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 Gas and Oil exploitation is necessary for the country in order to 
improve the financial status and solve the day-to-day needs of the 
people with hundred percent ensured public safeties, in addition to 
environmental protection in and around the lake. Permanent 
measuring systems are also used to monitor the behavior of the lake 
during the exploitation of methane accumulation. In order to avoid 
the environment disaster after the gas extraction, the Kibuye-
Platform-1 needs to re-inject the residual water at safety zone in the 
depth of Lake-Kivu. In this research, we present a novel application of 
ANOVA for 3

2 
factorial design to identify the optimum level (in meters) 

of re-injection of residual water using pH value and salinity and this 
methodology is illustrated using a real life data. 
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1. General Introduction 
 
Lake Kivu is an exceptional lake in an exceptional natural and socio economic context. The lake is important for the 
livelihoods of more than two million people as a source of drinking water, for fisheries and transportation. 
Furthermore, large reserves of gases (mainly methane and carbon dioxide) are dissolved in the deep water of the lake 
[1]. Even if it is economically necessary to exploit Methane gas in order to satisfy the country’s needs of power, public 
safety should be ensured as a primary concern. The second priority is the protection of the lake environment, especially 
the Bio-zone. Permanent measuring systems must be installed to monitor the behavior of the lake during the 
exploitation of methane accumulation and, together with the new computer simulation models, methane exploitation 
is regulated. In order to avoid environmental disasters after the gas extraction, the Kibuye-Platform-1 needs to localize 
the trajectory of the re-injected water and to assess the nutrient inputs from that re-injected water to the Bio-zone in 
the depth of Lake-Kivu [1]. 
 
Background 
To support initiatives of extracting methane dissolved deep in Lake Kivu, a Workshop on Lake Kivu Monitoring was held 
in Gisenyi-Rwanda from March 25 to March 28, 2007. The main topic of the workshop was monitoring the necessities 
for maintaing public safety and the integrity of the lake’s stability, ecology and gas resource while undertaking gas 
extraction operations [2]. The scientific understanding of the nature and behavior of the lake and its gas resources will 
further develop with the commencement of methane extraction and the accompanying lake monitoring. Thus, the 
Basic Principles, mandatory requirements, and guidelines are intentionally conservative to ensure that the initial gas 
extraction operations cannot jeopardize public safety, the ecological integrity and stability of the lake, and the gas 
resource. (As an example, experts are researching a concept for the removal of nutrients from the re-injection water to 
allow such re-injection into the upper zones of the lake. Should this research prove successful, there may then be an 
opportunity to allow such partial re-injection). While significant changes to the Mandatory Requirements and 
Guidelines are not expected, there may be the need to adjust the regulated depths for the extraction of gas-rich water, 
and the re-injection of degassed water, as well as densities of the re-injected water, over the decades.  
The rationale of this experiment is to re-extract degassed water after re-injection and analyzing the two main 
parameters such as pH and salinity of portion localized column according to the depth and distance within the lake. 
Thus the study is aimed at maintaining public safety and the integrity of the lake’s stability and ecology. 
 
Basing on Kibuye-Platform-1, the study shall mainly focus on the environment analysis to bring about protection based 
solutions. In this respect, the scope of the paper will circumscribe the different appropriate zone around the platform 
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within the lake for the degassed water re-injection. To achieve this, researchers will use different methods among 
which are documents reading, collection data procedures, experimental analysis of observations, interviewing different 
staff from the platform and site survey. 
 
 
Objectives 
From the previous overview, we came to formulate the following objectives: 

 Where we can localize the appropriate re-injected degassed water column zone in the lake 

 What are the effects on the water column?  

Assumptions 
A research is built upon assumptions/expectations, thus this paper is based upon the following assumptions:  

 Extraction and diagnostic of the sample quantity of water from a random zone after the degassed water re-
injection. 

 Experimental analysis of the extracted water effect comparing to the normal lakes’ scenario.  
 

An outline of this paper is as follows.  
Experimental Design is discussed in Section 2 and the Experimental analysis is explained in Section 3, while conclusion is 
provided in Section 4. 

 
2. Experimental Design 
 
2.1 Lake Zone 
 
The four major depth zones in Lake Kivu are roughly depicted. Adjacent zones are separated by significant density 
gradients in which water parameters such as conductivity, density and gas concentrations change rather rapidly with 
depth [2]. The depths specified in the definitions below are as measured in 2004. 

Fig.1 Vertical density profile in Lake Kivu (excluding pressure effect) and the associated definition of zones and of 
density gradients 

 
Source: Management prescriptions for the development of Lake Kivu gas resources 
 
 
2.2 Data consideration 
 
Kibuye, Rubona, Gisenyi, Idjwi respectively the North, South, East and West around the platform were the four 
directions taken into consideration. The data are collected, monitored and analyzed in the department of Lake Kivu 
monitoring program. In each direction, data is taken from three different points. The points are spaced by 500m 
between them. I water samples to be injected back are collected from at different class intervals of depths of 75-90m, 
90-105m, 105-120m denoted as type 1, 2 and 3 respectively. After analyzing the observation samples, we shall compare 
with the normal situation if there is a change of scenario. 
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Fig.2 Design scenario under KP-1 

 
2.3 Response variables 
 
Potential of Hydrogen pH 
Since water contains both hydrogen ions, H

+
 , and hydroxide ions, OH

–
 the pH value of water is determined by the 

relative concentrations these two ions. Water with pH 7 has equal concentrations of H
+
 ion and OH

-
 ion and is 

considered to be a neutral solution. If a solution is acidic (pH<7), the concentration of H
+
 ion is greater than the 

concentration of OH
-
 ion. If a solution is basic (pH>7), the concentration of H

+
 ion is less than the concentration of OH

-
 

ion. A change from pH7 to pH8 in a lake represents a ten-fold increase in the OH
- 
ion. Rainfall generally has a pH value 

between 5 and 6.5. Natural is 5.6 in non-polluted areas. It is acidic because of dissolved carbon dioxide and air 
pollutants such as Sulfur Dioxide or Nitrogen Oxides. If rainwater flows over soil containing hard-water minerals, its pH 
usually increases.  
 

The factors that affect pH levels are: 
 
• Acidic rainfall – may have little effect if the region is rich in minerals that result in high alkalinity values e.g. higher 
concentrations of carbonate, bicarbonate, and hydroxide ions from limestone can provide a natural buffering capacity 
capable of neutralizing many of the H

+
 ions from the acid. Other regions may have low concentrations of alkalinity ions 

to reduce the effects of acids in the rainfall area.  
 
• Algal blooms – causes water to become more basic. 
 
• Level of hard – water minerals. 
 
•Releases from industrial processes – depends on whether acids or bases are released. 
 
• Oxidation of sulfides in sediments – generally more acidic 
The measure of pH is very important as an indication of water quality due to the sensitivity of organisms to the pH of 
their environment. Small changes in pH can endanger many kinds of plants and animals as they may not survive or 
reproduce outside of that range (refer table below): 
 
 
 
 
 
 
 
Table 1 Effects of pH levels on aquatic life 
 

Effects of pH Levels on Aquatic Life 

pH Effect 

3.0 – 3.5 Unlikely that fish can survive for more than a 
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few hours in this range, although some plants 
and invertebrates can be found at pH levels this 
low 

3.5 – 4.0 Known to be lethal to Salmonids 

4.0 – 4.5 All fish, most frogs, insects absent 

4.5 – 5.0 Mayfly and many other insects absent. Most 
fish eggs will not hatch. 

5.0 – 5.5 Bottom-dwelling bacteria (decomposers) begin 
to die. Leaf litter and detritus begin to 
accumulate, locking up essential nutrients and 
interrupting chemical cycling. Plankton begins 
to disappear. Snails absent. Mats of fungi begin 
to replace bacteria in the substrate 

5.5 – 6.0 Metals (aluminum, lead) normally trapped in 
sediments are released into the acidified water 
in forms toxic to aquatic life 

6.0 – 6.5 Freshwater shrimp absent. Unlikely to be 
directly harmful to fish unless free carbon 
dioxide is high. (in excess of 100mg/l) 

6.5 – 8.2 Optimal for most organisms 

8.2 – 9.0 Unlikely to be directly harmful to fish, but 
indirect effects occur at this level due to 
chemical changes 

9.0 – 10.5 Likely to be harmful to Salmonids and perch if 
present for long periods 

10.5 – 11.0 Rapidly lethal to Salmonids. Prolonged 
exposure is lethal to carp, perch 

11.0 – 11.5 Rapidly lethal to all species of fish 

 
Salinity 
It is a measure of the total salt concentration, comprising mostly of Na

+
 and Cl

-
 ions as well as small quantities of other 

ions (e.g. Mg2
+
, K

+
, or SO4

2-
). It is the total of all non-carbonate salts dissolved in water, expressed in parts per thousand 

(1ppt = 1000mg/l or 1g/l). 
 
Table 2 Salinity Range 
 

 
Type of Water 

Dissolved salt content (mg/l) 

Fresh water < 1,000 mg/l 

Slightly saline water 1,000 - 3,000 mg/l 

Moderately saline water 3,000 - 10,000 mg/l 

Highly saline water 10,000 - 35,000 mg/l 

Sea water > 35,000 mg/l 

 
Freshwater has lower levels of “salt ions” such as Na

+
 and Cl

-
, and these are often lower in concentration than hard-

water ions such as calcium (Ca
2+

) and bicarbonate (HCO3
-
).  

Saltwater organisms can survive in salinity levels up to 40,000 ppm but many freshwater organisms cannot live in 
salinity levels above 1,000 ppm. 
 
 
 
 
3. Experimental Analysis 
 
3.1 Design Factors and Levels 
 

The original data is obtained [1] are arranged in the following manner so that the factorial designs can involve the two 
set of treatments such as depth and distance. There are three levels (1, 2 and 3) of factor depth and three levels factor 
distance such as 500, 1000, and 1500m. These are arranged in a factorial design; that is, each replicate of the 
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experiment contains four treatment of two combinations i.e. pH and salinity. Table 3 and table 4 below show the pH 
and salinity values collected. 
 
The Statistical (effects) model is given as: 

             βj +  (τβ)ij   εijk  
       
       
         

  

 is an overall mean, i is the effect of the i
th

 level of the row factor A (Depth) , j is the effect of the j
th

 column of 

column factor B (Distance) and ( )ij is the interaction between i and j , εijk ~  N (0,   
 ). 

 
Testing Hypotheses:  
 

H0: τ1=  τ2   τ3=  0 vs. H1: at least one τi   0 
H0: β1= β2  β3=  0 vs. H1: at least one βj   0 
H0: (τβ)ij= 0   i,j  vs. H1: at least one (τβ)ij   0 

 
Table 3 pH values for randomized water portion after re-injection 

Depth 
Type 

Distance (m) 

500 1000 1500 

1 8.525 8.314 9.834 7.618 5.035 8.560 
7.890 8.567 5.792 8.333 8.012 9.044 

 

2 6.697 6.631 6.677 6.633 6.684 6.638 
6.587 6.545 6.611 6.560 6.617 6.613 

 

3 6.547 6.573 6.582 6.619 6.628 6.624 
5.300 6.868 5.301 7.294 5.901 6.819 

 
Table 4 Salinity values (g/l) for randomized water portion after re-injection 

Depth 
Type 

Distance (m) 

500 1000 1500 

1 2.019 1.025 1.087 2.019 2.027 1.090 

2.034 1.013 2.003 1.096 1.088 2.016 
 

2 2.121 2.016 2.220 2.246 2.245 2.259 

2.255 2.033 2.127 2.235 2.218 2.012 
 

3 2.254 2.493 2.262 2.437 2.277 2.499 

2.375 2.281 2.321 2.336 2.345 2.256 

 
There are two factors at three levels, so the study design is the Randomized Block Design (RBD) with four observations 
per cell, i.e., four portions of water column from different direction are tested. 
 
3.2 Data diagnostics and experimental results 
 
Descriptive Statistics: pH 
By using the statistics development package Minitab, the descriptive depth statistics results of pH are represented as 
follow: 
 
Results for Depth = 1 
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Fig.3 Normal curve histogram of pH, depth 1 

 
For depth type 1, the descriptive statistics results showed that the pH is high at all different distance from the KP-1 
according to the optimal range. With time, these imply that the environment harmful to the chemical changes. 
 

Results for Depth = 2 
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For depth type 2, the descriptive statistics results showed that the pH is normal according to the fixed environment 
standard i.e. the pH is converged to the optimal range. 
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Results for Depth = 3  
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And for depth 3 regarding to the optimal range, the results showed that the pH is low at all different distance from the 
platform. With time, also these imply that the environment harmful to the chemical changes. 
 
The ANOVA for 3

2
factorial design (pH versus Depth, Distance) 
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Fig.6 Individual Value Plot of pH vs Depth-Distance 

Descriptive Statistics: Salinity 
 

Results for Depth = 1 
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The descriptive statistics results showed that the salinity is very low at all different distance from the platform 
according to the lake normal range. With time, the environment is harmful to the chemical changes. 
Results for Depth = 2 
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For depth type 2, the descriptive statistics results showed that the salinity parameter is totally unchanged regarding the 
normal concentration within the Kivu Lake at the 3 different distances. 
Results for Depth = 3 
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And for depth type 3 above, the descriptive statistics results showed that the salinity is high at all different distance 
from the platform according to the Lake normal range. With time, also these imply that the environment harmful to the 
chemical changes. 
 
 
 
 
 
 
 
 
The ANOVA for 3

2
factorial design (Salinity versus Depth, Distance) 
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Fig.10 Individual Value Plot of salinity vs Depth, Distance 

 
4. General Conclusion 
 
pH and salinity are the primary indicators used for the water quality evaluation. Most aquatic plants and animals are 
sensitive to pH and Salinity effect variations. In our research study, we tried to compare the statistical results with the 
GIS satellite image output for different parameters’ plume variables of re-injected water.  
pH is a measure of how acidic or basic (alkaline) a solution is. The pH scale ranges from 0 to 14, where a pH of 6.5 to 8.2 
is considered neutral. In our case, values below that range are more acidic and values above it are more basic.  
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Fig.11 The pH state within the Kivu Lake 

pH interpolated within a circle shaped zone of about 2000m of radius around KP1. For pH, the above grid (Ref. Fig 11) 
showed the plume of re-injected water to be the same as our experimental analysis. 
The lack of interaction is indicated by the significant parallelism of the lines. For depth type 1 and 3, graphs showed 
respectively the higher and lower pH at all different distance (500, 1000, 1500m) around the platform. So those two 
hypotheses are rejected. Unlike, the pH hypothesis of the depth type 2 is normal in our column scenario. 
 

 
Fig.12 The salinity (g/l) within the Kivu Lake 

 
Salinity is the total of all non-carbonate salts dissolved in water. Salinity (g/l) interpolated within a circle shaped zone of 
about 2000m of radius around KP1.  
 
Also here from figure 9, the lack of interaction is indicated by the significant parallelism of the lines. For depth type 1 
and 3, we observed that graphs showed respectively the lower and higher salinity concentration at all 3 different 
distance (500, 1000, 1500m) levels around the platform. Only the hypothesis of depth type 2 is failed to reject because 
it is unchanged comparing to our Lake normal range column.  
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