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Figure 3. The TD2 explosion refraction seismic survey map showing the engineering site surface 
elevations and the orientations of the 825km seismic profile length that has been measured by 
188 geophone signals over an entire shot point working traverse of 932.5m.   
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4. EXPLOSION SEISMIC PROFILE RESULTS FOR THE ENGINEERING SITE 
 

The results of this refraction seismic investigation of the engineering site can be presented as the 
processing and interpretation results of the data collected for each line shown in Figure 3. 
 
4.1. Refraction Seismic Data Processing 

 
The processing procedure involves reading the field data into some processing software and 
checking for the right geometry arrangement of the seismic shots with respect to the geophone 
spreads as acquired during the data collection. Some level of cleaning of the signals was 
performed so as to produce vivid arrivals on the seismograms which could be interpreted in 
terms of the three main paths expected in subsurface (i.e. direct, reflected and refracted rays) see 
http:/supportgeometrics.com. The delineation of the first arrivals is then easily achieved at this 
stage of the processing and the seismograms appear as shown in Figure 4 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Example of the First break picks of a midpoint shot recorded for the geophones on the 
second spread of Line 4. 
 
The next stage was to assign travel-time segments to different layers and then saving the file to 
disk. All of the above tasks were performed by the PickWin module in the SeisImager software. 
This consisted of the first part of the data processing. 
 
The second part of the data processing was to read the saved first break picks and begin the 
velocity structure modeling. This was accomplished by merging all the multiple spreads in a line 
together and employing all shots. A new model was then generated by setting model parameters 
that would reproduce the observed travel-time curves which show layering according to the 
seismic refraction theory. When this new model is set, the modeling requests statistical versions 
such as least squares to fit the data for a minimum error during the comparison of the model 
generated synthetic seismograms with the observed seismograms (G.R.J. Cooper & J.M. 
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Potocki-Szwejkowski, 1987). Now, because the seismic refraction technique is an inverse 
method (i.e. seismograms measure the history of rays), the above generated model was then 
inversely computed by a tomography ray tracing technique that set the model parameters 
according to those given by the first generated model. The described sequence of the above 
modeling is presented as one providing a seismic velocity structure at the engineering site 
profiles and is accordingly provided by the denoted lines below: 
 
LINE 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. The Time-Distance (t-x) Diagram for the seismic profile of Line 1 showing a 6 layered 
velocity structure observed from 48 geophone responses for the 18 shots measured across a 
distance of 235m of the seismic profile. 
 
4.2. Basic Interpretation Theory:  

 
The explosion refraction seismics has observed multiple layers of the seismic profile beneath line 
1. The observed layer velocities can easily be computed from the slopes on the t-x diagram. The 
layer thicknesses are estimated from the time intercepts on the t-x diagram. The depths to the 
interfaces are provided by respective layer thicknesses. Dipping interfaces produce a pattern of 
the travel-time curve that has different time intercepts at both ends of the t-x diagram for the 
same velocity layer and this implies different thicknesses of both ends (B. Sjogren, 1984). The 
survey lines at the engineering site were shot forward and reversed in order to determine any 
dipping interfaces of the seismic survey profiles. 
 
The Time-Distance (t-x) Diagram (Fig. 5), which is also commonly called the travel-time curve 
by seismologists, gives the measured or the observed parameters of the seismic refraction survey. 
It is, therefore, important to interpret it correctly for the measurement. 
i.e.: 
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-Direct Ray arrival times are simply linear functions of the seismic velocity and the shot point to 
geophone distances as given in the straight line equation below. 
                             T= x/v  
-The reflected ray arrivals are never the first arrivals and plot as curved asymptotes on the t-x 
diagram 
-The refracted ray (head-wave) arrival times plot as linear paths on the t-x diagram and only 
arrive after the critical distances and come as the first arrivals after the crossover distances (i.e. 
points at which respective refracted rays eventually overtake the direct wave). 
 

********************************************************  
IMPORTANT POINT 
The art of interpreting the t-x diagram requires the consideration of the geological data 
(geological sections and geological maps at the survey area) i.e.: 
 
The measured t-x diagram of the refraction seismics reveals at least 6 important pieces of 
geological information: 
(i) Velocity structure which is used to infer rock type 
(ii)  Depth to interface which shows lithology (or stratigraphy) change 
(iii)  Crossover distance points which show comparisons of various layer thicknesses (e.g. the 
second head-wave overtaking the direct ray earlier than the first head-wave, indicate either that 
the second layer is thin or the third layer has a much faster velocity) 
(iv) Steep & slant slopes which indicate very low velocity & very high velocity respectively 
imply that the former can be interpreted as a near-surface layer such as soil, subsoil or a 
weathered top layer of rock that is contained in the overburden 
(v) Constant-time offsets in the travel-time curves which suggest none-response recording of 
geophones  are  employed to  detect faults as discontinuities in the t-x diagram and these time-
offset constants result from the interfaces that have developed some kind of a hanging and foot 
step whose point does not refract to the geophones. 
(vi) Non-linear travel-time curves which are associated with undulating interfaces may be used 
to map topography of underlying compact bed rock 

******************************************************** 
 
By considerations of the above IMPORTANT POINT box, the geophysicist should be able to 
introduce a new model in the modeling process that comprises minimum least squares during the 
interpretation technique so that the result of the modeling comparisons of the synthetics and the 
measured data are within acceptable experimental fitting. The below given velocity structures in 
figures 6 & 7 present the application of generating a new model from measured t-x diagram of 
line 1 at the engineering site. 
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Figure 6. Computed 6-layered velocity structure generated by setting forward model parameters 
of the observed t-x data  to a theoretical relationship of 48 geophones responding to 18 shots 
along a N-S refraction seismic profile of length 235m at the  explosion refraction seismic Line -1 
of the engineering site. 
 
 

Figure 7. Computed inverse tomography velocity structure of the theoretical model which 
provides the best fit minimum least squares of the probable velocity structure expectance of the 
measured data parameters in the t-x diagram at the explosion refraction seismic  Line -1 of the 
engineering site. 
 
The interpretation of the seismic profile models of the new velocity structure provided for the 
Line-1 (Figs. 6 & 7) is outlined from the considerations of the above IMPORTANT POINT 
box as a check list of the seismic examination of this seismic profile at the engineering site: 
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4.3. Interpretation Remarks (i), (ii), (iii), (iv) 
 

The velocity structure model results presented by the figures 6 & 7 have sufficiently evaluated 
the following items of the IMPORTANT POINT box: 
      
(i) Six (6) stratigraphic rock units are computed for the new layered velocity structure at the 
engineering site. The compressional rates of propagation of seismic energy in the velocity 
structures have been measured from approximately 0.3 – 4.0kms-1. The seismic geological 
imaging of the survey line as calibrated by comparisons of the existing geological data of the site 
(Fig. 2) and the rates of propagation of the first breaks in the various geological units has been 
presented by the models (Figs. 6 & 7). Thus, the models propose a stratigraphy of the Katanga 
sediments of the late Precambrian comprising sandstones buried at depths of approximately 25m 
below the surface and which are overlain by shales having thicknesses of approximately 10m 
located at depths of about 10m from the surface. This layering is seen to be faulted at about 60m 
distance from the north of the profile by a dipping discontinuity which extends to depths 
reaching 50m below the surface. Infills of earth material which may compose clay and dry sand 
have occupied this fractured zone. The overburden can be seen to extend to depths of about 10m 
elsewhere on the profile and has been observed to be composed of land fill and disturbed soils. 
 
(ii)  Five (5) interfaces have been observed in the new velocity structure  below the seismic 
profile at the site and the depths to these interfaces may range from approximately 4 – 75m 
below the surface. 
 
(iii) Comparisons of various layer thicknesses have been observed to range from a thin 
overburden to thick compact bedrock. 
 
(iv) Velocity structure has shown a couple of low velocities in the range of 0.3 – 1.0kms-1 which 
correspond to the near surface layers consisting the overburden having total thickness of 
approximately 10m. 
 
However, adequate geological information concerning items (v) and (vi) of the check list are still 
significantly missing and this proposes for a further refining of the new velocity structure at the 
site seismic profile in order to account for the subtle effects discernible in the t-x diagram of Fig. 
5 which are hardly noticed in the velocity model results of Figs. 6 & 7. 
 
For instance, the constant-time offsets measured in the southern flank of the seismic profile at 
positions falling around 150m and between 210 – 220m in the t-x diagram are not mapped by the 
new generated models of Figs. 6 & 7. Instead, the new generated velocity structures of Figs. 6 & 
7 only have mapped the fracture zone on the northern end of the profile as discussed in the 
previous interpretation remark of the velocity structures. 
 
In order to address the above concern in Line -1 velocity structure, an initial model tomography 
velocity structure that best fits the computed inverse tomography model of Fig. 7, is generated. 
The modified t-x diagram in the computed inverse tomography model of Fig. 7 is given as 
below: 
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Figure 8. The smooth Time-Distance (t-x) Diagram for the seismic profile of Line 1 computed by 
the inverse tomography of a 6 layered velocity structure observed from 48 geophone responses 
for the 18 shots measured across a distance of 235m of the seismic profile. 
 
The smooth tomography forward model sets a layer number threshold limit between 10-100 
layers in order to improve the Fig. 7 model so that subtle structures of the original t-x diagram of 
Fig. 5 can be brought out in the resulting velocity structure. This forward technique also has an 
option of setting the number of iterations for smoothing both horizontal and vertical variations in 
the resulting velocity structure. In this work, 10 layers were set for the forward modeling with 
the iterations fixed to 10 at 20 nodes. The following velocity structures given in Figs. 9 &10 
below illustrate the application of the forward and inverse tomography velocity structures 
respectively computed from the chosen initial tomography model of the modified t-x diagram of 
line 1 (Fig. 8)  for the seismic profile at the engineering site. 
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Figure 9. Computed forward smooth 10 layer tomography velocity structure which best fits  
minimum least squares of the probable velocity structure expectance of the initial tomography 
model investigated for the t-x diagram at the explosion refraction seismic Line -1 of the 
engineering site. 
 

Figure 10. Computed inverse smooth 10 layer tomography velocity structure which best fits  
minimum least squares of the probable velocity structure expectance of the forward smooth 10 
layer  tomography model investigated at the t-x diagram at the explosion refraction seismics  
Line -1 of the engineering site. 
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4.4. Interpretation Remarks (v); (vi): 
 
The Final calibration of the items given in the IMPORTANT POINT box check list for the 
refraction seismic interpretation of the computed velocity structure of a two-dimensional 
explosion seismic profiling for Line -1 that was measured by a field sampling of the velocity 
structure with 48 geophones spread along a seismic profile of 235m on which 18 discharge 
explosions were applied to the earth material reveals detailed geological information: 
 
(v). The subtle constant-time offsets in the explosion refraction seismic profile of Line -1 on the 
southern end of the profile are now evidenced by manifestations of localized  horizontal breaks 
in the competent underlying rock units having depositions of some kind of overburden earth 
material. The quality of the rock units in these localized horizontal beddings as defined by the 
model computed seismic velocities suggest lower velocities which can indicate rock material of 
inferior quality. These low velocity zones along the bedrock surface and/or the horizontal 
beddings have been interpreted as presence of faults; fracture zones; contact zones or deep 
depressions in the bedrock surface where another looser rock type is present. The lower velocity 
zones as horizontal beddings can also correspond to the upper layers of weathered and fractured 
softer rock material. These computed localized lower velocity zones have accurately mapped 
depths of approximately 10m below the ground surface of the seismic profile of Line-1 as 
measured at the engineering site.  
 
(vi). The non-linear travel-time curves which are associated with undulating interfaces have 
facilitated adequate delineation of the compact bedrock topography so that the total depth down 
to the bedrock is reported. The additional case of subsurface layers of fractured and/or weathered 
rock material has also been accurately determined on the explosion seismic refraction profile of 
the survey engineering site. The depth to top of compact bed rock beneath Line 1 has been 
estimated being approximately 15m and has been observed to be heavily intruded by rock units 
of lower velocities as can be checked out from Fig. 10. 
 
Finally, the modeling process was completed for the interpretation of the explosion seismic 
survey profiling of line -1 by reverting the final velocity structure to the 6-layered velocity model 
which has initially measured the explosion refraction seismic survey at the site (Fig. 5).  The 
final velocity model determined at the site has therefore been presented as given in Fig.11 below. 
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Figure 10.  The two-dimensional smooth inversion model of the N-S_Profile_Strike90 consisting 
of 48 geophones responding to 18 shots along a refraction seismic profile of length 235m  
measured on the north-west region of the engineering site that has been used to evaluate crustal 
structure of  explosion refraction seismic Line -1. 
 
 
Similar scheme of analysis in the processing and interpretation of the observed data on the  
central and south-east  lines of the engineering site was continued. These results are presented in 
the following sections. 
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4.5. Processing and Interpretation of Line-2  
 
4.5.1. Interpretation Remarks (i); (ii); (iii); (iv): 
 

Figure 11. The Time-Distance (t-x) Diagram for the seismic profile of Line 2 showing a 7 
layered velocity structure observed from 48 geophone responses for the 18 shots measured 
across a distance of 235m of the seismic profile. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 12. Computed 7-layered velocity structure generated by setting forward model 
parameters of the observed t-x data  to a theoretical relationship of 48 geophones responding to 
18 shots along a NE-SW refraction seismic profile of length 235m at the  explosion refraction 
seismic Line -2 of the engineering site. 
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Figure 13. Computed inverse tomography velocity structure of the theoretical model which 
provides the best fit minimum least squares of the probable velocity structure expectance of the 
measured data parameters in the t-x diagram at the explosion refraction seismic  Line -2 of the 
engineering site. 
 
(i) Seven (7) stratigraphic rock units are computed for the new layered velocity structure at the 
engineering site. The compressional rates of propagation of seismic energy in the velocity 
structures have been measured from approximately 0.3 – 4.5kms-1. The seismic geological 
imaging of the survey line as calibrated by comparisons of the existing geological data of the site 
(Fig. 2) and the rates of propagation of the first breaks in the various geological units has been 
presented by the models (Figs. 12 & 13). Thus, the models propose a stratigraphy of the Katanga 
sediments of the late Precambrian comprising sandstones buried at depths of approximately 30m 
below the surface and which are overlain by shales having thicknesses of approximately 20m 
located at depths of about 10m from the surface. This layering is seen to be weathered at about 
30m distance from the north-east of the profile by a deposition which extends to depths reaching 
only 15m below the surface. Infills of earth material which may compose clay and dry sand have 
occupied this weathered zone. The overburden can be seen to extend to depths of about 10m 
elsewhere on the profile and has been observed to be composed of land fill and disturbed soils. 
 
(ii)  Six (6) interfaces have been observed in the new velocity structure  below the seismic profile 
at the site and the depths to these interfaces may range from approximately 4 – 105m below the 
surface. 
 
(iii) Comparisons of various layer thicknesses have been observed to range from a thin 
overburden to thick compact bedrock. 
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(iv) Velocity structure has shown a couple of low velocities in the range of 0.3 – 1.0kms-1 which 
correspond to the near surface layers consisting the overburden having total thickness of 
approximately 10m. 
 
4.5.2. Interpretation Remarks (v); (vi): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. The smooth Time-Distance (t-x) Diagram for the seismic profile of Line 2 computed 
by the inverse tomography of a 7 layered velocity structure observed from 48 geophone 
responses for the 18 shots measured across a distance of 235m of the seismic profile. 
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Figure 15. Computed forward smooth 10 layer tomography velocity structure which best fits  
minimum least squares of the probable velocity structure expectance of the initial tomography 
model investigated for the t-x diagram at the explosion refraction seismic Line -2 of the 
engineering site. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Computed inverse smooth 10 layer tomography velocity structure which best fits  
minimum least squares of the probable velocity structure expectance of the forward smooth 10 
layer  tomography model investigated at the t-x diagram at the explosion refraction seismics  
Line -2 of the engineering site. 
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(v). The subtle constant-time offsets in the explosion refraction seismic profile of Line -2 on the 
south-western end of the profile are now evidenced by manifestations of localized  horizontal 
breaks in the competent underlying rock units having depositions of some kind of overburden 
earth material. The quality of the rock units in these localized horizontal beddings as defined by 
the model computed seismic velocities suggest lower velocities which can indicate rock material 
of inferior quality. These low velocity zones along the bedrock surface and/or the horizontal 
beddings have been interpreted as presence of faults; fracture zones; contact zones or deep 
depressions in the bedrock surface where another looser rock type is present. The lower velocity 
zones as horizontal beddings can also correspond to the upper layers of weathered and fractured 
softer rock material. These computed localized lower velocity zones have accurately mapped 
depths of approximately 10m below the ground surface of the seismic profile of Line-2 as 
measured at the engineering site.  
 
(vi). The non-linear travel-time curves which are associated with undulating interfaces have 
facilitated adequate delineation of the compact bed rock topography so that the total depth down 
to the bedrock has been presented. The further case of subsurface layers of fractured and/or 
weathered rock material has additionally been accurately determined on the explosion seismic 
refraction profile of the survey engineering site. The depth to top of compact bed rock beneath 
Line 2 can be estimated to be approximately 20m and has been observed to be heavily intruded 
by rock units of lower velocities as can be checked out from Fig. 16. 
 
Finally, the modeling process was completed for the interpretation of the explosion seismic 
survey profiling of line -2 by reverting the final velocity structure to the 7-layered velocity model 
which was initially measured for the explosion refraction seismic survey at the site (Fig. 11).  
The final velocity model determined at the site has therefore been presented as given in Fig.17 
below. 
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Figure 17. The two-dimensional smooth inversion model of the NE- SW_Profile_Strike45 
consisting of 48 geophones responding to 18 shots along a refraction seismic profile of length 
235m  measured on the central region of the engineering site that has been used to evaluate 
crustal structure of  explosion refraction seismic Line -2. 
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4.6. Processing and Interpretation of Line-3  
 

4.6.1. Interpretation Remarks (i); (ii); (iii); (iv): 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure18. The Time-Distance (t-x) Diagram for the seismic profile of Line 3 showing an 8 
layered velocity structure observed from 48 geophone responses for the 19 shots measured 
across a distance of 235m of the seismic profile. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19. Computed 8-layered velocity structure generated by setting forward model parameters 
of the observed t-x data  to a theoretical relationship of 48 geophones responding to 19 shots 
along a NE-SW refraction seismic profile of length 235m at the  explosion refraction seismic 
Line -3 of the engineering site. 
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Figure 20. Computed inverse tomography velocity structure of the theoretical model which 
provides the best fit minimum least squares of the probable velocity structure expectance of the 
measured data parameters in the t-x diagram at the explosion refraction seismic  Line -3 of the 
engineering site. 
 
 
(i) Eight (8) stratigraphic rock units are computed for the new layered velocity structure at the 
engineering site. The compressional rates of propagation of seismic energy in the velocity 
structures have been measured from approximately 0.3 –5kms-1. The seismic geological imaging 
of the survey line as calibrated by comparisons of the existing geological data of the site (Fig. 2) 
and the rates of propagation of the first breaks in the various geological units has been presented 
by the models (Figs. 19 & 20). Thus, the models propose a stratigraphy of the Katanga sediments 
of the late Precambrian comprising sandstones buried at depths of approximately 35.m below the 
surface and which are overlain by shales with thicknesses ranging from approximately 40m on 
the north-eastern side to 35m on the south-western. The shales can be reported to be present at 
depths of about 35m from the surface. This shale layer is seen to be weathered at between 40-
70m distances from the north-eastern end of the profile and is deposited by infills of earth 
material which may compose clay and dry sands belonging to the overburden. This weathered 
zone extends to depths reaching 40m below the surface. The overburden can be seen to extend to 
depths of about 15m elsewhere on the profile and has been observed to be composed of land fill 
and disturbed soils. 
 
(ii)  Seven (7) interfaces have been observed in the new velocity structure  below the seismic 
profile at the site and the depths to these interfaces may range from approximately 5 – 140m 
below the surface. 
 
(iii) Comparisons of various layer thicknesses have been observed to range from a thin 
overburden to thick compact bedrock. 
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(iv) Velocity structure has shown a couple of low velocities in the range of 0.3 – 1.0kms-1 which 
correspond to the near surface layers consisting the overburden having total thickness of 
approximately 15m. 
 
 
4.6.2. Interpretation Remarks (v); (vi): 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21. The smooth Time-Distance (t-x) Diagram for the seismic profile of Line 3 computed 
by the inverse tomography of a 8 layered velocity structure observed from 48 geophone 
responses for the 19 shots measured across a distance of 235m of the seismic profile. 
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Figure 22. . Computed forward smooth 10 layer tomography velocity structure which best fits  
minimum least squares of the probable velocity structure expectance of the initial tomography 
model investigated for the t-x diagram at the explosion refraction seismic Line -3 of the 
engineering site. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23. Computed inverse smooth 10 layer tomography velocity structure which best fits  
minimum least squares of the probable velocity structure expectance of the forward smooth 10 
layer  tomography model investigated at the t-x diagram at the explosion refraction seismics  
Line -3 of the engineering site. 
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(v). The subtle constant-time offsets in the explosion refraction seismic profile of Line -3 
observed at around 35m from the south-western end of the profile are now evidenced by 
manifestations of localized  horizontal breaks in the competent underlying rock units having 
depositions of some kind of overburden earth material. The quality of the rock units in these 
localized horizontal beddings as defined by the model computed seismic velocities suggest lower 
velocities which can indicate rock material of inferior quality. These low velocity zones along 
the bedrock surface and/or the horizontal beddings have been interpreted as presence of faults; 
fracture zones; contact zones or deep depressions in the bedrock surface where another looser 
rock type is present. The lower velocity zones as horizontal beddings can also correspond to the 
upper layers of weathered and fractured softer rock material. These computed localized lower 
velocity zones have accurately mapped depths of approximately 20m below the ground surface 
of the seismic profile of Line-3 as measured at the engineering site.  
 
(vi). The non-linear travel-time curves which are associated with undulating interfaces have 
facilitated adequate delineation of the compact bed rock topography so that the total depth down 
to the bedrock can clearly be observed. The additional case of subsurface layers of fractured 
and/or weathered rock material has been accurately determined on the explosion seismic 
refraction profile of the survey engineering site with the depths to top of compact bed rock 
beneath Line 3 being estimated approximately 16m below surface and are heavily intruded by 
rock units of lower velocities as can be realized from Fig. 23 above. 
 
Finally, the modeling process was completed for the interpretation of the explosion seismic 
survey profiling of line -3 by reverting the final velocity structure to the 8-layered velocity model 
which was initially measured for the explosion refraction seismic survey at the site (Fig. 18).  
The final velocity model determined at the site has therefore been presented as given in Fig.24 
below. 
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Figure 24. The two-dimensional smooth inversion model of the NE- SW_Profile_Strike45 
consisting of 48 geophones responding to 19 shots along a refraction seismic profile of length 
235m  measured in the central region of the engineering site that has been used to evaluate 
crustal structure of  explosion refraction seismic Line -3. 
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4.7. Processing and Interpretation of Line-4  

 
4.7.1. Interpretation Remarks (i); (ii); (iii); (iv): 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 25. The Time-Distance (t-x) Diagram for the seismic profile of Line 4 showing a seven 
layered velocity structure observed from 24 geophone responses for the 8 shots measured across 
a distance of 115m of the seismic profile. 
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Figure 26. Computed 7-layered velocity structure generated by setting forward model parameters 
of the observed t-x data  to a theoretical relationship of 24 geophones responding to 8 shots along 
a NE-SW refraction seismic profile of length 115m at the  explosion refraction seismic Line -4 of 
the engineering site. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 27. Two-dimensional inverse inversion model of the NE- SW_Profile_Strike45 consisting 
of 24 geophones responding to 8 shots along a refraction seismic profile of length 115m  
measured in the south-eastern region of the engineering site that has been used to evaluate crustal 
structure of  explosion refraction seismic Line -4. 
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(i) Seven (7) stratigraphic rock units are computed for the new layered velocity structure at the 
engineering site. The compressional rates of propagation of seismic energy in the velocity 
structures have been measured from approximately 0.3 – 4.5kms-1. The seismic geological 
imaging of the survey line as calibrated by comparisons of the existing geological data of the site 
(Fig. 2) and the rates of propagation of the first breaks in the various geological units has been 
presented by the models (Figs. 26 & 27). Thus, the models propose a stratigraphy of the Katanga 
sediments of the late Precambrian comprising sandstones buried at depths of approximately 75m 
below the surface which are overlain by shales observed at about 10m location depths on the 
south-western end. Thicknesses of approximately 20m have been observed for this shale 
layering. This layering is seen to be faulted at around 40-50m distances from the north-east of 
the profile where it is intruded by upper stratigraphic layers which extend to depths reaching 
approximately 60m below the surface. A discontinued dipping earth material which may contain 
near surface sand and gravel has been observed in this faulted zone. The overburden can be seen 
to extend to a maximum depth of about 30m in this faulted zone of the profile and has been 
observed to be composed of clay as well as land fill and disturbed soils. 
 
(ii)  Six (6) interfaces have been observed in the new velocity structure  below the seismic profile 
of Line -4 at the site and the depths to these interfaces may range from approximately 15 – 105m 
below the surface. 
 
(iii) Comparisons of various layer thicknesses have been observed to range from a thin 
overburden to thick compact bedrock. 
 
(iv) Velocity structure has shown a couple of low velocities in the range of 0.3 – 1.0kms-1 which 
correspond to the near surface layers consisting the overburden and have average thickness of 
approximately 25m. 
 
4.7.2. Interpretation Remarks (v); (vi): 
 
Given the fact that the velocity models presented in Figs. 26 & 27 have adequately brought out 
the observed features of the t-x diagram measured at the site for the seismic profile of Line -4, 
there was no further requirement for the interpretation process to proceed with the smoothing 
operations as was conducted for the subtle effects noticed in the rest of the t-x diagrams of the 
experiment. Therefore, the final modeling process was completed for the interpretation of the 
explosion seismic survey profiling of line -4 at this stage of interpretation.  The final velocity 
model determined at the site has therefore been presented as given in Fig.27 above. 
 
 
 
 
 
 
 
 
 
 



31 

 

 
5. CONCLUSION/RECOMMENDATION 

 
The seismic site characterization of the TD2 project as established from the explosion refraction 
seismic survey is outlined when considerations of the geological section line (NW-SE) taken 
through the interpretation map (Fig. 31 shown below) are made.  The following conclusions have 
been drawn for the engineering site: 
 
(i) The crust beneath the site dips towards the north-western region of the site having low surface 
ground elevations and has raised lithological thicknesses on the south-eastern region where 
higher surface elevation values have been observed. 
(ii) The compressional rates of propagation of seismic energy have shown gradational increases 
from the north-western end to the south-eastern flank. This observation is explained when 
considerations of the burial thicknesses evaluated from the explosion refraction seismic 
measurements of the site are taken into account. The crustal thicknesses  as evaluated from the 
two-dimensional velocity structures of this experiment show gradual increases from thin north-
western stratigraphy to thicker south-eastern lithologies which are occupied by layers of 
competent rock units. 
(iii) The competent rock units of the north-western flanks have shown intrusions of deep seated 
faults and fractured/weathered zones as compared to the south-eastern competent rock units 
which have only mapped these deformations in shallow depths. 
 
By engaging the above observations it can be concluded that the refraction seismic measurement 
of the engineering site has characterized much more stable rock units towards the south-eastern 
region of the engineering site than has been observed towards the north-western end of line NW-
SE shown in the interpretation map below. 
 
As a necessary consequence of the premises of the proposition of the explosion refraction 
seismic technique to the TD2 engineering project, the below listed geological data has been 
gleaned by this work: 
 
(i) subsurface seismic layer velocity information which is dependent upon the elastic properties 
of the subsurface geology and 
(ii) depth to geological stratigraphy. 
 
It can be advised that no such geological information has yet been available for this area and this 
new data may be endorsed as worthy of application by the project engineers managing this 
undertaking. Instances of applications to which this new data can be employed would include 
estimations of hydraulic conductivity for modeling contaminant transport zones that would avoid 
seepages of discharge to the environment. Engineering structure stability considerations are also 
adequately covered by this new geological data which has reported on bedrock topography and 
has also mapped faults and fractured zones of the project site. Rippability concerns regarding the 
engineering site may also be evaluated by engaging this new geological data of the site when 
seismic layer velocities are considered in connection with the elastic material properties of the 
geological material at the site. 
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Figure 31. The explosion refraction seismic interpretation map of the survey site indicating 
dipping surface elevation values in the SE-NW direction and the surface projections of the 
subsurface geological structures that have been detected at depths on the engineering site. 
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1. THEORATICAL OVERVIEW OF SEISMIC REFRACTION STUDIES FOR 
GROUNDWATER INVESTIGATIONS 
 

The subsurface refraction seismic layer parameters (velocities and thicknesses) presented in the 
submitted explosion seismic report can be employed to categorize the groundwater potential of 
the TD2 project site. This is due to the fact that the obtaining groundwater depends on the type of 
subsurface rock materials found in the project area. Groundwater is the water held in the 
subsurface within the zone of saturation under hydrostatic pressure below the water table 
(Amaraehi et.al., 2012). Saturated permeable rock layers capable of providing usable water are 
known as aquifers. These can simply be identified as rock layers that are sufficiently porous and 
permeable to act as reservoirs of significant amounts of groundwater (Salaman & Khorshid, 
2011).  
 
As was recognized in the presented theory of the explosion seismics report, the seismic 
refraction measurements use the seismic energy that has refracted to the geophones on the 
surface from separate underlying layers of different seismic velocities. The implication in 
hydrogeological investigations of the seismic refraction method is therefore a provision of the 
direct information on the depth of the water table. This is because an increase in the water 
content in the rock layer causes significant increase of seismic velocity for a homogeneous rock 
lithology (i.e. zones of saturation composed of medium to coarse grained unconsolidated 
materials have excellent refractors which have been determined with considerable accuracy by 
the submitted seismic refraction survey report). 
 
Groundwater can have occurrences in sedimentary layers where it is less difficult to exploit 
except for its chemical content. It can also be in Basement Complex environments where it can 
be somehow difficult to locate especially in layers underlain by crystalline unfractured or 
unweathered rock layers (Ariyo and Banjo, 2008). Additional aquifer zones that can be located 
may include the mapped fracture and/or faults as well as zones constituted by the weathered 
and/or fractured Basement Complex points in the 2-D velocity models presented in the explosion 
seismic report (Brousse, 1963). 
 
The fact that direction of groundwater movement may be associated with site contaminant 
movement makes it necessary that the monitor wells should be located so as to intersect 
groundwater flow. This is achieved by considerations of the results of the explosion seismic 
refraction interpreted for the bedrock topography at the site. This is because the bedrock 
topography which is delineated beneath the overburden provides a down gradient to the shallow 
groundwater flow (David et.al., 1987).  Therefore, it can be said that a bedrock topography map 
of the site is necessary to facilitate the siting of monitor wells and these can be helpful in 
evaluating contaminant movement at the site. 
 

2. METHODOLOGY 
 

We employ above theoretical guide lines to provide estimates of the water table depth from 
seismics velocities and direction of water flow from the mapped bedrock topography data 
provided by the explosion seismic profiles at the site as presented in the submitted report. 
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3. RESULTS/INTERPRETATION  
 
1. Water Table Level Evaluation 
 
(i). Faulted zone found around 60m distance from the north end of the seismic profile on 
Line 1: 
 
- Seismic velocity layers ranging from 300 – 1020 m/s may reflect unsaturated weathered 
material above the water table 
 
- Seismic velocity layers ranging from 1530- 2770 m/s represent saturated zones having a water 
table at a depth of approximately 40 m below the surface 
 
-Seismic velocity layers ranging from 2800 - > 3180 m/s account for bedrock interface velocity 
 
(ii).Weathered zone at about 30 m distance from north-east of the seismic profile on Line 2: 
 
- Seismic velocity layers ranging from 300 – 1230 m/s may reflect unsaturated weathered 
material above the water table 
 
- Seismic velocity layers ranging from 1500- 2700 m/s represent saturated zones having a water 
table at a depth of approximately 15 m below the surface 
 
-Seismic velocity layers ranging from 3000 - > 3570 m/s account for bedrock interface velocity 
 
(iii). Weathered zone at between 40 – 70 m distances from the north – eastern end of 
seismic profile on Line 3: 
 
- Seismic velocity layers ranging from 300 – 1080 m/s may reflect unsaturated weathered 
material above the water table 
 
- Seismic velocity layers ranging from 1340- 2390 m/s represent saturated zones having a water 
table at a depth of approximately 30 m below the surface 
 
-Seismic velocity layers ranging from 2650 - > 3170 m/s account for bedrock interface velocity 
 
(iv). Faulted zone at around 40 – 50 m distances from the north – east of the seismic profile 
on Line 4 where it is intruded by an unsaturated stratigraphy to depths of approximately 
20 m below the surface: 
 
- Seismic velocity layers ranging from 300 – 1000 m/s may reflect unsaturated weathered 
material above the water table 
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- Seismic velocity layers ranging from 1230- 2170 m/s represent saturated zones having a water 
table at a depth of approximately 15 m below the surface 
 
-Seismic velocity layers ranging from 2200 - > 2400 m/s account for bedrock interface velocity 
 
The above evaluations of the depth to the water table form the seismic velocity data obtained 
from the measured seismic profiles of the submitted seismic report has revealed a water level in 
the range of approximately 15 – 40 m below the surface at the TD2 project site.  
 
 
2. Groundwater Flow Evaluation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Topographic Map of TD2 Project Site Showing Configuration of Surface of 
               Unweathered Bedrock and Location of Suitable Sites of Two Monitor Wells 
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Considerations of the submitted explosion seismic data has revealed a “pyramidal” like structure 
in the bedrock surface with a gradual slant of bedrock depths towards the north-west and has 
steep bedrock depths dipping towards the south-east of the project site. The entire bedrock 
surface shows a NNE-SSW strike. The bedrock is interpreted as relatively impermeable Late 
Precambrian Katanga sediments and it can be inferred that the north-west and south-east trending 
structure of the bedrock topography controls the shallow groundwater flow at the site. 
 
Depth to unweathered bedrock has shown a variation range of approximately 6 – 53 m below 
land surface at the survey project area. Two bedrock highs have been located in the survey area: 
one in the north-west and the other in the south-east. The two bedrock highs are connected as an 
elongated oval-like feature extending south-southwestward from directly beneath the central 
region of the survey project site. This bedrock oval-like feature may be acting as a groundwater 
divide which will allow contaminants to flow both in the northwesterly and southeasterly 
directions and hence the requirement to locate monitor wells in these directions as seen in Fig. 1 
above. 
 
 
4. CONCLUSION 
 
The results of the hydrogeological investigations carried out for groundwater at the TD2 project 
area derived from the submitted explosion seismic refraction results have shown prominent 
seismic velocity low zones, revealed by the seismic profiles, that are indicative of subsurface 
unconsolidated sediments overlying the bedrock which are favorable locations for groundwater. 
 
Compressional rates of propagation of seismic energy (seismic velocities) for the various rock 
layer types occurring at the TD2 project site are presented for general interest and for the purpose 
of evaluating the water level variations at the site. The latter can be reported to be in the range of 
approximately 15 – 40 m below the surface at the TD2 project site.  
 
A bedrock topography map prepared on the basis of the depths estimated from the submitted 
explosion refraction seismic report has been incorporated in order to calibrate the direction of 
flow of groundwater at the site which should provide guidance in terms of siting monitor wells at 
the project site. 
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Appendix J 

Minutes of the Public Disclosure Meeting held on 22 
August 2014 



 

MINUTES OF MEETING FOR PUBLIC DISCLOSURE OF THE PROPOSED NEW SLAG DUMPSITE IN 
CHINGOLA HELD ON 22ND AUGUST 2014 AT MUSHISHIMA PRIMARY SCHOOL AT 10:00HRS 

1.0 AGENDA 

 Registration 

 National Anthem 

 Prayer 

 Introduction of participants 

 Presentation of project by Mr. Eric Mwacalimba 

 Open session – Question and answers 

 National Anthem 

 Prayer 

 End of program 

2.0 ATTENDANCE 

The meeting was attended by a total of 100 people who included community members from Mushishima, Hippo pool, 

Chabanyama, Katunga Bulungu and Kalilo(List attached) and various stakeholders as follows; 

 Konkola Copper Mines Plc. 
 His Worship the Mayor of Chingola  
 2 Councilors from Chingola Municipal Council 
 ZEMA 
 Department of Water Affairs 
 Ministry of Agriculture 
 Mulonga Water and sewerage company 
 Consultant – Scott Wilson 
 Mushishima Primary School Teachers and School Manager 

 
3.0 OPENING REMARKS 

The moderator Ms. Lomantzi Mazyopa called the meeting to order at 11:00hours and welcomed all present. 
Thereafter self-introductions were made. The session was conducted in English and translated into Icibemba. 
 

4.0 INTRODUCTION 

The meeting was convened to give information and obtain feedback on proposed Slug Dumpsite as per EIA 
regulations. The meeting was advertised in the public media and through the Public Address system. Invitation letters 
were also sent to stakeholders to attend the meeting. 
 

5.0 PRESENTATION  

Mr. Eric Mwachalimba gave an overview of the project, the highlights of the presentation were as follows; 
 

5.1 Background - Nchanga Smelter 

Date of 
Commission 

Design Capacity 
finished Cu. 
[Tonnes/annum] 

% Sulphur 
Capture 

Slag Generation 
Rate [Tonnes/ 
month] 

Current  Stock at Slag 
Dump No. 25 [Tonnes] 

Oct,2008 311, 000 >99 35,000 1.6 million 



     5.2 Alternative Sites Considered 
 

 Since the current slag dumpsite is getting full, KCM has taken a proactive approach in search for new 
dumping space. 

 So far the following sites have been identified as potential new dumping sites: 
 Site 1. North of OB 1 
 Site 2. South of TD3 and TD4 
 Site 3. Mimbula area 
 Site 4. Open Pit (main in pit) 
 Site 5. TD2 

 
 5.3 Site Selection Criteria 

 
 TD2 was preferred because of the following: 
 Proximity to the Smelter [approximately 6.2km] 
 Brownfield site 
 Total size of the site is 100ha – current phase 40 ha 
 Availability of the access road 
 Expected lifespan for current phase is 20 years 
 No resettlement issues 

 
5.4 Location of and Routes to New Slag Dumpsite 

 

 
 
 
        5.5 Key Message of the Meeting 
 

The gathering was informed that according to the ESIA study findings; all identified impacts from the proposed 
project are manageable by the presented mitigation measures. Therefore, the overall risk rating of the proposed 
project after implementing mitigation measures is assessed to be low. 

 
6.0 QUESTIONS & ANSWERS RELATED TO THE PROJECT 

Question: Mrs. Idah Bwalya, Mr. David Chanda and Mr. Victor Mwansa of Mushishima wanted to know if KCM was 

going to construct another road with the coming of the new project and whether that would take into account the 

distances people have to travel to access the other side. 

Answer: The gathering was informed that no new access roads would be constructed and that safety measures 

would be implemented on the existing road to TD2 operations to guarantee community safety. 



Question: Mr. Aaron Goma from Mushishima wanted to know what safety measures would be put in place on the 

access road. 

Answer: The road would be widened, Speed limiters and signage will be installed at every identified risk points such 

road crossways on T3 and T5. Haulage road will be restricted to authorised KCM or contractors vehicles. 

Question: Mr. Albert Kaluba wanted to know if the slag dump would release toxic substances such as acid which 

would pose a danger to community health. 

Answer: Granulated slag material which will be dumped at the proposed dumpsite is inert [is not readily reactive with 

other elements or substances under normal atmospheric conditions]. However, as a precautionary measure, the 

dumpsite will be fenced off to restrict access to the dump by the community. 

Question: Mr. Aaron Goma from Mushishima requested KCM to allow miners and contractors who reside at 

Mushishima to start using the acid gate to shorten their distance to work. 

Answer: The gathering was informed that there are procedures in place with regard to the use of gates at KCM and 

these are meant to guarantee safety of people accessing the plant. 

Question: Mr.Shiku from Kalilo expressed concern at KCM security checks for the community members who use the 

TD2 road from their farms. 

Answer: The security checks are done to ensure protection of lives and property for both company and community 

assets. 

Question: Mr. Titus Tembo (Chingola Mayor) wanted to know if there has been any research on the possible res-use 

of the slag material and whether such an idea would be welcomed. 

 Answer: A lot of research on the slag material has been undertaken and any other research in this area is welcome. 

Question: Mr. Jim Mwape (Councillor) wanted to know what would happen if the fence collapsed. 

Answer: The fence is meant to restrict access and therefore there would no immediate community health risks, 

however, this would be repaired in the shortest possible time. 

Question: Mr. W Matemba wanted to know if the streams will not be polluted when there is a pump malfunction. 

Answer: The slag dump has a sump with adequate capacity to store runoff effluent. KCM will ensure that within 

minimal time, the malfunctioning pump is repaired. 

7.0 QUESTIONS & ANSWERS NOT RELATED TO THE PROJECT 

Question: Mr. Chamboloshi Billy and W Matemba from Mushishima and Katunga Bulungu respectively, wanted to 

know if Mushishima settlement was a legally recognized community settlement. 

Answer: A process is in place at the council to demarcate and allocate the land to rightful owners and thereafter 

provide them with title deeds. 

8.0 STAKEHOLDERS’ RESPONSE. 

After providing answers and clarifications to the presentation and stakeholders’ questions, comments and concerns, 
the gathering accepted the findings of the ESIA for the proposed project. 
 
 
 



There being no any other business the meeting ended at 12:30hours. 
 
 
 
 
 
Scribe:___________________________    Witness:_____________________ 

Luke Chisanga - Scribe 
 
 
 
 
Pictures from the Public Disclosure 
 

           
 
Left; Community members and civic leaders following the proceedings, Right; Community members seeking clarification 

 

    
Left; Mayor of Chingola, Mr. Titus Tembo asking a question, Right; KCM official gives response to a question from the 
community. 

 
 
 
 
 
 
 
Click this link for attendance list. 
 

ATTENDANCE 

LISTS861.pdf
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SUMMARY 
 

The acidity of the soils near the existing TD2 vary from slightly acid to medium acidity while the 

acidity of the soils far away from the existing TD2 vary from strong to very strong acidity. To 

reduce acidity, the soils will require lime to be applied. Soils near the existing TD2 would 

require less lime compared to the soils far away from the existing TD2 which will require more 

lime. 

 

The cation exchange capacities at all the sites are low indicating that the soils are of poor 

fertility. The soils at all the sites have also low levels of nitrogen. Apart from areas near the 

barefoot entrance, the area west of existing TD2, the silted area upstream the control dyke, the 

area between the PCD access road and TD2 pump station and the areas towards, the Mushishima 

river which have high levels of phosphorus the rest of the areas have low levels of phosphorus.  

Except for Helen dump site, the soils with sand in the texture had high porosities while those 

without sand had either low or normal porosity. All the soils had very high water holding 

capacities in relation to their soil textures.  

 

 

Kenneth Kondowe 

Soils Expert 
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1. INTRODUCTION 
Soils assessment of the proposed TD2 Slag Dump Project area was undertaken as part of the 

environmental and social assessment for the project.  The assessment was undertaken within and 

around the proposed project site. 

Soil samples were collected from the project site in order to determine the soil pH, phosphorus, 

Nitrogen, Cation Exchange Capacity, (CEC), bulk density, soil texture, water holding capacity 

(WHC) and porosity.  

This report presents terminologies used and the findings of the assessment. 

Soil pH 

Soil pH is a useful indicator of the relative acidity or alkalinity of a soil. Soil pH is an important 

soil property because it affects the chemical, biological, and physical processes of the soil. To 

understand the significance of pH, its effects are listed below: 

Nutrient availability 

• Controls the availability of the essential nutrients 

• Availability of nitrogen, phosphorus, sulfur, calcium, magnesium, sodium, and 

molybdenum is limited under acidic conditions 

Biological activity and processes 

• Determines the abundance of soil microorganism 

• Determines which plant species will grow 

• Low soil pH slows the biological transformation of ammonium to nitrate 

Physically 

• Indirectly, high pH can disrupt soil structure, or aggregation.  
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According to Veldkamp (1987), the acidity indications (pH CaCl2) are presented in Table 1 as 
follows: 
 

Table 1. Description of pH in CaCl2 

pH(CaCl2) Indication 

Less than 4.0 

4.0 – 4.5 

4.5 – 5.0 

5.0 – 5.5  

5.5 – 6.0 

6.0 – 6.5  

6.6 – 7.5 

More than 7.5  

Extremely acid 

Very strongly acid 

Strongly acid 

Medium acid 

Slightly acid 

Neutral 

Alkaline 

Strongly alkaline 

Phosphorus 

According to Bationo et al., (2012) phosphorus plays a major role in energy storage and transfer, 

root growth, crop maturity, straw strength and disease resistance. Soils are said to be deficient in 

phosphorus if the available phosphorus is less than 7 mg / kg soil and are described to be rich in 

phosphorus when available phosphorus is greater than 15 mg / kg soil.  

Nitrogen 

Tisdale (1985) reported that the total nitrogen content of soil range from less than 0.02% in sub 

soils to more than 2.5 % in peats and Bationo et al., (2012) have reported nitrogen in plant 

nutrition is combined with C, H and O to form amino acids, the building blocks of proteins and 

enzymes. Nitrogen is also part of the chlorophyll molecule and several vitamins and is required 

for plant dry matter production and the production of proteins in grain crops.  The levels of 

nitrogen in the soil are described to be low if the Total N (%) is less than 0.10, medium if it is 

between 0.1- 0.2  and high if it is greater than 0.2. 
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Cation Exchange Capacity (CEC) 

The Cation Exchange Capacity (CEC) is the sum total of exchangeable cations that a soil can 

adsorb, expressed in millequivalents per 100 grams of soil, clay or organic colloid. CEC, is a 

calculated value that is an estimate of the soils ability to attract, retain, and exchange cation 

elements. In general, the more fertile the soil  the higher the CEC. The cation Exchange Capacity 

is expressed in me / 100 g soil or cmol / kg soil, i.e 1 me / 100 g soil is equivalent to 1 cmol/ kg 

soil. Soils with low retention capacity have CEC of less than 2.0 me/ 100 grams of soil and the 

soils with CEC of more than 8 me / 100 grams soil have high retention capacity. 

Soil Texture 

 
The soil mineral fraction is divided into three fractions depending on particle size: 

• Sand has a particle size ranging from 50 to 2000 μm (0.05 – 2.0 mm) in diameter. Sand 

imparts a gritty feel to soil due to the shape of the individual particles. 

 

•  Silt has a particle size ranging from 2 to 50 μm (0.002 – 0.05 mm) in diameter. When 

moist, silt has a floury feel and does not ribbon when pressed between the thumb and 

forefinger due to the shape of the individual particles. When placed between the teeth silt 

has a gritty feeling. 

 

• Clay has a particle size < 2 μm (< 0.002 mm) in diameter. Clay exhibits colloidal 

properties, has a negative charge and is flat and plate-like in shape. Moist clay is sticky 

and will ribbon readily when pressed between the thumb and forefinger. When placed 

between the teeth clay has a smooth slick feeling. 

 

The proportions of sand, silt and clay determines soil texture. For example, a sandy loam soil 

contains much sand whilst a silty - clay loam contains mainly silt and clay. Soil texture is a very 

important feature because it determines to a large extent the dynamics of water flow in the soil.  
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Soils containing a large proportion of clay are difficult to work, particularly if the clay fraction 

comprises so-called shrink– swell clays. Soils containing a large proportion of sand are more 

drought- prone than soils containing more clay. 

 

Soil texture affects the behavior of soils in terms of: 

• water-holding capacity; 

• nutrient retention and supply; 

• drainage; and 

• Nutrient leaching. 

 

In general, the vertical flow of water in soil (i.e., the water percolation rate) is much higher in 

sandy soils compared with clayey soils. Nutrients are contained in percolating water and may 

therefore be transported below the reach of plant roots. 

Porosity 

The porosity of soil is the volume of the soil occupied by air and the solution. It provides space 

for roots and microorganisms to breathe and for water storage. 

 

Porosity can be measured from the volume of a non polar liquid such as paraffin that is absorbed 

into a dry ped under vacuum. Alternatively, porosity may be determined indirectly from the bulk 

density and particle density 

Bulk Density 

 

Bulk density is the weight of soil for a given volume. It is used to measure compaction and to 

correct measurements of soil organic matter for differences in bulk density. In general, the 

greater the density, the less pore space for water movement, root growth and penetration, and 

seedling germination. Average bulk density of cultivable loam soils is 1.1 – 1.4 g cm-3. For good 

plant growth bulk density need to be below 1.4 g cm-3 for clays and 1.6 g cm-3 for sand soils. 

Water holding capacity 

The water holding capacity of the soil is the amount of water obtained after subtracting the 

amount of water held at permanent wilting point from amount of water held at field capacity. 
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Field capacity is the percentage of soil moisture that is held with water potential less than 1/3 bar 

and is the measure of the greatest amount of water that a soil can hold, or store, under conditions 

of complete wetting followed by free drainage. Field capacity values are used to determine the 

amount of irrigation water needed and the amount of stored water available to plants while the 

permanent wilting percentage is the percentage of soil water held with water potential less than -

15 bars; it is held so strongly that plants are not able to absorb it fast enough for their needs. The 

water holding capacity is obtained either gravimetrically gg-1, or volumetrically in cm3/cm3 or %. 

The result obtained volumetrically is converted to mm/m soil by multiplying the results in 

cm3/cm3 by 1000.   

2. METHODOLOGY 

Soil sampling 

To determine the soil pH, texture, cation exchange capacity, Nitrogen and Phosphorus, three sub 

samples were collected at a depth of 0 – 20 cm using a soil auger in each area. The subsamples 

were then thoroughly mixed to obtain a composite sample. The total number of composite 

samples collected was 11. For bulk density, porosity and water holding capacity, a core ring was 

used to collect one sample at each of the sampling points. A total of 11 core ring samples were 

also collected. The samples collected were taken to the Soil Science Department of the School of 

Agricultural Sciences at the University of Zambia, for analysis.  Table 2 below presents the 

description of the sampling points of the project. 
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Table 2. Description of the areas where samples were collected 
 
Sampling point Description of sampling point Number of samples Reference 
1 Area between the barefoot 

entrance and the channel from the 
dumps 

• One auger 
• One core ring 

g 

2 Marshland area  beyond the 
stream 
(left of Chingola – Solwezi road) 

• One auger 
• One core ring 

h1 

3 Marshland area  beyond the 
stream (Right of Chingola- 
Solwezi road) 

• One auger 
• One core ring 

h2 

4 Area opposite dairy farm • One auger 
• One core ring 

d 

5 Immediately west of existing TD2 • One auger 
• One core ring 

a 

6 Silted area just upstream  of 
control dyke 

• One auger 
• One core ring 

f1 

7 Silted area just upstream  of 
control dyke 

• One auger 
• One core ring 

f2 

8 Area between the PCD access 
road from TD2 pumping station 

• One auger 
• One core ring 

c 

9 Downstream area towards 
Mushishima 

• One auger 
• One core ring 

b 

10  Helen dump site • One auger 
• One core ring 

i 

11 Along Mushishima bank area • One auger 
• One core ring 

j 

Total Auger samples 11  
 Core ring samples 11  
 

Soil pH 
 
Soil pH was determined in 0.01 CaCl2.  

Phosphorus 

Available phosphorus was determined using Bray 1. 

Cation Exchange Capacity. 

CEC was obtained from the summation of the exchangeable bases (Ca, Mg, Na and K). 
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Soil texture 
  

The Particle size analysis was carried out using the Bouyoucos and Hydrometer Method 

(Bouyoucos, 1962). After determining the amounts of the sand, silt and clay present in the soils, 

the textural classes of the soils were obtained using the United States Department of Agriculture 

(USDA) Textural triangle. 

 

Nitrogen 

 

The kjeldahl method was used which is a wet digestion procedure which allows for the complete 

breakdown or oxidation of organic matter, in the process converting the protein N to ammonia 

form  by heating with H2SO4. The N extracted by digestion was determined by distillation and 

titration. 

 

Porosity 

 

Porosity was determined by calculation after determining the bulk density for each soil sample 

using the equation below: 

 

                                 𝑃𝑜𝑟𝑒 𝑠𝑝𝑎𝑐𝑒 (%) = 100 − �𝑃𝑏
𝑃𝑠 
∗ 100�  

Where Pb is the bulk density for each soil sample and Ps is the particle density whose value is 

2.65 gcm-3 

 

3. RESULTS AND DISCUSIONS 
 

 
The results from the chemical analysis of the samples are presented in Table 3.  
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Table 3. Results of the Soil Chemical parameters 

 
Sample  Ref pH 

(CaCl2) 
N 

kjeldahl 
(%) 

P 
Bray 1 
(mgkg-1) 

K Na Ca Mg CEC 
(cmol kg-1 soil) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

g 
h1 
h2 
d 
a 
f 1 
f 2 
c 
b 
i 
j 

4.34 
4.36 
4.80 
4.43 
5.58 
5.56 
5.65 
5.41 
5.98 
4.72 
4.68 

0.07 
0.06 
0.07 
0.03 
0.04 
0.06 
0.04 
0.04 
0.06 
0.04 
0.06 

7.38 
1.89 
1.97 
6.65 
5.10 
16.64 
13.38 
15.61 
22.30 
6.65 
6.05 

0.05 
0.04 
0.06 
0.05 
0.03 
0.04 
0.07 
0.04 
0.05 
0.06 
0.05 

0.03 
0.06 
0.05 
0.02 
0.04 
0.06 
0.03 
0.05 
0.03 
0.03 
0.04 

1.48 
1.79 
3.30 
1.06 
1.32 
2.67 
3.05 
1.78 
5.96 
1.60 
0.21 

0.74 
1.05 
1.64 
0.73 
0.61 
1.16 
1.31 
0.97 
1.42 
0.73 
1.19 

2.30 
2.95 
5.04 
1.85 
2.00 
3.93 
4.45 
2.84 
7.46 
2.41 
1.50 

 
 

Chemical Characteristics 

The area between the barefoot entrance and the channel from the dumps  

The soils in this area are strongly acid and have low nutrient retention capacity. The levels of 

nitrogen are low but levels of phosphorus are adequate. To reduce acidity, these soils would 

require the application of agricultural lime. To enhance the nitrogen levels, the soils would 

require the application of nitrogen fertilizers like compound D and or urea. 

 

The marshland area beyond the stream on the left of Chingola – Solwezi road 

The soils are strongly acid and have low nutrient content, low levels of nitrogen and phosphorus. 

These soils would also require the application of agriculture lime to reduce acidity and nitrogen 

fertilizers. 

 

The marshland area beyond the stream on the right of Chingola- Solwezi road 

The soils are strongly acid and highly leached with low levels of nitrogen and phosphorus. 

Similarly these soils would require the application of agricultural lime and nitrogen fertilisers. 

 

The area opposite the dairy farm 
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The area has very strongly acid soils with low nutrient retention capacity. The levels of nitrogen 

and phosphorus are low. 

 

The area immediately west of existing TD2 
 

The site is slightly acid and has low nutrient retention capacity. The levels of nitrogen and 

phosphorus are low. These soils would require lime application but the dosage required will be 

lower than that required in the above mentioned points. Fertilizer will also be required to 

enhance the nitrogen and phosphorus levels. 

 
Silted area just upstream of control dyke  
The soils are slightly acidic with low nutrient content and nitrogen levels. The soils are however 

rich in phosphorus. 

 

Silted area just upstream of control dyke  

The soils were slightly acid with low nutrient retention but the levels of phosphorus slightly low. 

 

The area between the PCD access road from TD2 pumping station. 

The soils are of medium acidity, low nutrient retention and nitrogen but rich in phosphorus. 

 

The downstream area towards Mushishima  

The soils in this area are slightly acidic, have low nutrient retention but rich in phosphorus. 

 

The Helen dump site  

Soils in the Helen dump site are strongly acid with low nutrient retention, nitrogen and 

phosphorus. 

 

The soils along Mushishima bank area  

Soils along the Mushishima bank area are strongly acid soil with low levels of nutrients, nitrogen 

and phosphorus. 

 

The results of the physical properties of the soil samples are presented in Table 4. 
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Table 4. Soil Physical properties 
 
Sample  Ref Bulk 

density 
(gcm-3) 

WHC 
(%) 

WHC 
(mm/m soil) 

Texture 
(USDA Soil Taxonomy) 

Porosity 
(%) 

1 g 1.19 27.85 278.5 Sandy Loam 55.10 
2 h1 1.64 41.20 412.0 Sandy Clay loam 38.11 
3 h2 1.38 30.45 304.5 Clay loam 47.92 
4 d 1.12 63.49 634.9 Sandy Loam 57.74 
5 a 0.62 24.69 246.9 Loamy Sand 76.60 
6 f 1 1.40 43.14 431.4 Loam 47.17 
7 f 2 1.40 35.29 352.9 Silt loam 47.17 
8 c 1.28 62.92 629.2 Loamy sand 51.70 
9 b 1.12 62.52 626.4 Sandy loam 57.74 
10 i 2.01 69.74 697.4 Sandy loam 24.15 
11 j 0.52 13.55 135.5 Sandy loam 80.38 

 
 

Physical Characteristics 

 

The area between the barefoot entrance and the channel from the dumps  

This area has sandy loamy soils with a low bulk density and higher soil porosity. The water 

holding capacity was very high for this type of soil texture. The higher porosity could be 

attributed to the sand in the texture.  

 

The marshland area beyond the stream on the left of Chingola – Solwezi road 

The soils in this area have a sandy clay loam texture with a low porosity. The soils have a very 

high bulk density and water holding capacity. The low porosity and high water holding capacity 

of this soil could be attributed to the clay in the soil texture. 

 

The marshland area beyond the stream on the right of Chingola- Solwezi road 

This area has soils which are clay loam in texture. The soils had normal bulk density and 

porosity. The water holding capacity was very high. Similar to the above soil, the clay in the 

texture resulted in the soil having the normal porosity and high water holding capacity. 
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The area opposite the dairy farm 

The soils in this area are sandy loam. They are of low bulk density, high porosity and very high 

water holding capacity. 

 

The area immediately west of existing TD2 

The soils in this area have a loamy sand texture with low bulk density. The soils have a higher 

degree of porosity and very high water holding capacity 

 

The silted area just upstream of control dyke  

The area has loamy soil with a normal bulk density and porosity. The water holding capacity of 

the soils in this area was very high. 

 

The silted area just upstream of control dyke Reference  

The soils in this area have a silty loam texture with slightly high bulk density. The soils have 

normal porosity. The water holding capacity was very high. 

 

The area between the PCD access road from TD2 pumping station  

The soils in this area are loamy sand with low bulk density, high porosity and very high water 

holding capacity. 

 

The downstream area towards Mushishima  

This area has sandy loam soils with low bulk density, higher porosity and very high water 

holding capacity. 

 

The Helen dump site  

Soils in the Helen dump site have a sandy loam texture with a higher bulk density, low porosity 

and very high water holding capacity. 

 

The soils along Mushishima bank area  
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This area has sandy loam soils with low bulk density and higher porosity. The water holding 

capacity of the soils in this area was slightly high. 

4. CONCLUSIONS 
 

The acidity of the soils near the existing TD2 vary from slightly acid to medium acidity while the 

acidity of the soils far away from the existing TD2 vary from strong to very strong acidity. To 

reduce acidity, the soils will require lime to be applied. Soils near the existing TD2 would 

require less lime compared to the soils far away from the existing TD2 which will require more 

lime. 

The cation exchange capacities at all the sites are low indicating that the soils are of poor 

fertility. The soils at all the sites have also low levels of nitrogen. Apart from areas near the 

barefoot entrance, the area west of existing TD2, the silted area upstream the control dyke, the 

area between the PCD access road and TD2 pump station and the areas towards, the Mushishima 

river which have high levels of phosphorus the rest of the areas have low levels of phosphorus.  

Except for Helen dump site, the soils with sand in the texture had high porosities while those 

without sand had either low or normal porosity. All the soils had very high water holding 

capacities in relation to their soil textures.  
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Executive Summary 
 
Konkola Copper Mines is proposing to develop, manage and operate the new 
Slag Dump at TD2.  Currently the slag disposed of at Slag Dump No.25, located 
within the Mine License Area. There is presently inadequate space to dispose of 
the slag. Consequently, there is demand for an alternative dumping space within 
KCM Surface Rights in Chingola before the existing dump reaches its design 
capacity. 
 
As part of the Environmental and Social Impact Assessment process, a social 
impact assessment study was undertaken for the proposed project. The 
methodology used in carrying out the social impact assessment included desktop 
review of documents and report, stakeholder analysis, Focus Group Discussions, 
Key Informant Interviews and field work. Fenceline stakeholders identified 
included the New Mushishima Primary School, Mushishima Community, Milenda 
Dairy Farm, Kamana Farm and Munga Farm. 
 
Chingola District as one of the urban centres in the Copperbelt is well served by 
social services and amenities. The district has a good network of urban and 
township roads. It is linked to other Copperbelt towns of Chambeshi, 
Chililabombwe, Kitwe and Mufulira by a good network of tarred trunk roads. The 
district is connected to north-west by the T5 Chingola-Solwezi road. 
 
The economy of the district is aligned with the mining activities, which in Chingola 
are undertaken by KCM. Other livelihood activities in the district include 
agriculture, which is generally practiced at subsistence level. The main crop 
grown is maize. Maize is grown both for consumption and for market. Other 
crops grown in the district are groundnuts. Fishing is done downstream of the 
TD2 at a subsistence level in the Mushishima Stream and the Kafue River. 
Fishing hooks and nets are used to catch fish. Canoes are used on the 
Mushishima Stream to set the nets. 
 
In the area of the proposed project KCM in partnership with DAAP has been 
implementing livelihood programmes in collaboration with community-based and 
non-governmental organizations. The activities focus on income generation, 
personal hygiene, sustainable livelihood and training. 
 
The area of influence for the proposed project is both localized and regional. The 
local area of influence relates to the TD2 project footprint on the immediate 
surroundings, and also extends many kilometres downstream of the Mushishima 
Stream and Kafue River. The direct area of influence of the proposed project 
covers all areas directly affected by project impacts on such as noise-sensitive 
social receptors. This includes the New Mushishima Primary School, Mushishima 
Community, Milenda Dairy Farm, Kamana Farm and Munga Farm. Noise and 
vibrations from heavy plant such as dump trucks will affect these social 
receptors. Non-Fenceline social receptors located in the direct area of influence 
but not in close proximity of the project include the settlements of 
Katungabulungu, Kalilo, Fisonge, Shimulala, Kakosa and Kafue Hippo Pool 
downstream along the Kafue River from the project site. 
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The Secondary Impact Zone includes the district-wide social receptors with 
socioeconomic and infrastructure impacts produced by the project. These include 
both residents and non-residents of Chingola who travel along the T5 Chingola-
Solwezi Road. These road users will be subjected traffic delays as dump trucks 
crisscross the Chingola-Solwezi Road with their payload destined for dumping at 
TD2. In particular there are potential safety impacts along this route, which is 
also used by pedestrians and cyclists traveling to Chingola. 
 
Socio-economic concerns arising from the implementation of the proposed 
project include security anxieties for the community of Mushishima when the 
project starts, as there will be more material for ‘illegal miners’ to scavenge for 
copper, and scrap metal. Other concerns relate to traffic and safety as many 
community members from Kalilo use the road running parallel to the dumps. 
Additionally is expected that dust will be of serious concern in the dry season. 
Pollution of the Mushishima stream was a major concern expressed by 
community members of Mushishima, Shimulala and Hippo Pool settlements. 
Impacts arising from crisscrossing dump trucks will be congestion, especially for 
traffic from town and for people travelling to Solwezi and noise and vibrations to 
be generated by this heavy vehicular traffic.  
 
The recommended social management plan measures include: 

• Adopting limits for trip duration  
• Avoiding dangerous routes and times of day to reduce the risk of 

accidents 
• Dust suppression can be achieved by regular watering of the route. 
• Minimizing pedestrian interaction with operational vehicles 
• Collaboration with local communities and responsible authorities to 

improve signage, visibility and overall safety of roads. 
• The route should be lined with traffic-calming devices, especially near the 

crossing point of the dump trucks.  
• Installation of traffic lights at the crossing point on T5 Chingola-Solwezi 

Road. 
• Involve the Road Transport and Safety Agency in sensitizing the local 

communities, especially Mushishima settlement and pupils at the New 
Mushishima Primary School.  
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1. Introduction 
 
Konkola Copper Mines is proposing to develop, manage and operate the new 
Slag Dump at TD2.  Currently the slag disposed of at Slag Dump No.25, 
located within the Mine License Area. There is presently inadequate space to 
dispose of the slag. Consequently, there is demand for an alternative dumping 
space within KCM Surface Rights in Chingola before the existing dump 
reaches its design capacity. 
 
As part of the Environmental and Social Impact Assessment process, a social 
impact assessment study was undertaken for the proposed project. The 
methodology used in carrying out the social impact assessment included 
desktop review of documents and report, stakeholder analysis, Focus Group 
Discussions, Key Informant Interviews and field work. Fenceline stakeholders 
identified included the New Mushishima Primary School, Mushishima 
Community, Milenda Dairy Farm, Kamana Farm and Munga Farm. 
 
The social impact study was carried out to identify the impacts of the 
proposed project on the surrounding communities as part of the overall 
Environmental and Social Impact Assessment process for the proposed TD2 
Slag Dump. 
 
2. Methodology 
 
The methodology used in carrying out the social impact assessment included 
desktop review of documents and report, stakeholder analysis, Focus Group 
Discussions, Key Informant Interviews and field work. 
 

2.1 Desktop Study 
 
The following documents provided were useful in providing background 
information and data for the desktop study: 
 

• Zambia Millennium Development Goals (MDGs) Progress Report.  
 

• Zambia Post Millennium Development Goals (MDGs) Agenda Report. 
 

• Zambia Human Development Report 2011 
 

• Zambia 2011 Sixth National Development Plan (2011-2015). 
 

• Zambia 2010 Census of Population and Housing Preliminary Report. 
 

• Zambia Vision 2030:  “A prosperous Middle-income Nation By 2030” 
 

• United Nations Human Development Report 2013.  
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• Vendata Resources plc Social Policy 2011 

 
• Konkola Copper Mines plc Social Policy 2012 

 
• IFC Performance Standards on Environmental and Social 

Sustainability 2012  
 

• IFC Environmental, Health, and Safety (EHS) Guidelines: General EHS 
Guidelines: Community Health And Safety 2007 

 

2.2 Stakeholder Mapping 
Communities identified as important stakeholders include: 
 

• Mushishima Community 
• Milenda Dairy Farm 
• Kamana Farm 
• Munga Farm 
• Katungabulungu Community along the T5 Chingola-Solwezi Road 
• Hippo Pool Community along the T3 Chingola-Chililabombwe Road 
• Shimulala Community 
• Kalilo Community 

 
Fenceline Stakeholders 
The fenceline stakeholders identified include the New Mushishima Primary 
School, Mushishima Community, Milenda Dairy Farm, Kamana Farm and 
Munga Farm. 
 
Focus Groups 
A number of focus group discussions were held with households in the 
communities considered to be composed of Interested and Affected Parties 
(I&APs ) in order to build upon key issues, and examine more in-depth socio-
economic issues and potential impacts, and help identify vulnerable receptors.   
 
Focus group discussion covered key stakeholders from: 

• Residents downstream of the Kafue River at Hippo Pool 
• Residents and Ward leaders at Kalilo. 
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Focus Group: Kalilo Settlement   Focus Group: Hippo Pool Settlement 
 
Key Informant Interviews 
These interviews were carried out with key informants such as staff at New 
Mushishima Primary School, DAPP Child-Aid Field Officer and Twatasha 
Cooperative members at Shimulala. Other key informants included the 
Kabungo and Kalilo Ward Councillors, farm owners of Milenda and Kamana 
Farms. 
 
3. Baseline Conditions 
Demographics 
National Demographic Overview 
According to the 2010 Census the population in Zambia presently stands at 
13,092,666 having increased from 7,759,161 in the year 1990, to 9,885,591 in 
the year 2000 (CSO, 2010). This gives an average annual growth rate of 2.8 
percent between for the period 2000 to 2010. This is an increase above the 
annual rate of population growth of 2.4% per annum through the inter-censal 
period 1990-2000. The population is divided almost proportionately with 
6,454,647 (49.3%) being male and 6,638,019 (50.7%) being females.  
 
The majority of the population resides in the rural areas. The rural population 
accounts for 60.5% (7,919,216), while 39.5% (5,173,450) are urban dwellers.  
 
The population in Zambia is typically youthful, with the proportion of the 
population below 15 years accounting for 45.4% of the total population (CSO, 
2010). 
 
Copperbelt Regional Demographic Overview 
 
The population of Copperbelt Province as recorded in the 2010 Census of 
Population and Housing was 1,972,317. Of this population 376,861 people 
lived in rural areas and 1,595,456 in urban areas. At district level, Kitwe 
District had the largest proportion of the total population with 26.2 percent 
(517,543). Ndola District was next with 22.9 percent (451,246), while Chingola 
District was third with a population of 216,626, representing 11.0 percent. 
Lufwanyama District had the least percentage of the population in the 
province with 4.0 percent (78,503). Table 1 below gives the demographic 
characteristics of the Copperbelt Province. 
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Table 1: Total Population by District, Region and Sex, Copperbelt Province, 
2010 
 

 Total Population 
Percent of 
Population 

 
Region and District Total Male Female Male Female 

 
Copperbelt Province  1,972,317 981,887 990,430 49.8 50.2 
Rural 376,861 190,178 186,683 50.5  

 
49.5 

Urban 1,595,456 791,709 803,747 49.6 50.4 
 

Chililabombwe  
 

91,833 46,792 45,041 51.0 49.0 

Chingola  
 

216,626 108,464 108,162 50.1 49.9 

Kalulushi  
 

100,381 50,164 50,217 50.0 50.0 

Kitwe  
 

517,543 256,740 260,803 49.6 50.4 

Luanshya 156,059 77,368 78,691 49.6 50.4 
 

Lufwanyama 78,503 39,182 39,321 49.9 50.1 
 

Masaiti 103,857 52,017 51,840 50.1 49.9 
 

Mpongwe 93,380 46,785 46,595 50.1 49.9 
Mufulira 162,889 81,355 81,534 49.9 50.1 

 
  
Source: Central Statistical Office, 2010 
 
In 2010, the population density for Copperbelt Province was 63.0 persons per 
km2. This density had increased from 50.5 persons per km2 in 2000 to 63.0 
persons per km2 in 2010, representing a growth in density of 12.5 persons per 
km2. Kitwe District was the most densely populated in the province with a 
population density of 666.1 persons per km2. This was followed by Ndola 
District with 409.1 persons per km2 and then Kalulushi District with a 
population density of 138.5 persons per km2. Lufwanyama District had the 
lowest population density of 8.0 persons per km2 (Central Statistical Office, 
2010). 
 
Economy 
National Economic and Livelihood Profile 
Zambia is categorized as a country with Low Human Development and has 
shown insignificant advances on the Human Development Index (HDI) value 
from 0.405 in 1980 to 0.448 in 2012 (United Nations Country Team, 2013). 
For 2012, it is ranked 163 of 187 countries (UNDP, 2013). The country is 
characterized by high youth unemployment, with almost 90 per cent of 
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employed Zambians in the informal sector, with little or no job security and 
often underpaid and underemployed. Zambia remains a copper driven 
economy and its agriculture is dominated by maize production. It, therefore, 
remains vulnerable to external shocks, with an unstable international 
economic environment being a concern for its key mineral exports (UNDP, 
2013). 
 
The Zambia ‘Vision 2030’ policy document outlines the country’s aspirations 
of attaining a prosperous middle-income nation status by 2030. The Sixth 
National Development Plan (2011–2015), is intended to achieve the socio-
economic goals, set out in the ‘Vision 2030’. In particular, the plan emphases 
infrastructure development, sustained positive economic growth, investment 
diversification within the rural sector to reduce poverty and enhanced human 
development (SNDP, 2010).  
  
The mining sector remains the major source of economic growth in Zambia. 
This sector grew by an average of 9.8% between 2006 and 2010. Copper 
production has been growing between 2005-2010, and has been responsible 
for this growth in the sector (CSO, 2011). The sector accounts for 70.3 
percent and 8.5 percent of country’s foreign exchange earnings and formal 
employment respectively during the same period. Its Gross Domestic Product 
(GDP) increased by 20.2% from $10,705.09 million in 2006 60 $16,190.66 in 
2010. In 2010 the primary sector (agriculture and mining) accounted for 23% 
of total GDP; the secondary sector (manufacturing and construction) 28.6% 
and the tertiary sector (service industry) 46.3% of total GDP.  
 
In human development, Zambia has not faired very well. The United Nations 
Development Programme (UNDP) Human Development Index (HDI) shows 
this. The HDI is a comparative measure of life expectancy, literacy, education 
and standards of living for countries in the world. The Zambia Human 
Development Report 2011 put Zambia’s HDI value for 2010 at 0.395, 
positioning the country in the low human development category and ranking 
150th out of 169 countries.  By 2010, Zambia’s HDI was still below its 1990 
level. The 2013 UNDP Human Development Report records a slight change 
from 0.443 in 2011 to 0.448 in 2012 (Table 1). Currently, Zambia’s HDI of 
0448 is ranked 163rd out of 187 countries. 
 
Table 1: Zambia’s Human Development Index 1980-2012 
    
 Life 

expectancy at 
birth 

Expected 
years of 
schooling 

Mean years 
of schooling 

GNI per 
capita 
(PPP 
US$) 

HDI  
Value 

1980 51.9 7.6 3.3 1,533 0.382 
1985 52.1 8.5 5.3 1,273 0.410 
1990 51.1 7.9 7.5 1,226 0.423 
1995 46.7 7.6 6.1 1,009 0.371 
2000 42.0 7.2 5.9 1,031 0.345 
2005 42.9 7.2 6.3 1,153 0.360 
2010 47.3 7.2 6.5 1,359 0.395 
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 Life 
expectancy at 
birth 

Expected 
years of 
schooling 

Mean years 
of schooling 

GNI per 
capita 
(PPP 
US$) 

HDI  
Value 

2011 49 8.5  6.7  1,307  0.443  
2012 49.4 8.5  6.7  1,358  0.448  
                Source: UNDP Human Development Report, 2013 
 
The decline in human development was a consequence of structural 
adjustment policies of the 1990s, which increased unemployment, reduced 
real wages and considerably increased the prevalence of extreme poverty. 
This was a period of considerable reduction in public expenditures services 
such as health, education and social protection. Therefore, the positive 
economic growth of the recent past is apparently still insufficient to fully rectify 
the decline in the standard of living and in human development originating 
from what may be regarded as the “two lost decades” (ZHDR, 2011). 
 
To put things in perspective, Zambia’s 2012 HDI of 0.448 is below the 
average of 0.466 for countries in the low human development group and 
below the average of 0.475 for countries in Sub-Saharan Africa. From Sub-
Saharan Africa, countries, which are close to Zambia in 2012 HDI rank and 
population size are Angola and Malawi, which have HDIs ranked 148 and 170 
respectively (see Table 2).  
 
Table 2: Zambia’s HDI indicators for 2012 relative to selected countries and 
groups  
 
 HDI 

value 
HDI 
rank 

Life 
expectancy 
at birth 

Expected 
years of 
schooling 

Mean years 
of 
schooling 

GNI per 
capita 
(PPP 
US$) 

Zambia 0.448 163 49.4 8.5 6.7 1,358 
Angola  0.508  148  51.5  10.2  4.7  4,812  
Malawi  0.418  170  54.8  10.4  4.2  0,774  
Sub-
Saharan 
Africa  

0.475  —  54.9  9.3  4.7  2,010  

Low HDI  0.466  —  59.1  8.5  4.2  1,633  
 
 
 
The 2011 Zambia Human Development Report observes that poverty levels 
are still very high. This poverty that is multi-dimensional covers various 
deprivations at the individual level in facets of health, education and standard 
of living. Overall extreme poverty in Zambia was estimated at 51% in 2006. In 
urban areas extreme poverty declined from 32% in 1991 to 20% in 2006, 
while extreme poverty in rural areas stood at 67% percent in 2006 (ZHDR, 
2011). Although extreme poverty has reduced from 58 percent in 1991 to 42.3 
percent in 2010, Zambia is still far from reaching the MDG goal of 29 percent 
by 2015 (UNDP, 2013). 
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Cattle at Shimulala Cooperative   Water facility at Shimulala 
 
Water and Sanitation 
On the Copperbelt KCM has funded the construction of water and sanitation 
facilities to improve the water and sanitation levels in schools at Chingola, 
Chililabombwe and Kitwe. In Chingola District New Mushishima Primary 
School is one of the beneficiaries of this programme. 
 

  
New Mushishima Primary School   Hand Washing Facilities at Toilets at School  
 
Non-Governmental Organizations/Community-Based Organizations  
 
There are two non-governmental organizations operating in Chingola that 
have partnered with KCM to implement community development initiatives. 
These are Development Aid People to People (DAPP) and Village Water. 
 
Village Water Zambia- Sustainable Livelihood Projects for Women and 
Small-scale Farmers 
 

• The enhanced Sustainable Livelihood Project launched in 2012 
supports 25,000 direct beneficiaries from 4,200 households and will run 
for five years up to 2017. The project is tailored to target 80 percent 
beneficiaries from female-headed households. A joint initiative of KCM 
and a non-governmental organization, Village Water Zambia involves 
the distribution of cattle to communities in Chingola and Chililabombwe. 
240 cattle and 280 goats have so far been distributed. 
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• Under the Sustainable Livelihood Projects KCM 46 farmers have been 
trained in community animal health care in Chingola, representing 23 
farmers’ groups out of the 27 groups project  

 
The project was important to local communities, as the training was designed 
to promote best practices in community animal health, conservation and 
agriculture ecology farming, development of farmers and gender equity and is 
also seen as a way of increasing livestock production. 
 
In particular, the project, which involves the promotion of draught cattle, is 
intended to change the economic status of several women in the beneficiary 
communities by contributing to enhance social economic transformation and 
improved food security in those areas. 
  
DAPP Child-Aid Projects 
 
DAPP has been implementing the Child-Aid project involving health promotion 
through hygiene campaigns and the Sustainable Livelihood Project. The 
livelihood initiatives include the provision of small business loans, livestock 
rearing, sustainable agriculture, water and sanitation, community preschool 
education and general community development activities. The Project 
networked with World Vision Zambia in identifying and linking groups and 
individual members to benefit from business loans. There are two beneficiary 
groups from Shimulala area. The project also involved entrepreneurship 
training involving women. 
 
4. Potential Impacts of the Proposed Project 
Definition of Impact Zone or Areas of Influence 
The area of influence for the project is both localized and regional. The local 
area of influence relates to the TD2 project footprint on the immediate 
surroundings, and also extends many kilometres downstream of the 
Mushishima Stream and Kafue River.  
 
The direct area of influence of the proposed project covers all areas directly 
affected by project impacts on sensitive social receptors. The direct area of 
influence is divided into: 

1. Fenceline social receptors (such as settlements located in close 
proximity of the project – less than 3km) or ‘on the fence-line’ of the 
project footprint. This includes the New Mushishima Primary School, 
Mushishima Community, Milenda Dairy Farm, Kamana Farm and 
Munga Farm. 

2. Non-Fenceline social receptors located in the direct area of influence 
but not in close proximity of the project. This includes the settlements 
of Katungabulungu, Kalilo, Fisonge, Shimulala, Kakosa and Kafue 
Hippo Pool downstream along the Kafue River from the project site. 
 

The noise-sensitive receptors in the surrounding areas of the project site 
include Milenda Dairy Farm, Kamana Farm, Mushishima settlement, New 
Mushishima Primary School, which are all located less than 3km from the 
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project site. There are 100 households in Mushishima settlement and 245 
pupils attending the New Mushishima Primary School. Noise and vibrations 
from heavy plant such as dump trucks will affect these social receptors. 
 
Secondary Impact Zone (Wider Area of Influence) 
The Secondary Impact Zone includes the district-wide social receptors with 
socioeconomic and infrastructure impacts engendered by the project. These 
include both residents and non-residents of Chingola who travel along the T5 
Chingola-Solwezi Road. These road users will be subjected traffic delays as 
dump trucks crisscross the Chingola-Solwezi Road with their payload 
destined for dumping at TD2. In particular there are potential safety impacts 
along this route, which is also used by pedestrians and cyclists traveling to 
Chingola. 
 
Community Profile - Mushishima 
 
The community in Mushishima has 100 households with an approximate 
population of 500 people. Mushishima settlement has 150 houses and 1 
church. It is located in Kabungo Ward of Chingola Constituency. According to 
the 2010 Census Kabungo Ward has 1,447 households with a total population 
of 7623 population. This settlement was formerly a school run by the Nchanga 
Consolidated Copper Mines in the early 1970s and was later on taken over by 
the Zambia Consolidated Copper Mines (ZCCM). It was later to be taken over 
by its subsidiary Mpelembe Drilling Company. At privatization in 1992 most of 
its occupants lost their jobs. Most of the former employees of Mpelembe 
Drilling are employed as casual or contract labour in the mines and other 
industries in Chingola. Currently most of the houses have been rented out to 
people reclaiming copper in the old dumps. 
 
Infrastructure 
The Mushishima settlement has no piped water. Potable water is obtained 
from water kiosks operated by Mulonga Water and Sewerage Company. The 
settlement has electricity provided by KCM. There are no sanitation facilities. 
The old communal washrooms and toilets are non-operational. 
 
New Mushishima Primary School 
There are 245 pupils of these are 132 boys and 113 girls. The school has 15 
teachers. The school runs classes from Grade 1-9. It has a 1X3 classroom 
block. Children progressing to secondary school go to Maiteneke Secondary 
School, Chingola High School and the Chingola Centre for Continuing 
Education.  All these facilities are located more than 7kms from Mushishima. 
 

Loss of Land and Settlement 
The proposed project will not induce any loss of land, customary rights and 
settlements for the surrounding communities, as the project in located on 
mine land. However, there may be loss and/or restriction to access routes that 
will be used by the dump trucks. 
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Resettlement and Vulnerability 
The proposed project is being implement on a brown-field site. There will be 
no need for resettlement of the surrounding population in Mushishima 
settlement, which is located far from the operation site area. There are no 
fields that will be affected by the operations. 
 

Noise Receptors 
Community Level Project Perceptions 
 
However, the negative effects of the project due to an influx of illegal miners 
who may be interested in reclaiming copper from the smelter dumped 
material. 

Health and Safety - Construction Noise 
 
Noise impacts would arise when generating levels in excess of prevailing 
conditions or recommended limits for noise sensitive receptors. The major 
source of this noise will be the heavy plant machinery such as excavators and 
dump trucks.  
 

   
Proposed Dump Truck Route                            Vegetable Market at Junction of Truck Route 
 
ISSUES 
 
Security concerns for the community of Mushishima when the project starts, 
as there will be more material for them to scavenge for copper, and scrap 
metal. 

• Traffic concerns/safety – expressed by community members from 
Kalilo who use the road running parallel to the dumps 

• Dust in the dry season -  
• Pollution of the Mushishima stream was a major concern expressed by 

community members of Mushishima, Shimulala and Hippo Pool 
settlements. 

• Congestion – for traffic from town and for people travelling to Solwezi. 
• Noise – to be generated by heavy truck dumping at TD2.  
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5. Potential Impacts and Mitigation/Enhancement 
Measures   

 
Potential Impacts shall emanate from the following main elements of the 
project’s activities:  
 

•  (i) Noise, vibrations and Dust emissions - during the operation phase 
the operation of heavy dump trucks may impact people living nearby 
access roads as well as in the neighbourhood, especially of the 
Mushishima community. Dust suppression can be achieved by regular 
watering of the route. 
 

Noise Decay 
A noise assessment done as part of the baseline study indicates levels for the 
proposed dump site, which can be categorized as an industrial/ commercial 
Mining area, the values which all fall within the acceptable guidelines by the 
International Finance Corporation (IFC) which is 55dB for social receptors 
such as residential areas and schools. 
 
The noise decay is given by the following formula: 
 
decay = 20 log (distance/10) dB2  
 
Barrier Attenuation  
 
 Barrier attenuation will be provided by the sides of the old part of TD2 just 
next to T5 Solwezi Road. 
 

•  (ii) Potential for increase in road traffic accidents - Traffic movements 
along the T5 Chingola-Solwezi Road will increase potential for road 
traffic accidents.  

 

                                                
2 Decay = 20 log (400/10) dB for Dump Truck with noise levels measured at 10 metres. It is 
nearly 400metres to the nearest social noise receptor at New Mushishima Primary School.  
Noise decay = 32.04 dBs Values give for Dump Trucks is 88 dBs.  
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 Road along TD 2 used by cyclist and pedestrians         Heavy Truck on the T5 Solwezi Road 
 
 

Prevention and control of traffic related accidents 
The proposed project will contribute to a significant increase in traffic along 
existing T3 and T5 roads. Prevention and control of traffic related injuries and 
fatalities should include the adoption of safety measures that are protective of 
road users, including those who are most vulnerable to road traffic accidents 
such as cyclists and pedestrians.  
 
The recommended measures include: 

• Adopting limits for trip duration  
• Avoiding dangerous routes and times of day to reduce the risk of 

accidents 
• Minimizing pedestrian interaction with operational vehicles 
• Collaboration with local communities and responsible authorities to 

improve signage, visibility and overall safety of roads. 
• The route should be lined with traffic-calming devices, especially near 

the crossing point of the dump trucks.  
• Installation of traffic lights at the crossing point on T5 Chingola-Solwezi 

Road. 
 

 

Safety Communication 
The local community may be at risk from a potential traffic hazards arising at 
the dump trucks movements. The communication measures to alert the 
community, to include: 

• Communicating details of the nature of the traffic hazard 
• Communicating safety options  
• Providing advise on selecting any appropriate routes  
• Collaborating with local communities on education about traffic and 

pedestrian safety 
• Involve the Road Transport and Safety Agency in sensitizing the local 

communities, especially Mushishima settlement and pupils at the New 
Mushishima Primary School.  
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