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ABSTRACT

The greater part of land in the area south of Pretoria is underlain by dolomite from the Chuniespoort Group of the
Transvaal Supergroup. In South Africa dolomite rock has a notorious reputation for the formation of sinkholes
and subsidences. Thousands of people reside and work in the Centurion area, where numerous sinkholes have
occurred causing damage and in some instances loss of property. Centurion has rapidly densified over the last 40
years. This study deals with the hazard of sinkhole formation in the Centurion CBD and surrounding area as well
as comparing the Method of Scenario of Supposition by Buttrick and van Schalkwyk (1995) based on an ‘abused’

land use situation to this ‘managed’ area in Centurion.

Various classification systems have been proposed since the 1970’s in an attempt to evaluate the stability of sites
on dolomite in South Africa and a summary of each are provided in the dissertation. The classification system that
is currently used in South Africa is the method proposed by Buttrick (1992) which is known as the Method of

Scenario Supposition.

A total of 119 sinkholes have been recorded in the Centurion CBD area since the early 1970’s. Three lives have

been lost as a result of a sinkhole in the area and a total of seven houses or units had to be demolished.

Draft guidelines for allocation of each hazard class has been developed, which is referred to as the proposed
‘Modified Method of Scenario Supposition’. This is mainly based on the dolomite bedrock depth and the
mobilization potential of the overlying horizons. Eight Inherent Hazard Classes are present which classify an
area into having a low, medium or high hazard of sinkhole formation. After each borehole was assigned its
specific inherent hazard class, the information was recorded in ESRI ArcGIS® sofiware. The Spatial Analyst”®
extension of ArcMap® was used to create a map showing the areas of low, medium and high hazard of sinkhole
formation. The map generally indicates a medium to high susceptibility to sinkhole formation in the Centurion
CBD area with pockets of low hazard areas. This hazard map was then used to make recommendations for each

of the eight Inherent Hazard Classes on suitable development types as per the draft SANS 1936-1:2012 guidelines.

Various methods are used to calculate the hazard of sinkhole formation using data such as the historical
occurrence of sinkholes, geological information and the hazard map. These results are used to compare this
‘managed land’ to the ‘abused land’ scenario used by Buttrick and van Schalkwyk (1995). Overall, the hazard for
sinkhole formation in the Centurion CBD area does not correlate well with the method proposed by Buttrick and
van Schalkwyk (1995). According to the anticipated number of events by Buttrick and van Schalkwyk far more
sinkholes should have occurred in the high hazard areas. In contrast, the most sinkholes in the Centurion CBD

area occurred in the areas classified as having a medium hazard for sinkhole formation.



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

@E@

DECLARATION

I, ANNA CATHARINA OOSTHUIZEN declare that the thesis / dissertation, which | hereby
submit for the degree M.Sc. Engineering & Environmental Geology at the University of Pretoria,
is my own work and has not previously been submitted by me for a degree at this or any other

tertiary institution.
SIGNATURE: e

DATE:

ii



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

ACKNOWLEGDEMENTS

| would like to thank the following:

| am grateful that God has blessed me and that He has given me the knowledge and ability
to complete this study.

The Council for Geoscience, for granting me the opportunity to undertake this study. For
all the staff in the Engineering Geoscience Unit, for their assistance and support. Also for
making all the information available through the National Dolomite Databank.

Professor Louis van Rooy, the project supervisor at the University of Pretoria for his
valuable input and assistance.

Mr Greg Heath who has been involved throughout this study, for his guidance, advice and
input.

Various geologists from private engineering geological consulting firms for their inputs,
comments and suggestions during the write-up of this dissertation.

My husband, Mauritz and our children, Sumari and Ancke, for their love and support.

iii



IVERSITEIT VAN PRETORIA

NIBESITHI YA PRETORIA

TABLE OF CONTENTS

I 1 130 0o 1
g e I = F: Ve (o | o 11 4 U S SSPSSSS 1
1.2. Problem Statement ............ 3
1.3.  Study Objective and AIMS..........c.coiiiiiiii e 4
1.4, STUAY Ar@a.......ee e 5
1.5.  Available Data...........ccciiini i ———————————— 7

2. GEOLOGY AND GEOHYDROLOGY .....cciicioeriirumerisseerssssessssssesssssssssssssssssssnsesssssssssssnsesssssnessas 10
2.1,  Regional GeOoIOgY........ccociiiiriiiirie et 10
2.2. Geology of the Centurion CBD Area ..........cccccciiiiiiinsieiis s see s sse s snessnnesane 10
2.3, Geohydrology ... e 11

3. A REVIEW OF CLASSIFICATION SYSTEMS USED FOR THE EVALUATION OF DOLOMITIC

I 0 13
B T PR = T Tod 1 Ce o111 4 T 13
3.2. A Classification System by Stephan (1975) ........ccoccrirvircvinrccr e 13
3.3. X-Factor Classification System by Weaver (1979).........cccooiririinniiiinrseenenee 15
3.4. A Classification Approach Proposed by Venter (1981) ........ccccccviviiivrrcccinrccennccenscneesn 16
3.5. A Classification Method Proposed by De Beer (1981)........cccovviiiiicinmnsnnncnsenneeeee 21
3.6. Wagener’s (1982) Method of ClasSes.........cccccrrriiriciiirinccn e 25
3.7. Van Rooy’s (1984) MF-Classification System...........c.ccooiiiiniiniinnin e 27

v



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

3.8. Evaluation of potential instability in Karoo outliers (Jones, 1986)............ccceecnrenennee. 32
3.9. Buttrick’s (1992) Method of Scenario Supposition...........cccccereiriinrcrnncen e 35
3.9.1. Characterization of the Risk of Sinkhole Formation .............ccccci i 36
3.9.2. Characterization of the Risk of Doline Formation...............cccoooiiiiiiiii e 41
3.9.3. Implementation of the Method of Scenario Supposition .............ccccoovieiiiiiiiiiiiicccc e 42
3.9.4. Risk Characterization and Recommended Type of Urban Development.................cccceee.. 43
11 10 150 I 0 T 47
4.1. Data Preparation............ioiieccie e s nn e 47
4.2. Classifying the area in terms of the hazard of sinkhole formation ...............ccccccc...c.. 47
2t TR = 7= Tod (o | o ¥ o o PSS 47
4.2.2. Implementation of the Inherent Hazard Zoning System ...........cccooiiiiiiiiiiciieceee, 48
4.3. Creating a Hazard Classification Map..........ccccoooirimnnmrniie e 51
DATA INTERPRETATION .....cooieiiiiiiieiireeessssssss s sssmmsssmn s s nr s s e s s e s s e e s nsssnssnnssssssssnnsnmnsenssnnsnnnnnnes 52
5.1.  Percussion BOreholes...........oo it 52
5.1.1. Dolomite BEAroCk DEPth...........coouiiiiiiiii et 53
5.1.2. Dolomite BedroCk EIeVation ............ccoo ittt 57
5.2, Gravity Data.......cccciiiiiciin e e n e 60
5.3.  SinKhole Database...........coiiirciiieeie e e s e s e e s ne e e e 62
5.3.1. Nature of Sinkhole Occurrences in the Centurion CBD and surrounding areas ................. 62
5.3.2. Quality of the Sinkhole Database .............ccooiiiiiiiii e 65
5.3.3. Consequence of SINKNOIe OCCUITENCE..........ccueiiiiiiiii et 66
5.4. Sinkhole Size Distribution............oo e 73
5.5. Size of sinkhole occurring compared against depth of dolomite bedrock.................. 75
HAZARD CLASSIFICATION MAP.......cooiieiiiiiiiiessssssssssssmnrmrrrsrreessessssssssssssssssssssssssmssmssessnenseees 76
6.1. Comparison between the CBD Hazard Map and Sinkhole Occurrence........................ 80



6.2. Recommended Development TYPES........cccviiiirimrrniinneeee e ess e s see e nane 82

DETERMINATION OF THE HAZARD OF SINKHOLE FORMATION USING VARIOUS

1 I 10 0 1O 88
7.1,  Sinkhole Database.........coco oo s se s s e e 88
7.1.1. Method Proposed By Buttrick et al. (1995) ........ccooiiiiiiiiie e 88
7.1.2. Back Analysis MethOd.............oui o 90

7.1.3. Using the Hazard Class Areas to Calculate the Actual Number of Sinkholes per Hectare 91

7.2.  Other factors that have an influence on the outcome of the prediction of the hazard

of siNkhole fOrmation ..............oo e s e 92
7.2.1. GEO0lOGICal SUCCESSION ......oiiiiiiiiiiiciie ettt ettt ettt e sa e st e et e e e e stae e ebbeesaee e 92
7.2.2. Areas North and South of the HENNOPS RIVEr ........cccoiiiii e 93
7.2.3. Water BEariNg SEIVICES ... ..ottt ettt e e 93
7.2.4. BasiC ASSUMPLIONS ...ttt ettt te e st e et e st e e st e e nteeeneeesneeennaeeaneeens 94
CONGCLUSIONS ... ..o r s e s s s amame e R E e s e e ee e e e s seasaanan s a s nnnnnnnnnnen 95
REFERENCES....... .o ccceeeceerrmrrrrrrsrressssssss s s s s mmsmsmn e s r s e e s e e e e e s snssannsnssssssnssnmnsnnnsnnnsnnnennnnses 101

Vi



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

LIST OF FIGURES

Figure 1: Locality of the Centurion CBD and surrounding ar€as..........ccccoeeeeeeiiiiiiieeiiiiiciie e eeeeeeeeeeeeeens 6
Figure 2: Available Dolomite Stability Reports and Percussion Boreholes used for the Hazard
ASSESSIMENL ... ettt ettt e e e e e e e e e e et e e e e e e e e aaeaeeaeaeeasaaeaannne 9
Figure 3: 1:50 000 Geology Map Showing Groundwater Compartment Boundaries............................ 12
Figure 4: Dolomite Bedrock Depth below SUIface..............eueiiiiiiiiiiiiii e 55
Figure 5:  Dolomite Bedrock EIevation ............cooooiiiiiii it e e e e e eaaeas 59
Figure 6: Sinkhole Map of Centurion CBD Ar€a........ccciiiiiiiiiiiiiieeeeeee e 64
Figure 7: Inherent Hazard Class Map of Centurion CBD according to Table 16 Guidelines ................ 77
Figure 8: Simplified Inherent Hazard Map with Sinkhole occurences .............ccccvvviviiiiiiiici e 81
Figure 9: Areas Suitable for Residential, Commercial and Infrastructure Land Use ............ccccccceeeenn. 86
LIST OF TABLES
Table 1.  The outcome of the Classification System by Stephan (1975)........ccccceeeiiiiiiiiiiiiiiiie, 14
Table 2.  The stability evaluation of Weaver’'s X Factor Classification System...............cccccevvininnnen. 15
Table 3.  Factors influencing the strength of geological materials (After Venter, 1981) ...................... 17
Table 4.  Factors influencing the resistance to erosion of geological materials (After Venter, 1981) ..17
Table 5.  Dolomite zonal risk classification (After Venter, 1981).......ccccoiiiiiiii s 19
Table 6.  Appropriate foundation solutions according to Wagener’s three classes (After Wagener,
1082 ) .ttt e e e e e e e —————eee e e h————eeeeaaaa——tae e e e —treetaeeaaarraaeaenaanns 26
Table 7.  Weighting values for boreholes with erodible soil (After Van Rooy, 1984)................ccceee 29
Table 8.  Weighting values for boreholes without highly erodible soil (After Van Rooy, 1984)............ 30
Table 9.  Borehole stability value intervals with corresponding risk classes for sinkhole development
(AFter Van ROOY, 1984 ) ... it e e e e e e e 31
Table 10. Classification of risk using damage to structures (After Van Rooy, 1984)............cccccvvvennee. 31
Table 11. Suggested scale of sinkhole sizes (Buttrick 1992)...........cooiiiiiii e, 40
Table 12. Application of the method of scenario supposition (Buttrick, 1992).............cccooviririiiiiiinnnnnn. 43
Table 13. Anticipated Ground-movement events per hectare over a 20-year period (After Buttrick,
LS 13 ) PRSPPI 44
Table 14. Characterization: Inherent Risk of subsidence and a specified-size sinkhole forming (After
LUy Tod Q=T A= | 0[O 45

vii



Table 15.

Table 16.

Table 17.

Table 18.
Table 19.
Table 20.
Table 21.

Table 22.
Table 23.
Table 24.
Table 25.
Table 26.
Table 27.

Guidelines for assessing the risk for mobilization of the blanketing layer (Inherent Risk for
sinkholes) (Buttrick et al., 2001) ......ccoiiiiiiiii e e e e e ee e, 46

Guidelines for determining the Inherent Hazard Class in a non-dewatering scenario, as
applied in the Centurion CBD and SUIrOUNAS ...........ccooiiiiiiiiii e 49
Suggested guidelines for determining the Inherent Hazard Class in a dewatering scenario,
applicable to the Centurion CBD and SUIMTOUNGS .........ccccoeviiiiiiiiiiiiiiiie e eeeee e 50
Number of sinkholes that have occurred in each geological succession ..........ccccceeeeeeeenn.n. 63
Suggested scale of sinkhole sizes (Buttrick et. al, 2001) ..., 73
Suggested depth of dolomite bedrock scale influencing size of sinkhole expected.............. 75
Comparison between dolomite bedrock depth and sinkhole size within the Centurion CBD

= 1T LR P TP PPR 75
Percentages of each Inherent Hazard Class in the Centurion CBD area..........cccccoeeeeeeeee.n. 79
Coverage of each hazard class in the Centurion CBD area ...........cccoovviiiiieiiiiiecieeeees 80
No of sinkholes that have occurred in each of the hazard areas ............cccccveeicin. 80
Permissible land usage as indicated in the draft SANS 1936-1:2012 document.................. 83
Area of the different hazard classes in the Centurion CBD area.............ccoovvevvviiiicciinneeeennn. 88
Number of events per hectare for each geological succession............ccoevvvvviiiviiciiiiee e, 92

LIST OF PLATES

Plate 1.
Plate 2.
Plate 3.
Plate 4.
Plate 5.
Plate 6.
Plate 7.
Plate 8.
Plate 9.
Plate 10.

Plate 12.
Plate 13.

The Centurion CBD area (from Google Earth)............ouuiiiiiiiiiiiccsres e, 2
Lyttelton Agricultural Holdings during the 1950°S...........cooiiiiiiiiiiccc e 2
Lyttelton Manor Extensions during 2012 (from Google Earth) ..., 3
A 15 m diameter subsidence in a residential complex (S100)........cccoviiiiiiiiiiiiieieeeeeii, 4
Different magnitudes of bedrock gradient (After Venter, 1981) ..., 18
Different magnitudes of pinnacle development (After Venter, 1981)......cccccccciiiinininn. 18
Different degrees of void development (After Venter, 1981) .......cccceeeiiiiiiiiiiiiin, 18
Maximum potential development space (After Buttrick, 1992) .......cccccooviiiiiiiiiii, 37
Maximum potential development space is not fully utilized (After Buttrick, 1992).................. 38

The influence of horizons with a low mobilization potential on the maximum Potential

Development Space (PDS) (After Buttrick, 1992) ... 39
The variability of dolomite bedrock in the Lyttelton Quarry (1. Venter, 1981) ..., 53
Example of a bedrock elevation map on a small area within the Centurion CBD area.......... 58

viii



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Plate 14. Available gravity data overlain on the dolomite bedrock depth (From Africon (Pty) Ltd)........ 61

Plate 15. Sinkhole east of the N14 Highway (S101) ..o e 67
Plate 16. The N14 Highway sinkhole in the newspapers (Beeld, 7 February 2006)..................ccoeuuunns 68
Plate 17. A settlement in a residential complex, Die HOeWeS (S97).....couvveiiiiiiiiiiiiiiiiiiieeee 69
Plates 18 & 19. Sinkholes that occurred on the embankment of the N1 Highway (S104) ..................... 70
Plate 20. A Sinkhole that developed in Jean Avenue (S109)........cciiiiiiiiiiiiiieeeeccre e, 71
Plate 21. Remediation of the sinkhole Jean Avenue (S109)........cciiiiiiiiii i, 72
Plate 22. Jean Avenue sinkhole in the Pretoria News Newspaper (26 September 2011) .................... 72
LIST OF GRAPHS
Graph 1. Depth to dolomite bedrock distribution ... 54
Graph 2. Comparison of the depth to dolomite bedrock between the northern and southern areas of the
HENNOPS RIVET ...t et e ettt e e e e e e et e s e e e e e taa e e eeeeatnneaeennes 57
Graph 3. Distribution of type of sinkhole events ... e, 63
Graph 4. Distribution of cause of sinkhole events ... 65
Graph 5. Yearly occurrence of sinkholes in the Centurion CBD area............ccccccccciiiieiiiieeeeeeecceeeee, 66
Graph 7. The sinkhole size distribution of the Centurion CBD and surrounding area .......................... 74

Graph 8. The distribution of Inherent Hazard Classes of each borehole in the Centurion CBD and

LS04 o 10 g T £ OO SSPREP 79
LIST OF APPENDICES
Appendix A - List of the Available Dolomite Stability Reports Within the Centurion CBD Area
AppendixB - Table Indicating the Information of the Centurion CBD Boreholes
Appendix C - Table Indicating the Sinkhole Event Record
AppendixD - Tables 1 and 2 from SANS 1936-1:2012 Document: Permissible Land Usage

Based on Inherent Hazard Class, Dolomite Area Designations and Footprint

Investigations

iX



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Qe YUNIBESITHI YA PRETORIA

LIST OF ABBREVIATIONS

CBD - Central Business District

CGS - Council for Geoscience

CTMM -  City of Tshwane Metropolitan Municipality
GIS - Geographic Information Systems

IHC - Inherent Hazard Class

Mamsl -  Metres above mean sea level

PDS - Potential Development Space

SANS -  South African National Standard



	00FRONT
	TITLE PAGE
	ABSTRACT
	DECLARATION
	ACKNOWLEGDEMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF PLATES
	LIST OF GRAPHS
	LIST OF APPENDICES

	CHAPTER 1-4
	CHAPTER 5-8
	BACK



