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EXECUTIVE SUMMARY 
 
Suni Resources S.A. is a Mozambican company focused mainly on the graphite mining 
industry and intend to develop a graphite mine at the Balama Project area (referred to as the 
“Project Site” or “site”) located in the district of Balama in Cabo Delgado Province, northern 
Mozambique. The Project Area is located approximately 6km south-east of the town Balama 
and 56km south-west of the town of Montepuez. The license area (Exploration License 4118) 
covers approximately 9,600 ha within which there are two resources that they intend to exploit. 
The two deposits are considered as part of this Environmental and Social Impact Assessment 
(ESIA) process.  
 
The aims of the site visit were to: 

 Get a clear understanding of the connections between the river systems on site.  

 Obtain physico-chemical data on the rivers directly and indirectly impacted by the 
proposed mining project. 

 Obtain data on the aquatic ecology (Benthic macroinvertebrates) of the rivers directly 
and indirectly impacted by the proposed mining project. 

 
The site visit was conducted during the wet season between the 24th and 27th of January 2018, 
when it was expected that the rivers in the project area would have optimal flow. The intention 
was to carry out on-site sampling of macro-invertebrates, and to collect water samples for 
analysis of water quality. Sample sites were selected upstream and downstream of the site to 
determine if any irregularities were introduced into the systems. These could include higher 
levels of toxic substances such as Arsenic, Cyanide, Uranium and Vanadium. Naturally 
occurring substances such as Aluminium,  Iron, Nitrate/Nitrite, Sodium and Sulphates can also 
be harmful to aquatic organisms if they are found in excessive volumes in the natural 
environment and can be due to a number of factors. Water samples were sent to Talbot 
Laboratories in South Africa for analysis of various parameters. The laboratory is accredited 
with the South African National Accreditation System (SANAS). An assessment of the Present 
Ecological State (PES) was conducted using the SASS5 methodology while the number of 
EPT taxa found at each site is calculated as a percentage of the total number of taxa found 
for that site.  
 
Site 1 – Upper Namiticu River 
The site is made up of a single shallow channel roughly 300m upstream of the bridge and is 
predominantly comprised of emergent vegetation (mainly sedges and small bushes) and bare 
ground (mud and sand). Maize and sugarcane farming takes place adjacent to river system, 
roughly 20m away. The channel is roughly 2 to 4 m wide and 250 to 400 mm deep, with varying 
degrees of riparian forest. SASS5 sampling was only partially effective as very little vegetation 
was present within the channel and therefore no SIC invertebrates were present. 
 
Site 2 – Middlle Namiticu River 
The benthic zone was primarily composed of small stones and clay, with some areas being 
comprised of only sand. The upstream site was very shallow with a wide channel and many 
riffles, while lower down the channel was narrower with an increased flow. Very little vegetation 
was present within the water channel and signs of recent flooding was evident. The turbidity 
at the site was similar to that of Site 1, indicating that no excessive soil runoff was contributing 
to the river between sites. 

 

Site 3 – Lower Namiticu River 
The benthic zone is comprised mostly of coarse sand. The banks have been flooded due to 
the recent rains. Turbidity levels at Site 3 (143) were twice as high as that of Site 2 (74), 
indicating that large volumes of sediment were being introduced into the system.  
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Site 4 – Lapa Stream 
The channel is between 1 and 2 m wide and shallow (20 to 40cm), indicating that there was 
minimal flow from the upstream regions. The benthic zone is comprised mostly of sand and 
mud. The riparian vegetation includes small trees, bushes, sedges and grasses. The water 
flowing through this site was the clearest of all the recorded sites, with a recorded turbidity of 
31 NTU. This is most likely due to a smaller catchment area, and is less likely to flood to the 
same degree as the Namiticu/Naconha Rivers, as well as agricultural practises upstream of 
the site. 

 

Site 5 – Upper Naconha River 
At this site the river channel is relatively narrow (roughly 2 to 3 m) with dense marginal 
vegetation (Phragmites reeds and sedges). The benthic zone consists mostly of sand. The 
riparian vegetation consists of thick shrubs and bushes, with large trees forming a partial 
canopy over the northern side of the channel. There was evidence of harvesting of riparian 
vegetation along the banks of the Naconha River and some areas has been cultivated. Flow 
was slow to moderate during the site visit.  
 
Site 6 – Middle Naconha River 
The channel width varies considerably (between 4 and 10 m over a 40m section), and the 
benthic zones consists almost entirely of soft sands with little to no rock or mud. The site was 
bordered by machambas with dense marginal vegetation (Phragmites reeds and sedges). The 
channel, at its deepest point, was in excess of 2 m and the flow at the time of sampling was 
fast (1.5 to 2m/s). The higher flow and wider channel at this site were evident, as turbidity was 
recorded to be at 180 NTU, the highest of all the sites. Invertebrate sampling at this site was 
increasingly difficult due to the depth and flow. It was not safe to stand, even along the river 
banks, and therefore sampling consisted of marginal vegetation only. 

 

Site 7 – Mehucua River  
Vegetation consisted mainly of water lilies, Juncus sedges and Phragmites reeds. The benthic 
zone consists mainly of sand, gravel, boulders and cobble stones. This site had slow to 
moderate flow (1m/s), compared to the other sites that were assessed, with a high turbidity 
(146). There was considerable evidence of habitat disturbance from cattle and maize 
cultivation along the river banks, both upstream and downstream of the bridge. 
 
The table below provides a summary of the anticipated impacts associated with the mining 
development. With the implementation of mitigation measures all of the impacts can be 
reduced to moderate and low significance
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 Pre-Mitigation Post Mitigation 

CURRENT STATE/EXISTING IMPACTS   

Impact 1: Erosion of the river banks and consequent 
sedimentation of the rivers 

MODERATE - 

PLANNING AND DESIGN PHASE 

Impact 1.2: Pollution of water resources (excluding 
AMD) 

MODERATE -  LOW -  

Impact 1.4: Aquatic Habitat Modification - Disruption 
of ecological function 

LOW -  LOW -  

Cumulative impact: Loss of aquatic biodiversity due 
to the synergistic effect of the above impacts 

LOW -  LOW -  

CONSTRUCTION PHASE 

Impact 1.1: Sedimentation and elevated turbidity in 
rivers 

HIGH -  MODERATE -  

Impact 1.2: Pollution of water resources (excluding 
AMD) 

MODERATE -  LOW- 

Impact 1.3: Change in water chemistry MODERATE -  LOW -  

Impact 1.4: Aquatic Habitat Modification - Disruption 
of ecological function 

HIGH -  MODERATE -  

Cumulative impact: Loss of aquatic biodiversity due 
to the synergistic effect of the above impacts 

HIGH -  MODERATE -  

OPERATIONAL PHASE 

Impact 1.1: Sedimentation and elevated turbidity in 
rivers 

VERY HIGH- MODERATE- 

Impact 1.2: Pollution of water resources (excluding 
AMD) 

MODERATE -  LOW -  

Impact 1.3: Change in water chemistry MODERATE -  LOW -  

Impact 1.4: Aquatic Habitat Modification - Disruption 
of ecological function 

HIGH -  MODERATE -  

Cumulative impact: Loss of aquatic biodiversity due 
to the synergistic effect of the above impacts 

HIGH -  MODERATE -  

DECOMISSIONING PHASE 

Impact 1.1: Sedimentation and elevated turbidity in 
rivers 

HIGH -  MODERATE - 

Impact 1.2: Pollution of water resources (excluding 
AMD) 

MODERATE -  LOW -  

Impact 1.3: Change in water chemistry MODERATE -  LOW -  

Impact 1.4: Aquatic Habitat Modification - Disruption 
of ecological function 

MODERATE -  LOW -  

Cumulative impact: Loss of aquatic biodiversity due 
to the synergistic effect of the above impacts 

MODERATE -  MODERATE -  

 

The following conclusions were reached based on the survey of aquatic ecosystems: 

 In situ and ex situ water quality indicated that in general the water quality was good 
when compared to the various relevant water quality guidelines.  

 The moderate / high percentage contribution (25 - 30%) of Ephemeroptera, Trichoptera 
and Plecoptera (EPT taxa) to the overall invertebrate assemblage in the general area 
indicates that biotic integrity remains high despite the impacts of riparian zone 
clearance and sediment load increases due to local farming practices; 

 The main existing negative impacts on the aquatic habitats in the area are associated 
with clearing of riparian vegetation to cultivate crops and the construction of roads and 
river crossings. These activities have resulted in localised river bank instability, soil 
erosion and elevated sediment input, the filling in of deeper refuge pools and also 
higher than normal turbidity in the rivers after rainfall events.  

 Field observations indicated that the aquatic habitat integrity in the mine project area 
has been moderately modified. Here a loss and modification of natural habitat and 
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biota have occurred, but the basic ecosystem functions are still predominantly 
unchanged. These river reaches, which would fall into a Habitat Integrity of Category 
C after Kleynhans (1996) and Kemper (1999), are representative of most of the mine 
project area. 

 However, in the upper tributaries of the Mehucua River, where human population 
densities are low, environmental impacts on aquatic habitat quality, diversity, size and 
variability are present at a relatively low number of sites and are also limited in severity. 
In terms of significance, the modifications to habitat integrity in these upper catchment 
streams are considered small to moderate and would fall into a Category B after 
Kleynhans (1996) and Kemper (1999). In this category the habitat integrity is described 
as largely natural with few modifications and a small change in natural habitat and biota 
may have taken place, but the ecosystem functions are essentially unchanged. 

 
It is recommended that a sustained, long-term, more detailed baseline surface water and 
groundwater monitoring programme is implemented in order to provide a site-specific 
description of the prevailing water quality prior to the commencement of mining activities. The 
results of such a programme would form the basis of a project-specific water quality guideline 
against which water quality  monitoring conducted during construction and operation of the 
mine can be compared.
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1. INTRODUCTION 
 
1.1. PROJECT OVERVIEW 
 
Suni Resources S.A. is a Mozambican company focused mainly on the graphite mining 
industry and intend to develop a graphite mine at the Balama Project area (referred to as the 
“Project Site” or “site”) located in the district of Balama in Cabo Delgado Province, northern 
Mozambique. The Project Area is located approximately 6km south-east of the town Balama 
and 56km south-west of the town of Montepuez. The license area (Exploration License 4118) 
covers approximately 9,600 ha within which there are two resources that they intend to exploit. 
The two deposits are considered as part of this Environmental and Social Impact Assessment 
(ESIA) process.  
 
1.2. TERMS OF REFERENCE 
 
The specific terms of reference for this specialist report are as follows: 
 

a) Establish the baseline status of the ecological state and general health of the rivers in 
and around the project site in terms of: 

 Invertebrate indicator species; 

 Water and sediment chemistry (metals, nutrients, physical parameters and field 
measurements); 

b) Determine the ecological importance of any river systems and set minimum indicator 
thresholds for water quality monitoring. 

c) Identify upstream and downstream water users. 
d) Identify risks of surface water pollution from mining activities. 
e) Assess the impacts of mining activities on water resources within the project area. 
f) Provide suitable mitigation measures. 

 
1.3. ASSUMPTIONS AND LIMITATIONS 
 
1. Data and information on aquatic species in Mozambique is poor, particularly for smaller, 

highly seasonal or ephemeral/episodic systems. In the absence of area-specific data and 
information it is not unreasonable to suppose that there will be species of special concern, 

rare or endangered species, or previously-undescribed species in the rivers of the area1. 

 
2. A single macroinvertebrate sample at each site does not provide sufficient data for a high 

confidence assessment of the quality of the aquatic environment.  
 
3. The physico-chemical water quality data collected provides only a snapshot of the water 

quality in the study area. 
 

4. The streams in the project area are highly seasonal, and only play host to aquatic species 
in visible surface water for a few months of the wet season. 

 

                                                
1  For instance, in a recent study of a river system in north-western Mozambique an annual killifish 

was found that is thought to be a new or previously-undescribed species. (Bok 2017) 
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Figure 1-1: Locality map indicating the position of the proposed Balama Central Graphite Mine .
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Figure 1.2: Map of Balama Central Graphite project area showing mining infrastructure in relation to 
topographical features. 
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1.4. EXPERTISE OF THE TEAM 
 
Mr Justin Green – Aquatic Ecologist & Report Production 
 
Justin has a BSc. degree in Zoology and Entomology as well as a Post Graduate Diploma in 
Enterprise Management from Rhodes University. Justin has been an Environmental 
Consultant with CES for 6 years and has been involved in extensive work in Renewable 
Energy Projects and mining based projects. Justin has been involved in both Environmental 
Impact Assessment as well as Basic Assessments in South Africa as well as numerous 
internationally based projects.  
 
He has 5 years of progressive experience encompassing both the public and private sectors, 
specializing in Water Resources Management and Aquatic Biomonitoring and Assessment 
using the South African Scoring System (SASS5) methodology. SASS5 is based on the 
presence or absence of sensitive aquatic macroinvertebrates collected and analysed 
according to the methods outlined in Dickens and Graham (2002). Reports have been 
completed to both IFC and World Bank standards, with laboratory results being compared to 
International guidelines such as ANZECC and WHO. His work experience has been 
completed in South Africa, Lesotho, Cameroon, the DRC as well as numerous projects in 
Mozambique. 
 
Justin is also part of the Geographical Information Systems (GIS) team for the past 5 years 
with his primary experience through ArcGIS 10.1 and Quantum GIS 2.8.3. He has been 
involved in producing mapping data for a multitude of projects all up to IFC and World Bank 
standards. Justin has also made a considerable difference using OruxMaps for the purpose 
of specialist fieldwork and mapping purposes.   
 
Dr Chantel Bezuidenhout – Report Reviewer 
 
Chantel holds MSc and PhD degrees in Botany (estuarine ecology) and a BSc degree in 
Botany and Geography from Nelson Mandela Metropolitan University (South Africa). Chantel's 
has been an Environmental Consultant for approximately 10 years and as such has been 
focused on environmental management and impact assessment. Chantel is well versed in 
environmental legislation and has managed a number of environmental, social and health 
impact assessments and management plans for heavy mineral mining in South Africa and 
Madagascar. These projects have been completed to international standards (IFC and World 
Bank). In addition, Chantel has also completed ESHIA’s for a number of open cast mines in 
Zambia and Mozambique. These projects were also completed to IFC Standards and have 
been granted environmental authorizations from their host countries.  Chantel’s interest lies in 
the land and natural resource field and as such she has successfully completed a number of 
these assessments for large mining projects in Mozambique and Madagascar. She is principal 
consultant and branch manager of the  Port Elizabeth office of CES. 
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2. LEGISLATION, POLICY AND GUIDELINES 
 
2.1. NATIONAL LEGISLATION 
 
2.1.1. The Water Law (Law 16/91 of 1991)  
 
The Mozambican Water Law is the statutory legal framework for water and sanitation and  is 
based on a river basin approach to water management (Food and Agricultural Organisation; 
FAO 2005a). The Water Act provides the basis for reforms within the water sector and outlines 
the institutional structure and the principles and policies for water management in Mozambique 
(DFID 1999; SADC 2003c).  
 
The Water Law is designed to create a participatory and decentralised system of water 
management within the country. 
 
According to this Law, water uses are classified as either common or private use. Common 
use aims at meeting the domestic, personal and family water needs, including agriculture and 
small scale irrigation and is exempted from a licence or concession. Private use such as large 
scale irrigation and accumulation, by land users, of rainwater beyond the limits, is given by 
concession or through law. Private use and appropriation based on law is that which may be 
undertaken directly by holders of rights to use and benefit from land, except in the case of a 
contrary provision. In addition the Law also states that private use and appropriation based on 
licence or concession shall be accessible to any person, individual or collective, public or 
private, national or foreign, duly authorised to act in the national territory in terms of this law, 
and provided that they do not place the ecological equilibrium or the environment at risk. 
Article 18 of the Water Law gives jurisdiction over water management to Regional Water 
Authorities (Administração Regional de Águas – ARA), which were established on the basis 
of water basins (DFID 1999). The ARAs maintain financial and organisational autonomy, but 
report to the National Water Directorate. 
 
Five regional water management authorities were established (DFID 1999): 

 ARA Sul (South), covering the south border of the country to the basin of the Save 
river 

 ARA Centro (Central), which includes the basin of the Save river to the basin of the 
Zambezi river 

 ARA Zambezi that consists of the basin of the Zambezi river  

 ARA Centro Norte (Central North) covering the region from the basin of the Zambezi 
river to Lúrio river 

 ARA Norte (North), which consists of the basin of the Lúrio river to the northern border 
 
The ARAs are responsible for collecting hydrological information, controlling the irrigation 
systems, and collecting water fees.  ARA-Norte is responsible for the management of water 
resources in the project area. 
 
2.1.2. National Water Policy (Decree 46/2007 of August 12th) 
 
The Mozambican National Water Policy outlines specific strategies for the main areas of urban 
and peri-urban water supply, rural water supply, sanitation and integrated water resource 
management (SADC 2003c). 
 
The National Water Policy aims to decentralise water resources management to autonomous 
entities at the basin and provincial levels. According to the policy, the Government defines 
priorities, guidelines and minimum service delivery levels, but does not deliver services (DFID 
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1999). Integrated water management is promoted in the policy as a means to optimise the 
benefits to communities, whilst also considering environmental impacts and the sustainability 
of resources over time. 
 
2.1.3. The Regulation on the Standards of Environmental Quality and of Effluent 

Emission (Decree nº 67/2010). 
 
The objective of this regulation is to establish standards of environmental quality and of 
effluent emission. The standards aim to ensure control and maintenance of the admissible 
levels of pollutant releases into the environment.  The standards apply to all public and private 
activities that may directly or indirectly impact on the environment.   
 
Chapter III deals with issues of water quality; splitting the parameters for defining water quality 
into five categories: 

 Water for human consumption; 

 Water for farming and cattle raising; 

 Water for pisciculture; 

 Water for recreation; 

 Water for food processing purposes.  
 
The first category, water for human consumption, is relevant to the proposed mining activity, 
since many people, both upstream and downstream of the mining area depend on the village 
boreholes and surrounding rivers as a source of water for domestic use, including drinking 
water. The water quality parameters set out in this regulation for this category have been used 
in the analysis of the water samples taken during the course of this study, and are referred to 
as the “Ministry of Land Environment and Rural Development (MITADER) Drinking Water 
Standards”. 
 
Article 16 of Chapter III deals with the discharge of pollutants or industrial liquid effluents, and 
states the following with regard to compliance with the standards: 

 Industrial effluents must be suitably treated prior to discharge in order to ensure that 
the final effluent complies with the discharge standards established in Annexure III of 
the Regulation. 

o This Regulation defines the environmental quality and effluent emission 
standards for receiving bodies of water, treatment technologies, systems and 
methods. It governs the elimination of liquid industrial effluent into the receiving 
environment, which must be carried out through an appropriate entity. The final 
effluent must be discharged in accordance with certain emission or discharge 
standards.  

 The location of the discharge point must be chosen in such a way that there should be 
no alteration to the water quality of the receiving environment, which may hamper the 
utilization of water by downstream users. 

 Discharge of domestic effluents must comply with the standards defined in Annexure 
IV of this Regulation, and where the discharge occurs into the sea, Annexure V of the 
Regulation must also be applied. 

 The values associated with the various parameters can be lowered according to the 
sensitivity and proposed use of the receiving water resource, particularly when the 
receiving resource is a lake, shallow lake or bay, with minimal water exchange.   

 
Annexure III of the Regulation stipulates discharge parameters for effluents generated by 
industry. Of relevance to this project are the parameters for the Mineral Processing and 
Metallurgy industry which requires that the quality of any effluent discharged from the mine 
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site into the environment must, if necessary, be treated so that it complies with the appropriate 
set of effluent quality standards. 

 
2.2. INTERNATIONAL STANDARDS 
 
2.2.1. International Union for Conservation of Nature (IUCN): Statutes and 

Regulations 
 
The IUCN Eastern and Southern Africa Regional Office (ESARO) operates in twenty-four countries 
in the Horn of Africa, East Africa, Southern Africa and the Western Indian Ocean. The ESARO 
region is extremely rich in biodiversity with high number of endemic species and the largest 
remaining populations of iconic wildlife left on the continent. ESARO's Programme focuses on 
biodiversity conservation through a diverse portfolio of projects and programmatic initiatives 
ranging from activities at the level of individual protected areas to shaping regional policy on 
biodiversity conservation. ESARO defines and delivers on its programmatic priorities in 
collaboration with IUCN members, commissions and other strategic partners.  
 
In Mozambique, IUCN began its activities in 1993 and established the country office in 1998. Since 
then, IUCN´s country representation in Mozambique has been developing various projects and 
activities in partnership with other institutions and donors agencies. The focus of the IUCN 
programme implemented out of the Mozambique office has, to date, largely been at local and 
national level engaging in a broad range of areas primarily related to the equitable and sustainable 

use of natural resources. Water Governance,  particularly through its BRIDGE programme that 
focuses on 3 river basins, namely Pungwe, Save and Busi rivers basins and Lake Niassa.  
 
The objective of the IUCN is to “influence, encourage and assist societies throughout the world 
to conserve the integrity and diversity of nature and to ensure that any use of natural resources 
is equitable and ecologically sustainable.” (IUCN, Accessed: 12/03/2018) 
 
In order to achieve this objective the IUCN implements programmes, administered by the 
World Conservation Congress, in the form of number of activities such as: 

 Research species and ecosystem function and ensure sustainable, equitable and 
ecological utilisation of natural resources; 

 Determine biological diversity, identify threats and priority conservation areas; 

 Develop sound practices for the conservation and sustainable use of species and 
ecosystems; and 

 Develop tools for effective rehabilitation, mitigation or offsets. 
 
2.2.2. Convention on Biological Diversity (CBD) 
 
Adopted in May 1992 by 156 countries, the Convention on Biological Diversity (CBD) aims to 
promote the conservation of biological diversity; sustainable use of its components and 
equitable sharing in the use of genetic resources. Mozambique ratified the CBD in August 
1994, through Resolution 2/94 of 24 August. Under Article 6 of the CBD, Parties are 
encouraged to develop a National Strategy and Action Plan for the Conservation of 
Biodiversity (NBSAP), a document that works as the global and national framework for 
implementing the Convention's objectives, the promotion of conservation and sustainable use 
of biodiversity. It is in this context that in 2003, Mozambique has formulated its initial NBSAP 
which ended in 2010 and now the process of revising and updating is in due course. 
 
Recognizing the values of biodiversity, Mozambique ratified the Convention on Biological 
Diversity (CBD, Resolution 2/94) and signed the Cartagena Protocol on Bio-safety (Resolution 
No. 11/2001) and the Nagoya Protocol on Access to Genetic Resources and the Fair and 
Equitable Sharing of Benefits Arising from their Utilization (ABS). Nationally Mozambique's 
commitment to the conservation of biodiversity is reflected in the development of a diverse 
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legal and institutional framework. Under the CBD, the Parties shall prepare reports on 
measures taken to implement the Convention and analyze their effectiveness in meeting the 
objectives of the Convention. 
 
The objectives of the CBD are to address issues of conservation, sustainable use and 
fair/equitable sharing of the benefits of natural resources. The CBD encourages the use of the 
“Ecosystem Approach”, which is based on the application of scientific methodologies focused 
on levels of biological organisation including process, functions and interactions between 
organisms and the environment (CBD, accessed: 12/02/2018). The levels are extended to 
refer to any functional ecological unit at any scale. 
 
The CBD emphasises that adaptive management is necessary for complex and dynamic 
ecosystems. Ecosystem responses to impacts are non-linear and often delayed, resulting in 
unpredictable reactive events. Management must be adaptive in order to respond to these 
events by incorporating a “lessons-learnt” approach and frequent considerations of “cause-
and-effect”. 
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3. METHODOLOGY 
 
3.1. AIMS AND OBJECTIVES 
 
The aims of the site visit were to: 

 Get a clear understanding of the connections between the river systems on site.  

 Obtain physico-chemical data on the rivers directly and indirectly impacted by the 
proposed mining project. 

 Obtain data on the aquatic ecology (Benthic macroinvertebrates) of the rivers directly 
and indirectly impacted by the proposed mining project. 

 
The information obtained during the site visit was then to be used to address the Terms of 
Reference as set out in section 1.2 above. 
 
The site visit was conducted during the wet season between the 24th and 27th of January 2018, 
when it was expected that the rivers in the project area would have optimal flow. The intention 
was to carry out on-site sampling of macro-invertebrates, and to collect water samples for 
analysis of water quality.  
 
3.2. SELECTION OF SAMPLE SITES 
 
Prior to travelling to site the general project area was surveyed using Google EarthTM imagery 
in order to identify the most appropriate sample sites. The accessibility of the various 
watercourses was determined during the site visit, and the exact locations of the sample sites 
were recorded.  
 
Sample sites were selected upstream and downstream of the site to determine if any 
irregularities were introduced into the systems. These could include higher levels of toxic 
substances such as Arsenic, Cyanide, Uranium and Vanadium. Naturally occurring 
substances such as Aluminium,  Iron, Nitrate/Nitrite, Sodium and Sulphates can also be 
harmful to aquatic organisms if they are found in excessive volumes in the natural environment 
and can be due to a number of factors. This would require further assessment should 
excessive levels be determined by the Laboratory. E.Coli and Coliforms can also be found in 
natural environments and can be problematic in terms of drinking water standards.   
 
Detailed descriptions of the sample sites are provided in Chapter 5. 
 
3.3. WATER QUALITY 
 
The objective of water quality measurements in the rivers of the study site prior to the 
commencement of any mining-related activities is to provide a baseline against which the 
impacts of the mine can be assessed by monitoring programmes that will continue throughout 
the mine’s lifetime. The aim is to ensure that mine-related impacts on water quality do not 
prejudice the use of the water by local populations and aquatic biota, both of which depend 
on the rivers for their livelihoods, and that the surface water resources of the area remain fit 
for purpose. 
 
3.3.1. Sample collection 
 
Sample sites were selected based on the two river systems in the project area. These were 
the Lapa Stream running through the project area, the Namiticu River to the south of the 
project area and the Naconha River to the west of the project area (used as reference sites). 
These two river systems then join up downstream of the site and form the Mehucua River. 
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A 1 litre sterilised plastic container, provided by Talbot laboratory (Section 3.3.3), was used to 
collect one sample from each of the proposed sites. Samples were collected, where possible, 
from the centre of the stream where the flow was strongest at a depth of approximately 30cm. 
At the sites where the river/stream was not deep enough, samples were taken just above the 
substrate to avoid collecting any sand. 
 
3.3.2. Field Water Quality Data Collection 
 
Physico-chemical water quality measurements were taken in situ using a YSI 556 Multi-Probe 
System, comprising the YSI 556-02 portable multi-parameter logger and YSI 5563-10 cable 
and sonde (Plate 3.1) capable of measuring the following parameters (with a brief 
explanation):  

 

 Temperature: Temperature testing is the process of measuring temperature levels in 
water. Temperature is a key factor in water chemistry. Temperature affects the dissolved 
oxygen levels in water, the rate of photosynthesis, metabolic rates of organisms, etc. 
Aquatic organisms depend on particular temperature ranges for their health.  

o Changes in temperature levels in water can be caused by a wide number of 
factors, both natural and anthropogenic. Natural causes include weather, 
groundwater inputs and turbidity. 

 pH: Aqueous solutions at 25ºC with a pH less than 7 are considered acidic, while those 
with a pH greater than 7 are considered basic (alkaline). The pH of 7.00 is considered 
neutral at 25ºC because at this pH the concentration of hydronium ions (H3O+) 
approximately equals the concentration of hydroxide ions (OH−) in pure water. Changes 
in pH can have severe effects on aquatic biota due to alterations in the ionic and osmotic 
balances of organisms, as well as result in changes in the availability of toxic substances 
such as aluminium and ammonia. 

 Dissolved Oxygen (DO) content is a measure of the amount of gaseous oxygen (O2) 
dissolved in water, which is vital for the survival of aquatic organisms. Oxygen is 
transferred into water by diffusion from the surrounding air, by aeration (rapid movement), 
and as a waste product of photosynthesis.  

 Electrical Conductivity: EC or Electrical Conductivity of water is its ability to conduct an 
electric current. Salts or other chemicals that dissolve in water can break down into 
positively and negatively charged ions. These free ions in the water conduct electricity, 
so the water electrical conductivity depends on the concentration of ions.  

o Salinity and total dissolved solids (TDS) are used to calculate the EC of water, 
which helps to indicate the water’s purity. The purer the water the lower the 
conductivity. Conductivity increases approximately 2-3% per 1°C increase in 
temperature, though in pure water it will increase approximately 5% per 1°C. 
This variation is why many professionals use a standardized comparison of 
conductivity, known as specific conductance, that is temperature corrected to 
25°C 

 Salinity: Salinity is the measure of the concentration of dissolved salts in water. Salinity 
is measured indirectly by testing the electrical conductivity (EC) of the water. Saltwater 
conducts more electricity than water with no dissolved salt. Fresh water has almost no 
dissolved salt, whereas ocean water has a salinity in the range of around 34 to 36 parts 
per thousand (ppt). Brackish water is a mixture of fresh and saltwater. 

 TDS: Total dissolved solids refers to the total concentration of substances, including 
inorganic salts and organic matter, dissolved in a given volume of water, which is 
expressed in units of mg per litre or parts per million. Common inorganic salts that are 
found in water are calcium, magnesium, potassium and sodium, which are all cations, and 

https://www.aquaread.com/need-help/what-are-you-measuring/ec/
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carbonates, nitrates, bicarbonates, chlorides and sulphates, which are all anions. Cations 
are positively charged ions, whereas anions are negatively charged ions. 

 ORP: ORP stands for Oxidation Reduction Potential – a measure in millivolts of the 
potential for oxidation or reduction chemical reactions to take place. Oxidation is the loss 
of electrons by an atom, molecule or ion. The process may or may not involve the addition 
of oxygen, which is where the term originated from. The pH and temperature of the water 
has an effect of the ORP measurement. 

 

 

Plate 3.1: On-site sampling equipment and sample bottles 

 
3.3.3. Laboratory analysis 
 
Water samples were sent to Talbot Laboratories in South Africa for analysis of various 
parameters (Table 3.1). The laboratory is accredited with the South African National 
Accreditation System (SANAS). 
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Table 3.1: Water quality parameters analysed 

 Determinand  Units    Determinand  Units  

Ammonia  mg N/l   Dissolved uranium  μg U/l  

Chloride  mg Cl/l   Dissolved vanadium  μg V/l  

Cyanide*  μg CN/l   Dissolved zinc  μg Zn/l  

Dissolved aluminium  μg Al/l   E. coli*  Counts/100ml  

Dissolved arsenic  μg As/l   Electrical conductivity at 25°C mS/m  

Dissolved boron  μg B/l   Fluoride  μg F/l  

Dissolved cadmium  μg Cd/l   Hexavalent chromium  mg Cr/l  

Dissolved calcium  mg Ca/l   Nitrate/Nitrite  mg N/l  

Dissolved chromium  μg Cr/l   pH at 25°C  pH units  

Dissolved cobalt  μg Co/l   Potassium  mg K/l  

Dissolved copper  μg Cu/l   Sodium  mg Na/l  

Dissolved iron  μg Fe/l   Sulphate  mg SO4/l  

Dissolved lead  μg Pb/l   Sulphide*  mg SO2/l  

Dissolved magnesium  mg Mg/l   Total alkalinity  mg CaCO3/l  

Dissolved manganese  μg Mn/l   Total coliforms*  Counts/100ml  

Dissolved mercury  μg Hg/l   Total dissolved solids at 
180°C 

mg/l  

Dissolved nickel  μg Ni/l   Total phosphorous*  μg P/l  

Dissolved oxygen*  mg O2/l   Turbidity  NTU 

Dissolved selenium  μg Se/l   

 
3.3.4. Water Quality Standards and Guidelines 
 
Drinking Water 
Mozambican legislation requires that “parameters defining water quality for the public domain 
shall be standardised based on their category, taking into consideration the ultimate objective 
of their usage…”. The water quality results were therefore compared to the MITADER 
standard for Category (a) use - human consumption (Ministerial Diploma of 18/2004 as 
amended by Decree 67/2010), as this is the use that most closely matches the human use of 
water that requires the highest quality standards. It should be noted that if water is suitable for 
human consumption it is highly likely that it will also be suitable for these other uses. The 
MITADER water quality standards cover a relatively limited number of determinands, and the 
laboratory results were therefore also compared with the more comprehensive drinking water 

guidelines published by the World Health Organisation (WHO) in 20112 and, where these 

guidelines were also found to be lacking, with the 2011 version of the South Africa National 
Standards (SANS 2011) for drinking water. 
 
Aquatic Ecosystems 
It is also important to consider the quality of surface water from the perspective of aquatic 
fauna that live in the rivers, which also have certain quality requirements for their survival. 
Mozambique does not currently have water quality guidelines developed specifically for its 
native freshwater fauna & flora. Comprehensive guidelines have been published by the United 
States Environmental Protection Agency (US EP{A 2009), and the Australian and New 
Zealand Environment and Conservation Council (ANZECC, 2000) . The South African 

                                                
2  The International Finance Corporation (IFC) recommend that, for projects financed by the 

Corporation, “Drinking water sources, whether public or private, should at all times be protected so 
that they meet or exceed applicable national acceptability standards or in their absence the current 
edition of WHO Guidelines for Drinking Water Quality.” (IFC General EHS Guidelines, 2007) 
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Department of Water and Sanitation published the South African Water Quality Guidelines 
(SAWQG) for Aquatic Ecosystems in 1996. Although the South African guidelines draw on 
local data and information, they also refer to the US EPA and ANZECC publications, but do 
not address as many parameters.  
 
The main objective of developing water quality guidelines for freshwater is to establish water 
quality criteria that will protect life in aquatic ecosystems and ensure their continuing viability. 
Water quality criteria are, however, also intended to protect life, including human life, that is 
dependent on living things in water for some aspect of its existence, or that may consume, 
intentionally or unintentionally, any edible portion of such living things (DWAF 1996c). The 
word “criterion” should not be confused with, and should not be used interchangeably with or 
as a synonym for, the word “standard”. Water quality standards are often defined in legislation 
or subsidiary legislation (regulations) as limit values, or ranges of values, for the 
concentrations of determinands, and usually refer to the quality requirements for drinking 
water and for effluents discharged into water resources (DWAF 1996c). It is important to 
understand that the water quality criteria presented in the guidelines mentioned above have 
been derived from the results of experimental and in-situ studies, conducted under identifiable 
or regulated environmental conditions for a specified time period, of the effects of water quality 
constituents on a range of aquatic animals. The criteria are therefore specific to the 
jurisdictions to which the guidelines refer, and in which the biota occurs. They cannot be 
applied to other areas without an understanding of the animals and conditions for which they 
were developed, and how they may be modified to suit local conditions. Accordingly, while the 
results of water quality monitoring can be compared with the criteria set out in the South 
African Water Quality Guidelines (DWAF 1996c) - since the biota found in Mozambican 
systems are likely to be more similar to South African biota than those  in North America or 
the Antipodes – the criteria for the rivers in the vicinity of the project should be derived from 
data specific to the rivers themselves. 
 
For slightly- to moderately-modified ecosystems such as those in the project area, ANZECC 
(2000) recommends deriving guideline values based on the background (reference) 
concentration, or range of concentrations, measured at undisturbed reference sites . Pre-
disturbance data must be of sufficient quality and time span to provide valid comparisons with 
post-disturbance data: data collected after two years (four quarterly samples in the first year 
and 2 bi-annual samples in the second year per site) of sampling at appropriate reference 
sites and sampling times is regarded as being sufficient to indicate ecosystem variability, and 
suitable for use in deriving low-risk values for water quality criteria. 
 
3.4. AQUATIC INVERTEBRATES 
 
Although physico-chemical measures are important components of aquatic impact 
assessments (Adams 2005), whereby measuring the environmental concentrations of a 
chemical can give an indication of the spatial extent of contamination, the environmental 
concentration measured only reflects the level of the chemical at the time of sampling. The 
concentrations of the chemicals in the water, to which aquatic organisms are exposed in the 
long term, are not known, and thus an accurate assessment of the effect of the chemicals on 
the organisms cannot be determined. Furthermore, although chemical data can indicate which 
variables have the potential to cause environmental impacts, this is only possible for the 
chemical variables chosen for analysis in the laboratory (Adams 2005). The potential effects 
of unmeasured variables are unknown. 
 
The biological monitoring – bio-monitoring - of aquatic organisms has the advantage of 
providing a time-integrated indication of responses to the temporally variable concentrations 
of potential stressors (Karr and Chu, 2000). In addition, biological response data provides an 
integrated indication of the effects of the many potential physical, biological and chemical 
stressors that coexist in aquatic ecosystems and that might not have been measured as part 



Draft - Aquatic Ecology and Surface Water Quality             March 2018 

Coastal & Environmental Services   14                            Balama Central Graphite Mine 

of the water sampling programme (Adams, 2005). Using biological responses could, therefore, 
identify environmental impacts that might be missed or underestimated were only the chemical 
data is used (Adams, 2005). Lastly, the impact of a chemical stressor on an organism is 
governed only by the bioavailable fraction of its total concentration. Environmental factors, 
such as high organic carbon and pH, and biotransformation processes within an organism’s 
body can reduce the bioavailability of metals and organic stressors (Adams, 2005).  
 
Protection of aquatic ecosystem structure and function is the usual goal of environmental 
water resource management. Macroinvertebrate community structure, measured as 
taxonomic richness and diversity, has been the approach most readily investigated and 
applied (Peru and Doledec, 2010).  
 
Rapid biotic indices based on the relative tolerances of macroinvertebrates to water quality 
degradation have also been developed, but tend to be geographically specific. The South 
African Scoring System (SASS) version 5 (Dickens and Graham, 2002) is such an index, and 
is the most popular macroinvertebrate rapid bioassessment tool in use in South Africa. SASS5 
is an adaptation to South African conditions of the British Biological Monitoring Working Party 
(BMWP) method. The use of SASS5 in other southern African countries (Bera et al 2014, for 
instance) has indicated that the SASS5 metrics and  the associated average score per taxon 
(ASPT), when used in conjunction with water chemistry parameters, are sufficiently sensitive 
to detect environmental changes. This can be attributed to the occurrence of ubiquitous 
macroinvertebrate taxa that share similar environmental tolerances with those recorded in 
South African systems (Dickens and Graham, 2002). It can reasonably be supposed that the 
use of the SASS5 approach in the rivers in the project area will provide an acceptably realistic 
assessment of the health of the river systems, particularly if the database is extended by 
continuing the biomonitoring programme into the construction and operations phases of the 
mine’s lifetime (Dickens and Graham, 2002). 
 
3.4.1. Sample collection 
 
Aquatic invertebrate surveys were conducted at seven sites (Figure 5-1) located upstream 
and downstream of the project area. Two tributaries of the Mehucua River were sampled; the 
Namiticu and the Naconha Rivers. A further site on the Lapa Stream within the Project Area 
was also sampled. A final sample was taken at the confluence of the Namiticu and the 
Mehucua and on the mainstem of the Mehucua downstream of the project area. 
 
Samples were collected from all available biotopes using the standard South African Scoring 
System version 5 (SASS5) method. The SASS5 collection method is fully described in Dickens 
and Graham (2002), and has been specifically designed to comply with international 
accreditation protocols of this nature.  
 
The SASS5 method incorporates all available biotopes at a site, and provides an indication of 
the integrity of the macroinvertebrate community by recording the presence of 
macroinvertebrate families at the site. Each taxon is allocated a score based on its level of 
tolerance to the overall health of the river system (Dickens and Graham, 2002). 
 
In an attempt to capture all macroinvertebrate families present at a site, triplicate samples 
were taken within each biotope. The individual samples were then pooled and classed as a 
single sample for the purpose of identification. 
 
3.4.2. Identification 
 
After sampling the various biotopes, the contents of the sample net, were emptied onto an 
identification tray. All visible invertebrates were then picked from the tray and picking 
continued until no new individuals were found over a period of two minutes. Species were then 
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recorded on a SASS datasheet and returned to the water. Species which required more time 
to identify were transferred into a jar containing 70% ethanol and identified at the site camp. 
Various field guides and taxonomic keys were utilised to identify the macro-invertebrates in 
each sample to family level as per SASS methodology. 
 
3.4.3. Ecological Importance and Sensitivity 
 

The ecological importance of a river is an expression of its importance to the maintenance 
of biological diversity and ecological functioning on local and wider scales (DWAF, 1999). 
Ecological sensitivity (or fragility) refers to the system’s ability to resist disturbance and its 
capability to recover from disturbance once it has occurred (resilience) (Resh et al. 1988; 
Milner 1994). Both living components of the system (biotic: such as instream and riparian 
vegetation; benthic macro-invertebrates; fish) and non-living (abiotic: such as instream 
substrate habitat; flow regime; water quality) components are taken into consideration in 
the assessment of ecological importance and sensitivity (jointly, EIS).  
 
Since there are no Mozambican guidelines for determining ecological importance and 
sensitivity, the guidelines published by the South African Department of Water and 
Sanitation (previously Department of Water Affairs and Forestry) in 1999 have been used. 
Table 1-1 sets out the EIS categories as defined by DWAF (1999), and gives general 
descriptions of the characteristics of a river system for five levels of EIS from Very High to 
Low / Marginal. 
 
More details of the approach to assessing EIS are given in Appendix C. It is important to note 
that the assessment of EIS depends to a significant extent on the availability of data and 
information on the river system under investigation. There is very little data and information 
on the Namiticu and Naconha Rivers and the tributaries that will potentially be affected by 
mining activities, and as a result any assessment made will be of Low Confidence (see Table 
4 in Appendix C). 
 
Table 3.3: Ecological importance and sensitivity categories. 

Ecological Importance 
& Sensitivity Categories 

General Description 

VERY HIGH 

River systems that are considered to be unique on a national or even 
international level based on unique biodiversity (habitat diversity, species 
diversity, unique species, rare and endangered species). These rivers (in terms 
of biota and habitat) are usually very sensitive to flow modifications and have 
no or only a small capacity for use.  

HIGH 

River systems that are considered to be unique on a national scale due to 
biodiversity (habitat diversity, species diversity, unique species, rare and 
endangered species). These rivers (in terms of biota and habitat) may be 
sensitive to flow modifications but in some cases, may have a substantial 
capacity for use.  

MODERATE 

River systems that are considered to be unique on a provincial or local scale 
due to biodiversity (habitat diversity, species diversity, unique species, rare and 
endangered species). These rivers (in terms of biota and habitat) are usually 
not very sensitive to flow modifications and often have a substantial capacity 
for use.  

LOW/MARGINAL 
River systems that are not unique at any scale. These rivers (in terms of biota 
and habitat)  are generally not very sensitive to flow modifications and usually 
have a substantial capacity for use.  

 



Draft - Aquatic Ecology and Surface Water Quality             March 2018 

Coastal & Environmental Services   16                            Balama Central Graphite Mine 

3.4.4. Present Ecological State 
 
Very little information is available regarding the invertebrate diversity within Mozambique. This 
lack of data makes it difficult to compile a “reference state” against which to assess the present 
ecological state of the rivers. As such, it is proposed that, because of the slightly- to 
moderately-modified condition of the catchment in the mining area, the baseline monitoring 
that will be undertaken as part of the project will provide the “reference state” against which 
the results of all subsequent bio-monitoring will be assessed. The South African Ecological 
Reserve Determination process has defined default benchmark categories for use in 
classifying the quality of the aquatic ecology, as indicated in Table 3.2.  
 
Table 3.2: The default benchmark category boundaries for the SASS. 

Class boundary Range of ASPT Scores 

Natural 7 

Good 6 

Fair 5 

Poor <5 

 
An assessment of the Present Ecological State (PES) was conducted using the SASS5 
methodology. Each taxon identified contributes to the overall SASS score for the site. This 
score is then divided by the number of taxon found at the site which provides the average 
score per taxon (ASPT). The ASPT score is used to determine the PES by classifying the 
quality of the aquatic ecology according to the benchmark categories, as indicated in Table 
3.2. 
 
3.4.5. Biotic Integrity 
 

The United States Environmental Protection Agency (USEPA) approach to the qualitative 
assessment of the biotic integrity of a stream will be applied to the sample sites. The objective 
of the Ephemeroptera, Plecoptera and Trichoptera (EPT) Taxa Richness Metric is to provide 
a baseline for future rapid bioassessments. The EPT taxa are considered to be sensitive to 
pollution (Barbour et al, 1999), and as such the level of degradation at a site can be determined 
by assessing the presence of Ephemeroptera (Mayflies), Trichoptera (Caddisflies) and 
Plecoptera (Stoneflies) taxa. The number of EPT taxa found at each site is calculated as a 
percentage of the total number of taxa found for that site. A high EPT taxa richness indicates 
little or no degradation at the sampling site, while a low EPT taxa richness indicates a high 
level of degradation. 
 
Data sheets used in the SASS5 system are included as Appendix D (Integrated Habitat 
Assessment System (IHAS) score sheet template), and Appendix E (South African Scoring 
System Ver5 (SASS5) score sheet template). 
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4. BIOPHYSICAL DESCRIPTION 
 
Mozambique is located along the eastern coast of southern Africa and is bordered by South 
Africa, Swaziland, Zimbabwe, Zambia, Malawi and Tanzania and has a surface area of 
799 380 km2 (Ribeiro and Chauque; 2010). The proposed Balama Central Graphite Project 
area occurs in the district of Balama within the northern province of Cabo Delgado in northern 
Mozambique. The project area is accessible by road 235 km west of Pemba along a tarred 
highway.  
 
4.1. PHYSICAL ENVIRONMENT 
 
4.1.1. Climate 
 
The climate in northern Mozambique is tropical humid and is characterized by distinct wet and 
dry seasons and an average annual temperature between 24°C and 26°C. The average 
temperature for the year in Balama is 24.4°C with the warmest month occurring in November 
with an average temperature of 26.7°C. The coolest month is July, with an average 
temperature of 21.1°C. The wet season occurs from November to March and the dry season 
from April to October 
 
Approximately 1,048 mm of precipitation falls annually in Balama with the driest month 
occurring in August with an average precipitation of 1 mm and highest precipitation occurring 
in January with an average of 250 mm. (Climate-Data, 2018). The table below provides a 
summary of the climatic data for Balama. 
 
Table 4.1: Summary of climate data for Balama. 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

mm 250 240 192 76 5 2 2 1 2 13 62 203 

°C 25.1 25.2 25.0 24.6 22.7 21.2 20.6 21.7 23.4 25.3 26.7 25.9 

°C (min) 20.2 20.2 20.0 19.2 16.9 15.0 14.4 15.2 16.5 18.1 20.1 20.3 

°C (max) 30.0 30.2 30.0 30.0 28.5 27.4 26.8 28.3 30.3 32.6 33.4 31.6 
Source: http://en.climate-data.org/location/ 

 
4.1.2. Topography  
 
The topography of the Balama licence area has little topographical variation, and is best 
described as flat to gently undulating (Figure 4-2). The elevation ranges from 542 m to 550 m 
above mean sea level, with an altitudinal variation of only 8 m. There is a ridgeline to the east 
and south-east (outside of the study area). The area where the resource is located is bisected 
by a small, seasonal stream known as the Lapa Stream, and this flows into the Namituca River 
south-east of the site. 
 

 
Figure 4-1: Elevation profile illustrating the general topography around the deposit site at the 
Balama Central site (East to West) 

http://en.climate-data.org/location/
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Figure 4-2: Elevation Profile of the Balama Mine Project Area  

 
4.1.3. Land use 
 
Compared with other countries in the region, Mozambique has a rich natural resource base 
including untransformed indigenous forests, savannah, woodlands and coastal habitats.  
About 25% of the land has commercial forestry potential, 12.5% constitutes state-protected 
areas and a further 22% comprises potential wildlife habitat (GPZ, 2003).  

 
There is evidence of huge transformation of the proposed site into agricultural fields 
(machambas). Agriculture is a dominant livelihood activity for most of the locals in the Balama 
area. Crops grown in the study area include maize, banana, rice, cassava, onions, vegetable, 
sugarcane and carrots, considered as cash crops in the local context.  
 
The rivers in the project area are currently in a slight- to moderately-modified state due to the 
current land use practises occurring in the dambos and riverine areas. A number of 
machambas were seen along river banks, where riparian vegetation has been cleared to make 
use of the high nutrient soils. The clearing of this riparian vegetation can have negative effects 
on the river health , as discussed in Chapter 7. 
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Plate 4.1: Landed cleared for agriculture within the riparian zone (to the right). 

 

 

Plate 4.2: Machambas located on river bank at site 5 

 
The project area’s natural resources are also used for subsistence purposes. This includes 
collecting wood, thatch grass and bamboo for construction, and also collecting wild fruits, 
vegetables and bulbs either for medicinal purposes or for food. There is evidence of heavy 
harvesting within and around the project area suggesting that the nearby communities rely 
heavily on natural resources from this area. 



Draft - Aquatic Ecology and Surface Water Quality             March 2018 

Coastal & Environmental Services   20                            Balama Central Graphite Mine 

4.1.4. The Eastern Coastal Ecoregion 
 
An ecoregion is defined as “a large area of land or water containing a distinct assemblage of 
natural (plant and animal) communities and species … whose boundary approximates its 
original extent before major land-use changes” (Thieme et al., 2005).  
 
The Eastern Coastal ecoregion spans the eastern coasts of Tanzania and Mozambique, 
extending from the Wami River basin southwards to the Luala River basin. Included in this 
ecoregion are Lakes Chilwa and Chiuta, the Ruaha/Rufiji, Ruvuma and Lurio Rivers, as well 
as a number of smaller coastal basins. 
 
The project area lies south of the Ruvuma River in the upper reaches of the 
Montepuez/Megaruma River catchment area (Figure 4-3). This area is dominated by seasonal 
rivers such as the Messalo, Montepuez, Megaruma, Lurio, Mocuburi and Monapo Rivers. Most 
of these rivers are lined with swamps, with the lower courses of several expanding into long 
narrow lakes, such as Lake Biribizi on the Montepuez River. 
 
4.1.5. Rivers in the Project Area 
 
The Mehucua River flows in an north-easterly direction and joins the Montepuez River at a 
point approximately 36 km downstream of the project site (Figure 4-3). The Mehucua River 
has two major tributaries; the Namiticu and the Naconha Rivers. The Lapa Stream joins the 
Namiticu River at the south-eastern border of the Project Area. 
 
The Namiticu and Naconha Rivers flow parallel to each other, and are both approximately 20 
km long from their sources to their confluence, where they join to form the Mehucua River at 
a point on the north-east boundary of the project site.  As previously mentioned in Chapter 2, 
the site falls within the ARA Norte as per the National Water Policy and will be classified for 
private use. Suni Resources will therefore need to conform to all standards stated in the Policy. 
There is currently no information on the catchment area of the site, however detailed imagery 
and contours are being processed which can be used to calculate this area. The project area 
is assumed to only affect the Namiticu River system until this analyses is performed.  
 
A single wetland can be found within the project boundary along the Lapa Stream (Site 4). At 
this stage it cannot be confirmed if this stream is permanent or ephemeral and will require 
further investigation, as well as inputs from the Exigo Groundwater Assessment. 
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Figure 4-3: River Systems surrounding the Project Area  
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Figure 4-4: The Montepuez/Megaruma Catchment Area 
The project area is shown as a red rectangle. 
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5. DESCRIPTION OF SAMPLE SITES 
 
The project area was visited in the wet season (24th to 27th of January 2018) with a total of 
seven (7) sites being assessed. Initially the general area was surveyed by vehicle in order to 
gauge the accessibility of various watercourses and the sites that were established via desktop 
as described in Chapter 3 and 4. This initial information was used to determine the sites that 
would be visited and surveyed more extensively.  
 
The co-ordinates of the sampling sites are indicated in Table 5.1 and depicted below on a 
Satellite Image in Figure 5-1.  
 
Table 5.1: Co-ordinates and site names for sample sites. 

Site Name River/ Stream Sample Area Longitude Latitude 

S01 

Namiticu River 

Upper  38° 35' 0.902" E 13° 24' 25.317" S 

S02 
Middle after 

Lapa joins 
38° 37' 53.661" E 13° 22' 12.603" S 

S03 Lower 38° 39' 22.774" E 13° 21' 33.775" S 

S04 Lapa Stream 
Middle of 
Resource 

38° 36' 35.920" E 13° 22' 22.628" S 

S05 
Naconha River 

Upper 38° 36' 36.696" E 13° 26' 4.612" S 

S06 Middle 38° 38' 56.199" E 13° 23' 28.834" S 

S07 Mehucua River 
After 

Conference 
38° 40' 34.449" E 13° 20' 32.870" S 
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Figure 5.1: Sample sites in relation to the proposed project study area. Project related rivers and tributaries are shown. 
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5.1. SITE 1 – UPPER NAMITICU RIVER 
 
Site 1 lies to the south-west of the project area along the Namiticu River, above the road 
travelling from Balama past Nacate Village. At the time of sampling there was low flow through 
the system, with little to no isolated pools existing in selected areas. Site 1 is 6.8 km upstream 
of Site 2 and 4.4 km upstream of the Lapa Stream convergence. The waters were moderately 
turbid (47) compared to the other sites, showing minor signs of soil runoff upstream of the site. 
 
The site is made up of a single shallow channel roughly 300m upstream of the bridge and is 
predominantly comprised of emergent vegetation (mainly sedges and small bushes) and bare 
ground (mud and sand). Maize and sugarcane farming takes place adjacent to river system, 
roughly 20m away. The channel is roughly 2 to 4 m wide and 250 to 400 mm deep, with varying 
degrees of riparian forest. SASS5 sampling was only partially effective as very little vegetation 
was present within the channel and therefore no SIC invertebrates were present. 
 

 
Upstream view (West) 

 
Downstream view (East) 

Plate 5.1: Photographs of Site 1 ‒ Upper Namiticu River 
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5.2. SITE 2 – MIDDLLE NAMITICU RIVER 
 
Site 2 is located just upstream of the bridge from the Mphuti Village. The site is approximately 
2.2 km downstream of the Lapa Stream convergence and 2.0 km east of the proposed Pit 
area. At the area of sampling, the river was much wider (roughly 5m) than Site 1, however it 
was therefore shallower (30 to 60 cm in main channel). 
 
The benthic zone was primarily composed of small stones and clay, with some areas being 
comprised of only sand. The upstream site was very shallow with a wide channel and many 
riffles, while lower down the channel was narrower with an increased flow. Very little vegetation 
was present within the water channel and signs of recent flooding was evident. The turbidity 
at the site was similar to that of Site 1, indicating that no excessive soil runoff was contributing 
to the river between sites. 
 

 

Upstream view (South-west) 

 

Downstream view (East) 

Plate 5.2: Photographs of Site 2 ‒ Mid Namiticu River  



Draft - Aquatic Ecology and Surface Water Quality             March 2018 

Coastal & Environmental Services   27                            Balama Central Graphite Mine 

5.3. SITE 3 – LOWER NAMITICU RIVER 
 
Site 3 is situated at the lower reaches of the Namiticu River. It is approximately 3.1 km 
downstream of Site 2, and 2.6 km upstream of the R242 bridge.  
 
At this site the river is wider (10-12 m)  and is much deeper than at Site 2 (in excess of 2 m at 
some points). The depth of the river made it difficult to collect invertebrates samples as it was 
not safe to do so, due to river depth and a strong current. Marginal vegetation samples were 
collected, but not GSM or SIC. 
 
The benthic zone is comprised mostly of coarse sand. The banks have been flooded due to 
the recent rains. Turbidity levels at Site 3 (143) were twice as high as that of Site 2 (74), 
indicating that large volumes of sediment were being introduced into the system 
 

 

Upstream view (South-west) 

 

Downstream view (North-east) 

Plate 5.3: Photographs of Site 3 – Lapa Stream 
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5.4. SITE 4 – LAPA STREAM 
 

Site 4 is situated in the Lapa Stream within the proposed pit area. The Lapa Stream flow from 
the Lapua Village through the Project Area and joins the Namiticu River 1.3 km south. The 
stream was narrow (2 to 4 m) and is surrounded by a small seasonal wetland. A description 
of the wetland and its vegetation can be found in the Vegetation Report. 
 
The channel is between 1 and 2 m wide and shallow (20 to 40cm), indicating that there was 
minimal flow from the upstream regions. The benthic zone is comprised mostly of sand and 
mud. The riparian vegetation includes small trees, bushes, sedges and grasses. 
 
The water flowing through this site was the clearest of all the recorded sites, with a recorded 
turbidity of 31 NTU. This is most likely due to a smaller catchment area, and is less likely to 
flood to the same degree as the Namiticu/Naconha Rivers, as well as agricultural practises 
upstream of the site. 
 

 

Upstream view (North) 

 

Downstream view (South) 

Plate 5.4: Photographs of Site 4 – Lapa Stream in Project Area 
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5.5. SITE 5 – UPPER NACONHA RIVER 
 
Site 5 is located 4 km south of Site 1, and is the upstream site of the Naconha River.  
 
At this site the river channel is relatively narrow (roughly 2 to 3 m) with dense marginal 
vegetation (Phragmites reeds and sedges). The benthic zone consists mostly of sand. The 
riparian vegetation consists of thick shrubs and bushes, with large trees forming a partial 
canopy over the northern side of the channel. There was evidence of harvesting of riparian 
vegetation along the banks of the Naconha River and some areas has been cultivated.  
 
Flow was slow to moderate during the site visit.  
 

 

Upstream view (South-west) from bridge 

 

Downstream view (north-East) from bridge 

Plate 5.5: Photographs of Site 5 – Upper Naconha River 
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5.6. SITE 6 – MIDDLE NACONHA RIVER 
 
Site 6 is located 6.5 km downstream of Site 5 in the Naconha River. The site is 1.2 km to the 
south-east of the nearest village and 6.7 km upstream of the convergence with the Namiticu 
River into the Mehuca River at Site 7. 
 
The channel width varies considerably (between 4 and 10 m over a 40m section), and the 
benthic zones consists almost entirely of soft sands with little to no rock or mud. The site was 
bordered by machambas with dense marginal vegetation (Phragmites reeds and sedges). The 
channel, at its deepest point, was in excess of 2 m and the flow at the time of sampling was 
fast (1.5 to 2m/s). The higher flow and wider channel at this site were evident, as turbidity was 
recorded to be at 180 NTU, the highest of all the sites. 
 
Invertebrate sampling at this site was increasingly difficult due to the depth and flow. It was 
not safe to stand, even along the river banks, and therefore sampling consisted of marginal 
vegetation only. 
 

 

Upstream view (South-west) 

 

Downstream view (north-East) 

Plate 5.6: Photographs of Site 6 – Middle Naconha River 
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5.7. SITE 7 – MEHUCUA RIVER  
 
Site 7 was situated downstream of the bridge and consisted of a shallow, wide stream bed 
with adjacent floodplain marshlands. Vegetation consisted mainly of water lilies, Juncus 
sedges and Phragmites reeds. The benthic zone consists mainly of sand, gravel, boulders 
and cobble stones. 
 
This site had slow to moderate flow (1m/s), compared to the other sites that were assessed, 
with a high turbidity (146). There was considerable evidence of habitat disturbance from cattle 
and maize cultivation along the river banks, both upstream and downstream of the bridge. 
 

 
Upstream view (South-west) 

 

Downstream view (north-East) 
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Upstream view (South-west) from Bridge on R242 

Plate 5.7: Photographs of Site 7 – Mehucua River  
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6. RESULTS 
 
6.1. WATER QUALITY 
 
6.1.1. Water Quality Guidelines 
 
The results of the laboratory analysis of water quality are presented in Table 6-1 and 6-3, 
below. Very little can be inferred from the results at this stage, as they represent only one 
discrete sample set in one month. Longer-term baseline water quality monitoring is required 
in order to accurately describe the prevailing physico-chemical water quality in the area.  
 
Mozambique does not currently have water quality guidelines for freshwater systems, i.e. 
target ambient water quality guidelines, such as those published by the Department of Water 
Affairs in South Africa. Mozambican legislation does, however, require that “parameters 
defining water quality for the public domain shall be standardised based on their category, 
taking into consideration the ultimate objective of their usage…”.  
 
Firstly, Table 6-1 compares the water quality results to the MITADER standard for (a) human 
consumption (Ministerial Diploma of Decree 46/2007), as this is the use that most closely 
matches the current water use in the area. This is due to locals currently using the water 
resources for potable water. For this reason, these variables cannot be increased above 
baseline values to insure that best practice has been followed in this regard. The data was 
compared to three data sets for drinking water standards: MITADAER, SANS and WHO.  
 
This information may be of significance to the project in light of the requirement to apply for 
water abstraction concessions and effluent discharge permits in terms of the following 
Mozambican legislation:  

 Resolution nº 46/2007, 30 October – Water Policy – Review of the Water National 
Policy; National Strategy of the Water Resources Management (2007);  

 Resolution nº 43/2007, of 30 October– Regulation of Water Licenses and 
Concessions;  

 
Secondly, the data set was compared to South African Aquatic Ecosystem Standards (AES). 
This was done for two reasons:  

1) There are variables included under the aquatic ecosystems standards that are not 
included in the drinking water standards, that cannot be excluded as they are required 
from a functional ecosystem perspective.  

2) The drinking water standards provide a set target value that should not be exceeded, 
whereas the ‘AES provides a range of targets that  

 
6.1.2. Discussion of Results 
 
Drinking Water 
The results of the laboratory analysis are compared with the Mozambican (MITADER) 
standards, as well as the standards published by WHO (2011) and SANS (2011), as described 
in Section 2. The MITADER standards provides criteria for only nine determinands, while the 
addition of the WHO and SANS standards enables the consideration of a total of 31. 
 
It can be reasonably concluded that the waters of the Namiticu and Naconha Rivers were safe 
for human consumption during the first quarter of 2018 (the wet season). Given the relatively 
low level of development in the upstream catchment there is no reason to suppose that this 
will change in the near future, but regular and frequent water quality monitoring should 
continue in order to compile a longer pre-construction baseline record of water quality. 
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Table 6.1: Physico-chemical water quality results – Drinking Water 

 Drinking Water Standards  
and Guidelines 

 Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

Determinand Unit MITADER WHO 2011 (v) 
SANS 
2011 

 
Upper 

Namiticu 
River 

Middle Namiticu 
River 

Lower Namiticu 
River 

Lapa 
Stream 

Upper Naconha 
River 

Middle Naconha 
River 

Convergance 
Mehucua 

River 

Aluminium mg Al/ℓ 0.2 0.9 (vi) 0.3  6,7 2,3 7,6 0,84 5,3 6,7 7,6 

Ammonia mg N/ℓ 1 1.5 (vii) 1.5  <0.22 <0.22 <0.22 <0.22 <0.22 <0.22 <0.22 

Arsenic mg As/ℓ 0.1 0.01 0.01  0,001 0,001 0,001 <0,001 <0,001 <0,001 0,001 

Boron mg B/ℓ     0,019 0,011 0,014 0,009 0,009 0,016 0,014 

Cadmium mg Cd/ℓ 0.003 0.003 0.003  <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

Chemical Oxygen Demand mg O2/ℓ     16 12 20 20 16 20 20 

Calcium mg Ca/ℓ  100-300 (vii)   13,3 17,6 10,6 10,1 4,97 3,49 10,6 

Chromium VI mg Cr/ℓ     0,01 <0.002 0,01 <0.002 0,01 0,01 0,01 

Cobalt mg Co/ℓ   0.5  1 1 1 <0.4 1 1 1 

Copper mg Cu/ℓ 1 2 2  0,002 0,002 0,004 0,001 0,002 0,002 0,004 

Cyanide mg CN/ℓ 0.07  0.07  <0.02 <0.02 0,024 <0.02 <0.02 <0.02 0,024 

Electrical Conductivity mS/m @ 25oC 50 – 2 000  170  48 45 30 28 19,8 14,7 30 

Iron mg Fe/ℓ 0.3 0.3 (vii) 2  1,3 1,2 - 0,67 1,6 1,8 - 

Lead mg Pb/ℓ 0.01 0.01 0.01  <0,0005 <0,0005 0,001 <0,0005 <0,0005 <0,0005 0,001 

Magnesium mg Mg/ℓ 50    9,96 11,7 6,98 6,11 3,33 2,47 6,98 

Manganese 
mg Mn/ℓ Chronic: < 400 0.1 0.1 (vii) 0.5  - - 0,017 - - - 0,017 

mg Mn/ℓ Aesthetic: <100     0,005 0,011 - 0,003 0,002 0,006 - 

Mercury mg Hg/ℓ 0.001 0.006 0.006  <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

Nickel mg Ni/ℓ 0.02 0.07 0.07  0,003 0,004 0,008 0,003 0,003 0,002 0,008 

Nitrate mg N/ℓ 50 50 11  <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nitrite mg N/ℓ 3 3 0.9  0,10 0,10 0,16 <0.1 0,26 0,10 0,16 

pH at 25°C (iii) pH units 6.5 – 8.5 6.5 ‒ 8.5 5 – 9.7  7,5 7,5 7,2 7,3 7,1 7,2 7,2 

Potassium mg K/ℓ     2,37 2,43 2,63 2,64 1,90 1,72 2,63 

Selenium mg Se/ℓ  0.04 0.01  <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 

Sodium mg Na/ℓ  200 (vii) 200  44 48 31 30 26 18,6 31 

Sulphate mg SO4/ℓ 250 250 (vii) 500  23 39 30 5 10 8 30 

Sulphide mg S2-/ℓ     <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 

Total alkalinity mg CaCO3/ℓ     94 52 96 58 56   

Total coliforms 
Counts/100ml 

    180 160 300 8 120 160 300 

E. coli* 0    0 4 152 6 6 14 152 

Total Alkalinity mg CaCO3/ℓ     94 96 58 58 56 52 58 

Total Dissolved Solids at 
105°C 

mg/l 1000    302 294 204 192 132 96 204 

Turbidity (iv) NTU 5    47 75 146 31 60 180 146 

Uranium mg U/ℓ     0,001 0,001 0,001 <0,0005 <0,0005 <0,0005 0,001 

Vanadium mg V/ℓ     0,006 0,006 0,013 0,004 0,006 0,007 0,013 

Zinc mg Zn/ℓ 3    <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Notes:  

(i) Guideline values have not been established for constituents influencing water quality that have no direct link to adverse health impacts. 
(ii) Tentative health-based value. 
(iii) Acceptability threshold (taste, odour and appearance) 
(iv) Turbidity may be an indication of microbial contamination, since microorganisms (bacteria, viruses and protozoa) are typically attached to the particulate matter that causes the turbidity. 
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Table 6.2: In-situ Physico-chemical water quality measurements (YSI 556 Probe) 
 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

Determinand Unit 
Upper 

Namiticu 
River 

Middle 
Namiticu 

River 

Lower 
Namiticu 

River 

Lapa  
Stream 

Upper 
Naconha 

River 

Middle 
Naconha 

River 

Converge 
Mehucua 

River 

Temperature ºC 24.13 24.91 24.93 28.72 24.64 25.11 25.48 

Conductivity μS/cm 780 911 600 618 410 312 801 

Total 
Dissolved 
Solids 

g/l 0.516 0.593 0.391 0.375 0.268 0.202 0.516 

Salinity  0.39 0.45 0.29 0.28 0.20 0.15 0.39 

Dissolved 
Oxygen 

% 79.1 83.6 77.2 72.7 77.7 75.7 73.7 

Dissolved 
Oxygen 

mg/l 6.63 6.90 6.37 5.61 6.45 6.24 5.99 

pH  7.91 7.93 8.02 7.42 6.74 7.43 7.77 

Oxygen 
Reduction 
Potential 

ORP 330.6 249.4 327.2 276.0 334.0 325.1 258.7 

 
Freshwater Ecosystems 
In situ and ex situ water quality indicated that in general the water quality was good when 
compared to the various relevant water quality guidelines. However, it must be noted that 
these results are a snapshot in time of the river health. River health is likely to change 
throughout the year as a result of reduced flow during the dry season and flooding during the 
wet season. 
 
The results of the laboratory analyses are tabulated in Table 6.3 for comparison with the South 
African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1996c). The guidelines 
present ranges of concentrations or levels for Target Values, Chronic Effect Values and Acute 
Values, explained as follows: 

 

 The Target Values are the range of concentrations or levels within which no measurable 
adverse effects are expected on the health of aquatic ecosystems over a lifetime of 
exposure, and should therefore ensure their life-long protection. The guidelines 
emphasise that the TWQRs are not water quality criteria, but are South African 
management objectives: derived from the consideration of quantitative and qualitative 
criteria. 

 The Chronic Effect Value (CEV), is defined as that concentration or level of a constituent 
at which there is expected to be a significant probability of measurable chronic effects to 
up to 5 % of the species in the aquatic community. If such chronic effects persist for some 
time and/or occur frequently, they can lead to the eventual death of individuals and 
disappearance of sensitive species from aquatic ecosystems. This can have considerable 
negative consequences for the health of aquatic ecosystems, since all components of 
aquatic ecosystems are interdependent. 

 The Acute Effect Value (AEV) is defined as that concentration or level of a constituent 
above which there is expected to be a significant probability of acute toxic effects to up to 
5 % of the species in the aquatic community. If such acute effects persist for even a short 
while or occur at too high a frequency, they can quickly cause the death and 
disappearance of sensitive species or communities from aquatic ecosystems. 
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Table 6.3: Physico-chemical water quality results – Aquatic Ecosystems 

  
SA Aquatic Ecosystem Guidelines 

1996 
  Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

Determinand Unit 
Target 
Value 

Chronic 
Effect Value 

Acute 
Effect 
Value 

  

Upper 
Namiticu 

River 

Middle 
Namiticu 

River 

Lower 
Namiticu 

River 

Lapa 
Stream 

Upper 
Naconha 

River 

Middle 
Naconha 

River 

Convergance 
Mehucua River 

Aluminium [1] mg Al/ℓ 0.005 / 0.01 0.01 / 0.02 0.1 / 0.15   6,7 2,3 7,6 0,84 5,3 6,7 7,6 

Ammonia  mg N/ℓ 0.007 0.015 0.1   <0.22 <0.22 <0.22 <0.22 <0.22 <0.22 <0.22 

Arsenic  mg As/ℓ 0.01 0.02 0.130   0,001 0,001 0,001 <0,001 <0,001 <0,001 0,001 

Boron  mg B/ℓ         0,000 0,000 0,000 0,000 0,000 0,000 0,000 

Cadmium [2] 
mg Cd/ℓ 

0.00015 - 
0.0004 

0.0003-
0.0008 

0.003-
0.013 

  <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

Chemical Oxygen Demand [3] 
mg O2/ℓ 

80-100% of 
saturation 

>60% of 7-
day mean 

>40% of 1-
day min 

  16 12 20 20 16 20 20 

Calcium  mg Ca/ℓ         13,3 17,6 10,6 10,1 4,97 3,49 10,6 

Chromium VI mg Cr/ℓ 0.007 0.014 0.2   0,01 <0.002 0,01 <0.002 0,01 0,01 0,01 

Cobalt  mg Co/ℓ         1 1 1 <0.4 1 1 1 

Copper  [2] 
mg Cu/ℓ 

0.0003 / 
0.0014 

0.00053 / 
0.0028 

0.0016 / 
0.012 

  0 0 0 0 0 0 0 

Cyanide mg CN/ℓ 0.001 0.004 0.110   <0.02 <0.02 0,024 <0.02 <0.02 <0.02 0,024 

Electrical Conductivity  mS/m @ 25oC         48 45 30 28 19,8 14,7 30 

Iron  
mg Fe/ℓ 

Variation from background level should not 
exceed 10% 

  0 0 - 0 0 0 - 

Lead [2] 
mg Pb/ℓ 

0.0002 / 
0.012 

0.0005 / 
0.0024 

0.004 / 
0.016 

  <0,0005 <0,0005 0,001 <0,0005 <0,0005 <0,0005 0,001 

Magnesium  mg Mg/ℓ         9,96 11,7 6,98 6,11 3,33 2,47 6,98 

Manganese 
mg Mn/ℓ Chronic: < 400 0.180 0.370 1.3   - - 0,017 - - - 0,017 

mg Mn/ℓ Aesthetic: <100         0 0 - 0 0 0 - 

Mercury  mg Hg/ℓ 0.00004 0.00008 0.0017   <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

Nickel  mg Ni/ℓ         0 0 0 0 0 0 0 

Nitrate mg N/ℓ         <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Nitrite mg N/ℓ         0,10 0,10 0,16 <0.1 0,26 0,10 0,16 

pH at 25°C pH units 
Variation from background range by lesser of  

<0.5pH unit or <5% 
  7,5 7,5 7,2 7,3 7,1 7,2 7,2 

Potassium  mg K/ℓ         2,37 2,43 2,63 2,64 1,90 1,72 2,63 

Selenium  mg Se/ℓ 0.002 0.005 0.03   <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 

Sodium  mg Na/ℓ         44 48 31 30 26 18,6 31 

Sulphate  mg SO4/ℓ         23 39 30 5 10 8 30 

Sulphide  mg S2-/ℓ         <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 

Total alkalinity  mg CaCO3/ℓ         94 52 96 58 56     

Total coliforms 
Counts/100ml 

        180 160 300 8 120 160 300 

E. coli*          0 4 152 6 6 14 152 

Total Alkalinity mg CaCO3/ℓ         94 96 58 58 56 52 58 

Total Dissolved Solids at 
105°C 

mg/l 
Variation from background level should not 

exceed 15% 
  302 294 204 192 132 96 204 
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Turbidity  NTU         47 75 146 31 60 180 146 

Uranium  mg U/ℓ         0,001 0,001 0,001 <0,0005 <0,0005 <0,0005 0,001 

Vanadium  mg V/ℓ         0 0 0 0 0 0 0 

Zinc  mg Zn/ℓ 0.002 0.036 0.36   <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

 

Notes 

[1]  The range for aluminium is for Ph<6.5 / pH>6.5 
[2]  Guideline values for cadmium, copper and lead are provided for a range of Hardness from <60 (soft) to >180 (very hard) 
[3]  Concentrations are for Target / Sub-lethal / Lethal values 
[4]  Tentative guideline 

 
(i) The South African guidelines propose criteria that are intended to protect 95% of aquatic organisms. 
(ii) The US EPA water quality criteria are presented as Criteria Maximum Concentrations (CMC = Acute), and Criteria Continuous Concentrations (CCC = Chronic), and are intended to protect ”the vast majority” of the aquatic communities 

in the United States. The meaning of “the vast majority” is not specified. 
(iii) Criteria are presented in the ANZECC guidelines as “trigger values” of concentrations for protection levels of 99, 95, 90 and 80% of aquatic organisms. 
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6.2. LONG-TERM WATER QUALITY MONITORING 
 
The purpose of water quality monitoring is to be able to detect – and, importantly, to be able 
to react timeously to – significant changes in the prevailing water quality regime. As noted 
above it is necessary to establish a long-term pre-mining baseline in order to be able to detect 
such changes. 
 
Accordingly it is recommended that, in order to establish a pre-construction water quality 
baseline: 

 Water quality samples should be taken at 3 monthly intervals for the first year, , at times 
where there is visible surface flow in the Naconha, Namiticu and Mehucua Rivers and its 
smaller tributary (Lapa Stream) and sent to the laboratory for analysis 

o Sampling Sites 1 to 4 as listed in Table 6.4 and illustrated in Figure 6-1. 

 Biomonitoring should be undertaken shortly after surface flow is observed in the Naconha, 
Namiticu and Mehucua Rivers, and again while the watercourses are still flowing strongly. 

 Analysis of the wet-season samples should be for a full suite of determinands, as 
described in Table 6.1. 

 Subsequently the analysis should be simplified to include only those determinands that, 
after analysis of the first set of results, are shown to be potentially problematic. 

 
Disregarding the Target Values in Table 6.3 as South African aspirations, the data indicates 
that the concentrations of some determinands exceed the chronic and acute limits. This does 
not mean that the water quality is detrimental to the health of the native aquatic biota, because 
the biota in the river is adapted to the prevailing conditions. Where it is clear that published 
guideline values are not appropriate for the native biota in the river system under investigation, 
consideration should be given to deriving system-specific criteria based on the median value 
of as large a number of samples as possible, as described in ANZECC (2000), which 
recommends two years of monthly sample data. The need to develop such a site-specific 
guideline will be informed by the routine monitoring of water quality, which should include 
biomonitoring, during construction and operation of the mine, which will indicate to what extent 
mining activities are influencing the pre-mining water quality regime.  
 
ANZECC also recommends that the trigger for management response or action is considered 
to be when the median concentration of a constituent at an operational sampling site that 
causes problems at high concentrations exceeds the 80th percentile of data for the same 
constituent at the reference site. For constituents that cause problems at both high and low 
values (such as temperature, salinity and pH) the desired range for the criterion is defined by 
the 80th percentile and 20th percentile of the reference distribution respectively. 
 
It is important to understand, when comparing monitoring results with guideline criteria, from 
whatever source, that deviations from the adopted criteria must be the subject of careful 
consideration and the exercise of professional judgement and experience to assess whether 
or not the apparent change is in fact ecologically important. Judgement on whether a chemical 
concentration exceeds a chronic effect value should not rely on the results of analysis of a 
single sample. Before drawing such a conclusion it is advisable to collect and analyse a 
number of samples, and to compare the median value with the guideline criteria. 
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Table 6.4: Surface Water Monitoring Points 

Site Name River/ Stream Sample Area Longitude Latitude 

M01 
Namiticu River 

Upper  13° 23.032'S 38° 37.217'E 

M02 Lower 13° 22.561'S 38° 37.676'E 

M03 
Lapa Stream 

Lower 13° 22.060'S 38° 36.212'E 

M04 Upper 13° 21.712'S 38° 35.990'E 

 

 
Figure 6.1: Surface Water Monitoring Points 

 
6.3. AQUATIC INVERTEBRATES  
 
Aquatic macroinvertebrates were collected using the standard SASS5 protocol as described 
in Section 3.4, above. A list of the aquatic macroinvertebrates collected during the surveys is 
provided in Table 6.5.  
 
The number of aquatic macroinvertebrate taxa ranged from 25 at the Lapa Stream (Site 4) to 
8 at the Namiticu River (Site 1) (Table 6.5).  
 
6.3.1. Present Ecological State (PES) 
 
In terms of the SASS methodology there are three principal indices calculated, namely the 
SASS Score, the Number of taxa, and the Average Score per Taxon (ASPT). By dividing the 
SASS Score by the Number of taxa identified, the ASPT is calculated. This index provides a 
reliable measure of the health of a river. Table 6.4 shows the calculated ASPT for each of the 
sites sampled. The Lapa Stream has the highest ASPT, largely due to the higher category 
taxa present in its cleaner waters. The Upper Namiticu River had the lowest number of taxa  
and were in the lower, more pollution tolerant, range.  
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The overall SASS score can be explained by the number of biotopes sampled, as well as the 
turbidity of the waters. Site 2, 3 and 6 were all flooding at the time of sampling which prevented 
sampling from GSM, SIC and some vegetation, resulting in fewer taxa being recorded. Site 4 
consisted of fresh, clean water that contained less sediment than in the River sites. A greater 
number of biotopes could be recorded resulting in a higher SASS score, taxa count and 
species that are predominantly found in cleaner waters. 
 
Overall, and based on the ASPT, the area can be classified as POOR/FAIR in terms of Table 
6.5. This is however, not a true representation of the state of the rivers in the area, due to 
issues in invertebrate sampling.  
 
Table 6.5: Summary of SASS score, Average Score Per Taxon and Present Ecological State of 
the rivers sampled.   

 

INVERTEBRATES 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

Upper 
Namiticu 

River 

Middle 
Namiticu 

River 

Lower 
Namiticu 

River 

Lapa  
Stream 

Upper 
Naconha 

River 

Middle 
Naconha 

River 

Converge 
Mehucua 

River 

SASS score 29 101 75 143 72 97 70 

no. of taxa 8 20 17 25 15 19 15 

ASPT 3.6 5.05 4.4 5.7 4.8 5.1 4.7 

PES POOR FAIR POOR FAIR POOR FAIR POOR 
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Table 6.6: List of aquatic invertebrate families identified at each site as well as indicating their sensitivity.  

 

INVERTEBRATES 

  Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

SCORE 

 Upper 
Namiticu 

River 

Middle 
Namiticu 

River 

Lower 
Namiticu 

River 

Lapa  
Stream 

Upper 
Naconha 

River 

Middle 
Naconha 

River 

Converge 
Mehucua 

River 

  CRUSTACEA  

Potamonautidae (Crabs)  3  X X  X  X X 

EPHEMEROPTERA (Mayflies)   

Baetidae (1 species) 4  X X X X   X 

Baetidae (2 species) 6   X X X  X  

Oligoneuridae (Brush legged 
mayflies) 15 

 
   X    

Caenidae (squaregills) 6     X  X  

Tricorythidae (Stout Crawlers) 9   X   X X  

TRICHOPTERA (caddisflies)  

Hydropsychidae 1 sp 4  X  X X  X  

Hydropsychidae 2 sp 6     X    

Philopotamidae 10     X    

COLEOPTERA (Beetles)  

Hydrophilidae (water scavenger 
beetle) 5 

 
       

HEMIPTERA (Bugs)  

Belostomatdae (water bugs) 3  X     X  

Gerridae (pond skaters) 3       X X 

Corixidae (Water boatmen) 3     X    

Naucoridae (creeping water 
bugs) 7 

 
 X  X  X  

Notonectidae (backswimmers) 3        X 

Pleidae (pygmy backswimmers) 4      X X  

ODONATA (dragonflies & damselflies)  

Aeshnidae (Hawkers & 
Emperors) 8 

 
X X X X X   

Chlorocyphidae (Jewels) 10     X    

Coenagrionidae (Sprites & Blues) 4  X X X X X X X 

Lestidae (Emerald Damselflies/ 
Spreadwings 8 

 
  X  X X X 

Corduliidae (Cruisers) 8   X    X X 

Gomphidae (Clubtails) 6   X X X   X 

Libellulidae (Darters/Skimmers) 4   X X X X   

HEMIPTERA (Bugs)  

Belostomatidae* (Giant water 
bugs) 

3  
 X X  X   

Corixidae* (Water boatmen) 3   X X  X  X 

Gerridae* (Pond skaters/Water 
striders) 

5  
   X X X X 

Hydrometridae* (Water 
measurers) 

6  
     X  

Nepidae* (Water scorpions) 3   X    X  

Notonectidae* (Backswimmers) 3   X X X X  X 

Veliidae/M...veliidae* (Ripple 
bugs) 

5  
X X X X X  X 

MEGALOPTERA (Fishflies, Dobsonflies & 
Alderflies) 

 
       

Corydalidae (Fishflies & 
Dobsonflies) 

8  
   X   X 

COLEOPTERA (Beetles)  

Gyrinidae* (Whirligig beetles) 5   X  X X X  

Dytiscidae/Noteridae* (Diving 
beetles) 

5  
 X  X X  X 

DIPTERA (Flies)  

Chironomidae (Midges) 2  X X X X   X 

Culicidae* (Mosquitoes) 1    X  X   

Simuliidae (Blackflies) 5   X  X  X  

Tabanidae (Horse flies) 5   X X  X X  

GASTROPODA (Snails)         

Ancylidae (Limpets) 6    X X    

Physidae* (Pouch snails) 3   X X X  X  
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6.3.2. Aquatic invertebrate sensitivity comparison 
 
In order to rank the importance of specific taxa within a community in a way that expresses 
the sensitivity of a community to pollution and/or habitat degradation, the SASS5  incorporates 
a scale of 1 to 15. Broadly, the scale can be broken down as follows: 

 1 – 5: Invertebrates which are Highly Tolerant to pollution 

 6 – 10:Invertebrates which are Moderately Tolerant to pollution 

 11 – 15:Invertebrates which have Very Low tolerance to pollution. 
 
Table 6.5 indicates the sensitivity “spread” across the sample sites. 
 
The percentage contribution of EPT taxa per site was calculated and is displayed in Table 6.7. 
The number of EPT taxa ranged from 1 at the Upper Naconha River (Site 5) to 7 at the Lapa 
Stream (Site 4), contributing almost 30 % of the overall invertebrate assemblage at that site 
(Table 6.6). The moderately high percentage contribution (19%) of EPT taxa to the overall 
invertebrate assemblage at the sampled sites indicates that biotic integrity remains moderately 
high within the rivers, despite the impacts of riparian zone clearing and associated 
sedimentation of the river. 
 
Table 6.7:  Summary of the contribution of EPT taxa to the taxon richness at each site. 

 
A number of moderately and low tolerance species were recorded at all of the sites, indicating 
that the current quality of the rivers is supportive of this species, as can be seen in Table 6.6. 
 
Evidence of the quality of the species can be seen in the Namiticu and Naconha Rivers. The 
presence of three taxa known to be intolerant of pollution – all contributed to the higher ASPT 
scores. These are Oligoneuridae (15), Philopotamidae (10) and Chlorocyphidae (10).  
 

  

 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7  

Upper 
Namiticu 

River 

Middle 
Namiticu 

River 

Lower 
Namiticu 

River 

Lapa  
Stream 

Upper 
Naconha 

River 

Middle 
Naconha 

River 

Converge 
Mehucua 

River 

OVERALL 

No of 
taxa  

8 20 17 25 15 19 15 37 

No of 
EPT 
taxa 

2 3 3 7 1 4 1 7 

% 
EPT 

25% 15% 18% 27% 7% 21% 7% 18,9% 
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7. ASSESSMENT OF POTENTIAL ENVIRONMENTAL IMPACTS  
 
This chapter deals with aquatic ecology-related issues and impacts that were identified as a 
result of the project. Due to the mobility of contaminants in water the spatial scale of all 
identified impacts was determined to be regional. The impact rating scales used for the 
assessment can be found in Appendix B. 
 
7.1. CURRENT STATE OF THE ENVIRONMENT 
 
An assessment of the existing environmental impacts and the current aquatic habitat integrity 
of rivers in the Project Area provides a baseline against which the potential impacts associated 
with all aspects of the proposed mining venture can be assessed.  

Impact 1: Erosion of the river banks and consequent sedimentation of the rivers 

Cause and comment 
The major rivers in the area, the Namiticu and Naconha, are presently in a relatively 
moderately disturbed state. This is mainly due to clearing of vegetation for agricultural 
activities, particularly in the riparian zones. These impacts have resulted in some soil erosion 
in the vicinity of these activities, and a general increase in sediment in the rivers. However, in 
spite of these impacts the basic ecosystem functioning of these rivers and streams are 
currently slight-moderately changed and they support a diverse aquatic biota. 
 

Impact 

Effect 
Risk or 

Likelihood 
Significance Temporal 

Scale 
Spatial Scale 

Severity of 
Impact 

Issue 1: Water Quality 

Impact 1.1: Sedimentation and elevated turbidity in rivers 

 

Without 
mitigation 

Long term Regional Moderate Definite MODERATE 

 
 
7.2. OVERVIEW OF MINING IMPACTS 
 
It is anticipated that the proposed Balama Central Graphite mine project will impact on the 
three recognized abiotic drivers affecting aquatic habitat integrity, namely river flow, water 
quality and fluvial geomorphology. These potential impacts include altering river flow patterns 
and pollution of surface waters via contaminated run-off from the mine area, including from 
the tailings storage facility (TSF) and waste rock dump site, entering the adjacent rivers and 
streams.  

7.2.1. Hydrology 
 
The groundwater component of the base-flow of the small headwater streams (Lapa Stream-
Site 4) in the immediate vicinity of the mine may be reduced by mine dewatering lowering the 
water table, resulting in reduced flows. In addition, the surface flow of the Lapa stream will be 
diverted around the pit using a pipeline. The reduction in base-flow and the diversion of the 
stream will result in the drying out of the wetland situated along the Lapa Stream and longer 
periods of low and no-flow in seasonal streams, especially during the dry season.  

7.2.2. Summary of Mining Impacts 
 
The potential individual impacts on the aquatic invertebrates and associated riverine habitats 
associated with the various stages of the proposed the  Balama Central Graphite Mine can be 
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grouped into six main issues, some of which have a number of separate impacts that will 
require specific mitigation measures. These issues and individual impacts include:  

Issue 1: Water Quality 

 Impact 1.1: Sedimentation and elevated turbidity.  

 Impact 1.2: Contamination from non-ore pollutants.  

 Impact 1.3: Ore contamination (e.g. acid mine drainage). 

 Impact 1.4: Change in water chemistry 
 
Issue 2: Alteration of flow regimes 

 Impact 2.1: Aquatic habitat modification 
 

Issue 3: Cumulative Impacts 

 Impact 3.1: Loss of aquatic biodiversity 
 

7.3. ASSESSMENT OF MINING IMPACTS 
 
This section attempts to describe and assess the significance of the individual potential 
impacts associated with the proposed mining activities on the aquatic habitats and the 
associated surface water in the Study Area.  Mitigation measures are recommended, where 
feasible. 
 
A description of the rating criteria and qualitative assessments used to describe the likelihood, 
extent (spatial scale), duration, intensity and confidence attached to the prediction, as well as 
the environmental significance scale, is provided in Appendix B.  

7.3.1. Issue 1: Water Quality 
 
Impact 1.1: Sedimentation and elevated turbidity in rivers 

Cause and comment 
 
Mining infrastructure is situated at the lower end of the small catchment of the Lapa stream. 
The stream is the only watercourses in the mining area that drains into the much larger 
Namiticu River. The Namiticu is seasonal, and ceases to flow in the six or seven dry months 
of the year. About 90% of the 1048 mm annual rainfall occurs in the four months from 
December to March, and this results in the rivers flowing strongly, with considerable energy to 
pick up and transport sediment, most of which will be carried into the perennial Mehucua River. 
Water quality data indicates that the Namiticu and Naconha carry high sediment loads during 
the high flows of the wet season.  
 
In addition to an increase in turbidity due to an increase in flow in the wet season, exposed 
soils can result in erosion (especially during period of high rainfall and high run-off). Vegetation 
clearing results in the soils on the land becoming more prone to erosion, by reducing the 
number of stabilising structures in and on the surface of the soils, such as root systems and 
plant cover, that reduce the velocity of runoff and bind the soil. This results in a net increase 
of surface water runoff, which can lead to increased erosion. Increased erosion can lead to 
increased sedimentation of the watercourses into which surface runoff flows. Sedimentation 
can have severe negative impacts on surrounding aquatic environments including increased 
turbidity (which decreases light penetration into water, thereby reducing photosynthetic 
activities in the water column), reduced oxygen concentration in the water column and benthic 
environment, smothering of benthic biota resulting in loss of food and smothering of spawning 
beds. This can have severe long-term negative impacts on aquatic habitats.   
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Mining activities during the construction phase may impact on water quality resulting in the 
loss of existing aquatic habitat diversity. Should the mining infrastructure impact on the flow of 
the Lapa stream, this could affect the flow of clean (non-turbid) water into the Naconha River 
downstream of the Project Area. The exact volume of water flowing from the stream into the 
river is not currently known, and therefore it is not possible to determine the degree to which 
the system would be affected if the flow were to stopped as a result of dewatering. Care should 
be taken during the construction phase to ensure that topsoil is stored away from the riverine 
areas. Introducing an excessive volume of soil into the ecosystem could have dire 
consequences on aquatic life, by affecting the turbidity, vegetation and invertebrates that are 
susceptible to changes in their environments.  
 
Construction:  
Various substances may result in the pollution of surface water sources. Construction activities 
may lead to sediment being deposited into riverine areas or wetlands, pollution from litter and 
general construction wastes due to improper site management. Washing down of vehicles and 
equipment may result in the pollution of surface and groundwater sources, and pollution may 
occur from poor vehicle maintenance and improper storage of hazardous materials such as 
fuel, etc. 
 
Operation:  
Operational activities may lead to sediment being deposited into riverine areas or lakes, 
pollution from litter and general operation wastes due to improper site management. Washing 
down of vehicles and equipment may result in the pollution of surface and groundwater 
sources, and pollution may occur from poor vehicle maintenance and improper storage of 
hazardous materials such as fuel, etc. 
 
Closure: Inadequate rehabilitation of cleared areas, contaminated run-off and poor 
maintenance of anti-soil erosion measures, as well as run-off from old roads, particularly at 
eroded river crossings, may result in sediment input and elevated turbidity levels in adjacent 
rivers. 
 
Construction Mitigation measures 

 Develop and implement a Riparian Zone Management Plan (RZMP). Riparian zones 
serve to protect and provide a buffer zone for water bodies such as navigable 
perennial/intermittent streams, and non-navigable streams. 

 Develop and implement a Surface Water Monitoring Plan that will incorporate both 
water quality and quantity measures.  

 Land clearing should only take place in the dry season or at the end of the wet season.  
If this is not possible, suitable temporary berms must be constructed prior to clearing 
in order to contain any soils that may be eroded by heavy rainfall.  These soils should 
be rehabilitated as soon as possible in order to prevent ingress into surrounding water 
courses. 

 Site infrastructure such as roads and fences should be aligned with the natural 
drainage lines to minimise additional erosion. 

 Maximum vegetation cover should be maintained outside the areas to be cleared for 
the placement of mine infrastructure, particularly in riparian areas, to act as silt traps. 

 Erosion should be monitored over the entire site and, where initial indications of 
erosion are detected, appropriate remedial measures must be taken as soon as 
possible.  

Construction Significance statement 
The impact associated with the sedimentation and pollution of rivers may occur if mitigation 
measures are followed, and will occur if they are not. Due to the mobility of contaminants in 
water, their impact may be of significance to the region, considering the resource and pit are 
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located so closely to the Namiticu River. Without mitigation the significance was considered 
HIGH and with mitigation it was considered to be MODERATE.  
 
Operational Mitigation measures 
 
In addition to the mitigation measures stipulated for the construction phase the following is 
also recommended: 

 Mine water and surface run-off from the mining areas should be detained in 
sedimentation ponds before the clear surface water (if uncontaminated) is recycled 
and pumped to the processing plant.  

 Contaminated water from the process plant should be stored in a dedicated storage 
reservoir and fed back to the process water reticulation together with the supernatant 
or decant water from the TSF.  

 All mitigations measures regarding waste processing that will affect water quality 
should be adhered to, as stated in the Waste Assessment and EMPr. 

Operational Significance statement 
 
The impacts associated with sedimentation and pollution of the rivers in the project area may 
occur if mitigation measures are followed, and will most likely occur if they are not.. Due to the 
mobility of contaminants in water, their impact may be of significance to the region. Without 
mitigation the significance was considered HIGH and with mitigation it was considered to be 
MODERATE. 
 

Impact 

Effect 
Risk or 

Likelihood 
Significance Temporal 

Scale 
Spatial Scale 

Severity of 
Impact 

Issue 1: Water Quality 

Impact 1.1: Sedimentation and elevated turbidity in rivers 

Construction Phase 

Without 
mitigation 

Medium term Regional Severe Probable HIGH 

With 
mitigation 

Medium term Study Area Moderate  May Occur MODERATE- 

Operation Phase 

Without 
Mitigation 

Long term Regional Very severe Probable VERY HIGH 

With 
Mitigation 

Medium term Regional Moderate May Occur MODERATE- 

Decommissioning Phase 

Without 
Mitigation 

Long term Regional Severe Definite HIGH 

With 
Mitigation 

Medium term Regional Moderate May occur MODERATE- 

 
Impact 1.2: Contamination from non-ore pollutants 

Cause and comment 
 

All phases: Hazardous materials and chemical pollutants (e.g. hydrocarbons from construction 
machinery and vehicles, uncured cement, paints and concrete shutter release fluids) 
associated with all phases of the development, as well as washing detergents and soap, 
poorly-treated domestic effluents from the construction camp and construction workers using 
riparian zones for ablutions, could pollute surface water. These pollutants could be harmful to 
aquatic biota and impact on drinking water quality for communities and domestic stock 
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downstream. Spillages of hydrocarbons and other pollutants may lead to development 
abnormalities and fatalities of invertebrate species. 

 
Construction Mitigation measures 
 

 Strict management of hazardous chemicals must be implemented. 

 Prevention of hydrocarbon spills from machinery and vehicles by the use of drip-trays 
and permanent bunded areas for overnight parking if possible. This should include any 
workshops envisaged for the project.  In addition, workshops should be fitted with oil 
traps and sumps to ensure that no contaminated water/hydrocarbons are allowed to 
escape. 

 Should hydrocarbons spill onto exposed soils, the following mitigations are required: 

 Bioremediation - Cleaning up oil spills immediately when they occur and 
bioremediating soils contaminated with petroleum hydrocarbons and dangerous 
organic compounds.  

 The bioremediation process should utilize beneficial microbes, surfactants, 
micronutrients and bio-stimulants to decompose contaminants transforming them 
into harmless byproducts, i.e. water and carbon dioxide.  

 The bioremediation process should be performed in situ or ex situ. The in situ 
process should be adopted where excavation is impractical and involves either bio-
stimulation or bio-augmentation. 

 Domestic effluent from the construction camps should be treated in an on-site waste 
water treatment works and final effluent should be of high quality and used for irrigation 
or mining purposes. Samples should be collected on site for monthly testing to take 
place. 

 All contaminated water run-off from mine sites must be contained and treated prior to 
discharge. 

 
NOTE: All liquid effluent should be treated before it is discharged into any watercourse. The 
mine stormwater system should be designed to intercept drainage from waste dumps, the 
processing plant and the tailings storage facility, and it should then be treated before it is 
discharged into the external project drainage lines and thence into the Namiticu/Mehucua 
River. Effluent should be pumped to single camp location and discharged into a treatment 
system designed to achieve Australian effluent standards. 
 
Successful mitigation is readily feasible via a strictly implemented environmental management 
plan (EMP).  

Construction Significance Statement 
 
The construction may cause a medium term risk of chemical pollution resulting in severe, 
medium term impacts of MODERATE significance in the Regional without mitigation.  With 
appropriate mitigation this impact should be reduced to LOW significance. 
 
Operational Mitigation Measures 
 
Please refer to the construction phase mitigation measures included above. 
 
Operational Significance Statement 
 
Operation of the mine and associated facilities may cause a long-term risk of chemical 
pollution resulting in severe, long term impacts of MODERATE significance in the Regional 
without mitigation. With appropriate mitigation this impact should be reduced to LOW 
significance. 
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Impact 
Effect 

Risk or 
Likelihood 

Significance Temporal 
Scale 

Spatial Scale 
Severity of 

Impact 

Issue 1: Water Quality 

Impact 1.2: Pollution of water resources (excluding AMD) 

Design and Planning Phase 

Without 
Mitigation 

Short Term Localised Slight Probable MODERATE- 

With 
Mitigation 

Short Term Localised Slight Unlikely  LOW- 

Construction Phase 

Without 
mitigation 

Medium term Regional Severe Probable MODERATE- 

With 
mitigation 

Short term Localised Slight May occur LOW- 

Operation Phase 

Without 
Mitigation 

Long term Regional Very severe Probable MODERATE- 

With 
Mitigation 

Medium term Regional Moderate May occur LOW- 

Decommissioning Phase 

Without 
Mitigation 

Long term Regional Severe Probable  MODERATE- 

With 
Mitigation 

Medium term Regional Moderate May occur LOW- 

 
Impact 1.3: Change in water chemistry 

Cause and Comment 
 
Temperature 
A riparian buffer zone is a vegetated strip of land along the margins of a waterway. Riparian 
vegetation provides a barrier (buffer) between the water (river, streams) and the land. When 
surface water (runoff) from the surrounding catchment runs through the riparian zone, 
contaminants (sediments, nutrients) contained in the runoff are trapped in the roots of any 
riparian vegetation, allowing the silty or contaminated water to infiltrate the soils (NIWA, 2012). 
 
Healthy riparian vegetation usually consists of a canopy of large trees accompanied by a thick 
undergrowth of shrubs and grasses. The thick undergrowth acts as a filter for surface runoff, 
while canopy trees above a stream can intercept airborne material and provide shade that 
maintains stream water temperatures. 
 
Removal of riparian vegetation will increase in-stream temperature of water bodies. The 
increase in temperature will result in a decrease in oxygen solubility which may increase the 
toxicity of certain chemicals present in the water. The increase in temperature can also affect 
the life cycle patterns of organisms in the rivers and/or streams. 
 
Suspended Solids 
An increase in suspended solids can result from bridge / road construction, road use as well 
as industrial discharge / pollution into a water course. Depending on the severity of increased 
suspended solids in a stream, predator-prey interactions will be affected by diminished  
visibility. Increased suspended solids may also impact on photosynthesis of submerged 
vegetative species such as phytoplankton 
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Change in pH level 
Should any effluent be discharged into a stream, it may alter the pH level of the stream. 
Changes in pH will add stress to organisms, and can change the species composition of the 
stream. Most organisms have a well-defined range of pH tolerance. If the pH falls below the 
tolerance range, death will occur due to respiratory or osmoregulatory failure (Kimmel, 1983). 
Low pH causes a disturbance of the balance of sodium and chloride ions in the blood of aquatic 
animal. 
 
If the pH of water is too high or too low, the aquatic organisms living within it will die. pH can 
also affect the solubility and toxicity of chemicals and heavy metals in the water. The majority 
of aquatic creatures prefer a pH range of 6.5-9.0, though some can live in water with pH levels 
outside of this range. 
 
It has been well documented that there are various species of aquatic invertebrates that are 
able to adapt to varying levels of pH alteration. There are families such as Betidae which can 
survive in a range of aquatic environments, and then the Ephemeroptera Class that are very 
particular due to their fragility. 
 
As pH levels move away from this range (up or down) it can stress animal systems and reduce 
hatching and survival rates. The further outside of the optimum pH range a value is, the higher 
the mortality rates. The more sensitive a species, the more affected it is by changes in pH. In 
addition to biological effects, extreme pH levels usually increase the solubility of elements and 
compounds, making toxic chemicals more “mobile” and increasing the risk of absorption by 
aquatic life (Fondriest 2013).  
 
Aquatic species are not the only ones affected by pH. While humans have a higher tolerance 
for pH levels (drinkable levels range from 4-11 with minimal gastrointestinal irritation), there 
are still concerns. pH values greater than 11 can cause skin and eye irritations, as does a pH 
below 4. A pH value below 2.5 will cause irreversible damage to skin and organ linings. Lower 
pH levels increase the risk of mobilized toxic metals that can be absorbed, even by humans, 
and levels above 8.0 cannot be effectively disinfected with chlorine, causing other indirect 
risks. In addition, pH levels outside of 6.5-9.5 can damage and corrode pipes and other 
systems, further increasing heavy metal toxicity (Fondriest 2013). 
 
Even minor pH changes can have long-term effects. A slight change in the pH of water can 
increase the solubility of phosphorus and other nutrients – making them more accessible for 
plant growth. In an oligotrophic lake, or a lake low in plant nutrients and high in dissolved 
oxygen levels, this can cause a chain reaction. With more accessible nutrients, aquatic plants 
and algae thrive, increasing the demand for dissolved oxygen. This creates a eutrophic lake, 
rich in nutrients and plant life but low in dissolved oxygen concentrations. In a eutrophic 
lake, other organisms living in the water will become stressed, even if pH levels remained 
within the optimum range (Fondriest 2013). 
 
Conductivity and Total Dissolved Solids 
Spatial distributions of many freshwater invertebrates are associated with the concentration of 
total dissolved solids (TDS) in streams (usually measured as specific electrical conductivity – 

EC). These patterns are presumably caused by taxon‐specific effects of TDS on the 
maintenance of ion and water balance, which is energetically expensive and thus could affect 

fitness. However, no studies have assessed if TDS‐related effects on fitness metrics, such as 
growth and survival, are predictive of distributions. 
 
A sudden increase in TDS can affect juvenile organisms. A change of not more than 15% is 
suggested. 
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Decrease in Dissolved oxygen 
The oxygen requirements of fish and other aquatic organisms vary with type of species, life 
stages and size. Continuous exposure to concentrations of less than 80% of saturation is likely 
to have acute effects. Many toxic constituents such as ammonia, cadmium, cyanide, zinc, 
become increasingly toxic as DO concentrations are reduced. 
 
The natural setting, stream morphology, and flow regime also play large roles in the re-
aeration and oxygen capacity of a stream. For example, a stream reach directly downstream 
from a wetland may reflect the naturally low DO concentrations found in wetlands. A shallow, 
high gradient turbulent stream has better inherent re-aeration potential than does a low 
gradient, sluggish stream with deep pools. Under conditions of low stream flow, a normally 
well-aerated stream with alternating riffles and pools may be reduced to mostly stagnant pools 
having low oxygen levels. Therefore, any analysis of DO impairment must recognize and 
acknowledge these types of physical constraints that are imposed by the natural 
characteristics of a watershed on its river system (MPCA, 2009) 
 
Organic Enrichment 
The major effects of organic enrichment are a decrease in dissolved oxygen concentrations, 
an increase in turbidity and the concentration of suspended solids, an increase in nutrient 
concentrations and possible bacterial contamination of the receiving water body.  
Organic enrichment encourages the productivity of suspension and deposit feeding 
detritivores and allows other species to colonise the affected area to take advantage of the 
enhanced food supply. The benthic invertebrate community response is characterised by 
increasing numbers of species, total number of individuals and total biomass. This type of 
impact is typical of many modern sewage effluent discharges in the marine environment 
(O'Reilly et al., 1998) 
 
Nutrient Enrichment 
Climatic and catchment characteristics influence initial nutrient concentrations in rivers. 
Anthropogenic sources of nutrients may be of the point-source type (e.g. sewage treatment 
works, industry, intensive animal enterprises) or nonpoint-source (e.g. agricultural runoff, 
urban runoff, atmospheric deposition) or urban runoff.  
 
Increase in Trace Metals 
One of the most notorious water pollutants, heavy metals, are a group of contaminants long 
detected as a threat to aquatic organisms and humans, even at trace concentrations. Trace 
metals contamination of rivers and sediments remains a global threat to biodiversity and 
humans. Once released into aquatic ecosystems, trace metals are primarily associated with 
sediments and related sedimentary particulate matter. Therefore, sediments are critical sinks 
or sources of pollutants 
 
The overall ecological consequences of trace metal contamination of aquatic ecosystems is a 
reduction in species richness and diversity and a change in species composition. The selective 
elimination of less tolerant species, with the resultant reduction in competition and predation, 
may result in an increase in the abundance of more tolerant species.  
 
Mitigation Measures 
 

 Temperature of effluent prior to discharge does not result in an increase greater than 
3°C of ambient water temperature. 

 Discharge of effluent with TSS of more than 10% of the receiving stream should not 
occur. 

 Discharge of effluent with a pH that fluctuates more than 10% of the receiving stream 
should not occur. 
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 All liquid effluents from the mine to be treated to relevant discharge standards before 
being released into the environment. 

 Compliance will require a monitoring programme to be developed and implemented. 

 Monitoring of potential pollution from waste rock dumps, stockpiles of material awaiting 
processing (the run-of-mine pad), and the TSF. 
 

Significance Statement 
 
The discharge of effluent into receiving streams may alter the water chemistry of the receiving 
streams resulting in severe, long term impacts of MODERATE significance in the Regional 
without mitigation.  With appropriate mitigation this impact should be reduced to LOW 
significance. 
 

Impact 

Effect 

Risk or Likelihood 
Overall 

Significance 
Temporal 

Scale 
Spatial Scale 

Severity of 
Impact 

Issue 1: Water Quality 

Impact 1.3: Change in water chemistry 

Without 
Mitigation 

Long term Regional Severe Probable MODERATE- 

With 
Mitigation 

Long term Localised Slight May occur LOW- 

 
7.3.2. Issue 2: Alteration of flow regimes 
 
Impact 2.1: Aquatic Habitat Modification  

Cause and comment 
 
All Phases: During construction and operation, earthworks associated with mining could alter 
the natural topography. This could destroy drainage lines and/or alter natural flow patterns 
within the project area. In addition, the diversion of the Lapa Stream around the pit will result 
in the drying out of the wetland downstream of weir 1.  
 
Lowering of the water table during the operational phase of the mine as a result of dewatering 
of the mine pits could impact on surface water resources.   
 
Construction Mitigation measures 

 Where appropriate, slash and debris should be stockpiled above the high water mark 
to prevent materials from entering streams and dambos during maintenance activities. 
This should NEVER be disposed of in stream/river courses or in riparian zones. 

 Avoid soil exposure and compaction to protect ground vegetation by avoiding the 
operation of wheeled or tracked equipment in proximity to the ordinary high-water mark 
for perennial streams, except on roads or at stream crossings. 

 Minimise the number and size of stream crossings for vehicle movement within the 
riparian zones. Where crossings are necessary, international best practice in the use 
of bridges, hardened fords, pipes and culverts should be adopted. Recommended 
stream crossing measures should include: 
o Minimise vehicular movement over perennial and intermittent streams, and dambo 

areas. Where crossing is necessary, a right angle approach should be used in 
addition to use of bridges, fords, pipe culverts, and other techniques to minimize 
impacts to stream banks, flow and water quality. 

o Crossing structures such as bridges, culverts and fords should be designed to 
withstand peak flows of high intensity storms, and ensure that movement of 
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aquatic species is not impaired. 
o Vehicle movement over unprotected streambeds should be prevented. If crossing 

is necessary, a hard rock stream bottom is preferable. 
o Road drainage should be diverted to vegetation and not into the stream. 
o Approaches to crossing should be stabilized with aggregate to avoid increased 

sediment entering the stream.  
 
Construction Significance statement 
 
Preventing direct, adverse impacts to water resources and maintaining riparian zones is critical 
to protect water quality, in addition to associated aquatic habitats. The impact associated with 
the mining operation may occur and the impact was determined to be regional.  Without 
mitigation the significance was considered HIGH and with mitigation it was considered to be 
MODERATE. 
 
Operational Cause and comment 
 
The blocking of drainage lines and diversion of the Lapa Stream could result in an alteration 
of habitat in the Naconha River downstream. The discharge of effluent into water courses will 
also alter flow regimes. A change in flow (whether it is an increase or decrease or change from 
continuous to sporadic) will alter the physical habitat of the water course and thus alter species 
composition.  
 
Operational Mitigation measures 
 
Please refer to the recommended mitigation measures listed for the construction phase above. 
 
Operational Significance statement 
 
Preventing direct, adverse impacts to water resources and maintaining riparian zones is critical 
to protect water quality and associated aquatic habitats. The impact associated with mining 
operation and management may occur and the impact was determined to be regional. Without 
mitigation the significance was considered HIGH and with mitigation it was considered to be 
MODERATE. 
 

Impact 

Effect 
Risk or 

Likelihood 
Significance Temporal 

Scale 
Spatial Scale 

Severity of 
Impact 

Issue 2: Habitat Modification 

Impact 2.1: Disruption of ecological function 

Design and Planning Phase 

Without 
Mitigation 

Short Term Localised Slight Unlikely  LOW -  

With 
Mitigation 

Short Term Localised Slight Unlikely  LOW- 

Construction Phase 

Without 
mitigation 

Permanent Regional Severe Definite HIGH- 

With 
mitigation 

Permanent Study Area Moderate Probable MODERATE- 

Operation Phase 

Without 
Mitigation 

Permanent Regional Severe Probable HIGH- 

With 
Mitigation 

Permanent Study Area Moderate May occur MODERATE- 
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Decommissioning Phase 

Without 
Mitigation 

Long-term Study area  Moderate May occur MODERATE- 

With 
Mitigation 

Short-term Study area Moderate Probable LOW -  

 
7.4. CUMULATIVE IMPACT 
 
7.4.1. Issue 3: Statement on Cumulative Impacts  
 
Impact 3.1:  Loss of aquatic biodiversity due to the synergistic effect of the above 
impacts 

Cause and comment 
 
The cumulative impacts on water quality associated with the various mining operations and 
influx of work-seekers into the local catchment, could potentially all combine to exacerbate the 
individual impacts. An increase of people living in the area will increase the pressure on the 
water sources for ecosystem services such as potable water, food source (fishing), use of 
water source for sanitation activities. These individual impacts include increased 
sedimentation and turbidity, pollution from chemicals or hazardous substances used in mining.  
 

Impact 

Effect 
Risk or 

Likelihood 
Significance Temporal 

Scale 
Spatial Scale 

Severity of 
Impact 

Design and Planning Phase 

Without 
Mitigation 

Short Term Localised Slight Unlikely  LOW 

With 
Mitigation 

Short Term Localised Slight Unlikely  LOW 

Construction and Operation Phases 

Without 
mitigation 

Long-term Study Area Severe Probable HIGH 

With 
mitigation 

Long-term Study Area Moderate May occur MODERATE- 

Decommissioning Phase 

Without 
Mitigation 

Long-term Study area  Moderate Probable MODERATE- 

With 
Mitigation 

Short-term Study area Moderate Probable  MODERATE- 

 
Additional factors that will tend to increase the severity of the water quality issues include: 

a) Reduction in runoff to rivers (e.g. due to dewatering for the mine pit) will tend to 
increase the impact of any pollution event due to the reduction in the beneficial 
effects of dilution, and  

b) The clearing of riparian vegetation and reducing the width and density of the riparian 
buffer zone would reduce the important function this habitat plays in absorbing and 
filtering polluted run-off before it can enter the river channel.  
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8. CONCLUSIONS AND RECOMMENDATIONS 
 
The following conclusions were reached based on the survey of aquatic ecosystems: 

 In situ and ex situ water quality indicated that in general the water quality was good 
when compared to the various relevant water quality guidelines.  

 The moderate / high percentage contribution (25 - 30%) of Ephemeroptera, Trichoptera 
and Plecoptera (EPT taxa) to the overall invertebrate assemblage in the general area 
indicates that biotic integrity remains high despite the impacts of riparian zone 
clearance and sediment load increases due to local farming practices; 

 The main existing negative impacts on the aquatic habitats in the area are associated 
with clearing of riparian vegetation to cultivate crops and the construction of roads and 
river crossings. These activities have resulted in localised river bank instability, soil 
erosion and elevated sediment input, the filling in of deeper refuge pools and also 
higher than normal turbidity in the rivers after rainfall events.  

 Field observations indicated that the aquatic habitat integrity in the mine project area 
has been moderately modified. Here a loss and modification of natural habitat and 
biota have occurred, but the basic ecosystem functions are still predominantly 
unchanged. These river reaches, which would fall into a Habitat Integrity of Category 
C after Kleynhans (1996) and Kemper (1999), are representative of most of the mine 
project area. 

 However, in the upper tributaries of the Mehucua River, where human population 
densities are low, environmental impacts on aquatic habitat quality, diversity, size and 
variability are present at a relatively low number of sites and are also limited in severity. 
In terms of significance, the modifications to habitat integrity in these upper catchment 
streams are considered small to moderate and would fall into a Category B after 
Kleynhans (1996) and Kemper (1999). In this category the habitat integrity is described 
as largely natural with few modifications and a small change in natural habitat and biota 
may have taken place, but the ecosystem functions are essentially unchanged. 

 
8.1. RECOMMENDATIONS 
 
It is recommended that a sustained, long-term, more detailed baseline surface water and 
groundwater monitoring programme is implemented in order to provide a site-specific 
description of the prevailing water quality prior to the commencement of mining activities. The 
results of such a programme would form the basis of a project-specific water quality guideline 
against which water quality  monitoring conducted during construction and operation of the 
mine can be compared. 
 
The programme should aim to assess the physico-chemical constituents of both the surface 
water and groundwater quality on a quarterly basis during the construction phase as well as 
during the first year of operation. During the remainder of the operational phase the monitoring 
program must be adaptive. Based on the data collected certain parameters may be 
unnecessary to test and can therefore be excluded from monitoring or parameters may 
undergo quarterly monitoring during the remainder of the operational phase. Biomonitoring of 
the aquatic ecology is also recommended on a bi-annual (twice per year) basis, as this form 
of monitoring will often indicate a problem more rapidly than the results of the physico-
chemical analysis alone. However, due to the ecology of the system and the annual rainfall 
patterns, it is suggested that monitoring take place at the end of the wet season when aquatic 
biota are established. A draft monitoring program will be provided in the EMPr. 
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APPENDIX A: WATER QUALITY PARAMETERS AND THEIR HEALTH EFFECTS 
 

Parameter Naturally occurring source in water Anthropogenic source in water Health Effects 

Dissolved Aluminium Aluminium is an abundant element 
which occurs naturally on earth. In the 
environment it occurs in various forms 
as silicates, oxides and hydroxides, 
combined with other elements, such 
as sodium and fluoride, and as 
complexes with organic matter (WHO, 
2011). In water it occurs as in two 
forms either as suspended aluminium 
minerals or 
as dissolved aluminium species 
(DWAF Domestic, 1996). 

Aluminium sulphate is used as a 
flocculant in potable water 
treatment works. 

 Long term exposure exceeding 0.5 mg/L  
may have neurotoxic effects, but this has not 
been proved (DWAF, 1996). 

 In the aquatic environment aluminium can 
be toxic to various organisms. Tthis depends 
on the form in which it is foundn, the PH 
level of the water, and calcium 
concentrations.  Different species and the 
various stages that they are found in may be 
affected differently by the levels of 
aluminium in the water (DWAF Aquatic 
WQG, 1996).  

 Dissolved aluminium may also be toxic to 
plants as it affects roots, decreasing its 
phosphate intake (LENTECH, 2015). 

Ammonia (NH3) In water Ammonia acts as an 
indicator of possible bacterial, sewage 
and animal waste contamination 
(WHO, 2011). 

In the environment it is produced 
through metabolic, agricultural 
(such as fish farm effluent and 
biological degradation of manure) 
and industrial processes (such as 
the distillation and combustion of 
coal) and the use of chloramines 
as disinfectants of  water (WHO, 
2011; DWAF Aquatic WQG, 
1996) 

 Not toxic when consumed by humans and 
does not have adverse effects but at high 
concentrations can affect the disinfection of 
water resulting in nitrite formation (DWAF 
Domestic WQG, 1996).  

 Generally it affects the health of the fish 
such as their health, growth and 
reproduction (DWAF Aquatic WQG, 1996). 

 High concentrations could have acute 
effects, such as intracellular, blood, pH and 
osmo-regulation being affected DWAF 
Aquatic WQG, 1996). 
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Parameter Naturally occurring source in water Anthropogenic source in water Health Effects 

Dissolved Arsenic* Arsenic occurs naturally on earth 
where it occurs as sulphides, metal 
arsenides and arsenates. It is 
generally present in natural waters at 
concentrations less than 1-2 ug/l, this 
is generally higher in groundwater as 
a result of sulphide mineral deposits 
and sediment deposits from volcanic 
rocks.   

Mining and industrial activities 
(WHO). 

Health hazard if found in drinking water (WHO, 
2011). 

 Can cause cancer and skin lesions. 

 Also associated with other health problems 
such as developmental effects, 
cardiovascular disease, neurotoxicity and 
diabetes. 

Dissolved Cadmium* Cadmium naturally occurs in mineral 
forms at low levels  

 Mining and smelting activities 

  Phosphate fertilizers 

 Sewage sludge  

   Various industrial uses.  

 Cadmium is toxic, and affects the kidneys, 
skeletal and respiratory system (WHO). 
Some evidence suggests that inhalation of 
cadmium may be carcinogenic whilst oral 
intake is not (WHO). 

Chemical Oxygen Demand 
(total) 

Chemical oxygen demand is defined 
as a measure of the oxygen 
requirement of organic matter (WQG 
Domestic, 1996). Physical parameters 
such as temperature and salinity 
affect the saturation of oxygen in 
water (CWT, 2004).  

- - 

Hexavalent Chromium Chromium occurs naturally on earth, 
and hexavalent chromium is one of 
the valence states (+6) of the element 
chromium (WHO, 2011) 

 Industrial processes   May cause cancer. 

Dissolved Copper * Copper is an essential trace element 
to plants, animals and humans and 
naturally occurring (DWAF Domestic 
WQG, 1996).  

 Leaching from copper piping. 

 Effluent discharge from 
industries (for example paper 
mills and steel works (DWAF 
Domestic WQG, 1996).  

 At low concentrations it has no health 
effects, but higher concentrations could 
result in gastrointestinal irritation, nausea, 
vomiting and severe poisoning (DWAF 
Domestic WQG, 1996).  

o Could affect the health of fish. Acute effects 
on fish include  Severe mucus clogging of 
the gills and extensive gill damage. hepatic 
and renal disorders (DWAF Aquatic WQG, 
1996). 
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Parameter Naturally occurring source in water Anthropogenic source in water Health Effects 

Cyanide* In water cyanide generally occurs in 
the form of hydrocyanic acid. 
According to WHO (2011), cyanide is 
a highly acutely toxic chemical 
compound. The toxicity of cyanide 
varies depending on other parameters 
such as salinity, ph, temperature, 
dissolved oxygen and other ions in the 
solution. 

Cyanide could be found in water 
due to industrial 
spillage/contamination (WHO, 
2011). Cyanide can be found in 
industrial effluents such as gas 
works, coke ovens and chemical 
industries. It is used in the 
processing of gold, thus large 
amounts of it can be found in 
gold mine tailings (DWAF 
Aquatic WQG, 1996). 

 In humans high doses of cyanide could 
result in thyroid toxicity (WHO, 2011).   

 Evidence also suggests that its effects on 
iodine uptake could result in goitre 
(cretinism) 

 Could have chronic effects on the nervous 
system (WHO, 2011) 

 May lower vitamin B12 levels  

 In aquatic organisms, cyanide affects 
aerobic organisms as it interferes with 
aerobic respiration, thus making it less toxic 
to invertebrates than fish. The life stage and 
type of fish species also plays a role in the 
effects of cyanide. For example, embryos, 
sac-larvae and warm-water-adapted species 
are more resistant to cyanide (DWAF 
Aquatic WQG, 1996).   

Electrical Conductivity 
(Conductivity at 25 °C) 

Moore et al (2008) define electrical 
conductivity as a measure of the 
ease with which an electrical current 
can pass through water.  

-  No Health Effects 

Dissolved Iron Iron is a naturally occurring element 
that is generally found in either the 
ferric state (Fe (III)) or ferrous state 
(Fe (II)). In water it is found in varying 
quantities (WQG Domestic, 1996).  

Effluents discharge from   various 
industries such as ; 

 Fertilizer and herbicide 
industries 

 Steel works and petroleum 
refineries (WQG Aquatic, 
1996). 

 Only affects human at very high 
concentrations, effects include tissue 
damage chronic health effects on children, 
but these effects are unlikely to occur as a 
result of consumption of natural water 
(DWAF Domestic WQG, 1996). 

 At certain concentrations Iron may have 
indirect lethal effects on fish (DWAF Aquatic 
WQG, 1996). 
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Parameter Naturally occurring source in water Anthropogenic source in water Health Effects 

Dissolved Lead Lead is a common heavy metal, 
present in small concentrations in 
water due to its dissolution from 
natural sources (WHO, 2011).  

 Industrial discharge from 
various industries which use 
lead (DWAF Domestic WQG, 
1996). 

 At relatively low concentrations lead could 
cause neurological impairment in children 
and foetus (DWAF Domestic WQG, 1996). 

 Toxic concentrations of lead could result in 
anaemia and lead colic (DWAF Domestic 
WQG, 1996) 

 At high concentrations; Chronic lead 
poisoning (DWAF Domestic WQG, 1996) 

 Generally affects the health of fish 

 Acute effects include renal disorders (DWAF 
Aquatic WQG, 1996). 

Dissolved Magnesium Magnesium is a common component 
of water and occurs as magnesium (II) 
ion (WQG Domestic, 1996). 

-  High doses of magnesium in the form of 
sulphates may cause diarrhoea (DWSAF 
Domestic WQG, 1996). 

 On rare occasions high concentrations of 
magnesium in drinking water may result in 
the suppression of the central nervous 
system and heart functioning (DWAF 
Domestic WQG, 1996). 

Dissolved Manganese Manganese is an essential element 
that occurs in various oxidation states. 
High levels of manganese are 
neurotoxic (DWAF Domestic WQG, 
1996).  

There are various industrial uses 
for manganese which include the 
manufacturing the manufacture 
of steel and manganese alloys 
(DWAF Domestic WQG, 1996) 

 Depending on the concentration the toxicity 
of manganese could be either acute or 
chronic. Could result in damage to the 
nervous system 

Dissolved Mercury* Mercury is naturally found in low 
concentrations in the environment due 
to its geological occurrence (WHO, 
2011).   

 Industrial pollution, industries 
such as the chloralkali 
industry and the paint and 
fungicide industries could be 
the major sources of mercury 
in water (DWAF Domestic 
WQG, 1996).  

 Mercury is a chronic neurotoxin, it has 
different effects in the human body 
depending on what form it occurs (DWAF 
Domestic WQG, 1996). 

 Inorganic Mercury causes renal dysfunction 
whilst organic mercury results neurological 
disturbances (DWAF Domestic WQG, 1996). 

 Mercury is very toxic to mammals and 
interferes with the central nervous system of 
vertebrates (DWAF Aquatic WQG, 1996) 
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Parameter Naturally occurring source in water Anthropogenic source in water Health Effects 

Dissolved Nickel Nickel may occur in groundwater due 
to its dissolution from nickel ore-
bearing rocks (WHO, 2011).  

Nickel may leach from metals 
such as pipes and fittings 

- The most prevalent effect of nickel in the 
general population is allergic dermatitis. 

- Lack of evidence of a carcinogenic risk from 
oral exposure to nickel (WHO 2-011) 

Nitrate Nitrate occurs naturally in the 
environment and it is an important 
plant nutrient and is part of the 
nitrogen cycle (WHO, 2011).  

Anthropogenic activities such as 
agricultural activities, wastewater 
and contamination of water by 
animal or human faeces could 
result in the presence of Nitrate 
in surface water (WHO, 2011) 

 Some cases have shown that high levels of 
nitrates in water could result in physical 
defects in new-borns.  

 In combination with phosphate, high 
concentrations could result in algal blooms 
(DWAF Aquatic WQG, 1996).  

Nitrite Nitrite occurs naturally in the 
environment and is part of the 
nitrogen cycle (WHO, 2011). 

-  There is evidence that Nitrites react with 
nitrosatable compounds in the stomach that 
form N-nitroso compounds. Some of these 
N-nitroso compounds have been found to be 
carcinogenic to humans. 

 Nitrites can combine with haemoglobin thus 
inhibiting its ability to carry oxygen, this is 
potentially dangerous in infants under the 
age of three months and its effects are 
exerbated in vitamin C deficient individuals 
(DWAF Domestic WQG, 1996). 

 Nitrite may be toxic to fish (DWAF Aquatic 
WQG, 1996) 

pH pH is defined as a measure of the 
acidity or alkalinity of the solution 
(SDWF). This is determined by 
measuring the concentration of the 
hydrogen atom in solution. In 
combination with TDS, pH acts as 
indicator of whether there may be 
other harmful contaminants in the 
water (SDWF). For example the 
solubility of some metals (aluminium, 
foe example) is dependent on the pH. 
Thus making pH a good indicator 
parameter.  

-  pH is a water quality parameter that 
generally does not have a direct impact on 
humans (WHO, 2011).  

 Slightly acidic water can pose a threat to 
human health because it can increase the 
toxicity of some metals (DWAF 
DomesticWQG, 1996).  
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Parameter Naturally occurring source in water Anthropogenic source in water Health Effects 

Sulphate Sulphates are naturally occurring in a 
number of minerals such as Barite 
(BaSO4) and Gypsum (CaSO4·2H2O) 
(WHO, 2004).  

Mines, smelters and kraft pulp. 
Sulphates found on surface 
waters may also be a result of 
the combustion of fossil fuels and 
metallurgical roasting processes 
(WHO, 2004).  

 Ingestion of large amounts of sodium 
sulphate could lead to dehydration (WHO, 
2004). 

Total Suspended Solids TSS Is a measure of solids occurring 
in the water column this may include 
material that is inorganic or organic 
such as sediments, algae and other 
contaminants (Kemker, 2014).  

Runoff and erosion may 
contribute to the TSS in water 
(Kemker, 2014) 

- 

Turbidity Turbidity is a measure of how clear 
the water is, water with high turbidity 
is cloudy whilst water with low turbidity 
is clear, high turbidity is an indicator 
that there are more particles in the 
water (Kemker, 2014).  
 

 TDS of various runoff types 
may add to the turbidity of 
the system. 

 Agricultural runoff, industrial 
waste, water treatment plant 
effluents etc.  

 Besides anthropogenic 
activities, turbidity maybe 
increased by soil erosion, 
stirred bottom sediment or 
algal blooms (Kemker, 2014).  

 Turbid water does not necessarily cause any 
health effects to an individual but the water 
may have microbial contamination or have 
inorganic ions such as manganese (DWAF 
Domestic WQG, 1996).  

 May affect photosynthesis thus less food 
sources for aquatic organisms (Kemker, 
2014) 

 Suspended sediment affects fish differently 
this is dependent on factors such as the 
shape, size and composition of the 
suspended sediment (DWAF Aquatic WQG, 
1996) 

 May affect the breeding patterns of certain 
species 

 Eggs and larvae of fish are more affected by 
turbidity due to their higher oxygen demand 
and smothering (DWAF Aquatic WQG, 
1996).  
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Parameter Naturally occurring source in water Anthropogenic source in water Health Effects 

Dissolved Zinc Zinc is an essential trace element 
found in almost all food and potable 
water in the form of salts or organic 
complexes. It is used in nucleic acid 
synthesis and occurs in a number of 
enzymes (WQG Aquatic, 1996). Zinc 
concentrations results should be 
interpreted in relation with other 
parameters such as pH, suspended 
solids and related metals such as 
cadmium and copper (DWAF 
Domestic WQG, 1996) 

Zinc and zinc salts are used in 
various industrial processes 
(WQG Aquatic, 1996).  

 Could result in gastrointestinal disturbances, 
nausea, vomiting, electrolyte disturbance 
and renal damage, these are dependent on 
the concentration of zinc in water (DWAF 
Domestic WQG, 1996). 

 In drinking water zinc changes the colour of 
water giving it a white appearance and a 
bitter taste (DWAF Domestic WQG, 1996). 

Potassium Potassium is an element that 
generally occurs in soil and rocks.  It 
always occurs in water (DWAF 
Domestic WQG, 1996).  

Leaching of fertilizers   Could cause nausea and vomiting at high 
concentrations (DWAF Domestic WQG, 
1996). 

 Health effects are also depended on age, 
potassium generally does not pose any 
threat to adults (DWAF Domestic WQG, 
1996).  
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APPENDIX B: IMPACT ASSESSMENT METHODOLOGY  
 
To ensure a balanced and fair means of assessing the significance of potential impacts a 
standardised rating scale was adopted in the EIA phase. This rating scale will also be used to 
allow the direct comparison of specialist studies.  
 
This rating scale adopts four key factors that are generally recommended as best practice 
around the world:  

1. Temporal Scale: This scale defines the duration of any given impact over time. This may 
extend from the short- term (less than 5 years or the construction phase) to permanent. 
Generally the longer the impact occurs the more significance it is.   

2. Spatial Scale: This scale defines the spatial extent of any given impact. This may extend 
from the local area to an impact that crosses international boundaries. The wider the impact 
extends the more significant it is considered. 

3. Severity/Benefits Scale: This scale defines how severe negative impacts would be, or 
how beneficial positive impacts would be. This negative/positive scale is critical in 
determining the overall significance of any impacts.    
The Severity/Benefits Scale is used to assess the potential significance of impacts prior to 
and after mitigation in order to determine the overall effectiveness of any mitigations 
measures.  

4. Likelihood Scale: This scale defines the risk or chance of any given impact occurring. While 
many impacts generally do occur, there is considerable uncertainty in terms of others. The 
scale varies from unlikely to definite, with the overall impact significance increasing as the 
likelihood increases.  

 
These four scales are ranked and assigned a score, as presented in Table 1-1 to determine 
the overall impact significance. The total score is combined and considered against Table 1-
2 to determine the overall impact significance.  
 
Assumptions and Limitations   
 
The following limitations are inherent in the rating methodology:  
 
Value Judgements 

This scale attempts to provide a balance and rigor to assessing the significance of impacts. 
However, the evaluation of the significance of an impact relies heavily on the values of the person 
making the judgment. For this reason, impacts of especially a social nature need to reflect the 
values of the affected society. 

Cumulative Impacts 
Cumulative impacts affect the significance ranking of an impact because it considers the 
impact in terms of both on-site and off-site sources. This is particularly problematic in terms of 
impacts beyond the scope of the proposed development and the EIA. For this reason it is 
important to consider impacts in terms of their cumulative nature.   

Seasonality 

Certain impacts will vary in significance based on seasonal change thus it is difficult to provide 
a static assessment. Seasonality will need to be implicit in the temporal scale and, with 
management measures being imposed accordingly (i.e. dust suppression measures being 
implemented during the dry season).   
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Table 1-1: Ranking of Evaluation Criteria 

* In certain cases it may not be possible to determine the severity of an impact thus it may be 
determined: Don’t know/Can’t know  

Temporal scale Score 

Short term Less than 5 years 1 

Medium 
term 

Between 5 and 20 years 2 

Long term Between 20 and 40 years (a generation) and from a human 
perspective almost permanent. 

3 

Permanent Over 40 years and resulting in a permanent and lasting change that 
will always be there 

4 

Spatial Scale 

Localised At localised scale and a few hectares in extent 1 

Study area The proposed site and its immediate environs 2 

Regional District and Provincial level 3 

National Country 3 

International Internationally 4 

  * Severity Benefit 

Slight / Slight 

Beneficial 
Slight impacts on the affected 
system(s) or party(ies). 

Slightly beneficial to the affected 
system(s) or party(ies).  

1 

Moderate / 
Moderate 
Beneficial 

Moderate impacts on the affected 
system(s) or party (ies). 

An impact of real benefit to the 
affected system(s) or party(ies).  

2 

Severe / 

Beneficial 
Severe impacts on the affected 
system(s) or party(ies).  

A substantial benefit to the 
affected system(s) or party(ies).  

4 

 

Very Severe 
/ Very 

Beneficial 

Very severe change to the affected 
system(s) or party (ies). 

A very substantial benefit to the 
affected system(s) or party(ies). 

8 

Likelihood 

 
Unlikely 

 
The likelihood of these impacts occurring is slight 

 
1 

 
May Occur 

 
The likelihood of these impacts occurring is possible 

 
2 

 
Probable 

 
The likelihood of these impacts occurring is probable 

 
3 

 

 
Definite 

 
The likelihood is that this impact will definitely occur 

 
4 
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Table 1-2: Ranking matrix to provide an Environmental Significance  
 

 
 

16-2016-20A very serious impact which may be sufficient by itself 

to prevent the implementation of the project.

The impact may result in permanent change.  Very 

often these impacts are unmitigable and usually result 

in very severe effects or very beneficial effects.

VERY HIGH

12-1512-15A serious impact which, if not mitigated, may prevent 

the implementation of the project.

These impacts would be considered by society as 

constituting a major and usually long term change to 

the natural and/or social environment and result in 

severe negative or beneficial effects.

HIGH

8-118-11An important impact which requires mitigation.  The 

impact is insufficient by itself to prevent the 

implementation of the project but which, in conjunction 

with other impacts may prevent its implementation.

These impacts will usually result in either positive or 

negative medium to long term effect on the social 

and/or natural environment.

MODERATE

4-74-7An acceptable impact for which mitigation is desirable 

but not essential.  The impact by itself is insufficient 

even in combination with other low impacts to prevent 

development.

These impacts will result in either positive or negative 

medium to short term effects on the social and/or 

natural environment

LOW

NegativePositiveEnvironmental Significance

16-2016-20A very serious impact which may be sufficient by itself 

to prevent the implementation of the project.

The impact may result in permanent change.  Very 

often these impacts are unmitigable and usually result 

in very severe effects or very beneficial effects.

VERY HIGH

12-1512-15A serious impact which, if not mitigated, may prevent 

the implementation of the project.

These impacts would be considered by society as 

constituting a major and usually long term change to 

the natural and/or social environment and result in 

severe negative or beneficial effects.

HIGH

8-118-11An important impact which requires mitigation.  The 

impact is insufficient by itself to prevent the 

implementation of the project but which, in conjunction 

with other impacts may prevent its implementation.

These impacts will usually result in either positive or 

negative medium to long term effect on the social 

and/or natural environment.

MODERATE

4-74-7An acceptable impact for which mitigation is desirable 

but not essential.  The impact by itself is insufficient 

even in combination with other low impacts to prevent 

development.

These impacts will result in either positive or negative 

medium to short term effects on the social and/or 

natural environment

LOW

NegativePositiveEnvironmental Significance
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APPENDIX C: ASSESSING THE ECOLOGICAL IMPORTANCE AND 
SENSITIVITY (EIS) OF A RIVER SYSTEM 

 
The approach to determining the ecological importance and sensitivity of a river system is set out in 
Appendix R7 – Assessment of Ecological Importance and Sensitivity, of the publication Resource 
Directed Measures for Protection of Water Resources: Volume 3 River Ecosystems, (DWAF 1999). 
 
The assessment of EIS using this approach is described as “a general and unrefined estimation”, and 
it depends on knowledge of the system under consideration together with professional experience and 
judgement. It is strongly biased towards the potential importance and sensitivity of the river or system 
as it would be expected to be under unimpaired conditions that have not been significantly altered by 
human activities.  
 
The following ecological aspects should be considered as the basis for the estimation of ecological 
importance and sensitivity: 

 The presence of rare and endangered species, unique species (that is, endemic or isolated 
populations) and communities, intolerant species and species diversity should be taken into 
account for both the instream and riparian components of the river.  

 Habitat diversity should also be considered. This can include specific habitat types such as reaches 
with a high diversity of habitat types, such as pools, riffles, runs, rapids, waterfalls and riparian 
forests. 

 With reference to points 1 and 2, biodiversity in its general form (as in Noss 1990, for instance) 
should be taken into account as far as the available information allows. 

 The importance of the particular river or stretch of river in providing connectivity between different 
sections of the river, that is, whether it provides a migration route or corridor for species should be 
considered. 

 The presence of conservation or relatively natural areas along the river section should also serve 
as an indication of ecological importance and sensitivity. 

 The sensitivity (or fragility) of the system and its resilience (that is, its ability to recover following 
disturbance) of the system to environmental changes should also be considered. The biotic and 
abiotic components of the system should both be considered. 

 
Table 1 provides a narrative description of the EIS categories.  
 
Tables 2 and 3 set out the instream and riparian biotic (Table 2) and habitat (Table 3) determinants that 
should be used in the assessment. 
 
Table 4 indicates the confidence ratings for the assessment, which depend to a significant extent on 
the amount and quality of information available about the river or river system. 
 
Table 5 sets out the way in which the scores from Tables 2 and 3 are used to derive the EIS category 
for the river or river system.. 
 
Table 1: Ecological importance and sensitivity categories. 

Ecological Importance & 
Sensitivity Categories 

General Description 

Very high 

River systems that are considered to be unique on a national or even international level 
based on unique biodiversity (habitat diversity, species diversity, unique species, rare and 
endangered species). These rivers (in terms of biota and habitat) are usually very 
sensitive to flow modifications and have no or only a small capacity for use.  

High 

River systems that are considered to be unique on a national scale due to biodiversity 
(habitat diversity, species diversity, unique species, rare and endangered species). These 
rivers (in terms of biota and habitat) may be sensitive to flow modifications but in some 
cases, may have a substantial capacity for use.  

Moderate 

River systems that are considered to be unique on a provincial or local scale due to 
biodiversity (habitat diversity, species diversity, unique species, rare and endangered 
species). These rivers (in terms of biota and habitat) are usually not very sensitive to flow 
modifications and often have a substantial capacity for use.  
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Low/marginal 
River systems that are not unique at any scale. These rivers (in terms of biota and 
habitat)  are generally not very sensitive to flow modifications and usually have a 
substantial capacity for use.  

 
Table 2: Biotic determinants (instream and riparian) for assessment of ecological importance 
and sensitivity. 

Determinant Guidelines and Description Scoring Guidelines 

Rare and 
endangered 
biota 

Biota can be rare or endangered on a local, 
Provincial and National scale.  

Useful sources for this information include Red 
Data Books that are suitable for assessment on 
a National scale.  

Species (or taxa in the case of invertebrates) 
can be rare or endangered on a Provincial or 
local scale but not on a National scale.  

The assessment should be based on available 
information, professional knowledge and 
judgement. 

Very High - rating=4: One or more 

species/taxon judged as rare or endangered on a 
National scale (ie: Red Data Books). 

High - rating=3: One or more species/taxon 

judged to be rare or endangered on a 
Provincial/regional scale. 

Moderate - rating=2: More than one 

species/taxon judged to be rare or endangered 
on a local scale. 

Marginal - rating=1: One species/taxon judged 

as rare or endangered at a local scale. 

None - rating=0: No rare or endangered 

species/taxon at any scale 

Unique biota Endemic or uniquely isolated species 
populations (or taxa, i.e. in the case of 
invertebrates) that are not rare or endangered 
should be included here.  

This assessment should also consider local, 
Provincial and National scales and should be 
treated separately from rare and endangered 
species (i.e. the same species should not be 
considered).  

The assessment should be based on available 
information, professional knowledge and 
judgement. 

Very High - rating=4: One or more population 

(or taxon) unique on a National scale. For the 
Western Cape – rated on a biome scale. 

High - rating=3: One or more population (or 

taxon) judged to be unique on a 
Provincial/regional scale. For the Western Cape - 
rated on a sub-regional scale (i.e. northern, 
western, southern and karroid). 

Moderate – rating=2: More than one population 

(or taxon) judged to be unique on a local scale. 

Marginal - rating=1: One population (or taxon) 

judged to be unique at a local scale. 

None - rating=0: No population  (or taxon) 

judged to be unique at any scale. 

Intolerant biota Intolerant biota includes those species (or taxa 
in the case of invertebrates) that are known (or 
derived or suspected) to be intolerant to 
decreased or increased flow conditions as well 
as changed physical habitat and altered water 
quality conditions related to decreased or 
increased flows. As little experimental 
information is available on the intolerance of 
indigenous biota, assessment should be based 
on professional judgement. 

The assessment should be based on available 
information, professional knowledge and 
judgement. 

Very High - rating=4: A very high proportion of 

the biota is expected to be dependent on 
permanently flowing water during all phases of 
their life cycle.  

High - rating=3: A high proportion of the biota  is 

expected to be dependent on permanently 
flowing water during all phases of their life cycle.  

Moderate - rating=2: A small proportion of the 

biota is expected to be dependent on 
permanently flowing water during some phases of 
their life cycle. 

Marginal - rating=1: A very low proportion of the 

biota is expected to be only temporarily 
dependent on flowing water for the completion of 
their life cycle. Sporadic and seasonal flow 
events expected to be sufficient. 

None - rating=0: Rarely if any biota expected 

with any dependence on flowing water. 

Species/taxon 
richness 

Species/taxon richness can be assessed on a 
comparative basis according to a local, 
Provincial or National scale.  

The assessment should be based on available 
information, professional knowledge and 
judgement. 

Very High - rating=4: Rated on a National scale. 

High - rating=3: Rated on a Provincial/regional 

scale.  

Moderate - rating=2: Rated on a local scale.  

Marginal/low - rating=1: Not significant at any 

scale.  
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(A rating of None is not appropriate in this 
context) 
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Table 2: Habitat (instream and riparian) determinants for assessment of ecological importance 
and sensitivity. 

Determinant Guidelines And Description Scoring Guidelines 

Diversity of 
aquatic habitat 
types or 
features 

Diversity of habitat types in a river delineation 
should be assessed according to local, 
Provincial and National scales (riffles, rapids, 
runs, pools and backwaters and the 
associated marginal areas and substrate 
types), lotic wetlands (source sponges, 
floodplain habitat types) and the riparian 
zone).  

The assessment should be based on available 
information, professional knowledge and 
judgement. 

Very High - rating=4: Rated on a National 

scale. 

High - rating=3: Rated on a Provincial / 

regional scale.  

Moderate - rating=2: Rated on a local 

scale  

Marginal/low – rating=1: Not significant at 

any scale.  

(a rating of None is not appropriate in this 
context) 

Refuge value 
of habitat types 

 

The functionality of the habitat types present 
should be assessed in terms of their ability to 
provide refugia to biota during periods of 
environmental stress on a local, Provincial and 
National scale.  

The assessment should be based on available 
information, professional knowledge and 
judgement. 

Very High – rating=4: Rated on a National 
scale. 

High - rating=3: Rated on a 
Provincial/regional scale.  

Moderate - rating=2: Rated on a local scale  

Marginal/low - rating=1: Not significant at 
any scale.  

(a rating of None is not appropriate in this 
context) 

Sensitivity of 
habitat to flow 
changes 

 

This assessment should take into account the 
size of the stream as well as the habitat types 
available.  

The assumption is that only a limited decrease 
or increase in the flow (and the related depth 
and width) of certain rivers (often "smaller" 
streams) will result in particular physical 
habitat types (i.e. riffles), becoming unsuitable 
for biota as compared to "larger" streams.  

The assessment should be based on available 
information, professional knowledge and 
judgement. 

Very High - rating=4: Streams of a 

particular size and with abundant habitat 
types highly sensitive to flow decreases or 
increases at all times 

High - rating=3:  Streams of a particular 

size and with  some habitat types being 
highly sensitive to flow decreases or 
decreases  at all times. 

Moderate - rating=2: Streams of a 

particular size and with some habitat types 
being susceptible to flow decreases or 
increases during certain seasons. 

Marginal/low - rating=1: Streams of a 

particular size and with habitat types rarely 
sensitive to flow decreases or increases. 

(a rating of None is not appropriate in this 
context) 

Sensitivity to 
flow related  
water quality 
changes 

This assessment should consider the size and 
flow of the stream in terms of its sensitivity to 
water quality changes.  

 A decrease in the natural flow volume may, 
for example, result in a diminished assimilative 
capacity (in the situation where effluent forms 
part of the total flow volume) or may cause 
natural water quality variables (i.e. water 
temperature and oxygen) to reach levels 
detrimental for biota (also applicable to 
increases in flow).  

The assumption regarding the sensitivity of 
"smaller" streams is also applicable here.  In 
terms of organic pollution load, it has been 
pointed out that slow flowing deep rivers would 
be impacted over greater distances than fast 
flowing shallow rivers where re-aeration rates 
would be high. 

Very High - rating=4: Streams of a 

particular size (usually "small") and with 
abundant habitat types highly sensitive to 
water quality changes related to flow 
decreases or increases at all times. 

High - rating=3:  Streams of a particular 

size (usually "small") and with  some 
habitat types being highly sensitive to 
water quality related changes related to 
flow decreases or increases at all times. 

Moderate - rating=2: Streams of a 

particular size (often "larger") and with 
some habitat types being sensitive to water 
quality related flow decreases or increases 
during certain seasons. 

Marginal/low - rating=1: Streams of a 

particular size (often "larger") and with  
habitat types rarely sensitive to water 



Draft - Aquatic Ecology and Surface Water Quality             March 2018 

Coastal & Environmental Services   72                            Balama Central Graphite Mine 

Determinant Guidelines And Description Scoring Guidelines 

The assessment should be based on available 
information, professional knowledge and 
judgement. 

quality change related to flow decreases or 
increases. 

(a rating of None is not appropriate in this 
context) 

Migration 
route/corridor 
for instream 
and riparian 
biota 

The importance of a specific stream 
delineation in terms of the link it provides for 
the upstream and downstream biological 
functioning of other sections of the stream, is 
indicated here (i.e. connectivity). 

 The biological connectivity provided by a 
particular stream delineation can influence its 
ecological importance and result in an adapted 
(i.e. higher) rating than it would have had if 
was assessed only on its own. 

 Assessments should be based on the results 
of ratings for individual stream network 
delineations, professional judgement and 
available information. The sensitivity of the 
migration route/corridor to modifications and 
disruptions form part of the assessment. 

Within this context, headwater 
quaternaries/delineations could have a low 
importance as a migration route /corridor (at a 
sub-quaternary or other smaller delineation, 
migration route/corridor may be more 
important) 

Very high - rating=4: The stream 

delineation is a critical link in terms of 
connectivity for the survival of biota 
upstream and downstream and is very 
sensitive to modification. 

High - rating=3: The stream delineation is 

an important link in terms of connectivity 
for the survival of biota upstream and 
downstream and is sensitive to 
modification. 

Moderate - rating=2: The stream 

delineation is a moderately important link 
in terms of connectivity for the survival of 
biota upstream and downstream and is 
moderately sensitive to modification. 

Marginal/Low - rating=1: The stream 

delineation is a marginally/low important 
link in terms of connectivity for the survival 
of biota upstream and downstream and 
has a marginal sensitivity to modification 

None – rating=0: The stream delineation 

is not of any importance in terms of 
connectivity for the survival of biota 
upstream and downstream.  

National parks, 

Wilderness 
areas, 

Nature 
reserves 

Natural 
Heritage sites 

Natural areas 

The presence of conservation (i.e. National 
Parks, Wilderness areas and Nature 
Reserves) and natural areas (i.e. 
unproclaimed, relatively 
unmodified/undisturbed areas) within a stream 
delineation will place an additional emphasis 
on the ecological importance and sensitivity of 
a stream.  

The importance of such areas for the 
conservation of the aquatic ecological diversity 
on different scales must be judged, i.e. the 
presence of a quaternary or other delineation 
in a conservation or natural area does not 
automatically indicate a high score. 

 

Very high - score=4: The stream 

delineation is present within an area very 
important for the conservation of ecological 
diversity on a National and even 
international scale. 

High - score=3: The stream delineation is 

present within an area important for the 
conservation of ecological diversity on a 
National scale. 

Moderate - score=2: The stream 

delineation is present within an area 
important for the conservation of ecological 
diversity on a provincial /regional scale. 

Marginal/Low - score=1: The stream 

delineation is present within an area 
important for the conservation of ecological 
diversity on a local scale. 

Very low - score=0: The stream 

delineation is not present within an area 
important for the conservation of ecological 
diversity on any scale. 

 
Table 3: Confidence ratings for biotic and habitat determinants. 

Confidence Rating Confidence Score 

Very high confidence   4 

High confidence 3 

Moderate confidence 2 

Marginal/Low confidence 1 
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Table 4: Ecological importance and sensitivity categories. Interpretation of median scores for 
biotic and habitat determinants. 

Ecological Importance & Sensitivity Category Range of Median 

Very high: 

Quaternaries/delineations that are considered unique on a national or even international 
level based on unique biodiversity (habitat diversity, species diversity, unique species, rare 
and endangered species). These rivers (in terms of biota and habitat) are usually very 
sensitive to flow modifications and have no or only a small capacity for use. 

>3 and ≤4 

High: 

Quaternaries/delineations that are considered to be unique on a national scale due to 
biodiversity (habitat diversity, species diversity, unique species, rare and endangered 
species). These rivers (in terms of biota and habitat) may be sensitive to flow modifications 
but may have a substantial capacity for use. 

>2 and  ≤3 

Moderate: 

Quaternaries/delineations that are considered to be unique on a provincial or local scale 
due to biodiversity (habitat diversity, species diversity, unique species, rare and 
endangered species). These rivers (in terms of biota and habitat) are usually not very 
sensitive to flow modifications and often have a substantial capacity for use. 

>1 and  ≤2 

Low / Marginal: 

Quaternaries/delineations that are not unique at any scale. These rivers (in terms of biota 
and habitat) are generally not very sensitive to flow modifications and usually have a 
substantial capacity for use. 

>0 and ≤1 
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APPENDIX D: SASS5 ACCREDITATION CERTIFICATE 
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APPENDIX E: INTEGRATED HABITAT ASSESSMENT SYSTEM 
(IHAS) SCORE SHEET TEMPLATE 
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APPENDIX F: SOUTH AFRICAN SCORING SYSTEM VER5 (SASS5) SCORE SHEET TEMPLATE 

 


