groundwater inflows are relatively low in order of magnitude of 33 300 m3/month and in 
the dry season the mine will be reliant on external makeup water (15 430 m3/month) to satisfy the processing 
plant raw water demands of 25 680 m3/month (plant services water demands) and there is no discharge from 
the pit. The supply of the raw water in the initial year will need to be determined in the next phase of design 
where the potential sources of water are: 

• Kamuzu Dam (will require a permit) 

• Additional boreholes (which will require a permit) 

From Year 2 onwards the groundwater inflows more than triples as presented in Figure 7-8 and the mine 
becomes water positive for the rest of the life of mine with a requirement to discharge water from dewatering 
of pits in both the dry and wet season.  

Throughout the life of mine, groundwater inflow into the pit becomes a very significant source of water for the 
mine in the dry season, as there is inadequate stormwater collected at the plant and TSF, therefore more water 
is required to be pumped from the pits to satisfy the water needed at the plant in the dry season and for 
tailings throughout the life of mine. 

In the wet season, at the start of mine, the collected stormwater on site becomes a supplementary source of 
process water thereby reducing / eliminating the use of pit water, and hence a need to discharge pit water.  
Furthermore, given the lower water demands (25 120 m3/month) for production rate scenario of 400ktpa, 
there will be excess water in the wet season at the RWD, therefore requiring discharge. 

 

 

FIGURE 7-8: 400KTPA PIT DEWATERING OF GROUNDWATER INFLOWS 

Considering that pit water is classified as silty water (Section 5.2) and will be reused or managed through silt 
traps before discharge, the modelled pit dewatering rates are presented in Figure 7-3(average 0.015 m3/s or 
15l/s) from all three pits. The above indicates that the design flows for silt trap 3 to silt trap 5, designed in 
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Section 6.4.4, are adequate (i.e. designed for 0.3 and 0.6 m3/s) to treat the silty water before discharge into the 
dambos. 

The groundwater from dewatering boreholes will be reused and excess discharged to the dambos directly as 
the water is considered clean and is of the same quality as the baseline groundwater. 

As is expected with an increase in pit dewatering volumes, the pit water discharges increase as the dewatering 
volumes increase as presented by the modelled scenarios and summarised in Table 7-4. 

 

TABLE 7-2: 400KTPA SUMMARY OF PIT WATER USAGE  

Scenario Reuse (m3/day) *Discharge to 
Environment (m3/day) 

Reuse (m3/day) *Discharge to 
Environment 
(m3/day) 

 Pits RWD 

Dry Season Y0 28 0 11 0 

Wet Season Y0 0 95 46 38 

Dry Season Y8 43 86 11 0 

Wet Season Y8 0 198 46 38 

Dry Season Y15 43 265 11 0 

Wet Season Y15 0 391 46 38 

Average for LoM 23 153 31 0 

*A discharge permit may need to be applied for. 

 Option 2A (600tkpa) - Assumptions and Input Parameters  7.1.4

The water balance assumes the following similar to the first option, option 1A-1E: 

• Rainfall related inflows and evaporation related losses for the wet and dry season scenarios were 
estimated based on the following:  

o i) average values during the three driest months of the year (June to August);  

o ii) average values during the three wettest months of the year (December to February); and  

o iii)annual average values. 

• For the site wide water balance, the processing plant is treated as a black box, where only net inflows and 
losses are considered and no separation of clean water only circuits. 

• The plant raw water demands were assumed to be as provided by the client (51.8 m3/hr) and in addition, 
estimated moisture in ore and requirements for dust suppression were included as presented in Table 6 1.  

• Although SLR estimated a lower raw water demand for the plant, the water demand in the water balance 
was kept at a  rate provided by Sovereign (35.2 m3/hr) with the balance considered as raw water uses and 
or losses throughout the LOM. 
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• Water in the tailings slurry, specified from the design criteria document, ranged from an average of 
40 112 m3/month (at 50% solids to water ratio by mass) considering the low production years (Year 1 and 
year 17) and to average of 41 523 m3/month excluding the low production years. The average tailings 
production is considered in the static water balance. 

• The interstitial storage is assumed at 20% by mass of tailings. 

• The potable water used at all facilities collected in one central sewage treatment plant and water is clean 
enough for discharge. 

• The runoff areas are based on the proposed mine layout plan footprint area and constant throughout the 
life of mine, except the groundwater pit inflows which varies. 

• A fixed total pit footprint is considered for modelling the storm water inflows. 

• The groundwater de-watering rates from pit workings is considered in totality without considering the type 
of dewatering i.e. only pits dewatering or boreholes + pit. 

• Runoff coefficients were estimated based on observations during the site and are fixed i.e. not influenced 
by antecedent climatic conditions. 

• Evaporation from the dams will only occur if there is water in the dam.  

• This water balance model is run for only steady state average wet dry season conditions and no 
consideration is given to storage of water at any aspect of the infrastructure modelled i.e. flow in = flow 
out. 

The input parameters are presented in Table 7-3. 

 

TABLE 7-3: 600KTPA STATIC WATER BALANCE INPUT PARAMETERS  

Parameter  Description Source  

Climate Data  
• Average dry month  Rainfall  = 0.6mm 

• Average wet month  Rainfall = 265mm 

• Average dry month evaporation = 120mm 

• Average wet month evaporation = 118 mm 

• Average annual Rainfall = 80 mm 

• Average Annual Evaporation = 135mm 

• Section 2.3 of this report  

Pit Inflows  
• Minimum Inflows : Year 0 = 1 084 m3/d (11.93 l/s) 

• Moderate Inflows: Year 8 = 3 569 m3/d (39.25 l/s) 

• Maximum Inflows: Year 15 = 8 182 m3/d (90.0 l/s) 
(note Year 16 is LoM but inflows = 7 238 m3/d) 

• Average LoM =4 700 m3/d (51.7 l/s) 

• PFS Groundwater Hydrogeology 
(SLR, 2018) 
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Parameter  Description Source  

Potable Water 
• Water demand 

o 100 employees at any one time  

o 150 l/employee/day  

o 30.4 days per month 

• Consumption losses = 10% 

• Sewage treatment plant losses =10% 

• Assumed 

Processing Plant  
• Total raw water demand = 51.8m3/hr (37 793 

m3/month) (Note: resulting in excess raw water 
(based on SLR calculations = 11.96m3/hr 
(8 727m3/month) constant in the water balances for 
the LOM) 

• Moisture in ore at start of mine, approximately 10% 
of solids processed=3 000 m3/month 

• Moisture in ore over the rest of life of mine, 
approximately 20% of solids processed=10 000 
m3/month 

• Water in tailings = 41 523 m3/month 

• Dust suppression losses based on rough figure of 
400m3/day (12 160 m3/month) 

• Client email (18 June 2018) based 
on Minnovo Water Balance (email 
2018/08/16) 

 

 

• PFS Tailings Design (SLR , 2018 

Tailings and Return 
Water Dam  

• Water in tailings = 41 523 m3/month 

• Beach area = 443 295 m2 

• Water losses 

o Interstitial storage = 20% by mass of 
tailings (8 824 m3/month) 

o Evaporation pond / wet and dry 
beach= 100% and 20%  

• RWD footprint = measured in GIS at 54 500 m2 

• RWD evaporation in dry season is limited due to 
water availability and pump out rates = 60%  

• RWD evaporation in wet season = 100% 

• PFS Tailings Design (SLR , 2018 

• Measured from Layout Plan 

• Estimated  

 

 

 

 

• Measured from Layout Plan 

• Estimated 
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Parameter  Description Source  

Stormwater 
Catchments 

• Pollution Control Dam: 

o Capacity = 10 000 m3 

o Footprint assuming 1.5 m depth to 
accommodate capacity = 8 000m2 

o Dirty catchment area:= (inc. Plant, 
RoM stockpile) = 75 300 m2 

o An overall runoff coefficient: Wet 
season = 55% , Dry Season = 20% 

o Losses = 10% of inflows  

• Pit Storm Water :  

o Pit footprint Area = 380 000 m2 

o Pit Sump footprint = assume 1% pits 
size in summer and 5% in winter 

o Runoff coefficient = Wet season =53% , 
Dry Season = 10% 

o Losses = evaporation from pit sump 

o Dust suppression losses (based on high 
level assumption-needs validations) at 
400m3/day 

 

• Section 5.5 of this Report 

• Assumed 

• Mine Layout Plan  

 

 

 Option 2A - Results 7.1.5

The average dry and wet season are presented for the years 0, 8 and 15 in Figure 7-9 through to Figure 7-14  
where; 

• Y0 represents the initial years of striping and pit development; 

• Y8 presents the mid-life of mine; and  

• Y15 represents the LoM, and was considered instead of Y16 as it has maximum groundwater inflows. 
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FIGURE 7-9: AVERAGE DRY SEASON AT STARTUP – YEAR 0 - 600KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Dry Season- Startup (Y0)
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated Sewage Wastewater Disposal

Groundwater Inflow 32 966 Open Pits 
435 Evaporation

Stormwater 23 Inflow Balance Outflow 0 Discharge/ Storage  
32 989 0 32 989 12160 Dust Supression around Pits

20 394
PCD 1.5 Evaporation

Stormwater Plant  & 15 Inflow Balance Outflow
ROM Pad 15 0 15

13 8 727 Raw Water uses & losses
Processing Plant 12 160 Dust Suppression around Plant and TSF

19 448
Moisture in ore 3 000 Inflow Balance Outflow

62 410 0 62 410
Raw Water Make up 19 555 Return Water Dam 35 Evaporation 

Inflow Balance Outflow
Direct Rainfall 35 19 483 0 19 483 0 Discharge 

41 523
19 448

TSF
13 896 Evaporation

Stormwater 126 Inflow Balance Outflow 8 305 Intestitial Lock up & Seepage losses
41 649 0 41 649

Total Inflows 56 403 Balance 0 56 403  m3/month

Boreholes / Raw Water Sources 

Total Outflows 
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FIGURE 7-10: AVERAGE WET SEASON AT STARTUP – YEAR0 - 600KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Wet Season- Startup (Y0)
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated Sewage Wastewater Disposal

Groundwater Inflow 32 966 Open Pits 12 160 Dust Supression around Pits
2 134 Evaporation

Stormwater 50 672 Inflow Balance Outflow 69 344 Discharge/ Storage 
83 638 0 83 638

0
PCD 1 209 Evaporation

Stormwater Plant  & 12 093 Inflow Balance Outflow
ROM Pad 12 093 0 12 093

8 727 Raw Water uses /losses
10 883 Processing Plant 12 160 Dust Suppression around Plant and TSF

48 527
Moisture in ore 3 000 Inflow Balance Outflow

62 410 0 62 410
Raw Water Make up 0 Return Water Dam 

Inflow Balance Outflow 1 444 Evaporation 
Direct rainfall 1 444 73 878 0 73 878 23 907 Discharge 

41 523
72 434

TSF
13 627 Evaporation

Stormwater 52 843 Inflow Balance Outflow 8 305 Intestitial Lock up & Seepage losses
94 366 0 94 366

Total Inflows 153 701 Balance 0 153 701  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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FIGURE 7-11: AVERAGE DRY SEASON AT MIDLIFE – YEAR 8 - 600KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Dry Season- Y8
Recycled
All Flow Rates in m3/month

Potable Water 136.8 Losses

684 Inflow Balance Outflow
684 0 684 547.2 Treated Sewage Wastewater Disposal

Groundwater Inflow 108 485 Open Pits 12160 Dust Supression around Pits
2 134 Evaporation

Stormwater 23 Inflow Balance Outflow 61 266 Discharge/ Storage  
108 508 0 108 508

32 949
PCD 1.5 Evaporation

Stormwater Plant  & 15 Inflow Balance Outflow
ROM Pad 15 0 15

13 8 727 Raw Water uses /losses
Processing Plant 12 160 Dust Suppression around Plant and TSF

19 448
Moisture in ore 10 000 Inflow Balance Outflow

62 410 0 62 410
Raw Water Make up 0 Return Water Dam 35 Evaporation 

Inflow Balance Outflow
Direct Rainfall 35 19 483 0 19 483 0 Discharge 

41 523
19 448

TSF
13 896 Evaporation

Stormwater 126 Inflow Balance Outflow 8 305 Intestitial Lock up & Seepage losses
41 649 0 41 649

Total Inflows 119 367 Balance 0 Total Outflows 119 367  m3/month

Boreholes / Raw Water Sources 
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FIGURE 7-12: AVERAGE WET SEASON AT MIDLIFE – YEAR8 - 600KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Wet Season- Y8
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated Sewage Wastewater Disposal

Groundwater Inflow 108 485 Open Pits 12 160 Dust Supression around Pits
2 134 Evaporation

Stormwater 50 672 Inflow Balance Outflow 144 864 Discharge/ Storage 
159 157 0 159 157

0
PCD 1 209 Evaporation

Stormwater Plant  & 12 093 Inflow Balance Outflow
ROM Pad 12 093 0 12 093

8 727 Raw Water uses /losses
10 883 Processing Plant 12 160 Dust Suppression around Plant and TSF

48 527
Moisture in ore 3 000 Inflow Balance Outflow

62 410 0 62 410
Raw Water Make up 0 Return Water Dam 

Inflow Balance Outflow 1 444 Evaporation 
Direct Rainfall 1 444 73 878 0 73 878 23 907 Discharge 

41 523
72 434

TSF
13 627 Evaporation

Stormwater 52 843 Inflow Balance Outflow 8 305 Intestitial Lock up & Seepage losses
94 366 0 94 366

Total Inflows 229 221 Balance 0 229 221  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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FIGURE 7-13: AVERAGE DRY SEASON AT LOM – YEAR 15 - 600KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Dry Season- Y15
Recycled
All Flow Rates in m3/month

Potable Water 136.8 Losses

684 Inflow Balance Outflow
684 0 684 547.2 Treated Sewage Wastewater Disposal

Groundwater Inflow 249 000 Open Pits 12160 Dust Supression around Pits
2 134 Evaporation

Stormwater 23 Inflow Balance Outflow 201 781 Discharge/ Storage  
249 023 0 249 023

32 949
PCD 1.5 Evaporation

Stormwater Plant  & 15 Inflow Balance Outflow
ROM Pad 15 0 15

13 8 727 Raw Water uses /losses
Processing Plant 12 160 Dust Suppression around Plant and TSF

19 448
Moisture in ore 10 000 Inflow Balance Outflow

62 410 0 62 410
Raw Water Make up 0 Return Water Dam 35 Evaporation 

Inflow Balance Outflow
Direct Rainfall 35 19 483 0 19 483 0 Discharge 

41 523
19 448

TSF
13 896 Evaporation

Stormwater 126 Inflow Balance Outflow 8 305 Intestitial Lock up & Seepage losses
41 649 0 41 649

Total Inflows 259 882 Balance 0 Total Outflows 259 882  m3/month

Boreholes / Raw Water Sources 
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FIGURE 7-14: AVERAGE WET SEASON AT LOM – YEAR15 - 600KTPA OPTION 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Average Wet Season- Y15
Recycled
All Flow Rates in m3/month

Potable Water 137 Losses

684 Inflow Balance Outflow
684 0 684 547 Treated Sewage Wastewater Disposal

Groundwater Inflow 249 000 Open Pits 12 160 Dust Supression around Pits
2 134 Evaporation

Stormwater 50 672 Inflow Balance Outflow 285 378 Discharge/ Storage 
299 672 0 299 672

0
PCD 1 209 Evaporation

Stormwater Plant  & 12 093 Inflow Balance Outflow
ROM Pad 12 093 0 12 093

8 727 Raw Water uses /losses
10 883 Processing Plant 12 160 Dust Suppression around Plant and TSF

48 527
Moisture in ore 3 000 Inflow Balance Outflow

62 410 0 62 410
Raw Water Make up 0 Return Water Dam 

Inflow Balance Outflow 1 444 Evaporation 
Direct Rainfall 1 444 73 878 0 73 878 23 907 Discharge 

41 523
72 434

TSF
13 627 Evaporation

Stormwater 52 843 Inflow Balance Outflow 8 305 Intestitial Lock up & Seepage losses
94 366 0 94 366

Total Inflows 369 735 Balance 0 369 735  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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FIGURE 7-15: AVERAGE FOR THE LOM - 600KTPA OPTION 

 

 

Notes:
Inflows Malingunde Site Wide Water Balance 

Outflows Annual Average -LoM
Recycled
All Flow Rates in m3/month

Potable Water 136.8 Losses

684 Inflow Balance Outflow
684 0 684 547.2 Treated Sewage Wastewater Disposal

Groundwater Inflow 142 708 Open Pits 12160 Dust Supression around Pits
1 463 Evaporation

Stormwater 8 621 Inflow Balance Outflow 117 785 Discharge/ Storage 
151 328 0 151 328

19 920
PCD 274 Evaporation

Stormwater Plant  2 735 Inflow Balance Outflow
Rom storm water 2 735 0 2 735

8 727 Raw Water uses /losses
12 160 Dust Suppression around Plant and TSF

2 462 Processing Plant 
33 528

Moisture in Ore 6 500 Inflow Balance Outflow pump out rate 

62 410 0 62 410
Raw Water Make up 0 Return Water Dam 434 Evaporation 

Inflow Balance Outflow 0 Discharge
Stormwater 434 33 962 0 33 962

41 523
33 528

TSF
15 572 Evaporation

Stormwater 15 882 Inflow Balance Outflow 8 305 Intestitial Lock up & Seepage losses
57 405 0 57 405

Total Inflows 177 564 Balance 0 177 564  m3/month

Boreholes / Raw Water 
Sources 

Total Outflows 
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At the start of mine, groundwater inflows are relatively low and in the dry season the mine will be reliant on 
external makeup water (19 555 m3/month) to satisfy the processing plant raw water demands of 
37 790 m3/month (plant services water demands). The supply of the raw water in the initial year will need to be 
determined in the next phase of design where the potential sources of water are: 

• Kamuzu Dam (will require a permit) 

• Additional boreholes (which will require a permit) 

In the wet season, at the start of mine, the collected stormwater on site becomes a supplementary source of 
process water thereby reducing the use of pit water, and hence a need to discharge pit water.  

From Year 2 onwards the groundwater inflows more than triples as presented in Figure 7-16 and the mine 
becomes water positive for the rest of the life of mine with a requirement to discharge water from dewatering 
of pits. 

Groundwater inflow into the pit becomes very significant source of water for the mine in the dry season, as 
there is inadequate stormwater collected at the plant and TSF, more water is pumped from the pits to satisfy 
the water needed at the plant and for tailings throughout the life of mine. 

 

 

FIGURE 7-16: 600KTPA PIT DEWATERING OF GROUNDWATER INFLOWS 

Considering that pit water is classified as silty water (Section 6.2) and will be reused or managed through silt 
traps before discharge, the (modelled) pit dewatering rates presented in Figure 7-16 (average 0.016 m3/s or 
16l/s) from all three pits. The above indicates that the design flows for silt trap 3 to silt trap 5 designed in 
Section 6.4.4 are adequate (i.e. they are designed for 0.3 and 0.6 m3/s) to treat the silty water before discharge 
into the dambos. 
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The water from the  dewatering boreholes will be reused or discharged to the dambos directly as the water is 
considered clean and is of the same quality as baseline groundwater. 

As is expected with an increase in pit dewatering volumes, the pit water discharges increase as the dewatering 
volumes increase as presented by the modelled scenarios and summarised in Table 7-4. 

 

TABLE 7-4: 600KTPA SUMMARY OF PIT WATER USAGE  

Scenario Reuse (m3/day) Discharge (m3/day) Reuse (m3/day) Discharge to 
(m3/day) 

 Pits RWD 

Dry Season Y0 28 0 26.7 0.0 

Wet Season Y0 0 95 67.9 32.7 

Dry Season Y8 50 79 26.7 0.0 

Wet Season Y8 0 199 67.9 32.7 

Dry Season Y15 50 276 26.7 0.0 

Wet Season Y15 0 391 67.9 32.7 

Average for LoM 30 150 46.0 0.0 

 

 Limitations and Further work  7.1.6

The water balance is based on average steady state and does not consider storage volumes or spillage, which 
can be determined through a dynamic daily time step water balance during the detailed design stages to 
endeavour to understand how the water balance behaves in variable climatic conditions and extreme events.   

For the water balance modelling presented above, the processing plant is treated as a black box, where only 
net inflows and losses are considered, as it is assumed that the net inflow for the plant will be met by water 
from all or any of the water supply dams.  

The update of the water balance should also focus on verifying the differences in total raw water demands 
between the provided Minnova water balance and the SLR demands based on the tailings production rates. 

The pit dewatering volumes are considered in totality with no differentiation between the dewatering rates 
from boreholes and from the different pit workings for the purpose of the steady state water balance. During 
the detailed design phases, the two should be considered in detail in the water balance scenarios, and for each 
pit if necessary.  

No consideration is given to the impact of water quality treatment facilities. Any changes to the processing 
plant water circuit which may include water treatment facilities, may require a revision of the above findings 
and recommendations. 

Consideration should be made for measures to manage excess water at the plant and at the RWD as follows:  
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• The dewatering boreholes could be used for a clean water supply to the nearby community for household 
or farming needs or discharged to the dambos directly for downstream uses as the water is considered 
clean and is same quality as the baseline groundwater (this may require necessary permits). 

• Furthermore, to manage the excess water, pit stormwater can be reduced by decreasing the footprint of 
the pits open at each phase of mining contributing to in pit stormwater collection. During the wet season, 
the steady state water balance indicates that discharge is required (excess water volumes), however, a 
quantity for dust suppression has been assumed and therefore if this dust suppression value increases the 
amount of discharge to the environment will decrease. 

 

 SALT BALANCESALT BALANCESALT BALANCESALT BALANCE    7.27.27.27.2

A preliminary site wide salt balance was developed based on the water balance for the annual average rainfall 
and evaporation for an average Life of Mine (LOM) Scenario with the groundwater inflows into the pits and the 
plant water requirements (Option 1A-1E and based on Option 2A) to understand the flows within the mine’s 
operation water circuit. 

As part of a mine water management tool, the water and salt balance uses the water balance to account for 
the dissolved salts carried in the water streams. The amount of salts dissolved in water is normally expressed as 
a concentration such as in mg/l. This provides an indication of the concentration of the dissolved salt, but does 
not provide any information on the actual amount of salt dissolved in the system if the volume and the flow 
rate of the water are brought into the equation. In this case, not only the concentration of the dissolved 
substance, but also the mass of the substance flowing past a specific point for a specific time period can be 
calculated.  

The salt balance is a method to determine the mass of salts carried in a dynamic system and each individual 
stream is evaluated and the safe mass of salt load it can assimilate is calculated, taking all factors (including the 
environment) into account. For a mine system, of importance could be environmental discharge quality, on site 
or process water uses (quality for reuse) and general infrastructure such as pipes, all of which the water salt 
loads need to be managed. There are no available salt load standards for salt loads discharge into stream that 
we could compare with the calculated salt loads. 

 

 Methodology  7.2.1

A spreadsheet model was used to represent the flows from the water balance within the water circuit in the 
salt balance using the following approach. 

Water management units identified in the water balance for the average flows of m3/month, , have been 
adopted for and converted to kl/d for the salt load balance and the water management units summarised to 
present inputs and outputs for each component.  

The same basic principles for the water balance are applicable to the salt balance, i.e. the conservation of mass 
across a system: meaning: Total salt load in = Total salt load out where: 

Salt load (kg/day)  

= Flow (m3/day) x Salt concentration (kg/m3) 

= Flow (m3/day) x 0.001 x Salt concentration (mg/l)] 
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The “salt concentration” may either refer to the concentration of a specific salt or the total dissolved solids 
(TDS) concentration. In this study the concentration of TDS is used.  

Water qualities assigned to flows were taken as follows: 

• Tailings water quality as estimated from the tailings leach test. 

• Pit dewatering (residual passive pit inflows) water quality as estimated from the low grade leach tests for 
composite samples. 

• Pit stormwater runoff water quality from pit stormwater which has come in contact with the waste rock 
surface in the open pit is estimated from the waste leach tests of composite sample. 

• Plant stormwater quality is estimated from low grade ore leach tests as the data is currently not available. 

• Pit mining - pit dewatering quality which has come in contact with the mining activities is estimated from 
low grade ore leach tests.  

• Pit – boreholes dewatering quality is estimated from the baseline groundwater quality. 

 

The sources of salts were taken as: 

• The open pit, where leaching from stormwater is in contact with waste rock, and ore. 

• The groundwater, which will be dewatered and prevented from being in contact with the mining area. 

• Process plant and tailings, where processing results in water which will leach from the tailings. 

 

Sinks /losses of salt were taken as: 

• TSF, where the much of the salt load from the process plant may be retained on the TSF as interstitial and 
seepage losses 

• Discharge to the environment from the pit water and the tailings return water dam 

 

 Assumptions and inputs  7.2.2

The salt balance assumes the following:  

• The balance of Total Dissolved Solids (TDS) representing a conservative salt mass across each of the mine 
water management units. 

• The salt balance presents a steady state situation for average water flows and no storage in the water 
circuit, and hence excess salt is assumed to be removed from the mine water system by interstitial lock up 
and seepage at the TSF and discharge to the environment. 

• Rainfall related inflows and evaporation related losses for the average modelling scenario is based on 
annual averages. 

• The pit inflow is based on an average of the LoM dewatering rates. 
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• The water in the tailings is based on Life of Mine average tailings production. 

• The geochemical assessment is the source of the water quality input data. 

 

The salt balance inputs are summarised in Table 7-5.  

TABLE 7-5: STATIC WATER BALANCE INPUT PARAMETERS  

Annual Average flows Parameter Value  Source  

Rainfall (mm/month) 79.6 Section 2.3 of this report 

Evaporation(mm/month) 135.1 Section 2.3 of this report 

Groundwater Make – average LOM (m3/d) 4482.0 from Groundwater Model Results (SLR, 2018) 

 

Water Quality Parameter  TDS (mg/L) Source  

Process Plant Return from RWD  94 TSF leach tests  

Groundwater pit inflows  208 Groundwater quality Results  

Discharge from Pits 208 Groundwater quality Results  

Process Return from Pits  74 Low grade ore quality 

Pit Runoff 68 Pit waste leach tests 

TSF seepage quality 94 Tailings leach test 

Tailings runoff quality  94 Tailings leach test 

Plant Runoff quality  74 Low grade ore leach test  

Make up water 64 Kamuzu Dam- SW water quality Results @KZ4  

Direct rainfall  64 Kamuzu Dam- SW water quality  Results @KZ4  

Potable water 208 Groundwater quality Results - average  

PCD water quality 74 Low grade ore leach test  

Processing plant to TSF 94 Tailings leach test 

Pit Dust Suppression  74 Low grade ore quality 

 

 Results - Option 1A-1E (400KTPA) 7.2.3

The average salt balance for annual average climatic conditions is presented in Figure 7-17. 

Based on the estimated water quality inputs used in the salt balance, the operations at Malingunde will 
circulate about 1300 kg of salt per day for the Option 1A-1E – 400ktpa. This however, is made up of, the various 
salt loads from different sources in the mine water circuit (assuming a dynamic water flow system) making up 
small portions of this total salt load. Furthermore, these individual salt loads are all below the groundwater 
inflow salt loads. This could imply minimum contamination in the system as the salt load will critically depend 
on the salt concentrations added to the system from the pits, the process plant and leached from the TSF. The 
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salt loads in pit water discharge, has marginally lower salt loads to the groundwater quality, thereby implying 
that salts are retained in the system. The water quality within the process and discharge will need to be verified 
during the operation of the mine. 
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FIGURE 7-17: PRELIMINARY AVERAGE SALT BALANCE FOR THE PROPOSED MALINGUNDE PROJECT – 400KTPA 

 

 

Notes:
Inflows Malingunde Site Wide Salt Balance 

Outflows Annual Average 
Recycled
All Flow Rates in kl/d and Loads in kg/d
Calculated  Balance

Flow kl/d Conc (mg/L) Load(kg/d) Flow kl/d Conc (mg/L) Load(kg/d)
Potable Water 

22.5 208 5 Inflow Balance Outflow 4.5 208 1 Losses
23 0 23  kl/d 18 4 Treated wastewater
5 5 kg/d

Open Pits 400 208 83 Dust Supression around Pits
Groundwater Inflow 4 600 208 957 Inflow Balance Outflow 48 0 0 Evaporation
Stormwater 284 68 19 4 884 0 4 884  kl/d 3 878 208 807 Discharge/ Storage  

976 976 kg/d 557 86 Processing Plant

PCD
Stormwater Plant  90 74 7 Inflow Balance Outflow 9 0 0 Evaporation

90 0 90  kl/d 81 94 8 Processing Plant
7 8 kg/d

PCD 81 94 8 Processing Plant 
Open Pits 557 86 210 64 Raw Water uses /losses
Raw Make up Water 0 64 0 Inflow Balance Outflow 400 64 26 Dust Suppression around Plant and TSF
Return Water Dam 735 70 1 516 0 1 517  kl/d 906 94 85 Water in Tailings 
Moisture in Ore 143 74 11 174 174 kg/d

Return Water Dam 
Stormwater - Direct Rainfall 14 64 1 Inflow Balance Outflow 735 70 Processsing plant
TSF to RWD 735 94 69 750 0 750  kl/d 14 0 0 Evaporation 

70 70 kg/d Discharge 

TSF
735 94 69 Return Water  Dam

Stormwater 522 74 39 Inflow Balance Outflow 512 0 0 Evaporation
TSF Tailings 906 94 85 1 429 0 1 429  kl/d 181 55 Intestitial Lock up & Seepage losses

124 124 kg/d

Total Inflows 5 676 % Balance 0% 5 676  kl/d
Toral Salt Load 1 356 0% 1 357 kg/d

Boreholes / Raw Water Sources 

Total Outflows 
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 Results - Option 2A (600KTPA) 7.2.4

The average salt balance for annual average climatic conditions is presented in Figure 7-18. 

Based on the estimated input water qualities used in the salt balance, the operations at Malingunde will 
circulate about 1 500 kg or salt per day for the Option 2A – 600ktpa. This however, is made up of, the various 
salt loads from different sources in the mine water circuit (assuming a dynamic water flow system) making up 
small portions of this total salt load. Furthermore, these individual salt loads are all below the groundwater 
inflows salt loads. This could imply minimum contamination in the system as the salt load will critically depend 
on the salt concentrations added to the system from the pits, the process plant and leached from the TSF. The 
salt loads in the water discharged from the pits, has marginally lower salt loads to the groundwater quality, 
thereby implying that salts are retained in the system. The water quality within the process and discharge will 
need to be verified during the operation of the mine. 
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FIGURE 7-18: PRELIMINARY AVERAGE SALT BALANCES FOR THE PROPOSED MALINGUNDE PROJECT – 600KTPA 

 

 

Notes:
Inflows Malingunde Site Wide Salt Balance 

Outflows Annual Average LoM 
Recycled
All Flow Rates in kl/d and Loads in kg/d
Calculated  Balance

Flow kl/d Conc (mg/L) Load(kg/d) Flow kl/d Conc (mg/L) Load(kg/d)
Potable Water 

22.5 208 5 Inflow Balance Outflow 4.5 208 1 Losses
23 0 23  kl/d 18 4 Treated Sewage Wastewater Disposal
5 5 kg/d

Open Pits 400 208 83 Dust Supression around Pits
Groundwater Inflow 4 700 208 978 Inflow Balance Outflow 48 0 0 Evaporation
Stormwater 284 68 19 4 984 0 4 984  kl/d 3 809 208 792 Discharge/ Storage  

997 997 kg/d 726 121 Processing Plant

PCD
Stormwater Plant  90 74 7 Inflow Balance Outflow 9 0 0 Evaporation

90 0 90  kl/d 81 94 8 Processing Plant
7 8 kg/d

PCD 81 94 8 Processing Plant 
Open Pits 726 121 287 90 Raw Water uses /losses
Raw Make up Water 0 64 0 Inflow Balance Outflow 400 64 26 Dust Suppression around Plant and TSF
Return Water Dam 1 103 105 2 053 0 2 053  kl/d 1 366 94 128 Water in Tailings 
Moisture in Ore 143 74 11 244 244 kg/d

Return Water Dam 
Stormwater - Direct Rainfall 14 64 0.9 Inflow Balance Outflow 1 103 105 Processsing plant
TSF to RWD 1 103 94 104 1 117 0 1 117  kl/d 14 0 0 Evaporation 

105 105 kg/d

TSF
1 103 94 104 Return Water  Dam

Stormwater 522 74 38.7 Inflow Balance Outflow 512 0 0 Evaporation
TSF Tailings 1 366 94 128 1 888 0 1 888  kl/d 273 63 Intestitial Lock up & Seepage losses

167 167 kg/d

Total Inflows 5 776 % Balance 0% 5 776  kl/d
Toral Salt Load 1 524 0% 1 525 kg/d

Boreholes / Raw Water Sources 

Total Outflows 
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 Limitations and further work  7.2.5

This salt balance considers the steady state situation, however the actual removal of excess salts should be 
determined during operation when actual in circuit water qualities can be measured. 

The salt inputs from the pit will need to be clarified during the detailed design when the respective high grade 
ore geochemical assessments are available as the in pit values were based only on low grade ore leach 
available at time of compiling this report.  Furthermore, the water quality of the processing plant released from 
the PCD to the RWD will also be important as it is mixed with tailings seepage.  

Based on the preliminary balances, the water quality monitoring should be conducted to assess salt sources 
and losses in the mine water system at the following key sites: 

• Potable water quality at the sources or main distribution points (determination of these will need to be 
undertaken in the next phase of design). 

• Treated effluent from the sewage treatment plant before reuse. 

• Raw water quality at all sources. 

• Pit water quality at the pit sump prior to pumping to the Processing plant. 

• TSF pool water. 

• Process water / tailings supernatant at process plant. 

• Dirty stormwater in the PCD. 

• Dirty water in the tailings RWD. 

• Discharge points (at all pits and RWD). 

 

 IMPACT ASSESSMENT, MITIGATION AND MONITORING  8

Informed by the mine plan layout, baseline hydrology, design specifications for the storm water management 
measures, and the water balance results (providing an indication of need for an environmental discharge and 
volumes), the potential impacts of the proposed activities on surface water receptors as well as the sensitivity 
of the surface water resources are presented in this section along with a summary of mitigation and monitoring 
measures.  

 SENSITIVITY OF SENSITIVITY OF SENSITIVITY OF SENSITIVITY OF WWWWATER ATER ATER ATER RRRRESOURCES ESOURCES ESOURCES ESOURCES     8.18.18.18.1

The local surface water resources are considered to be of moderate sensitivity, the rationale for this sensitivity 
ranking is as follows: 

• The project site is located in the upland areas of the various dambos feeding the Lilongwe River (2km away) 
and the Kamuzu Dam located a 150m meters from the proposed most southern pit. The Kamuzu Dam is of 
high importance as it is the main water supply for Lilongwe, the capital city of Malawi. 

• Locally, surface water quality is moderately impacted as shown in the baseline / pre-mining water quality 
where high turbidity is recorded. 
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• In terms of the sediment management for the Kamuzu Dam (SMEC International, August 2015), the current 
rates of sedimentation are low. Furthermore, the current dambos act as natural sediment traps and assist 
in limiting sediment input to the main rivers. It is also expected that the dambos always maintain capacity 
to trap sediments as the dambo sands are harvested for building material. 

• The project is located in the Lilongwe controlled water area, identified under mandate provided for in 
Section 22 of the Water Resources Act (Water Resources (Controlled Water Areas) Order, 1993 - GN91), 
therefore activities within this catchment need necessary approval.  

 IMPACT ASSESSMENTIMPACT ASSESSMENTIMPACT ASSESSMENTIMPACT ASSESSMENT    8.28.28.28.2

The potential impacts of the proposed activities and infrastructure are described in terms of source of impact, 
predicted change, potential receptors and whether the impact is direct or indirect.  

Impacts are considered cumulatively where possible, in that the assessment takes into account the currently 
impacted environment together with potential impacts of the project. The currently impacted environment 
includes third party activities, such as the agricultural activities. However, the impacts of the various 
(surrounding/neighbouring) activities in the wider region have not been cumulatively assessed in this report. 

 Impact Description  8.2.1

Identification of impacts of the anticipated major activities on the surface water resources have been identified 
for the three main stages of the project namely the construction, operation and closure phases as presented in 
Table 8-1. 

It is assumed that potential impacts on biodiversity are being assessed separately by the biodiversity specialist 
and have therefore not been considered in this report. 

Water supply for the project has not been considered in the assessment as supply options have not yet been 
evaluated. Once the options have been assessed, and if surface water is chosen as the preferred supply option, 
the cumulative impact of changes in surface water flows together with the water supply will need to be 
assessed in terms of the impact assessment framework. 

Given that the dambos are fed by rain and surface water runoff, and are not hydraulically linked to an aquifer, 
a drop in groundwater levels is not expected to impact on the availability of water within the dambos. It is 
unclear at this stage whether a drop in groundwater levels during the mining of the open pits closest to the 
Kamuzu Dam would affect water levels within the Dam. Additional work would be required to assess potential 
impacts (SLR Ground Water Report, 2018). As such these have not been considered in the assessment below. 
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TABLE 8-1: SUMMARY OF PROJECT ACTIVITIES, INTERACTION AND POTENTIAL IMPACTS TO SURFACE WATER RESOURCES 

Project Activities Interaction 
and receptor 

Impact description  

Construction: 
Initial earthworks 
associated with site 
clearing, stripping and 
stockpiling of soil 
resources, 
preparations and 
construction of new 
surface infrastructure. 
 
Operation: 
Open pit mining, 
stockpiling, processing 
and operation of 
surface infrastructure 
(diversion channels, 
pollution control 
dams, stockpiles, 
workshops & offices, 
crushing and screening 
plant, operation and 
development of TSF). 
 
Decommissioning and 
Closure:  
Cessation of the 
mining and the 
removal and 
demolition of surface 
infrastructure and 
rehabilitation. 

Water 
quality of 
dambos, 
Kamuzu 
Dam and 
Lilongwe 
River 

The project could cause contamination of water resources as follows: 
 
During construction: 
• sediment transport from large exposed areas where vegetation has been cleared; and  
• runoff from areas where spillages of hydrocarbons, paints, construction materials and waste have taken place. 
 
During operations: 
• runoff from the tailings and pit waste areas containing chemical parameters (the geochemistry static leach tests indicated 

aluminium and iron exceedances in the pit waste and tailings sample, although these elements were also observed in the baseline 
water quality); 

• sediment transport from the tailings and pit waste areas;  
• contaminated runoff from operational areas where spillages of fuels, solvents, paints and waste have taken place; 
• discharge of silty water from the pits; and 
• discharges of dirty water  from the dirty water containment dams and under extreme rainfall events occur. 
 
During decommissioning and closure: 
• decant from the pits (backfilled or not) resulting in poor water quality entering surface water resources;  
• sediment transport from demolition and rehabilitation activities; 
• runoff from storage and handling of waste and contaminated material. 
 
Contamination events could be ongoing or recurring in nature, particularly in the unmitigated scenario.  In the construction and 
decommissioning phases these potential contamination sources are temporary and diffuse in nature, usually existing for a few weeks 
to a few months. Even though the sources are temporary in nature, related potential contamination can be long term.  The 
operational phase will present more long term potential sources and the closure phase will present temporary and long term sources. 
 
Unmitigated runoff from the project site could directly affect dambos feeding into the Kamuzu Dam as well as dambos feeding into 
the Lilongwe River downstream of the dam. In the wet season the dambos are used by local communities for fishing, washing, 
swimming and livestock watering. Contamination of the dambos could directly affect the quality of water in the Kamuzu Dam and the 
Lilongwe River, of which the dam is the main water supply for Lilongwe, the capital city of Malawi.  Baseline water qualities already 
indicate elevated turbidity and elevated levels of faecal coliform, iron, aluminium, manganese, zinc and antimony. Depending on the 
extent of the spillage or runoff, in the absence of mitigation the project would contribute to the already elevated baseline levels, 
comprising the functioning of the system and potentially affecting the health of surface water users. 
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Project Activities Interaction 
and receptor 

Impact description  

Construction: 
Establishment of 
infrastructure and 
storm water controls. 
 
Operation: 
Maintenance of storm 
water controls, 
discharge of 
dewatering water, 
discharge of excess 
water from the open 
pits. 
 
Decommissioning and 
closure: 
Removal of surface 
infrastructure and 
stormwater 
management 
measures, 
rehabilitation, decant 
from the open pits. 

Water 
quantity in 
the dambos 
and related 
catchment 
areas 

The project could result in changes to natural surface water flow patterns as follows: 
 
During construction and operation: 
• establishment of infrastructure, development of the open pits and stormwater management measures would reduce the quantity 

of runoff that would normally have entered the catchments by 0.16% (as stated in Table 6-6); 
 
During operations: 
• in the absence of on-site storage, discharge of pit dewatering water and excess process water to the environment would increase 

flows within the system (as presented in Section 7). 
 
During decommissioning and closure: 
• restoring drainage patterns to a self-sustaining system would contribute to catchment runoff; 
• decant of water from the pits would increase flows within the system. 
 
Given the above, although capturing of dirty stormwater runoff for the life of the operations would reduce flows in the catchment, it 
is likely that the mine will become water positive within the first few years of mining. As a result there may be a need to discharge 
excess water to the environment.  The discharge of excess water could result in the alteration of the flow regimes of the dambos and 
the Lilongwe River. In the wet season the dambos are used by local communities for fishing, washing, swimming and livestock 
watering. Increased flows within the system could alter the functioning of the system, result in flooding making the dambos unsafe 
and impassable during the wet season and potentially affecting the use of the dambos by surface water users. 
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 Impacts Rating  8.2.2

The proposed mining project includes various design mitigation measures. Theoretically without these 
measures the impacts on the environment would be much higher, although the mine would almost certainly 
not be allowed to proceed without compliance with current best practice and relevant industry guidelines 
presented in this and other reports.  

The environmental impact assessment presents potential unmitigated impacts (unrealistic worst-case 
scenario), and residual impacts of the project after considering the design mitigation measures proposed 
within this report. The qualitative assessment is presented in Table 8-2. The sensitivity of water resources as 
outlined in the section above has been taken into consideration in the assessment. 
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TABLE 8-2: QUALITATIVE IMPACT ASSESSMENT 

Issue Description Duration Extent  Magnitude Consequence Probability Significance 

Impact on Baseline 
Surface Water 
Quality – 
Unmitigated 

 

Construction, 
Operation, 
Decommissioning 
and Closure 

The project could cause 
contamination of water 
resources through sediment 
transport, spillages and 
contaminated runoff from 
project sites.  

Impacts could be 
long-term and 
extend beyond 
closure. 
(4) 

Water quality impacts 
would extend beyond 
the site boundary. It is 
expected that impacts 
would mainly affect 
the areas surrounding 
the project however 
where a major spillage 
event occurs, impacts 
could affect the 
region’s water supply 
and therefore extend 
to the region / district. 
Filtering and dilution 
within the dambos 
would influence the 
spatial scale of 
impacts. 
(3)  

The project could have 
a severe effect on the 
quality of surface 
water within the 
dambos, contributing 
additional sediment 
and chemical 
parameters to already 
elevated baseline 
levels.  The magnitude 
of impacts 
downstream of the 
dambos in the Kamuzu 
Dam and Lilongwe 
River would depend 
on the dambos ability 
to filter and dilute 
potential 
contamination. 
(8)  

High (15) The probability of off-
site contamination is 
highly likely.  Whether 
this will result in health 
impacts to surface 
water users depends on 
the extent of the 
contamination, the 
concentration of the 
different contamination 
parameters, dilution 
factors, and the extent 
of exposure of surface 
water users to the 
contamination.  In the 
unmitigated scenario 
this has been rated as 
likely. 
(3) 

High 
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Issue Description Duration Extent  Magnitude Consequence Probability Significance 

Impact on Baseline 
Surface Water 
Quality – 
Mitigated 

 

Construction, 
Operation, 
Decommissioning 
and Closure 

A stormwater management 
plan including sediment and 
runoff management has been 
developed in accordance with 
IFC EHS Guidelines to ensure 
that clean water is kept 
separate to dirty water, that 
dirty water is conveyed to 
containment facilities and 
does not discharge or spill 
into the environment more 
frequently than once in 20 
years and that effluent 
guidelines are achieved 95% 
of the time. In addition, the 
design of facilities will take 
into account pollutant 
storage and spill prevention. 

With mitigation, 
contamination 
impacts would be 
avoided or be 
short-term in 
nature. Although 
contamination 
impacts can be 
reversed, the 
related health 
impacts, if they 
occur, may not be 
reversible, 
depending on the 
severity of impacts. 
(4) 

Most impacts would 
be localised and 
confined to active 
project sites. In some 
instances impacts 
could extend and 
affect the area 
surrounding the 
Project. 
(2) 

Considering the 
mitigation measures 
discussed within this 
report, the mine 
would have minimal 
effect on the quality of 
surface water 
resources and 
downstream surface 
water users. (4) 

Low (8) The impact could occur 
under certain 
circumstances, however 
containment measures 
have been designed for 
extreme events and 
therefore potential 
contamination and 
related health impacts 
on surface water users 
are considered unlikely 
to occur. 
(2) 

Low. 

Impact on 
catchment runoff 
– Unmitigated 

 

Construction, 
Operation, 
Decommissioning 
and Closure 

The collection of stormwater, 
physical alteration of 
drainage lines and discharge 
of excess water would result 
in changes to natural surface 
water flow patterns. 

Impacts would 
occur for the life of 
the mine and could 
extend beyond 
closure depending 
on the nature of 
the decant from 
the open pits at 
closure.  
(5) 

Impacts will be 
experienced locally on 
the dambos or the 
Lilongwe River beyond 
the site boundary. 
(3) 

The loss of runoff to 
the catchment is 
minor compared to 
the catchment of the 
dambos and the 
Kamuzu Dam. 
Based on the current 
steady state average 
water balance, 
discharge of excess 
water from the 
operations would have 
a moderate effect on 
the local dambos. 
(6) 

High (16) In the absence of 
mitigation, increased 
flows in the dambos is 
likely. 
(3) 

High 
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Issue Description Duration Extent  Magnitude Consequence Probability Significance 

Impact on 
catchment runoff - 
Mitigated 

With refinement of the water 
balance it is expected that 
discharge volumes would 
decrease. This together with 
water management planning 
that allows for re-use of 
water as far as possible and 
storage of water for re-use or 
external uses (i.e. supply to 
the communities) flow 
increases to the local dambos 
can be minimised. 

With mitigation, 
impacts could be 
avoided 
(depending on the 
volume of excess 
water requiring 
discharge) or be 
short-term in 
nature. 
(2) 

Impacts will be 
experienced locally on 
the dambos or the 
Lilongwe River beyond 
the site boundary. 
(3) 

Storage of water on-
site or within the pits 
could minimise or 
negate the need to 
discharge to the 
environment. Where 
changes to natural 
drainage patterns are 
minimised, the effect 
on the environment 
and related surface 
water uses would be 
minimal.  
(4) 

Low (9) With mitigation, it is 
unlikely that increased 
flows would alter the 
functioning of the 
system and affect the 
use of the dambos by 
surface water users. 
(2) 

Low 
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 MITIGATION MITIGATION MITIGATION MITIGATION MEASURESMEASURESMEASURESMEASURES    8.38.38.38.3

Mitigation by design measures developed to ensure legislative and design standards compliance have been 
discussed in detail in Section 5 and Section 6, and a summary of these measures and additional mitigation 
measures recommended to further reduce any residual impacts on both surface water drainage quality and 
quantity is presented below. 

Mitigation by design measures: 

• Stormwater management by mainly: 

o Separation of clean and dirty water by the development of storm water structures as detailed 
in Section 5 of this report and it must be ensured that diverted runoff from disturbed area is 
collected in dirty areas and clean water freely discharges to the surrounding clean catchment. 

o As discussed in section 5 above, it is proposed that stormwater from dirty catchment is 
contained and reused at the processing plant, effectively reducing the catchment area draining 
to the local watercourses. Currently runoff from the proposed TSF, plant and pits drain into the 
various dambos and the Kamuzu Dam. 

o Management of silt as detailed in Section 5.5 by ensuring the measures result in minimised 
disturbance of topsoils, sediment source and erosion control, phasing of earthworks activities, 
diversion of upslope runoff from entering the earthworks areas and then treatment 
downstream of any collected sediment runoff i.e. use of silt traps. 

o Any discharge from dewatering boreholes or the pits is managed through silt traps to settle the 
silt before discharge.  In addition, flow dissipation measures will be included at the discharge 
points in the detailed design phases. 

• Water Balance  

o  The project’s water circuit has been defined and collection and water management strategy 
defined where the reuse of dirty water will be prioritised, thereby ideally reducing the impacts 
from the project on the surface water resources through planning for discharge of excess mine 
water and storing for use in low water supply periods. 

o Any discharge from dewatering boreholes or the pits will mimic natural conditions as far as 
possible.  

In addition to the measures presented and discussed throughout this report, the following management 
measures should be implemented: 

• Infrastructure design: the design of all onsite access roads, plant areas, housing, stockpiles, pump station 
etc. must include storm water management and erosion control during both the construction and 
operational phases; 

• Good housekeeping practices must  be implemented and maintained by clean-up of accidental spillages, as 
well as ensuring all dislodged material like run-of-mine stockpile are kept within the confined storage 
footprints. In addition clean-up material and materials safety data sheets for chemical and hazardous 
substances should be kept on site for immediate clean-up of accidental spillages of pollutants; 

• Regularly scheduled inspection and maintenance of water management facilities, to include inspection of 
drainage structures and liners for any in channel erosion or cracks; de-silting of silt traps/sumps and PCDs; 
and any pumps and pipelines should be maintained according to manufacturer’s specifications;  
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• Vehicles and plant equipment servicing must be undertaken within suitably equipped facilities, either 
within workshops, or within bunded areas, from which any storm water is conveyed to a pollution control 
dam, after passing through an oil and silt interceptor; 

• Pollutant Storage – any substances which may potentially pollute surface water must be stored within a 
suitably sized bunded area and where practicable covered by a roof to prevent contact with rainfall and/or 
runoff;  

• Water Conservation and Water Demand Management (WC/WDM) measures to ensure that as much water 
as is possible, is collected and reused, minimising the release of any treated storm flows whilst also 
reducing the abstraction of water from external (Kamuzu Dam) and potentially clean water sources 
(boreholes); and 

• From operations onwards, grading of disturbed area and application of the final layers of growth medium, 
must be along the contour as far as can be achieved in a safe and practical manner; and vegetation of 
disturbed areas including seeding should be performed immediately following application of the growth 
medium to avoid erosion. 

All measures implemented for the mitigation of impacts, should be regularly reviewed as best practice and as 
compliance with various licences issued on site by authorities.  The purpose of all the mitigation measures is to 
ensure that the pre-mining / current water resources situation is not deteriorated by the mining activities.  

 MONITORING MONITORING MONITORING MONITORING     8.48.48.48.4

A monitoring programme is an essential tool to identify any risks of potential impacts as they arise and to assist 
in impact management plans by assessing if mitigation measures are operating effectively. Monitoring should 
be implemented throughout the life of the mine.  

 Monitoring  8.4.1

Recommendations on surface water monitoring are presented in Table 8-3. 

TABLE 8-3 : SURFACE WATER MONITORING PROGRAMME 

Monitoring Element  Description Frequency  

Water quality  • Ensure that monitoring continues to be 
implemented to cover all dambos 
affected by mining activity areas as in 
the current revised monitoring plan  
namely KZ1, KZ4, KZ5, MMST1, SWQ 3, 
SWQ 5, SWQ 9, and SWQ 10 

• Additional sampling sites would be 
recommended to ensure that all the 
discharge points are covered at dambo 
1b and dambo 3.  

• Water quality at discharge and storage 
points assist with the salt balance by 
monitoring the TDS and SO4. 

• Analytical suites for recommended 
water quality analysis are shown in 
Appendix A 

Monthly 
 
 
Monitoring needs to carry on 
after the project has ceased and 
the results reach a steady state 
to detect residual impacts.  
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Monitoring Element  Description Frequency  

Flow Volumes  Flow monitoring should be carried out in 
channels and pipelines and at abstraction 
and discharge facilities on site including pit 
dewatering. 

On a monthly basis to update 
and calibrate the water balance 
for the mine 

Water Levels Monitoring water levels in dams and 
channels to ensure the freeboard is 
maintained 

Monthly through the dry season 
and weekly through the wet 
season or after storm events 

Water management 
structures and 
facilities 

Inspection of channels, silt traps, culverts, 
pipeline, dam walls and dams for signs of 
erosion, cracking, silting and blockages of 
inflows, to ensure the performance of the 
stormwater remains acceptable. 

Weekly to monthly during wet 
season and after storm events or 
as per site management 
schedule if more frequent 
Monthly in dry season  

Meteorological data  Measure rainfall for water balance updates 
where possible  

Daily 

 
Monitoring plan should be reviewed periodically to ensure appropriateness of sites and sampling frequency 
during operation. 

 

 Reporting 8.4.2

Reporting on the above monitoring should be as follows: 

• Internal Reporting – Monthly for  

o Flow Volumes  

o Water Levels 

o Drainage Inspections 

o Pollutant Inspections 

• External Reporting – Annual: 

o Abstraction Volumes 

o Discharge Volumes 

o Water Quality 

o Spillages / Emissions 

Accidental spillages and overflows should be reported as when they occur to the relevant authorities. 
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 CONCLUSIONS  9

The conclusions for this report are as follows: 

• The monthly average rainfall and open water evaporation for the project site shows a distinct wet season 
from November to April and dry season from May to October. Annual average evaporation of the project 
site is estimated to be 1621mm and is almost 40% more than the mean annual rainfall 

• 32 years of daily rainfall from the Kamuzu Dam (located in the immediate vicinity of the project area) was 
analysed and shows variation from the monthly averages indicating 955.3mm mean annual rainfall whilst 
the mean annual precipitation over the years varies from annual rainfall of 547mm in the driest year to 1 
320mm in the wettest year. 

• Storm depth duration frequency (DDF) data from 3 different methods are presented and the TRRL 
Laboratory Report 623 method for East Africa estimates adopted for representing sub-daily rainfall events 
at the project site, whilst the GEV analysis of Kamuzu dam is adopted for representing multi-day rainfall 
events at the project site.  

• The site is located in close proximity to Kamuzu Dam I (KD1) and Kamuzu Dam II (KD2) constructed along 
Lilongwe River in 1966 and 1989 respectively and its surroundings feature several dambos i.e. shallow, 
wide, seasonally inundated wetlands. 

• A conceptual stormwater management plan has been developed in line with the IFC EHS Guidelines. Clean 
water from the catchments upstream of mining infrastructure is diverted around the proposed 
infrastructure. Dirty and silty stormwater will be collected on site and reused/ discharged (dependant on 
water quality), after being passed through silt traps located in the respective catchments. 

• Dirty water conveyance infrastructure at the plant is sized for flows during a 100-year 24-hour event if 
using the SCS method. Furthermore, the dirty water containment dam (PCD and RWD) are sizes to contain 
stormwater generated during a 100-year 24-hour event 

• A PCD with a full supply level capacity of approximately 10 000 m³ and a return water dam was also 
designed for the TSF of approximately 80 000 m³.  

• A site wide water balance has been developed, to estimate the return water, make up water and /or 
discharge requirements with the proposed infrastructure for start-up, midlife and end of life or mine . The 
water balance identifies large water inflows into the pit dewatering boreholes and or pits and the 
requirements for an environmental discharge. A maximum discharge rate of 389.9 m3/day could be 
expected from the pits. 

• During the initial year (Y0) external makeup water is required to fulfil the plant requirement with rates of  
rates 15 430 m3/month and 19 555 m3/month for both Option 400ktpa and 600ktpa respectively. 

• Based on the estimated input water qualities used in the salt balance, the operations at Malingunde will 
circulate about 1300 kg of salt per day for the Option 1A-1E – 400ktpa and 1 500 kg of salt per day for the 
Option 2A – 600ktpa in the system. This however, is made up of, the various salt loads from different 
sources in the mine water circuit (assuming a dynamic water flow system) making up small portions of this 
total salt load. Furthermore, these individual salt loads are all below the groundwater inflows salt loads. 
This could imply minimum contamination in the system as the salt load will critically depend on the salt 
concentrations added to the system from the pits, the process plant and leached from the TSF. The salt 
loads in the discharge from the pits, has marginally lower salt loads to the groundwater quality, thereby 
implying that salts are retained in the system. The water quality within the process and discharge will need 
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to be verified during the operation of the mine. Impacts on the surface water quality and quantity have 
been identified and mitigation measures recommended. In the absence of mitigation, the project could 
cause contamination of surface water resources used by local communities for drinking water 
(occasionally), fishing, washing, swimming and livestock watering and result in increased flows within the 
dambos due to the discharge of excess water to the environment. Baseline water quality already shows 
elevated levels of turbidity and elevated levels of faecal coliform, iron, aluminium, manganese, zinc and 
antimony certain parameters. The design of infrastructure in line with best practice guidelines such as the 
International Finance Commission (IFC), Environmental, Health and Safety (EHS) Guidelines for Mining is 
considered to already provide mitigation measures for some potential impacts. In addition to these 
mitigation measures embedded in the design standards, additional mitigation measures are recommended. 
A monitoring plan is also proposed for monitoring water quality, quantity and the water management 
infrastructure.  

• The project can continue, if all mitigation and monitoring measures are to be implemented. 

 

 RECOMMENDATIONS  10

During the detailed PFS, several issues were identified to be addressed during the next phase of design 
inducing: 

• Daily time step stochastic water balance modelling to confirm the storage capacities, discharge volumes 
and assess risks of climatic extremes to the operation. 

• With the availability of additional monitoring records on water quality and quantity, the salt balance should 
be updated to become more aligned/ accurate to operational activities on site. 

• Monitoring should continue on site to ensure the effectiveness of mitigation measures and further 
improvements so as to minimise impacts from the mining activities upon the surface water resources. 
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APPENDIX A: SURFACE WATER QUALITY RESULTS  

This presents the water quality results benchmarked against the IFC EHS Mining effluent standards, WHO Drinking Water Guidelines and Malawi Drinking Water Specifications  

 

*Blank cells  when no recorded value or no available standards 
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Turb pH EC TDS TSS Cl SO4 S F NO3 NO2 PO4 P from PO4 P Na K Ca Mg Ag

X Y NTU pH Units (mS/m at 25°C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (cfu/100mL) (mg/L)

0.1 -1 5 - 9.5 70-150 450-1000 100 -  200 200 - 400 0.7 - 1.0 6 - 10 100 - 200 25 - 50 80 - 150 30 - 70 0

250 1.5 50 100 - 300

6 - 9 50

KZ1 2017/04/19 7.7 5.8 45 1.6 0.21 0.55 <0.05 0.2 <0.03 5.7 1.6 4.6 1.2 <0.008
KZ1 2017/10/18 8 8.8 70 4 40 2 2 0.2 0.1 0.096 6.993 1.54 6.66 1.89 <0.40 <0.40 <0.40 <0.010
KZ1 2017/10/18 7.0 9.8 64 7.43 9.2 6.58 0.004 0.021 0.007 7 1.5 7 3.6
KZ1 2017/10/18 6.7 9.9 65 7.04 9.3 6.29 0.056 0.016 0.005 7 1.7 7.1 3.6 0
KZ1 2017/10/18
KZ1 2018/02/20 5.7 7.4 7.1 40 36 4 <2 <0.2 <0.1 <0.05 < 0.001 5 1.9 6 2 <0.40 <0.40 <0.40 2 0.002
KZ1 2018/05/10 7.2 5.9 48 10 32 2 <2 <0.2 0.1 0.039 5.701 1.571 4.49 1.393 <0.40 <0.40 <0.40 <1 4 0.005
KZ1 2018/09/10 8.6 7 7.9 82 16 36 2 3 <0.2 0.2 <0.05 0.013 1.2 7 6 2 0.002
KZ2 2017/04/19 7.4 15 60 1.8 <0.05 9.1 <0.05 <0.1 0.300 5.7 3.5 5.3 1.4 <0.008
KZ2 2017/10/18 7.5 8 58 12 28 2.0 2 0.2 <0.1 <0.010 6.112 1.60 5.81 1.74 <0.40 <0.40 <0.40 <0.010
KZ2 2017/10/18 7.2 8.4 55 12.04 7.9 6.33 0 0 8 1.6 5 2.5
KZ2 2017/10/18 7.1 8.3 54 13 7.5 7 0.176 0.02 0.007 8 1.6 5.6 2.4 7
KZ2 2017/10/18
KZ2 2018/02/20 54 7.2 8 49 40 4 4 <0.2 <0.1 <0.05 < 0.001 6 3.4 6 2 <0.40 <0.40 <0.40 0 0.013
KZ2 BQ 2018/02/20 1
KZ4 2017/04/19 7.6 7.9 <20 2.8 0.22 2.7 0.12 <0.1 0.040 6.5 2.6 4.5 1.3 <0.008
KZ4 2017/10/18 7.8 7.6 56 <1.0 28 2 3 0.2 0.1 0.182 6.056 1.54 5.58 1.76 <0.40 <0.40 <0.40 <0.010
KZ4 2017/10/18 7.2 8 52 2.76 7.1 7.29 0.169 0.022 0.007 9 1.6 4 2.1
KZ4 2017/10/18 6.8 7.4 48 3.17 7.5 6.41 0.127 0.019 0.006 8 1.5 3.9 2 0
KZ4 2017/10/18
KZ4 2018/02/20 16 7.3 8 47 36 4 5 <0.2 <0.1 <0.05 < 0.001 6 2.5 6 2 <0.40 <0.40 <0.40 0.002
KZ4 2018/05/10 7.5 6 56 <1 28 3 <2 <0.2 0.1 0.026 5.223 1.934 4.79 1.59 <0.40 <0.40 <0.40 <1 0 0.003
KZ4 2018/09/10 2.4 7.2 7.1 54 2.4 32 3 2 <0.2 0.2 <0.05 0.011 1.5 6 5 2 0.007
KZ5 2017/04/19 7.8 7.8 <20 1.7 1.9 1.6 0.25 0.5 <0.03 5.8 1.8 6.8 2.1 <0.008
KZ5 2017/10/20 7.6 8.2 66 4 32 2 4 0.2 <0.1 <0.010 6.074 1.55 6.08 1.98 <0.40 <0.40 <0.40 <0.010
KZ5 2017/10/20 7.1 9.2 60 2.96 9.9 6.37 0.105 0.026 0.008 8 1.6 5.9 2.9
KZ5 2017/10/20 7.2 9.5 62 3.23 9.56 8.26 0.669 0.033 0.011 9 1.6 5.8 2.9 60
KZ5 2017/10/20
KZ5 2017/10/20 7.4 7.6 51 <1.0 2 4 0.2 11 <0.1 <0.1 7 1.7 6 2
KZ5 2017/10/20 6.9 8.8 57 4.07 12.2 6.83 0.169 0.03 0.009786 16 2.2 4.3 2.2
KZ5 2018/02/20 100 7.2 11.3 66 36 5 18 <0.2 <0.1 <0.05 < 0.001 8 2.5 8 3 <0.40 <0.40 <0.40 50 0.001
KZ5 2018/05/10 7.6 8.2 58 7.8 36 3 3 0.1 0.018 5.917 1.917 7.143 2.622 <0.40 <0.40 <0.40 <1 3 0.002
KZ5 2018/09/10 9.2 7.4 7.9 32 12 32 3 3 <0.2 0.2 <0.05 0.031 1.5 6 6 2 0.003
MMST1 2017/04/19 6.9 28 150 1.3 76 38 0.28 0.2 0.040 13 2.7 23 10 <0.008
MMST1 2017/10/18 5.3 39.8 316 74 <5 7 164 <0.2 0.1 0.185 14.86 4.47 34.61 13.6 <0.40 <0.40 <0.40 <0.010
MMST1 2017/10/18 5.2 41 267 37.6 16.5 13.6 0.169 0.039 0.013 16 4.6 35.5 18.5
MMST1 2017/10/18 5.8 41.5 270 9.05 12.8 133 0.149 0.044 0.014 13 4.6 36 19 0
MMST1 2017/10/18
MMST1 2018/02/20 141 5.4 23.8 139 <5 4 98 <0.2 <0.1 <0.05 0.013 12 2.3 15 7 <0.40 <0.40 <0.40 TNTC 0.001
MMST1 2018/05/10 5.9 21.6 176 82 12 2 85 <0.2 <0.1 0.086 11.39 2.89 14.51 7.47 <0.4 <0.4 <0.4 <1 0 0.014
MMST1 2018/09/10 66 6.8 31.7 246 52 56 2 92 0.3 <0.1 0.6 0.084 1.5 14 26 14 0.009
SWQ 1 2018/02/20 569744 8440059 37 7.1 89.5 646 52 4 436 <0.2 <0.1 <0.05 0.037 39 2.7 91 42 <0.40 <0.40 <0.40 11 0.033
SWQ 2 2018/02/20 568843 8440065 12 7.1 17.7 100 60 3 29 <0.2 <0.1 <0.05 0.034 11 1.3 13 7 <0.40 <0.40 <0.40 TNTC 0.001
SWQ 3 2018/02/20 220 7.1 24.8 149 44 11 67 0.2 <0.1 0.06 0.044 17 2.3 16 9 <0.40 <0.40 <0.40 6 0.076
SWQ 3 2018/05/15 7.8 24.7 188 34 80 6 55 <0.2 0.1 0.027 17.06 1.23 18.92 10.61 2 1 0.001
SWQ3 2018/09/10 222 6.6 9.2 182 205 40 8 8 0.2 <0.1 <0.05 0.057 2.5 7 5 3 0.002
SWQ 5 2018/02/20 3.3 7.8 45.3 280 124 5 115 0.2 <0.1 <0.05 0.024 26 1.0 41 18 <0.40 <0.40 <0.40 10 0.006
SWQ 5 2018/05/15 8.0 41.8 300 2.2 160 5 79 0.3 <0.1 0.021 24.38 1.256 44.08 19.05 <0.40 <0.40 <0.40 2 3 0.005
SWQ 5 2018/09/10 21 7.9 56 404 18.8 184 7 110 0.3 0.2 <0.05 0.017 1.1 30 57 24 0.001
SWQ 6 2018/02/20 574530 8443383 3.5 7.5 63.7 411 136 4 204 0.2 <0.1 <0.05 0.019 25 1.1 68 27 <0.40 <0.40 <0.40 4 0.003
SWQ 7 2018/02/20 576746 8444986 21 7.6 13 68 44 4 13 0.2 <0.1 <0.05 < 0.001 8 2.2 10 4 <0.40 <0.40 <0.40 42 0.001
SWQ 8 2018/02/20 576671 8443951 17 7.4 13.3 72 48 4 14 0.2 0.2 <0.05 0.010 9 2.6 10 4 <0.40 <0.40 <0.40 0.010
SWQ 9 2018/02/20 13 7.4 11.1 67 52 4 9 0.2 0.2 <0.05 < 0.001 7 2.5 8 3 <0.40 <0.40 <0.40 2 0.006
SWQ 9 2018/05/10 7.6 9.1 82 40 3 4 <0.2 0.1 0.02 6.542 8.005 8.005 2.938 <0.40 <0.40 <0.40 <1 1 0.003
SWQ 9 2018/09/10 18 7.1 8.6 72 16.8 36 3 4 <0.2 0.4 <0.05 0.012 1.7 7 6 2 < 0.001
SWQ 10 2018/02/20 17 7.5 11.1 61 44 4 9 <0.2 <0.1 <0.05 < 0.001 7 2.3 9 3 <0.40 <0.40 <0.40 2 0.047
SWQ 10 2018/05/10 7.5 9.4 78 36 40 3 4 <0.2 0.2 0.02 6.628 1.933 8.162 3.111 <0.40 <0.40 <0.40 4 3 0.002
SWQ 10 2018/09/10 9.8 7.3 8.4 84 10.8 36 3 4 <0.2 0.3 <0.05 0.018 1.5 7 6 2 < 0.001
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*Blank cells  when no recorded value or no available standards 
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Al As Au B Ba Be Bi Cd Ce Co Cr Cs Cu Dy Er Eu Fe Ga Gd Ge Hf Hg Ho In Ir La Li Lu Mn Mo Nb

X Y (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

0.15 - 0.3 0.01 - 0.5 0.003 - 0.005 0.25 - 0.5 0.05 - 0.1 0.5 - 1 0.01 - 0.2 0.05 - 0.1

0.2 0.01 2.4 0.7 0.003 0.05 2 0.006 0.4 0.07

0.1 0.05 0.1 0.3 2 0.002

KZ1 2017/04/19 0.016 0.001 <0.002 0.015 <0.005 <0.0005 <0.0001 <0.0004 0.004 0.001 0.12 <0.001 <0.002 0.004 <0.001
KZ1 2017/10/18 <0.100 <0.010 <0.001 <0.010 0.023 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.555 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.234 <0.010 <0.010
KZ1 2017/10/18
KZ1 2017/10/18
KZ1 2017/10/18 <0.0028 <0.004
KZ1 2018/02/20 < 0.100 0.001 < 0.001 0.002 0.021 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.241 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.041 < 0.001 < 0.001
KZ1 2018/05/10 0.135 0.001 < 0.001 0.003 0.025 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.704 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.099 < 0.001 < 0.001
KZ1 2018/09/10 0.154 0.001 < 0.001 < 0.001 0.028 < 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 0.001 0.002 < 0.001 < 0.001 < 0.001 0.654 0.003 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.192 < 0.001 < 0.001
KZ2 2017/04/19 0.86 0.003 0.005 0.360 <0.005 <0.0005 <0.0001 0.002 0.009 0.001 2.8 <0.001 <0.002 0.49 0.002
KZ2 2017/10/18 0.385 <0.010 <0.001 <0.010 0.022 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.469 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.078 <0.010 <0.010
KZ2 2017/10/18
KZ2 2017/10/18
KZ2 2017/10/18 <0.0028 <0.004
KZ2 2018/02/20 0.298 0.001 0.004 0.011 0.028 < 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.596 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.116 < 0.001 < 0.001
KZ2 BQ 2018/02/20
KZ4 2017/04/19 0.070 0.001 0.002 0.018 <0.005 <0.0005 <0.0001 <0.0004 0.004 0.001 0.61 <0.001 <0.002 0.067 <0.001
KZ4 2017/10/18 <0.100 <0.010 <0.001 <0.010 0.020 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.12 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.034 <0.010 <0.010
KZ4 2017/10/18
KZ4 2017/10/18
KZ4 2017/10/18 <0.0028 <0.004
KZ4 2018/02/20 0.213 0.001 < 0.001 0.001 0.024 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.438 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.132 < 0.001 < 0.001
KZ4 2018/05/10 <0.100 < 0.001 < 0.001 0.006 0.022 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.159 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.05 < 0.001 < 0.001
KZ4 2018/09/10 < 0.100 0.001 < 0.001 < 0.001 0.022 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.16 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.086 < 0.001 < 0.001
KZ5 2017/04/19 0.019 <0.0005 0.002 0.017 <0.005 <0.0005 <0.0001 <0.0004 0.004 0.001 0.058 <0.001 <0.002 <0.002 <0.001
KZ5 2017/10/20 0.143 <0.010 <0.001 <0.010 0.025 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.303 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.087 <0.010 <0.010
KZ5 2017/10/20
KZ5 2017/10/20
KZ5 2017/10/20 <0.0028 <0.004
KZ5 2017/10/20
KZ5 2017/10/20
KZ5 2018/02/20 1.3 < 0.001 < 0.001 0.001 0.037 < 0.001 < 0.001 < 0.001 0.003 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 1.10 0.002 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 0.109 < 0.001 < 0.001
KZ5 2018/05/10 0.168 < 0.001 < 0.001 0.004 0.027 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.346 0.004 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.075 < 0.001 < 0.001
KZ5 2018/09/10 0.339 < 0.001 < 0.001 < 0.001 0.059 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.337 0.006 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 0.147 < 0.001 < 0.001
MMST1 2017/04/19 0.004 0.001 <0.002 0.036 <0.005 <0.0005 <0.0001 0.014 0.008 0.001 0.06 <0.002 0.63 <0.001
MMST1 2017/10/18 0.193 <0.010 <0.001 <0.010 0.076 <0.010 <0.010 <0.010 <0.010 0.080 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 28.98 0.014 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 2.445 <0.010 <0.010
MMST1 2017/10/18
MMST1 2017/10/18
MMST1 2017/10/18 <0.0028 <0.004
MMST1 2018/02/20 0.386 0.001 0.002 0.009 0.047 < 0.001 < 0.001 < 0.001 0.001 0.021 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 15 0.002 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.881 < 0.001 < 0.001
MMST1 2018/05/10 0.571 0.001 < 0.001 0.004 0.077 < 0.001 < 0.001 < 0.001 0.004 0.027 0.001 0.001 0.002 < 0.001 < 0.001 < 0.001 20.63 0.01 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 0.751 < 0.001 < 0.001
MMST1 2018/09/10 0.108 < 0.001 < 0.001 < 0.001 0.069 < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.053 0.007 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.02 < 0.001 0.087 0.001 < 0.001
SWQ 1 2018/02/20 569744 8440059 0.697 0.002 0.002 0.004 0.071 < 0.001 < 0.001 < 0.001 0.002 0.005 0.001 0.001 0.004 < 0.001 < 0.001 < 0.001 1.09 0.003 < 0.001 < 0.001 0.007 < 0.001 < 0.001 < 0.001 0.001 0.001 0.002 < 0.001 0.712 0.001 < 0.001
SWQ 2 2018/02/20 568843 8440065 0.174 < 0.001 0.003 0.100 0.097 < 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 1.39 0.004 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.114 < 0.001 < 0.001
SWQ 3 2018/02/20 3.399 0.001 0.009 0.060 0.129 < 0.001 < 0.001 < 0.001 0.009 0.007 0.007 < 0.001 0.005 0.001 0.001 < 0.001 6.87 0.006 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.003 0.002 < 0.001 0.413 < 0.001 < 0.001
SWQ 3 2018/05/15 0.643 0.001 < 0.001 0.005 0.081 < 0.001 < 0.001 < 0.001 0.002 0.002 0.001 < 0.001 0.0021 < 0.001 < 0.001 < 0.001 1.357 0.011 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 0.075 < 0.001 < 0.001
SWQ3 2018/09/10 2.28 < 0.001 < 0.001 < 0.001 0.135 0.001 < 0.001 < 0.001 0.017 0.007 0.008 0.001 0.021 0.002 0.001 0.001 4.34 0.015 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.007 < 0.001 < 0.001 0.223 < 0.001 0.001
SWQ 5 2018/02/20 0.649 < 0.001 0.004 0.041 0.048 < 0.001 < 0.001 < 0.001 0.003 0.001 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.945 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 0.208 < 0.001 < 0.001
SWQ 5 2018/05/15 <0.100 < 0.001 < 0.001 0.004 0.055 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 <0.025 0.007 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.042 < 0.001 < 0.001
SWQ 5 2018/09/10 0.199 < 0.001 < 0.001 < 0.001 0.028 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.007 < 0.001 < 0.001 < 0.001 0.446 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.164 < 0.001 < 0.001
SWQ 6 2018/02/20 574530 8443383 < 0.100 < 0.001 0.003 0.027 0.046 < 0.001 < 0.001 < 0.001 0.001 0.000 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.225 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.057 0.001 < 0.001
SWQ 7 2018/02/20 576746 8444986 0.507 < 0.001 0.002 0.021 0.037 < 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.740 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.091 < 0.001 < 0.001
SWQ 8 2018/02/20 576671 8443951 0.561 0.001 0.002 0.018 0.037 < 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 1.06 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.113 0.001 < 0.001
SWQ 9 2018/02/20 0.290 0.002 0.004 0.009 0.030 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 0.001 0.001 < 0.001 < 0.001 < 0.001 0.586 0.001 < 0.001 < 0.001 0.004 0.001 < 0.001 < 0.001 0.001 < 0.001 0.001 < 0.001 0.103 < 0.001 < 0.001
SWQ 9 2018/05/10 0.143 < 0.001 < 0.001 0.005 0.028 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.213 0.004 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.051 < 0.001 < 0.001
SWQ 9 2018/09/10 0.277 < 0.001 < 0.001 < 0.001 0.029 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.001 < 0.001 0.024 < 0.001 < 0.001 < 0.001 0.509 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.082 < 0.001 < 0.001
SWQ 10 2018/02/20 0.262 0.001 0.003 0.007 0.060 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.505 0.003 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.104 < 0.001 < 0.001
SWQ 10 2018/05/10 0.269 < 0.001 < 0.001 0.004 0.034 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.481 0.004 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.077 < 0.001 < 0.001
SWQ 10 2018/09/10 0.224 < 0.001 < 0.001 < 0.001 0.029 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.001 < 0.001 0.012 < 0.001 < 0.001 < 0.001 0.424 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 0.064 < 0.001 < 0.001

571796 8435449

572018 8438441

575770 8438956

576104 8438352

576293 8439001

Malawi Standards: Drinking  Water 
Specification (2015)

World Health Organisation Drinking 
Water (2017)

IFC Mining Effluent Guidelines (2007)

573794 8434206

574717 8435445
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*Blank cells  when no recorded value or no available standards 
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Nd Ni Os Pb Pd Pr Pt Rb Rh Ru Sb Sc Se Si Sm Sn Sr Ta Tb Te Th Ti Tl Tm U V W Y Yb Zn Zr

X Y (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

0.05 - 0.15 0.01 - 0.05 0.005 - 0.01 0.01 - 0.02 0.1 - 0.2 3 - 5

0.07 0.01 0.02 0.02 0.04 0.03

0.5 0.2 0.5

KZ1 2017/04/19 <0.001 <0.0005 <0.01 <0.002 9.8 <0.002 0.032 <0.003 0.002 <0.003 <0.0005 0.003 <0.006 <0.05 <0.007
KZ1 2017/10/18 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 0.075 <0.010 <0.010 6.782 <0.010 <0.010 0.047 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.010 <0.010
KZ1 2017/10/18
KZ1 2017/10/18
KZ1 2017/10/18 <0.012 <0.003
KZ1 2018/02/20 < 0.001 0.002 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 0.001 < 0.001 8.4 < 0.001 < 0.001 0.035 < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.016 < 0.001
KZ1 2018/05/10 < 0.001 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.001 9.81 < 0.001 < 0.001 0.037 < 0.001 < 0.001 < 0.001 < 0.001 0.014 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.45 < 0.001
KZ1 2018/09/10 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 < 0.001 0.004 3.6 < 0.001 < 0.001 0.044 < 0.001 < 0.001 < 0.001 < 0.001 0.012 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 0.039 < 0.001
KZ2 2017/04/19 0.001 <0.0005 <0.01 <0.002 9.5 <0.002 0.038 <0.003 0.006 <0.003 <0.0005 0.003 <0.006 <0.05 <0.007
KZ2 2017/10/18 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 0.051 <0.010 <0.010 7.108 <0.010 <0.010 0.039 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
KZ2 2017/10/18
KZ2 2017/10/18
KZ2 2017/10/18 <0.012 <0.003
KZ2 2018/02/20 < 0.001 0.006 0.001 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.001 < 0.001 6.8 < 0.001 < 0.001 0.036 < 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.008 < 0.001 < 0.001 < 0.001 0.026 < 0.001
KZ2 BQ 2018/02/20
KZ4 2017/04/19 0.001 <0.0005 <0.01 0.002 8.6 <0.002 0.035 <0.003 0.004 <0.003 <0.0005 0.003 <0.006 <0.05 <0.007
KZ4 2017/10/18 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 0.050 <0.010 <0.010 6.848 <0.010 <0.010 0.038 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.021 <0.010
KZ4 2017/10/18
KZ4 2017/10/18
KZ4 2017/10/18 <0.012 <0.003
KZ4 2018/02/20 < 0.001 0.005 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 0.001 < 0.001 6.4 < 0.001 < 0.001 0.036 < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.016 < 0.001
KZ4 2018/05/10 < 0.001 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 7.316 < 0.001 < 0.001 0.039 < 0.001 < 0.001 < 0.001 < 0.001 0.007 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.185 < 0.001
KZ4 2018/09/10 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.001 5.9 < 0.001 < 0.001 0.038 < 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.043 < 0.001
KZ5 2017/04/19 <0.001 <0.0005 <0.01 <0.002 8.5 <0.002 0.045 <0.003 0.001 <0.003 <0.0005 0.002 <0.006 <0.05 <0.007
KZ5 2017/10/20 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.001 <0.010 <0.010 <0.010 0.042 <0.010 <0.010 7.432 <0.010 <0.010 0.036 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.027 <0.010
KZ5 2017/10/20
KZ5 2017/10/20
KZ5 2017/10/20 <0.012 0.061
KZ5 2017/10/20
KZ5 2017/10/20
KZ5 2018/02/20 0.001 0.008 0.001 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.001 < 0.001 7.9 < 0.001 < 0.001 0.048 < 0.001 < 0.001 < 0.001 < 0.001 0.016 < 0.001 < 0.001 < 0.001 0.003 < 0.001 0.001 < 0.001 0.020 < 0.001
KZ5 2018/05/10 < 0.001 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 7.718 < 0.001 < 0.001 0.054 < 0.001 < 0.001 < 0.001 < 0.001 0.01 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.112 < 0.001
KZ5 2018/09/10 0.001 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.001 14.5 < 0.001 < 0.001 0.324 < 0.001 < 0.001 < 0.001 < 0.001 0.057 < 0.001 < 0.001 0.001 0.005 < 0.001 0.001 < 0.001 0.046 < 0.001
MMST1 2017/04/19 0.013 <0.0005 <0.01 <0.002 13 <0.002 0.150 <0.003 0.001 <0.003 <0.0005 0.003 <0.006 <0.05 <0.007
MMST1 2017/10/18 <0.010 0.025 <0.010 <0.010 <0.010 <0.010 <0.001 0.018 <0.010 <0.010 0.047 <0.010 <0.010 23.79 <0.010 <0.010 0.213 <0.010 <0.010 <0.010 <0.010 0.020 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.457 <0.010
MMST1 2017/10/18
MMST1 2017/10/18
MMST1 2017/10/18 <0.012 <0.003
MMST1 2018/02/20 0.001 0.153 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.010 < 0.001 < 0.001 < 0.001 0.003 < 0.001 15.5 < 0.001 < 0.001 0.087 < 0.001 < 0.001 < 0.001 < 0.001 0.011 < 0.001 < 0.001 < 0.001 0.009 < 0.001 0.001 < 0.001 0.030 < 0.001
MMST1 2018/05/10 0.002 0.012 0.004 0.001 < 0.001 < 0.001 < 0.001 0.017 < 0.001 < 0.001 < 0.001 0.001 0.006 15.16 0.001 < 0.001 0.117 < 0.001 < 0.001 < 0.001 0.001 0.031 < 0.001 < 0.001 < 0.001 0.004 < 0.001 0.002 < 0.001 1.053 < 0.001
MMST1 2018/09/10 < 0.001 0.002 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.002 30 < 0.001 < 0.001 0.065 < 0.001 < 0.001 < 0.001 < 0.001 0.026 < 0.001 < 0.001 < 0.001 0.015 < 0.001 < 0.001 < 0.001 0.032 < 0.001
SWQ 1 2018/02/20 569744 8440059 0.001 0.021 0.004 0.001 0.001 < 0.001 < 0.001 0.015 < 0.001 < 0.001 0.002 0.003 0.003 11.1 < 0.001 < 0.001 0.306 < 0.001 < 0.001 < 0.001 0.003 0.093 < 0.001 < 0.001 0.001 0.005 < 0.001 0.001 < 0.001 0.671 0.001
SWQ 2 2018/02/20 568843 8440065 < 0.001 0.016 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.002 < 0.001 8.7 < 0.001 < 0.001 0.078 < 0.001 < 0.001 < 0.001 < 0.001 0.009 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 0.149 < 0.001
SWQ 3 2018/02/20 0.005 0.067 0.002 0.004 0.001 0.001 < 0.001 0.009 < 0.001 < 0.001 < 0.001 0.004 0.001 13.7 0.001 < 0.001 0.108 < 0.001 < 0.001 < 0.001 < 0.001 0.095 < 0.001 < 0.001 0.001 0.032 < 0.001 0.003 < 0.001 0.158 < 0.001
SWQ 3 2018/05/15 0.001 0.003 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 < 0.001 0.001 8.448 < 0.001 < 0.001 0.141 < 0.001 < 0.001 < 0.001 < 0.001 0.074 < 0.001 < 0.001 0.001 0.005 < 0.001 0.001 < 0.001 0.118 < 0.001
SWQ3 2018/09/10 0.01 0.01 < 0.001 0.003 < 0.001 0.002 < 0.001 0.011 < 0.001 < 0.001 < 0.001 0.002 0.001 10.8 0.002 < 0.001 0.066 < 0.001 < 0.001 < 0.001 0.001 0.53 < 0.001 < 0.001 < 0.001 0.017 < 0.001 0.009 0.001 0.052 0.002
SWQ 5 2018/02/20 0.001 0.012 0.002 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 0.002 0.001 10.6 < 0.001 < 0.001 0.192 < 0.001 < 0.001 < 0.001 < 0.001 0.056 < 0.001 < 0.001 < 0.001 0.015 < 0.001 0.001 < 0.001 0.059 < 0.001
SWQ 5 2018/05/15 < 0.001 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.002 10.58 < 0.001 < 0.001 0.252 < 0.001 < 0.001 < 0.001 < 0.001 0.04 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.069 < 0.001
SWQ 5 2018/09/10 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 6.4 < 0.001 < 0.001 0.041 < 0.001 < 0.001 < 0.001 < 0.001 0.014 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.056 < 0.001
SWQ 6 2018/02/20 574530 8443383 < 0.001 0.005 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 0.002 < 0.001 9.6 < 0.001 < 0.001 0.249 < 0.001 < 0.001 < 0.001 < 0.001 0.031 < 0.001 < 0.001 0.001 0.012 < 0.001 < 0.001 < 0.001 0.039 < 0.001
SWQ 7 2018/02/20 576746 8444986 < 0.001 0.006 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 0.002 < 0.001 7.5 < 0.001 < 0.001 0.062 < 0.001 < 0.001 < 0.001 < 0.001 0.009 < 0.001 < 0.001 < 0.001 0.012 < 0.001 < 0.001 < 0.001 0.033 < 0.001
SWQ 8 2018/02/20 576671 8443951 < 0.001 0.010 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 0.002 0.002 < 0.001 7.3 < 0.001 < 0.001 0.063 < 0.001 < 0.001 < 0.001 < 0.001 0.015 < 0.001 < 0.001 < 0.001 0.012 < 0.001 < 0.001 < 0.001 0.028 < 0.001
SWQ 9 2018/02/20 < 0.001 0.009 0.002 0.001 0.001 < 0.001 < 0.001 0.007 < 0.001 < 0.001 < 0.001 0.002 0.002 7.0 < 0.001 < 0.001 0.050 < 0.001 < 0.001 < 0.001 0.001 0.015 < 0.001 < 0.001 < 0.001 0.006 < 0.001 < 0.001 < 0.001 0.045 < 0.001
SWQ 9 2018/05/10 < 0.001 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 0.001 7.924 < 0.001 < 0.001 0.058 < 0.001 < 0.001 < 0.001 < 0.001 0.013 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 0.044 < 0.001
SWQ 9 2018/09/10 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 6.5 < 0.001 < 0.001 0.045 < 0.001 < 0.001 < 0.001 < 0.001 0.023 < 0.001 < 0.001 < 0.001 0.005 < 0.001 0.001 < 0.001 0.058 < 0.001
SWQ 10 2018/02/20 < 0.001 0.005 0.002 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 0.001 0.001 0.001 6.9 < 0.001 < 0.001 0.050 < 0.001 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.054 < 0.001
SWQ 10 2018/05/10 0.001 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 7.798 < 0.001 < 0.001 0.061 < 0.001 < 0.001 < 0.001 < 0.001 0.017 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.049 < 0.001
SWQ 10 2018/09/10 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 6.5 < 0.001 < 0.001 0.047 < 0.001 < 0.001 < 0.001 < 0.001 0.024 < 0.001 < 0.001 < 0.001 0.004 < 0.001 < 0.001 < 0.001 0.063 < 0.001
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APPENDIX B: GEOCHEMISTRY RESULTS ADOPTED FROM THE GEOCHEMISTRY REPORT (SLR, 2018) 

Distilled water leach results for pit waste samples at Malingunde 

 

Site Number Sample ID Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Dy Er Eu Fe Ga Gd Ge Hf Hg Ho In Ir K La Li
Malawi Drinking Water Standards (2015) - 0.3 0.05 - - - - - 150 0.005 - 0.5 0.1 - 1 - - - 0.2 - - - - 0.002 - - - 50 - -

WHO Standard for Drinking Water (2017) - - 0.01 - 2.4 1.3 - - - 0.003 - - 0.05 - 2 - - - - - - - - 0.006 - - - - - -

IFC Mining Effluent (2007) - - 0.1 - - - - - - 0.05 - - - - 0.3 - - - 2 - - - - 0.002 - - - - - -

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

110981 Waste-LGNS1 <0.001 <0.100 <0.001 <0.001 <0.001 0.061 <0.001 <0.001 2 0.001 <0.001 0.002 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.025 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 0.004

110982 Waste-LGNS2 0.007 <0.100 0.002 <0.001 <0.001 0.051 <0.001 <0.001 3 <0.001 <0.001 0.005 <0.001 0.005 0.002 <0.001 <0.001 <0.001 <0.025 0.003 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 3 <0.001 0.006

110983 Waste-LGNS3 0.002 <0.100 <0.001 <0.001 <0.001 0.030 <0.001 <0.001 2 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.002 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 1 <0.001 0.001

110985 Waste-FERP1 <0.001 <0.100 <0.001 <0.001 <0.001 0.020 <0.001 <0.001 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 9 <0.001 <0.001

110986 Waste-FERP2 <0.001 <0.100 <0.001 <0.001 <0.001 0.054 <0.001 <0.001 1 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 <0.001

110988 Waste-HGNS <0.001 0.741 <0.001 <0.001 <0.001 0.026 <0.001 <0.001 6 <0.001 <0.001 0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.353 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 3 <0.001 <0.001

110990 Waste-FGNS <0.001 <0.100 ` <0.001 <0.001 0.035 <0.001 <0.001 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 <0.001

110991 Waste-MGNS <0.001 <0.100 <0.001 <0.001 <0.001 0.070 <0.001 <0.001 3 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 0.001

110992 Waste-SOIL 0.008 0.195 0.001 <0.001 <0.001 0.037 <0.001 <0.001 3 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 0.080 0.002 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 4 <0.001 <0.001

110993 Waste-COLV 0.002 <0.100 <0.001 <0.001 <0.001 0.026 <0.001 <0.001 2 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 <0.001

WRD_Comp WRD_Comp 0.001 <0.100 <0.001 <0.001 <0.001 0.069 <0.001 <0.001 2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.004 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 <0.001

Site Number Sample ID Lu Mg Mn Mo Na Nb Nd Ni Os P Pb Pd Pr Pt Rb Rh Ru Sb Sc Se Si Sm Sn Sr Ta Tb Te Th Ti Tl

Malawi Drinking Water Standards (2015) - 70 0.1 - 200 - - 0.15 - - 0.05 - - - - - - 0.01 - 0.02 - - - - - - - - - -

WHO Standard for Drinking Water (2017) - - - - - - - 0.07 - - 0.01 - - - - - - 0.02 - 0.04 - - - - - - - - - -

IFC Mining Effluent (2007) - - - - - - - 0.5 - - 0.2 - - - - - - - - - - - - - - - - - - -

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

110981 Waste-LGNS1 <0.001 2 0.046 <0.001 8 <0.001 <0.001 0.007 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 0.001 <0.001 13 <0.001 <0.001 0.024 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110982 Waste-LGNS2 <0.001 4 0.138 <0.001 10 <0.001 <0.001 0.010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.018 <0.001 <0.001 0.001 0.002 0.004 25 <0.001 <0.001 0.042 <0.001 <0.001 <0.001 0.001 <0.001 <0.001

110983 Waste-LGNS3 <0.001 1 <0.025 <0.001 4 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 <0.001 <0.001 0.001 9 <0.001 <0.001 0.020 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110985 Waste-FERP1 <0.001 <1 <0.025 <0.001 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.008 <0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110986 Waste-FERP2 <0.001 <1 0.095 <0.001 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 <0.001 0.013 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110988 Waste-HGNS <0.001 3 0.071 <0.001 6 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 0.001 12 <0.001 <0.001 0.035 <0.001 <0.001 <0.001 <0.001 0.032 <0.001

110990 Waste-FGNS <0.001 <1 <0.025 <0.001 5 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 10 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110991 Waste-MGNS <0.001 2 <0.025 <0.001 5 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 <0.001 <0.001 0.001 9 <0.001 <0.001 0.026 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110992 Waste-SOIL <0.001 1 <0.025 <0.001 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.018 <0.001 <0.001 <0.001 <0.001 0.003 5 <0.001 <0.001 0.027 <0.001 <0.001 <0.001 <0.001 0.008 <0.001

110993 Waste-COLV <0.001 1 <0.025 <0.001 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 0.001 3 <0.001 <0.001 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

WRD_Comp WRD_Comp <0.001 1 0.035 <0.001 5 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 0.002 8 <0.001 <0.001 0.019 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Site Number Sample ID Tm U V W Y Yb Zn Zr pH EC TDS
Total 

Alkalini
ty

Total 
Acidity 

as 
CaCO3

Cl SO4
NO3 as 

N
F

NH3 as 
N

Total 
CN

Malawi Drinking Water Standards (2015) - - 0.2 - - - 5 - 5-9.5 150 - - - 200 400 - 1 1 -

WHO Standard for Drinking Water (2017) - 0.03 - - - - - - - - - - - - - 11 1.5 - -

IFC Mining Effluent (2007) - - - - - - 0.5 - 6-9 - - - - - - - - - 1

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mS/m mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

110981 Waste-LGNS1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.008 <0.001 4.0 10 110 <5 <5 2 29 1.9 <0.2 0.10 <0.02

110982 Waste-LGNS2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.012 <0.001 4.3 14 146 <5 <5 8 54 0.8 1.1 0.30 <0.02

110983 Waste-LGNS3 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.012 <0.001 4.1 6 42 <5 <5 <2 15 0.4 <0.2 <0.1 <0.02

110985 Waste-FERP1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.006 <0.001 4.9 6 42 <5 8 3 10 2.0 0.2 0.30 <0.02

110986 Waste-FERP2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 3.8 4 42 <5 12 <2 <2 3.6 <0.2 0.10 <0.02

110988 Waste-HGNS <0.001 <0.001 0.003 <0.001 <0.001 <0.001 0.017 <0.001 5.7 11 112 <5 12 2 41 0.6 0.2 <0.1 <0.02

110990 Waste-FGNS <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 4.2 5 70 <5 <5 <2 2 3.9 <0.2 <0.1 <0.02

110991 Waste-MGNS <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 4.0 9 80 <5 8 <2 26 1.5 <0.2 <0.1 <0.02

110992 Waste-SOIL <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.059 <0.001 5.7 5 54 <5 <5 2 2 3.7 <0.2 <0.1 <0.02

110993 Waste-COLV <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.008 <0.001 5.3 5 30 <5 <5 2 <2 3.7 <0.2 <0.1 <0.02

WRD_Comp WRD_Comp <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.008 <0.001 4.1 7 68 <5 <5 2 16 2.2 <0.2 <0.1 <0.02
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Hydrogen peroxide leach results for pit waste samples at Malingunde 

 

 

 

 

 

 

 

 

Site Number Sample ID Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Dy Er Eu Fe Ga Gd Ge Hf Hg Ho In Ir K La

Malawi Drinking Water Standards (2015) - 0.3 0.05 - - - - - 150 0.005 - 0.5 0.1 - 1 - - - 0.2 - - - - 0.002 - - - 50 -

WHO Standard for Drinking Water (2017) - - 0.01 - 2.4 1.3 - - - 0.003 - - 0.05 - 2 - - - - - - - - 0.006 - - - - -

IFC Mining Effluent (2007) - - 0.1 - - - - - - 0.05 - - - - 0.3 - - - 2 - - - - 0.002 - - - - -

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

110981 Waste-LGNS1 <0.001 5.1 <0.001 <0.001 <0.001 0.025 <0.001 <0.001 <1 <0.001 0.002 0.002 0.092 <0.001 0.002 <0.001 <0.001 <0.001 3.6 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.9 0.001
110983 Waste-LGNS3 <0.001 6.1 <0.001 <0.001 <0.001 0.014 <0.001 <0.001 <1 <0.001 0.003 0.001 0.003 <0.001 0.001 <0.001 <0.001 <0.001 2.6 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.5 0.002

110985 Waste-FERP1 <0.001 1.4 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 <1 <0.001 0.001 <0.001 0.13 <0.001 <0.001 <0.001 <0.001 <0.001 0.6 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 1.0 <0.001

110988 Waste-HGNS <0.001 4.5 <0.001 <0.001 <0.001 0.015 <0.001 <0.001 <1 <0.001 0.002 0.002 0.14 <0.001 0.004 <0.001 <0.001 <0.001 2.3 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.9 0.001

110990 Waste-FGNS <0.001 4.5 <0.001 <0.001 <0.001 0.020 <0.001 <0.001 <1 <0.001 0.003 0.002 0.092 <0.001 0.002 <0.001 <0.001 <0.001 2.7 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.5 0.002

110991 Waste-MGNS <0.001 0.8 <0.001 <0.001 <0.001 0.012 <0.001 <0.001 <1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.5 0.001 <0.001 <0.001 0.007 <0.001 <0.001 <0.001 <0.001 0.9 <0.001

110992 Waste-SOIL <0.001 1.2 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 <1 <0.001 0.001 <0.001 0.27 <0.001 <0.001 <0.001 <0.001 <0.001 0.5 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.6 <0.001

110993 Waste-COLV <0.001 4.7 <0.001 <0.001 <0.001 0.013 <0.001 <0.001 <1 <0.001 0.004 0.002 0.20 <0.001 0.001 <0.001 <0.001 <0.001 2.7 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.6 0.003

Site Number Sample ID Li Lu Mg Mn Mo Na Nb Nd Ni Os P Pb Pd Pr Pt Rb Rh Ru Sb Sc Se Si Sm Sn Sr Ta Tb Te Th

Malawi Drinking Water Standards (2015) - - 70 0.1 - 200 - - 0.15 - - 0.05 - - - - - - 0.01 - 0.02 - - - - - - - -

WHO Standard for Drinking Water (2017) - - - - - - - - 0.07 - - 0.01 - - - - - - 0.02 - 0.04 - - - - - - - -

IFC Mining Effluent (2007) - - - - - - - - 0.5 - - 0.2 - - - - - - - - - - - - - - - - -

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

110981 Waste-LGNS1 0.001 <0.001 <1 <0.025 0.011 <1 0.006 0.001 0.041 <0.001 0.015 0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 <0.001 0.002 0.001 15 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001
110983 Waste-LGNS3 0.002 <0.001 <1 0.035 0.003 <1 <0.001 0.001 0.026 <0.001 0.016 0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.002 <0.001 12 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001

110985 Waste-FERP1 <0.001 <0.001 <1 <0.025 0.007 <1 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.001 0.003 5 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001

110988 Waste-HGNS 0.001 <0.001 <1 <0.025 0.007 <1 <0.001 0.001 0.028 <0.001 0.004 0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 0.002 0.002 11 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001

110990 Waste-FGNS 0.001 <0.001 <1 0.034 0.005 <1 <0.001 0.001 0.036 <0.001 0.006 0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.002 0.001 13 <0.001 <0.001 0.004 <0.001 <0.001 <0.001 <0.001

110991 Waste-MGNS <0.001 <0.001 <1 0.029 0.005 <1 <0.001 <0.001 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.003 8 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001

110992 Waste-SOIL <0.001 <0.001 <1 <0.025 0.006 <1 <0.001 <0.001 0.004 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 4 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001

110993 Waste-COLV 0.001 <0.001 <1 0.026 0.012 <1 0.010 0.002 0.035 <0.001 0.032 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 7 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001

Site Number Sample ID Ti Tl Tm U V W Y Yb Zn Zr

Malawi Drinking Water Standards (2015) - - - - 0.2 - - - 5 -

WHO Standard for Drinking Water (2017) - - - 0.03 - - - - - -

IFC Mining Effluent (2007) - - - - - - - - 0.5 -

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

110981 Waste-LGNS1 0.67 <0.001 <0.001 <0.001 0.35 0.017 <0.001 <0.001 0.031 0.002
110983 Waste-LGNS3 0.27 <0.001 <0.001 <0.001 0.08 <0.001 <0.001 <0.001 0.002 0.002

110985 Waste-FERP1 0.04 <0.001 <0.001 <0.001 0.01 <0.001 <0.001 <0.001 0.005 <0.001

110988 Waste-HGNS 0.24 <0.001 <0.001 <0.001 0.40 0.015 <0.001 <0.001 0.007 0.002

110990 Waste-FGNS 0.23 <0.001 <0.001 <0.001 0.05 <0.001 <0.001 <0.001 <0.001 0.002

110991 Waste-MGNS 0.06 <0.001 <0.001 <0.001 0.01 <0.001 <0.001 <0.001 <0.001 <0.001

110992 Waste-SOIL 0.04 <0.001 <0.001 <0.001 0.01 <0.001 <0.001 <0.001 0.013 <0.001

110993 Waste-COLV 0.61 <0.001 <0.001 <0.001 0.32 0.005 <0.001 <0.001 0.001 0.002
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Distilled water leach results for low-grade ore samples at Malingunde 

 

Distilled water leach results for tailings samples at Malingunde 

 

 

Site Number Sample ID Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Dy Er Eu Fe Ga Gd Ge Hf Hg Ho In Ir K La Li
Malawi Drinking Water Standards (2015) - 0.3 0.05 - - - - - 150 0.005 - 0.5 0.1 - 1 - - - 0.2 - - - - 0.002 - - - 50 - -

WHO Standard for Drinking Water (2017) - - 0.01 - 2.4 1.3 - - - 0.003 - - 0.05 - 2 - - - - - - - - 0.006 - - - - - -

IFC Mining Effluent (2007) - - 0.1 - - - - - - 0.05 - - - - 0.3 - - - 2 - - - - 0.002 - - - - - -

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

110984 LGO-LGNS 0.001 <0.100 <0.001 <0.001 <0.001 0.037 <0.001 <0.001 2 <0.001 <0.001 0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.002 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 0.002

110987 LGO-FERP <0.001 <0.100 <0.001 <0.001 <0.001 0.031 <0.001 <0.001 1 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 <0.001

110989 LGO-HGNS <0.001 <0.100 <0.001 <0.001 <0.001 0.062 <0.001 <0.001 <1 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.037 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1 <0.001 0.002

LGO_Comp LGO_Comp <0.001 <0.100 <0.001 <0.001 <0.001 0.049 <0.001 <0.001 1 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.025 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 0.002

Site Number Sample ID Lu Mg Mn Mo Na Nb Nd Ni Os P Pb Pd Pr Pt Rb Rh Ru Sb Sc Se Si Sm Sn Sr Ta Tb Te Th Ti Tl

Malawi Drinking Water Standards (2015) - 70 0.1 - 200 - - 0.15 - - 0.05 - - - - - - 0.01 - 0.02 - - - - - - - - - -

WHO Standard for Drinking Water (2017) - - - - - - - 0.07 - - 0.01 - - - - - - 0.02 - 0.04 - - - - - - - - - -

IFC Mining Effluent (2007) - - - - - - - 0.5 - - 0.2 - - - - - - - - - - - - - - - - - - -

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

110984 LGO-LGNS <0.001 2 0.032 <0.001 9 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 0.001 15 <0.001 <0.001 0.023 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110987 LGO-FERP <0.001 <1 0.030 <0.001 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 2 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

110989 LGO-HGNS <0.001 <1 0.033 <0.001 6 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 11 <0.001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LGO_Comp LGO_Comp <0.001 1 0.037 <0.001 8 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 <0.001 <0.001 0.001 14 <0.001 <0.001 0.014 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Site Number Sample ID Tm U V W Y Yb Zn Zr pH EC TDS
Total 

Alkalini
ty

Total 
Acidity 

as 
CaCO3

Cl SO4
NO3 as 

N
F

NH3 as 
N

Total 
CN

Malawi Drinking Water Standards (2015) - - 0.2 - - - 5 - 5-9.5 150 - - - 200 400 - 1 1 -

WHO Standard for Drinking Water (2017) - 0.03 - - - - - - - - - - - - - 11 1.5 - -

IFC Mining Effluent (2007) - - - - - - 0.5 - 6-9 - - - - - - - - - 1

Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mS/m mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

110984 LGO-LGNS <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 4.0 11 86 <5 <5 2 35 0.6 <0.2 <0.1 <0.02

110987 LGO-FERP <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.051 <0.001 4.1 3 22 <5 <5 <2 <2 2.4 <0.2 0.10 <0.02

110989 LGO-HGNS <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.011 <0.001 3.8 6 78 <5 <5 <2 17 0.5 <0.2 <0.1 <0.02

LGO_Comp LGO_Comp <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 4.0 9 74 <5 <5 <2 27 0.6 <0.2 <0.1 <0.02

Site Number Sample ID Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Dy Er Eu Fe Ga Gd Ge Hf Hg Ho In Ir K La Li
Malawi Drinking Water Standards (2015) - 0.3 0.05 - - - - - 150 0.005 - 0.5 0.1 - 1 - - - 0.2 - - - - 0.002 - - - 50 - -
WHO Standard for Drinking Water (2017) - - 0.01 - 2.4 1.3 - - - 0.003 - - 0.05 - 2 - - - - - - - - 0.006 - - - - - -
IFC Mining Effluent (2007) - - 0.1 - - - - - - 0.05 - - - - 0.3 - - - 2 - - - - 0.002 - - - - - -
Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
- MasterComposite <0.00005 0.36 <0.0002 nd 0.039 0.087 1.7E-05 <0.000007 3.80 0.000010 nd 0.0135 0.00094 nd 0.105 nd nd nd 0.09 nd nd nd nd 0.00003 nd nd nd 4.59 nd 0.0008
- MET3/4FloatTails <0.00005 4.15 0.0006 nd 0.095 0.028 0.0001 0.000034 0.70 0.000020 nd 0.00218 0.00391 nd 0.004 nd nd nd 1.74 nd nd nd nd 0.00003 nd nd nd 0.20 nd 0.0021

Site Number Sample ID Lu Mg Mn Mo Na Nb Nd Ni Os P Pb Pd Pr Pt Rb Rh Ru Sb Sc Se Si Sm Sn Sr Ta Tb Te Th Ti Tl
Malawi Drinking Water Standards (2015) - 70 0.1 - 200 - - 0.15 - - 0.05 - - - - - - 0.01 - 0.02 - - - - - - - - - -
WHO Standard for Drinking Water (2017) - - - - - - - 0.07 - - 0.01 - - - - - - 0.02 - 0.04 - - - - - - - - - -
IFC Mining Effluent (2007) - - - - - - - 0.5 - - 0.2 - - - - - - - - - - - - - - - - - - -
Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
- MasterComposite nd 2 0.007 0.008 12 nd nd 0.001 nd nd 0.0002 nd nd nd nd nd nd 0.0003 nd 0.0001 nd nd 0.00 0.027 nd nd nd 0.000 0.017 0.000
- MET3/4FloatTails nd 0 0.018 0.002 9 nd nd 0.005 nd nd 0.0005 nd nd nd nd nd nd <0.0002 nd 0.0001 nd nd 0.00 0.007 nd nd nd 0.000 0.106 0.000

Site Number Sample ID Tm U V W Y Yb Zn Zr pH EC TDS
Total 

Alkalinity

Total 
Acidity as 

CaCO3

Cl SO4
NO3 

as N
F NH3 as N

Total 
CN

Malawi Drinking Water Standards (2015) - - 0.2 - - - 5 - 5-9.5 150 - - - 200 400 - 1 1 -
WHO Standard for Drinking Water (2017) - 0.03 - - - - - - - - - - - - - 11 1.5 - -
IFC Mining Effluent (2007) - - - - - - 0.5 - 6-9 - - - - - - - - - 1
Unit Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mS/m mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
- MasterComposite nd 0.0001 0.003 <0.00002 0.00 nd nd nd 7.8 nd 94 nd nd 10 19 0.1 0.56 nd nd
- MET3/4FloatTails nd 0.0002 0.009 0.000 0.00 nd nd nd 7.5 nd 60 nd nd <2 4 <0.6 0.17 nd nd
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APPENDIX C: SPECIALIST CV 

 



 

 

AFRICAN OFFICES 

 

South Africa 

CAPE TOWN 

T: +27 21 461 1118 

 

FOURWAYS 

T: +27 11 467 0945 

 

SOMERSET WEST 

T: +27 21 851 3348 

 

 
Namibia 

WINDHOEK 

T: + 264 61 231 287 

 

SWAKOPMUND 

T: + 264 64 402 317 

 
 


