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Table 9.6 Descriptive Statistics of the Speeds Measured at Mid-Depth on the Site of the Brine Effluent in relation to the 
Marine Seasons and Direction, between April 27 and August 6, 2007. 

Season All of the Recording Period GSC GSC GSC GSF GSF GSF 

Direction All directions All directions North-west South-east All directions North-west South-east
Number of readings 7,255 2,008 1,306 707 5,243 3,107 2,136 
Minimum (cm/s) 0.2 3.2 0.2 0.7 2.0 0.2 0.3 
Maximum (cm/s) 59.8 50.8 59.8 49.0 96.5 33.4 41.1 
Mean (cm/s) 11.6 15.9 16.7 14.3 10.0 11.7 7.4 
Standard deviation (cm/s) 7.6 8.1 9.0 8.9 5.8 6.2 5.2 
% of readings 100 28 18 10 72 43 29 
% of the season  100 65 35 100 59 41 
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Low speeds in a south-easterly direction occur for continuous periods of time that 
last longer during the GSF, between 130 and 200 hours approximately, than during 
the GSC, between 20 and 50 hours approximately (Figure 9.12). 
 
In order to validate the recordings of the current direction in the immediate vicinity of 
the proposed brine effluent, centre boarders equipped with drifts, attached at a depth 
of 7 m, were monitored on April 26 and 27 and on August 8, 2007. The straight paths 
of the centre boarders towards the north-west confirm the prevailing direction 
(Map 9.2). An inversion of the current was highlighted by two centre boarders on 
April 26, 2007. The measured centre boarders' speeds varied between 17.1 cm/s 
and 29.4 cm/s and were therefore representative of the average speeds measured 
at the surface (Table 9.5). 
 

9.1.2 Impacts and Mitigation Measures 
 
In consideration of the baseline conditions presented herein, an analysis of the 
interactions between the Valued Elements of the Environments (VEEs) and the 
Project Components was conducted for each of the three Project phases, i.e. 
exploration, construction and operational (Tables 6.1 to 6.3). 
 
Specifically for those VEEs which are potentially impacted during any phase of the 
Project, an impact assessment sheet was completed. When applicable, the impact 
assessment sheet is a self-sufficient document which lists the potential impacts, 
provides the necessary environmental and social backgrounds of the VEE, and 
assesses the degree of disturbance, extent, duration, probability of occurrence and 
overall magnitude of the impacts. Mitigation measures are then defined and residual 
impacts assessed. 
 
More specifically, it is expected that the physical oceanography will be impacted only 
during the operational phase (Table 6.3). Therefore, the relevant impact assessment 
sheet for this VEE is presented hereinafter. 
 
Essentially, the most important potential impacts on the physical oceanography will 
consist of: 

• Creation of turbulence and erosion of the seabed caused by the presence of the 
pipeline and diffuser; 

• Change in the oceanographic conditions, in particular in the physico-chemical 
characteristics of the water, such as the currents, salinity and temperature, in the 
area influenced by the dispersion plume of hypersaline water. 
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The mitigation measures will consist of: 

• Designing the diffuser to ensure maximum dilution of the hypersaline water into 
the coastal sea waters; 

• Using the results from the monitoring of the effluent and of the oceanographic 
conditions at the outfall site to improve the design of the diffuser if necessary; 

• Minimising brine effluent volume by maximising the backfilling of salts in spent 
caverns. 

 
The implementation of mitigation measures will limit the degree of disturbance to the 
area which is located directly under the influence of the dispersion plume. The 
residual impact will be low. 
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SHEET 9.1.1     ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT SHEET – OPERATIONAL PHASE 
 

VALUED ELEMENT OF THE ENVIRONMENT: Physical Oceanography 
      
ENVIRONMENT:   physical  biological  human  
      
PROJECT COMPONENT: 1) Water supply and management; 2) Transport. 
      
DESCRIPTION OF POTENTIAL IMPACTS:      
 Creation of turbulence and erosion of the seabed caused by the presence of the pipeline and diffuser; 
 Change in the oceanographic conditions, in particular in the physico-chemical characteristics of the water, such as the currents, salinity and 

temperature, in the area influenced by the dispersion plume of hypersaline water. 
 
ASSESSMENT OF IMPACTS Nature of impacts:  positive  negative  undetermined 
 
 Ecosystem Value Social Value 
 
  high  medium  low  high  medium  low 
 
 
 Environmental Value Degree of disturbance 
 
  high  medium  low  high  medium  low  undetermined 
 
 
 Intensity 
 
  high  medium  low 
 
 
 Extent Duration Probability of occurrence 
 
  regional  local  limited  long  medium  short  high  medium  low 
 
 

Magnitude of the impacts 
 
  high  medium  low  very low  undetermined 
 

MITIGATION AND/OR OPTIMISATION MEASURES: 
 Design the diffuser in such a way as to ensure maximum dilution of the hypersaline water into the coastal sea waters; 
 Use the results from the monitoring of the physico-chemical characteristics of the effluent and use the results from the monitoring of the 

coastal oceanographic conditions at the outfall site and the dynamics of the plume, particularly during the Grande saison froide (GSF) to 
improve the design of the diffuser and the ducts, in order to improve dilution of the hypersaline water; 

 Ensure that the diffuser is deep enough to avoid the plume being influenced by the surface waves; 
 Regular inspections of the pipeline and diffuser to detect and mitigate any erosion along the pipeline and implement remedial work if required;  
 Minimise brine effluent volume by maximising reinjection of salts into the caverns where mining is completed. 

RESIDUAL IMPACTS: 
 Oceanographic conditions in the area located directly under the influence of the dispersion plume will not be modified significantly. 

 
Magnitude of residual impacts 

 
  high  medium  low  very low  undetermined 
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JUSTIFICATION: 
Ecosystem Value: The physical oceanography of the Study Area has no unique or representative character and has an interest whose 
conservation or protection is the subject of few concerns. 
Social Value: The physical oceanography of the Study Area is not the subject of any measures of legal or statutory protection in Congo, and it 
holds little or no value or use for the affected population. 
Degree of disturbance: The brine effluent pipeline will be about 1.1 km long; it will be buried from the beach onwards until a water depth of 3 m 
is reached, that is up to a distance of 50 m from the coast, after which it will be ballasted on the seabed and held in place by concrete saddles. 
From the coast, up to a distance of around 900 m out to sea, the pipeline will be laid on a sandy substrate, whereas the last 200 m will be laid on 
a rocky substrate. The coastal environment of the Study Area is subject to oceanographic conditions which have major variations in speed and 
direction of currents. The data available shows that the current speeds measured on the seabed at the end of the Quai des Potasses, between 
1969 and 1972, were 8 cm/s on average and reached a minimum of 0 cm/s and a maximum of 33 cm/s. Likewise, the data measured on the 
seabed at the projected brine effluent outfall site between April 27 and August 6, 2007 shows average, minimum and maximum speeds 
respectively of 7.9 cm/s, 0 cm/s and 36.7 cm/s. Taking into account the fact that the currents on the seabed can reach relatively high speeds, it is 
possible that laying the pipeline on the sandy substrate will lead to limited erosion of this substrate along the pipeline, and this might thus cause 
scouring and a breakage if not addressed through regular inspections and remedial work. The presence of the pipeline and its orientation 
perpendicular to the currents could also create turbulence on the seabed. 
In addition to the speed and direction of currents, the coastal environment of the Study Area is subject to oceanographic conditions which have 
major natural variations in turbidity, temperature and salinity, under the successive influences of Guinean and Benguelean waters, which are 
themselves influenced by the freshwaters of the Congo River. Moreover, these variations differ vertically in the water column.  
The Project plans the discharge at sea of 755 m3/h of hypersaline water during the first two years of operation and 222 m3/h of hypersaline water 
for the remainder of the operational phase, whose salt concentration is around 10 times that of the ambient salinity and whose maximum 
temperature is 34.9 °C. This discharge will mix into the ambient seawater depending on the influence of the oceanographic conditions at the time. 
The plume dispersion has been remodelled in 2009 by WorleyParsons Komex (WPK), based on updated brine composition and volumes 
(Appendix 4.1). The dilution modelling was conducted using the “negatively buoyant plume model for brine discharges” module within the 
CORMIX modelling package. This module was not available during the initial modelling study. The results from the WPK modelling predicted that, 
in all scenarios, dilution of the effluent plume is sufficient to reduce the salinity at 100 m well below the water quality standard, which is to limit the 
salinity increase to less than 10 % of the ambient salinity. This model acts in a similar manner to the previous modelling in that the predicted 
dilutions increase with the current velocity. The minimum dilution was modelled with the minimum current velocity. The maximum dilutions and 
minimum salt increase are predicted with the maximum current velocity. It should also be noted that there is very little predicted dilution in the far 
field. Dilutions predicted at 250 m are only slightly – most on the order of 10 % – higher than those at 100 m. This indicates that most of the 
dilution is occurring in the near field. Above a certain current velocity, the plume will move parallel to the shore, back and forth with current 
inversions, while it will sink and migrate away from the shore in low current velocities. In the far field, the effluent plume is predicted to behave as 
a thin layer near the sea bed that is carried downstream with the current and will tend to sink downslope off shore.  
Considering the above, the impact will not make a major change to the oceanography, and the degree of disturbance is deemed to be medium. 
Extent: The impact of the presence of the pipeline on the physical oceanography will be very limited in extent. However, the discharge of 
hypersaline water could have a more extended impact. The environmental objective proposed by the Project is to limit the increase in salinity to 
less than 10 % of the ambient salinity, at a distance of 250 m from the diffuser. The oceanographic data collected at the projected outfall site was 
used to model the dispersion of the plume of hypersaline water. According to the modelling conducted in 2009 by Worley Parsons Komex, the 
environmental objective would be achieved at all time at a distance of 100 m from the diffuser. The impact is therefore felt in a relatively limited 
area and at a short distance from the Project Area, and its extent is deemed to be local. 
Duration: The impact is felt continuously throughout the lifetime of the Project, its duration is therefore deemed to be long. 
Probability of occurrence: The probability of occurrence of the impact on sea water quality and marine sediment is definite. 
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9.2 Sea Water and Marine Sediment Quality 
 
The baseline conditions of the marine environment in the Study Area were 
established based on sampling carried out on November 17, 2006 and 
February 22, 2007. The six sampling stations were spread out along the 15 m 
isobath at the rate of 3 stations in the area of Pointe-Noire's projected outfall and 
three stations off Pointe M'Vassa, a control area located approximately 8 km to the 
south-east of Pointe-Noire. The methods are detailed in Appendix M9.2.1. 
 
Analysis of the chemical characteristics of the sea water in the Study Area was used 
to assess the quality, whereas that of the marine sediment was determined from 
grain size and chemical analyses. 
 

9.2.1 Baseline Conditions 
 

9.2.1.1 Sea Water 
 
The quality criteria for the protection of aquatic life of the Canadian Council of 
Ministers of the Environment (CCME, 1999) and for aquaculture and shellfish waters 
of the European Economic Community (EEC, 1979) were chosen as environmental 
reference criteria (Table 9.7). Although there are no aquaculture or shellfish waters 
in the Study Area, these water quality criteria are presented as an indication and are 
used as reference values for the initial characterisation of the environment. There is 
no specific water quality criteria for salt content increase associated with brine 
discharge at sea. Thus, an increase of 0.3 % at a distance of 250 m from the sea 
outfall was defined arbitrarily as a water quality standard (WQS). This limit 
corresponds to a 10 % increase of the natural salt content, which is about 3 %, i.e. 
30,000 ppm or 33 PSU. 
 
Since there is no criterion for some of the parameters analysed, the interpretation of 
the results is limited to the parameters which do have such a criterion. The other 
analysis results are shown as a reference state of the environment 
(Appendix L9.2.1).  
 
Area of Pointe-Noire's Projected Outfall 
 
The analysis of the base physico-chemical parameters of the sample taken at the 
site of the future outfall reveals that at that time the surface water there was 
relatively warm, slightly alkaline, relatively salty, not very turbid, with a low level of 
suspended solids and is in the higher part of the True Colour Unit scale (Table 9.7). 
For the most part, these conditions are typical of those observed in the short warm 
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season, which occurs during October and November, the exception being the values 
obtained for turbidity and suspended solids. In fact, these do not show the strong 
turbidity associated with a high concentration of suspended solids, such as that 
observed close to the seabed during dives to recover the currentmeter. This 
difference in the water column can be attributed, amongst other things, to the time of 
year and the currents. 
 
The concentrations of major ions and nutrients are low, except for those of chlorides, 
sulphates and bromides, which are 38,000, 4,800 and 120 mg/l, respectively. Metals 
and metalloids also show low levels, apart from magnesium and potassium, for 
which the measured concentrations are 1,200 and 340 mg/l, respectively (Table 9.7). 
These values could, for that matter, be explained by the erosion of the coastal 
sedimentary basin, which has one of the largest deposits of potash on the African 
Continent. As for the other parameters analysed, they reveal concentrations lower 
than the detection limit. 
 
Of all the parameters analysed, only arsenic significantly exceeds the environmental 
reference criterion for the protection of aquatic marine life, i.e. a concentration of 
0.068 mg/l, compared to the criterion of 0.0125 mg/l (Table 9.7). This suggests the 
presence of a natural background of arsenic as a result of the ferruginous nature of 
the coastal sedimentary basin. In fact, arsenic is adsorbed onto the iron oxides 
contained in the sediment. Diffuse sources of arsenic emission, such as industrial 
effluents and drainage water from unofficial dumps in and around the city and port of 
Pointe-Noire, could also add to this contamination. 
 
Control Area off Pointe M'Vassa 
 
The water sample taken at the control station is of a comparable quality with the one 
coming from the site of the future outfall (Table 9.7). There are only two parameters 
which show some difference, i.e. colour and copper (Table 9.7). In fact, the water is 
less coloured there, i.e. < 5 TCU at M’Vassa compared to 15 TCU at Pointe-Noire, 
and has a higher copper content, i.e. 0.031 mg/l compared to less than 0.003 mg/l. 
 
As in Pointe-Noire, only arsenic, with a comparable concentration, exceeds the 
environmental reference criterion for the protection of aquatic marine life issued by 
the CCME (1999). In a similar way, arsenic could be both of natural and 
anthropogenic origins. 
 



Table 9.7      Sea Water Quality in the Study Area in November 2006.

Area of Pointe-Noire's 
Proposed Outfall

Control Area, off the 
Pointe M'Vassa

23 26
Base Physico-Chemical Parameters

Temperature (water) °C
Maximum variation of ± 1°C 
and narrative statement[B] Can ≤ 2[C] EC 25.5 25

pH (laboratory) pH 7.9 7.8
Conductivity mS/cm to 25°C 40.1 40.5
Salinity g/Kg (‰) 12 - 38 EC 25.6[G] 25.9[G]

Turbidity NTU Narrative statement[B] Can 2.69 2.13
Colour (true) TCU (mg Pt/l)[A] Narrative statement[B] Can ± 10[D] EC 15 < 5
Total Alkalinity mg/l 116 145
Total Dissolved Solids mg/l 33,000 33,000
Total Organic Carbon (TOC) mg/l 2.1 2
Suspended Solids (SS) mg/l Narrative statement[B] Can [H] EC 10 54

Major Ions and Nutrients
Chlorides (Cl) mg/l 38,000 38,000
Ammonia nitrogen (N-NH3) mg/l <0.02 0.02
Bromide (Br-) mg/l 120 130
Fluoride (F) mg/l 0.8 0.8
Nitrites (NO2-) mg/l 0.010 0.015
Total phosphorus mg/l 0.03 0.03
Sulphates (SO4) mg/l 4,800 4,900

Metals and Metalloids
Arsenic (As) mg/l 0.0125 Can [E,F] EC 0.068 0.065
Copper (Cu) mg/l [E,F] EC <0.003 0.031
Magnesium (Mg) mg/l 1,200 1,100
Potassium (K) mg/l 340 320

0.068 : Concentration which exceeds the environmental reference criterion.

[4]    Source: Can = Canada; EC = European Community.

Stations

Environmental 
Reference Criteria Source[4]

[1]     Parameters Analysed: The physico-chemical parameters, ions and nutrients, metals and metalloids, volatile organic compounds (VOCs), semi-volatile organic compounds
         (SVOCs), polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), chlorobenzenes, phytosanitary products, pesticides/herbicides, organochlorine pesticides,
         pesticide residues, herbicides whose measured concentrations are lower than the detection limit were withdrawn to enable better readability. The complete analyses results are
         presented in Appendix L9.2.1.
[2]     Quality Criteria for the Protection of Aquatic Life: Canadian Council of Ministers of the Environment (CCME). 1999. Recommendations for environmental quality. Summary
         Table. Updated: July 2006.
[3]     Sea Water Quality Criteria for Aquaculture and Shellfish Waters: European Economic Community. 1979. Council Directive of October 30, 1979 pertaining to the required
         quality for shellfish waters (79/923/CEE). Updated: December 2006.

Parameters Analysed [1] Units
Environmental Reference 

Criteria Source[4]

Quality Criteria for the Protection of Aquatic 
Life[2]

Sea Water Quality Criteria for 
Aquaculture and Shellfish Waters[3]



[A]     mg of platinum per litre: 1 mg Pt/l = 1 TCU (true colour unit).

[E]     The concentration limit for each substance in the shellfish flesh must be such that it contributes to the good quality of the shellfish products. 

[G]     Calculated from the conductivity values. 

[C]     The temperature variation caused by a discharge must not, in the shellfish waters affected by the discharge, exceed by more than 2°C the temperature measured in the waters
          which are not affected. 

[H]     The increase in the suspended solid content caused by a discharge must not, in the shellfish waters affected by this discharge, exceed by more than 30 % that measured in the
          waters which are not affected.

[D]     The colour of the water after filtration, caused by a discharge, must not, in the case of shellfish waters affected by this discharge, differ by more than 10 mg Pt/l from the colour
          measured in the waters which are not affected. 

[F]     The concentration of each substance in the shellfish water or in the shellfish flesh must not exceed a level that causes harmful effects on the shellfish and their larvae. The
         synergistic effects of these metals must be taken into consideration. 

[B]     The narrative statements are limit values established to protect and maintain specific uses of the aquatic environment at a particular site. 
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9.2.1.2 Marine Sediment 
 
The criteria for the protection of aquatic life of the CCME (1999) were selected as 
environmental reference criteria to assess the quality of the marine sediment in the 
Study Area (Table 9.8). However, in the absence of criteria for all the parameters 
analysed, interpretation is limited to those for which they exist. All the analysis 
results for marine sediment are presented in Appendix L9.2.2.  
Area of Pointe-Noire’s Projected Outfall 
 
Based on the Unified Soil Classification System (American Society for Testing and 
Materials, 2000), the grain size analyses carried out show that the sediment from the 
stations off Pointe-Noire are largely within the fine sands class, with a proportion of 
82 % (Table 9.8). Medium sand, silt and gravel are also present, but in much lower 
proportions, i.e. 12, 3 and 3 %, respectively.  
 
Moreover, the marine sediment in this area is alkaline, with a pH of 8.24. They also 
show relatively high concentrations of total organic carbon (TOC), which vary 
between 2,100 and 6,900 mg/kg (Table 9.8). 
 
The majority of ions and nutrients analysed show concentrations higher than the 
detection limits, except for total cyanides, nitrites and nitrates (Appendix L9.2.2, 
Table 9.8). The sediment in the area of the future outfall has a high chloride, 
phosphorus and sulphate content (Table 9.8). In addition, ammonia nitrogen was 
found in the marine sediment, and in particularly high levels in the sample from 
station no. 24, where 53 mg/kg was measured.  
 
Concentrations of several metals and metalloids were also significant in the samples 
of sediment in the area of the future outfall: magnesium, potassium, boron, zinc, 
chromium, lead and nickel (Table 9.8). Only, arsenic, with concentrations varying 
between 14 and 74 mg/kg, is above the environment reference criterion of 7 mg/kg 
(Table 9.8). 
 
Finally, the large majority of concentrations of the other compounds analysed are 
lower than the detection limit (Appendix L9.2.2). For three PAHs, two PCBs and 
some organochlorine pesticides, it is not possible to determine whether the 
environmental reference criteria are exceeded or not, since the detection limits are 
higher than the criteria (Table 9.8). Moreover, since no organic compounds were 
detected, it is likely that these are below the environmental reference criteria 
(Appendix L9.2.2). As for the mineral oils and greases, they were only measured at 
station no. 23, with a concentration of 390 mg/kg. 
 



22 23 24 25 26 27
Base Physico-Chemical Parameters

pH pH 8.24 8.13 7.87 8.05
Total Organic Carbon (TOC) mg/kg 2,100 6,900 3,200 2,300 1,800 4,800

Grain Size Analysis %
0 to 2 µm - clay 0 0 0 0
2 to 80 µm - silt 3 10 10 1
80 to 400 µm - fine sand 82 79 71 87
400 to 2,000 µm - medium sand 12 1 4 2
2,000 to 4,000 µm - coarse sand 0 0 3 0
> 4,000 µm - gravel 3 10 12 11

Major Ions and Nutrients 
Ammonia nitrogen (N-NH3) mg/kg 7 14 53 18 6 7
Fluoride (F) mg/kg 2 6.5 3.3 3.4 2.4 4
Total phosphorus mg/kg 750 1,300 700 680 750 1,200
Sulphur (S) % 0.05 0.16 0.13 0.04 0.04 0.07
Chlorides (Cl) mg/kg 6,100 6,700 4,400 6,100 4,900 8,400
Sulphates (SO4) mg/kg 860 1 200 690 930 730 1,200
Bromide (Br-) mg/kg 25 23 15 21 20 31

Metals and Metalloids
Arsenic (As) mg/kg 7 Can 24 74 14 13 13 25
Boron (B) mg/kg 19 48 16 15 16 29
Chromium (Cr) mg/kg 52.3 Can 13 31 18 15 17 30
Copper (Cu) mg/kg 18.7 Can <2 <2 <2 <2 <2 3
Magnesium (Mg) mg/kg 4,700 15,000 3,400 3,900 4,100 7,500
Nickel (Ni) mg/kg 35 Can 4 11 4 4 4 8
Lead (Pb) mg/kg 30.2 Can 7 28 11 5 7 11
Potassium (K) mg/kg 290 820 380 310 300 690
Zinc (Zn) mg/kg 124 Can 27 46 27 26 26 47

Polycyclic Aromatic Hydrocarbons (PAHs)
Acenaphthylene mg/kg 0.00587 Can <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphthene mg/kg 0.00671 Can <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dibenz(a,h)anthracene mg/kg 0.00622 Can <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Polychlorinated Biphenyls (PCBs)
Aroclor 1016 mg/kg 0.01 Can <0.02 <0.02
Aroclor 1260 mg/kg 0.005 Can <0.02 <0.02

Organochlorine Pesticides
Aldrin mg/kg 0.002 Can <0.05 <0.05
Dieldrin mg/kg 0.00071 Can <0.002 <0.002
Dieldrin mg/kg 0.00071 Can <0.02 <0.02
Endrin mg/kg 0.00267 Can <0.1 <0.1
Heptachlor epoxide mg/kg 0.0006 Can <0.002 <0.002
Heptachlor mg/kg 0.0003 Can <0.002 <0.002
Heptachlor mg/kg 0.0003 Can <0.02 <0.02
Lindane mg/kg 0.00032 Can <0.002 <0.002
o,p-DDD + p,p-DDD mg/kg 0.00122 Can <0.002 <0.002
o,p-DDT + p,p-DDT mg/kg 0.00119 Can <0.002 <0.002
p,p-DDE mg/kg 0.00207 Can <0.05 <0.05
Toxaphene mg/kg 0.0001[A] Can <0.08 <0.08

Other Organic Compounds
Mineral Oils and Greases mg/kg <100 390 <100 <100 <100 <100

24 : Concentration which exceeds the environmental reference criteria.

Table 9.8     Marine Sediment Quality in the Study Area in November 2006 and February 2007.

[1]    Parameters Analysed: The physico-chemical parameters, ions and nutrients, metals, VOCs, SVOCs, PAHs, PCBs,
        chlorobenzenes, phytosanitary products, pesticides/herbicides, organochlorine pesticides, pesticide residues, herbicides,
        whose measured concentrations are lower than the detection limit were withdrawn to enable better readability. The
        full analyses results are presented in Appendix L9.2.2.

Station

Area of Pointe-Noire's
Proposed Outfall

Control Area,
off the

Pointe M'Vassa
Parameter Analysed[1] Unit

Environmental 
Reference 
Criteria[2]

Source[3]



[3]    Source: Can = Canada

        Canadian Environmental Protection Act. 1999. Regulations on marine discharges.
        http://laws.justice.gc.ca/en/C-15.31/SOR-2001-275/67088.html. Last update: August 31, 2004. 

        Environment Canada. 1992. Interim criteria for assessing the quality of sediments of the St. Lawrence. 
        St. Lawrence Centre. St-Laurent.

        Canadian Council of Ministers of the Environment (CCME). 1999. Canadian Sediment Quality Guidelines: protection of 
        aquatic life. Last update: December 2003.

[2]    Environmental Reference Criteria:

[A]    Toxaphene: Provisional; 1% TOC; adoption of quality criteria for chronic exposure to sediments, of 0.01 mg/kg TOC,
         established by the New York State Department of Environmental Conservation (NYSDEC, 1994).
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Control Area off Pointe M'Vassa 
 
The quality of sediment sampled in the control area is comparable to that of the 
future outfall, except for the grain size composition and ammonia nitrogen 
(Table 9.8). 
 
In fact, although grain size is also dominated in comparable concentrations by fine 
sand, it is gravel, silt, medium sand and coarse sand which make up the remaining 
fraction of the marine sediment of the control area. The sediment has lower 
ammonia nitrogen content, with concentrations ranging from 7 to 18 mg/kg, than 
those in the area of the future outfall, where a concentration of 54 mg/kg was 
measured (Table 9.8). Moreover, the sediment in the control area show 
concentrations of mineral oils and greases lower than the detection limits 
(Table 9.8). 
 
As in the area of the future outfall, the sediment in the control area shows arsenic 
concentrations which exceed the environmental reference criterion, but to a lesser 
extent (Table 9.8).  
 

9.2.2 Impacts and Mitigation Measures 
 
In consideration of the baseline conditions presented herein, an analysis of the 
interactions between the VEEs and the Project Components was conducted for each 
of the three Project phases, i.e. exploration, construction and operational (Tables 6.1 
to 6.3). 
 
Specifically for those VEEs which are potentially impacted during any phase of the 
Project, an impact assessment sheet was completed. When applicable, the impact 
assessment sheet is a self-sufficient document which lists the potential impacts, 
provides the necessary environmental and social backgrounds of the VEE, and 
assesses the degree of disturbance, extent, duration, probability of occurrence and 
overall magnitude of the impacts. Mitigation measures are then defined and residual 
impacts assessed. 
 
More specifically, it is expected that the water and marine sediment quality will be 
impacted during the construction and operational phases (Tables 6.2 and 6.3). 
Therefore, the relevant impact assessment sheets for this VEE are presented 
hereinafter. 
 
Essentially, the most important potential impacts on the water and marine sediment 
quality will consist of the deterioration caused by: 

• Resuspension of sediment during the installation of the pipeline; 
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• Erosion of seabed along the pipeline and diffuser; 

• Modified currents, salinity and temperature in the area influenced by the 
dispersion plume of hypersaline water; 

• Accidental spillages of hydrocarbons or potash, near the beach or in the port. 
 
The mitigation measures will consist of: 

• Reducing impact on turbidity by constructing the effluent pipeline and diffuser 
during the period of weak currents, and by using a silt curtain; 

• Design the diffuser to ensure maximum dilution of the hypersaline water into the 
coastal sea waters; 

• Regular inspections of the pipeline and diffuser to detect and mitigate any 
erosion along the pipeline which could affect the integrity of the pipe; 

• Use the results from the monitoring of effluent, water and sediment quality, and 
coastal oceanographic conditions to improve the design of the diffuser; 

• Reducing potash spillages through procedures to avoid exposure of the potash 
to winds and rain when unloading trains, storage and loading ships; 

• Implementing preventive and protective measures against accidental discharges; 

• Minimising brine effluent volume by maximising the backfilling of salts in spent 
caverns. 

 
The implementation of mitigation measures will limit the degree of disturbance to the 
area which is located directly under the influence of the dispersion plume. The 
residual impact will be low. 



page 9-40  GENIVAR Limited Partnership 

Q11662 PRELIMINARY ESIA_C9_EN-18_2009-04-27_CD.doc 

SHEET 9.2.1     ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT SHEET – CONSTRUCTION PHASE 
 

VALUED ELEMENT OF THE ENVIRONMENT: Sea Water and Marine Sediment Quality 
      
ENVIRONMENT:   physical  biological  human  
      
PROJECT COMPONENT: 1) Transport; 2) Port infrastructure and activities. 
      
DESCRIPTION OF POTENTIAL IMPACTS:      
 Deterioration of water quality caused by resuspension of sediment during the installation of the pipeline; 
 Change in physico-chemical characteristics of the sea water, such as the currents, salinity and temperature, in the area influenced by the 

dispersion plume of hypersaline water; 
 Deterioration of sea water and marine sediment quality caused by accidental spillages of hydrocarbons, near the beach or in the port. 

 
ASSESSMENT OF IMPACTS Nature of impacts:  positive  negative  undetermined 
 
 Ecosystem Value Social Value 
 
  high  medium  low  high  medium  low 
 
 
 Environmental Value Degree of disturbance 
 
  high  medium  low  high  medium  low  undetermined 
 
 
 Intensity 
 
  high  medium  low 
 
 
 Extent Duration Probability of occurrence 
 
  regional  local  limited  long  medium  short  high  medium  low 
 
 

Magnitude of the impacts 
 
  high  medium  low  very low  undetermined 
 

MITIGATION AND/OR OPTIMISATION MEASURES: 
 On the coast, surround the work area of the construction of the effluent pipeline, diffuser and dolphin with a floating boom supporting a silt 

curtain; 
 Carry out the work during the periods of weak currents, in the Grande saison froide (GSF); 
 Design the diffuser in such a way as to ensure maximum dilution of the hypersaline water into the coastal sea waters; 
 Use the results from the monitoring of the coastal oceanographic conditions at the outfall site and use the results from the monitoring of the 

coastal oceanographic conditions at the outfall site and the dynamics of the plume, particularly during the Grande saison froide (GSF) to 
improve the design of the diffuser and the ducts, in order to improve dilution of the hypersaline water; 

 Ensure that the diffuser is deep enough to avoid the plume being influenced by the surface waves; 
 Regular inspections of the pipeline and diffuser to detect and mitigate any erosion along the pipeline and implement remedial work if required;  
 Implement preventive and protective measures against accidental discharges. 

RESIDUAL IMPACTS: 
 Increase in salinity in the area influenced by the dispersion plume of hypersaline water. However, according to the WPK modelling, the 

environmental objective would be achieved at all time at a distance of 100 m from the diffuser.  
 

Magnitude of residual impacts 
 
  high  medium  low  very low  undetermined 
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JUSTIFICATION: 
Ecosystem Value: The sea water and marine sediment quality of the Study Area has no unique or representative character and has an interest 
whose conservation or protection is the subject of few concerns. 
Social Value: The sea water and marine sediment quality of the Study Area is not the subject of any measures of legal or statutory protection in 
Congo, and it holds little or no value or use for the affected population. 
Degree of disturbance: The construction of the brine pipeline, the diffuser and the mooring dolphin within the port will not require any dredging. 
One trench will be dug perpendicular to the coast by sand suction and jetting, in order to bury the pipeline until a water depth of 3 m is reached, 
up to a distance of around 50 m from the coast. The excavated material will mainly comprise sand. Analysis of the surface water during the Petite 
saison chaude (PSC) showed background arsenic concentrations between 5.2 and 5.4 times higher than the environmental reference criterion for 
the protection of aquatic life. Analysis of the sediment showed arsenic concentrations between 1.9 and 10.6 times higher than the environmental 
reference criterion for the protection of aquatic life. These results suggest the presence of a natural background of arsenic as a result of the 
ferruginous nature of the coastal sedimentary basin. In fact, arsenic is adsorbed onto the iron oxides contained in the sediment. Diffuse sources 
of arsenic emission, such as industrial effluents and drainage water from unofficial dumps in and around the city and port of Pointe-Noire, could 
also add to this contamination. The use of a floating boom supporting a silt curtain, which will surround the work area of the construction of the 
effluent pipeline, diffuser and dolphin, will limit the degree of disturbance and will reduce the extent of the impact. As for the pipeline and diffuser, 
they will be lowered to the seabed and held in place by concrete saddles. In the port, a less sensitive environmental background, the mooring 
dolphin at the petroleum quay in the port will be built by driving in steel piles, which will be filled with concrete. During the construction phase, the 
dilute cold brine collected from the preparation of the caverns will be sent to sea via the brine effluent pipeline. The Project plans to discharge at 
sea 200 m3/h of hypersaline water. This discharge will mix into the ambient sea water depending on the influence of the oceanographic 
conditions at the time. The plume dispersion has been remodelled in 2009 by WorleyParsons Komex, based on updated brine composition and 
volumes (Appendix 4.1). The dilution modelling was conducted using the “negatively buoyant plume model for brine discharges” module within 
the CORMIX modelling package. This module was not available during the initial modelling study. The results from the WPK modelling predicted 
that, in all scenarios, dilution of the effluent plume is sufficient to reduce the salinity at 100 m well below the water quality standard, which is to 
limit the salinity increase to less than 10 % of the ambient salinity. This model acts in a similar manner to the previous modelling in that the 
predicted dilutions increase with the current velocity. The minimum dilution was modelled with the minimum current velocity. The maximum 
dilutions and minimum salt increase are predicted with the maximum current velocity. It should also be noted that there is very little predicted 
dilution in the far field. Dilutions predicted at 250 m are only slightly – most on the order of 10 % – higher than those at 100 m. This indicates that 
most of the dilution is occurring in the near field. Above a certain current velocity, the plume will move parallel to the shore, back and forth with 
current inversions, while it will sink and migrate away from the shore in low current velocities. In the far field, the effluent plume is predicted to 
behave as a thin layer near the sea bed that is carried downstream with the current and will tend to sink downslope off shore.  
Notwithstanding the effect of temperature on solubility, the receiving marine environment offers a logarithmic dilution of the salts and metals 
concentrations present in the effluent. Therefore, the salts and trace metals potentially present in the effluent will be either dissolved in the 
ambient sea water or adsorbed on suspended solids already present in the sea water, and then taken out of the area of the salinity plume. 
Because there are no suspended solids such as silt or clay particles in the effluent, there will be no flocculation phenomenon and no material 
whatsoever will be deposited on the sea floor. As a result, the impact will make little change to the sea water and marine sediment quality, and 
will not compromise its environmental integrity. The degree of disturbance is deemed to be low. 
Extent: The excavation work for the trench to lay the pipeline will be very limited in extent, but the sediment resuspended in the water could form 
a plume of turbid water extending over a few hundred metres around the work, depending on the currents. As for the brine effluent outfall, the 
WPK modelling shows that the environmental objective would be achieved at all time at a distance of 100 m from the diffuser. The environmental 
objective proposed by the Project is to limit the increase in salinity to less than 10 % of the ambient salinity, at a distance of 250 m from the 
diffuser. The impact will therefore be felt in a relatively limited area close to or a short distance from the Project Area, and its extent is deemed to 
be local. 
Duration: The impact is felt over a relatively limited period that is during the period of the work. The duration is therefore deemed to be short. 
Probability of occurrence: The impact on the sea water and marine sediment quality is probable and its probability of occurrence is deemed to 
be high. 
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SHEET 9.2.2     ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT SHEET – OPERATIONAL PHASE 
 

VALUED ELEMENT OF THE ENVIRONMENT: Sea Water and Marine Sediment Quality 
      
ENVIRONMENT:   physical  biological  human  
      
PROJECT COMPONENT: 1) Water supply and management; 2) Transport; 3) Port infrastructure and activities. 
      
DESCRIPTION OF POTENTIAL IMPACTS:      
 Sedimentary erosion of the seabed caused by the presence of the pipeline and diffuser; 
 Change in physico-chemical characteristics of the sea water, such as the currents, salinity and temperature, in the area influenced by the 

dispersion plume of hypersaline water; 
 Deterioration of the sea water and marine sediment quality caused through contamination by the stored potash or by accidental discharges of 

potash during ship-loading operations, near the beach or in the port. 
 
ASSESSMENT OF IMPACTS Nature of impacts:  positive  negative  undetermined 
 
 Ecosystem Value Social Value 
 
  high  medium  low  high  medium  low 
 
 
 Environmental Value Degree of disturbance 
 
  high  medium  low  high  medium  low  undetermined 
 
 
 Intensity 
 
  high  medium  low 
 
 
 Extent Duration Probability of occurrence 
 
  regional  local  limited  long  medium  short  high  medium  low 
 
 

Magnitude of the impacts 
 
  high  medium  low  very low  undetermined 
 

MITIGATION AND/OR OPTIMISATION MEASURES: 
 Design the diffuser in such a way as to ensure maximum dilution of the hypersaline water into the coastal sea waters; 
 Use the results from the monitoring of the physico-chemical characteristics of the effluent and use the results from the monitoring of the 

coastal oceanographic conditions at the outfall site and the dynamics of the plume, particularly during the Grande saison froide (GSF) to 
improve the design of the diffuser and the ducts, in order to improve dilution of the hypersaline water; 

 Minimise brine effluent volume by maximising the reinjection of salts into the caverns where mining is completed; 
 Regular inspections of the pipeline and diffuser to detect and mitigate any erosion along the pipeline and implement remedial work if required;  
 Implement operational procedures for unloading trains, storage in buildings and loading of ships, aimed at avoiding any exposure of the 

potash to winds and rain; 
 Implement preventive and protective measures against accidental discharges. 

RESIDUAL IMPACTS: 
 Increase in salinity in the area influenced by the dispersion plume of hypersaline water. However, according to the WPK modelling, the 

environmental objective would be achieved at all time at a distance of 100 m from the diffuser.  

 
Magnitude of residual impacts 

 
  high  medium  low  very low  undetermined 
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JUSTIFICATION: 
Ecosystem Value: The sea water and marine sediment quality of the Study Area has no unique or representative character and has an interest 
whose conservation or protection is the subject of few concerns. 
Social Value: The sea water and marine sediment quality of the Study Area is not the subject of any measures of legal or statutory protection in 
Congo, and it holds little or no value or use for the affected population. 
Degree of disturbance: The brine effluent pipeline will be about 1.1 km long; it will be buried from the beach onwards until a water depth of 3 m 
is reached, up to a distance of 50 m from the coast, after which it will be ballasted on the seabed and held in place by concrete saddles. From the 
coast, up to a distance of around 900 m out to sea, the pipeline will be laid on a sandy substrate, whereas the last 200 m will be laid on a rocky 
substrate. The coastal environment of the Study Area is subject to oceanographic conditions that have major variations in speed and direction of 
currents. The data available shows that the current speeds measured on the seabed at the end of the Quai des Potasses, between 1969 and 
1972, were 8 cm/s on average and reached a minimum of 0 cm/s and a maximum of 33 cm/s. Likewise, the data measured on the seabed at the 
projected brine effluent outfall site between April 27 and August 6, 2007 shows average, minimum and maximum speeds respectively of 
7.9 cm/s, 0 cm/s and 36.7 cm/s. Taking into account the fact that the currents on the seabed can reach high speeds, it is possible that laying the 
pipeline on the sandy substrate will lead to limited erosion of this substrate along the pipeline, and this might thus cause scouring and a breakage 
if not addressed through regular inspections and remedial work. 
In addition to the speed and direction of currents, the coastal environment of the Study Area is also subject to oceanographic conditions which 
have major variations in turbidity, temperature and salinity, under the successive influences of Guinean and Benguelean waters, which are 
themselves influenced by the freshwaters of the Congo River. Moreover, these variations differ vertically in the water column. Analysis of the 
surface water during the Petite saison chaude (PSC) showed background arsenic concentrations between 5.2 and 5.4 times higher than the 
environmental reference criterion for the protection of aquatic life. Analysis of the sediment showed arsenic concentrations between 1.9 and 
10.6 times higher than the environmental reference criterion for the protection of aquatic life. These results suggest the presence of a natural 
background of arsenic as a result of the ferruginous nature of the coastal sedimentary basin. In fact, arsenic is adsorbed onto the iron oxides 
contained in the sediment. Diffuse sources of arsenic emission, such as industrial effluents and drainage water from unofficial dumps in and 
around the city and port of Pointe-Noire, could also add to this contamination. 
The Project plans the discharge at sea of 755 m3/h of hypersaline water during the first two years of operation and 222 m3/h of hypersaline water 
for the remainder of the operational phase, whose salt concentration is around 10 times that of the ambient salinity and whose maximum 
temperature is 34.9 °C. This discharge will mix into the ambient sea water depending on the influence of the oceanographic conditions at the 
time. The plume dispersion has been remodelled in 2009 by WorleyParsons Komex, based on updated brine composition and volumes 
(Appendix 4.1). The dilution modelling was conducted using the “negatively buoyant plume model for brine discharges” module within the 
CORMIX modelling package. This module was not available during the initial modelling study. The results from the WPK modelling predicted that, 
in all scenarios, dilution of the effluent plume is sufficient to reduce the salinity at 100 m well below the water quality standard, which is to limit the 
salinity increase to less than 10 % of the ambient salinity. This model acts in a similar manner to the previous modelling in that the predicted 
dilutions increase with the current velocity. The minimum dilution was modelled with the minimum current velocity. The maximum dilutions and 
minimum salt increase are predicted with the maximum current velocity. It should also be noted that there is very little predicted dilution in the far 
field. Dilutions predicted at 250 m are only slightly – most on the order of 10 % – higher than those at 100 m. This indicates that most of the 
dilution is occurring in the near field. Above a certain current velocity, the plume will move parallel to the shore, back and forth with current 
inversions, while it will sink and migrate away from the shore in low current velocities. In the far field, the effluent plume is predicted to behave as 
a thin layer near the sea bed that is carried downstream with the current and will tend to sink downslope off shore.  
Notwithstanding the effect of temperature on solubility, the receiving marine environment offers a logarithmic dilution of the salts and metals 
concentrations present in the effluent. Therefore, the salts and trace metals potentially present in the effluent will be either dissolved in the 
ambient sea water or adsorbed on suspended solids already present in the sea water, and then taken out of the area of the salinity plume. 
Because there are no suspended solids such as silt or clay particles in the effluent, there will be no flocculation phenomenon and no material 
whatsoever will be deposited on the sea floor. However, in very low current conditions, the negatively buoyant hypersaline solution may form a 
0.5 to 1 m-thick layer over the sea floor, which will drift slowly down slope.  
In the port, the activities involving unloading trains, storage in buildings and loading ships will be carried out in such a way as to avoid any 
exposure of the potash to bad weather and any accidental spillage. Also, loading 20 bulk carriers per year will comprise a low proportion of the 
overall port activities. 
Considering the above, the impact will change the sea water and marine sediment quality, and the degree of disturbance is deemed to be 
medium. In the port, the degree of disturbance will be low. 
Extent: The impact of the presence of the pipeline on erosion of the substrate, along with the potash handling activities in the port, will be very 
limited. However, the discharge of hypersaline water could have a more extended impact. The environmental objective proposed by the Project is 
to limit the increase in salinity to less than 10 % of the ambient salinity, at a distance of 250 m from the diffuser. The oceanographic data 
collected at the projected outfall site was used to model the dispersion of the plume of hypersaline water. According to the modelling conducted 
in 2009 by Worley Parsons Komex, the environmental objective would be achieved at all time at a distance of 100 m from the diffuser. The 
impact is therefore felt in a relatively limited area and at a short distance from the Project Area and its extent is deemed to be local. 
Duration: The impact is felt continuously throughout the lifetime of the Project, its duration is therefore deemed to be long. 
Probability of occurrence: The impact on sea water quality and marine sediment is definite. 
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