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About the Presenter



• Black River (News24, October 2019)

• Discovered during the Peninsula Paddle, an annual event started in 2010 to 

highlight the state of canals, rivers and lakes between Muizenberg and 

Woodstock





• Where are the areas of the urban sub-catchment that are at risk of 

illegal discharge into waterways in the City of Cape Town Metro?

Aim

• Develop desktop procedures for identifying priority areas of illegal 

discharges in urban sub-catchments based on their low, medium and 

high-risk levels.

Objectives

• Carry out spatial analysis of hydraulic, hydrological and land use 

datasets to classify and identify areas at high risk of illegal discharge 

potential (IDP)

• Develop procedures for risk mapping of IDP

The Research Question, Aim and Objectives



• “IDs are defined as a storm drain that has measurable dry weather flows 

containing pollutants” (CWP, 2011).

What is Illegal Discharge



Methodology



• Calculate Population Density (Pop 

total*1000000)/ (Shape Area)

• Symbolize and reclass into 3 using 

the Jenks Natural Breaks (low, 

medium, high)

• Jenks Natural Breaks is a data 

clustering method designed to 

determine the best arrangement of 

values into different classes

Dataset 1 : Population 

Density (2011)



• 2019 – age (to get age)

• Spatial join with sub 

catchments (average 

age in catchment)

• Symbolize using Jenks 

and reclass

Dataset 2: Development 

Age (Stormwater)



• Outfalls (input), rivers file and 

sub-drainage areas

• Create a 50m buffer around 

rivers, use the buffer to clip 

outfalls within the buffer

• Use result to perform spatial 

join with sub catchment areas 

• Symbolize using Jenks and 

reclass ( 0-21, 25-106, >106)

Dataset 3: Outfall 

Density



• 2019 – age (to get age)

• Spatial join with sub catchments (average 

age in catchment)

• Symbolize using Jenks and reclass

Dataset 4: Aging 

Sanitary Infrastructure



• Density of channels and pipes

• Spatial join with sub catchments 

to get sum 

• Calculated density by dividing 

sum by area

• Symbolize using Jenks and 

reclass

Dataset 5: Drainage 

Density



• Convert polygons to 

points using central 

coordinates

• Spatial join with sub 

catchments (count of 

generating site points in 

each sub drainage)

• Symbolize using Jenks 

and reclass

Dataset 6: Generating 

Site Density



• Number of access 

points to storm drains 

(catch basins, pond 

outlet structures, pipe 

ends)

• Create a raster layer 

using the Kernel Density 

Function

• Symbolize using Jenks 

and reclass

Dataset 7: Infrastructure 

Access Density



Dataset 8: Toilets In 

Informal Settlements

• Public toilets in informal 

settlements in the Metro

• Create a raster layer using the 

Kernel Density Function

• Symbolize using Jenks and 

reclass











• Convert the impervious 

file to raster

• Zonal stats with sub-

drainage areas (to get 

total area of impervious 

per catchment)

• Get percentage covered 

(sum/area of sub catch)

• Symbolize using Jenks 

and reclass

Dataset 9: Percent 

Impervious



• 2013-14 NLC used and reclassed 

to 6 classes [Commercial (3), 

Residential (3), Industrial (3), 

Recreational (2), Instituitional (2) 

and Agric (1)]

Dataset 10: Land-Use



• Point file of all discharges reported

to the City (only up to 2012)

• Checked for statistical significance 

using a 2x2 matrix 

(http://vassarstats.net/odds2x2.html)

Past Discharge Records

http://vassarstats.net/odds2x2.html


• MCE used to analyse a series of alternatives or objectives with a view 

of ranking them from high priority to least priority using a structured 

approach.

• The Analytical Hierarchy Process using the Pairwise Comparison 

Method was chosen for this study. The basic steps for AHP are as 

follows

– Develop a pairwise comparison matrix

– Normalize the resulting matrix

– Obtaining weights by averaging cells in each row

AHP Process



The Saaty Table (1980) 
Intensity of 

Importance

Definition Explanation *(Range or) 

Difference between 

risk factors’ capture 

rates (%)

1 Equal Importance Two factors contribute equally 

to the objective

0-4

2 Weak or Slight Importance 5-10

3 Moderate Importance Experience and judgement 

slightly favour one over the 

other

11-20

4 Moderate Plus Importance 21-30

5 Strong Importance Experience and judgement 

strongly favour one over the 

other

31-40

6 Strong Plus Importance 41-50

7 Very Strong Importance Experience and judgement 

very strongly favour one over 

the other. Its importance is 

demonstrated in practice

51-60

8 Very Very Strong 

Importance

61-80

9 Extreme Importance The evidence favouring one 

over the other is of the highest 

possible validity

81-100



The Pairwise Comparison Method (Water)



Final Weights







Final Weights (Grey Wate



Results and Recommendations

• Some areas captured as high risk repeatedly. These are areas of 

concern and possible reasons are 

– Industrial areas (linked to land use, percent impervious) as these factors appear to be 

the most dominant

– Informal areas with lack of service delivery, etc

• Old datasets used and results could be improved by using up-to-date 

data












