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Abstract

This research is concerned with the Libyan aggregates industry, which, as far as
can be determined has not been extensively investigated before. Its key aim is to
establish the environmental effects of quarrying in Libya and the regulatory
regime to control them, with reference to the institutional framework and social
and cultural influences in Libya. The research is intended to achieve a better
understanding of the aggregates industry and to identify the key factors which
have formed its current status, and also to investigate the main barriers
constraining the regulatory regime controlling the aggregates industry. Theoretical
and empirical studies were conducted between 2004 and 2006 in Libya. The
theoretical research focused on the aggregates industry and its key issues. The
empirical research was carried out in Libya to collect information regarding the
environmental impact of the Libyan aggregates industry as well as managerial
and employee attitudes towards it. The data were obtained through interviews
targeting the employees of government organisations' supported by a number of
questionnaires with the quarry staff. The data gathered from the questionnaires

and the interviews were analysed using Excel and SPSS Software.

As a result of this study numbers of issues have been discovered with regard to
the Libyan aggregates industry and its environmental impacts. It was discovered
that the environmental impacts of aggregate extraction are very serious in Libya
and the environmental protection plan that attempts to control them is weak. This
research has highlighted those environmental impacts and the barriers facing the
implementation of the environmental protection plan to control these impacts. It
was discovered that there are high numbers of quarries working without
permission. The selection of quarry sites in the country seems to be based on
nepotism and there is a complete lack of any initial environmental protection
training for quarry staff and for new recruits. Within the aggregates companies
investigated, there is a total absence of environmental departments and
environmental laws and regulations are not of major concern to aggregates
industry staff. The research has highlighted the importance of social and
economic changes and the influence of tribe and family and people's attitudes to
environmental protection and the implementation of the environmental

regulations.



Table of Contents

Contents Page
A 01 { =T P i
Table Of CONIENTS ... .o e e et e s ii
I3 o) A =1 o L= Vil
LISt Of FIQUIES ...ttt e e e e e e e e e e aae e iX
TS Qo ] o F= (= PR X
List Of ADDIeVIationS .........oovuiieiiii e e Xii
DYoL [o7=1 (o] o AR Xiii
ACKNOWIEAGEMENT ... Xiv
(D L=Tod F= = (o] o T XV
(0707 0]/ 1T | o | SRR USSSUURSRRRRRPPPRRRRRRRPIN Xiv

Chapter1: Thesis Introduction

LS T 131 o [ T3 T o DT 2
1.2 The Research Problem............ooooiiiiiiiiie e 2
1.3 The Research Aim and objecCtives.............cooouuiiiiiiiiiiii e 5
131 T AIMe e e e e e e e e e e e e e e aaaens 5
1.3.2 The Research ObjectiVes..............cooooiiiiiiiiiiiiccecccccecee e 6
1.4 Research QUESTIONS ........ccooiiiiiiiiiicc e 6
1.5 Significance of the StUdy ... 7
1.6 Study Methodology ...........coeiiiiiiiiiiiiiiiee e 8
1.7 The Structure of the Thesis ............oooiiiiiiiiiiiiieeeeeeee 11
1.8 Chapter SUMMArY ... 12

Chapter2: The Libyan Environment

P20 B 1o (oo [8 o2 (o o P 14
2.2 Management in Libya as a Developing Country ..............ccoevveiieiiiiiiiiieeeee, 15
2.3 Geography and Climate..............ooviiiiiiiiiiiiiieee e 15
2.4 Geological Setting of Libya........ccooviiiiiiiiiiiece e 17
241  PaleozoiC ROCKS:.......ccoiiiiiiiieeeec e e e e 18
242 MeSOZOIC ROCKS: ......oiiiieiiiiiiiiiee e 18
243  CenOZOIC ROCKS: ......ciiiiiiiiiiiiiiiiie ettt e e e 19
2.5 The Population ... e 23
2.6 Social and Educational Development.................ouveveeeiiieiiiieieeeeeeeeeeeeeeeeeee 25
2.7 Political Development...........coooiiii e 27
2.8 Economic DevelopmeNnt..........coooiiiiiiiiiiii e 27
2.9 Cultural Development.........coooiiiiiiiiiiicececee e 29
2.10 The Aggregate INAUSTIY .......coooiiiiiiiiecece e 32
2.10.1 The Libyan Aggregate INdustry ..............oooeeiiiiiiiiiiieeeeeeeeeeeeeee e, 32
2.10.2 The Demand for AQgregates........cccooouuviiiiiiiieeieeeccceeeeeeeeeeee e 36
2.10.3 Demand Forecasting for Aggregates .............ccooovvivivieiiiieeiiiieeeeeee e, 38
2.11 Environmental Planning Systems in Libya.................cooooiiiiiiiiiiiiiieeeee 39



2.11.1 Libyan Environmental InStitutions..............cccoovviiiiiiiiiiceeeee e, 39
2.11.2 The Industrial Research Centre (IRC)..........ccoooiiiiiiiiiiiiiic 40
2.11.3 The Environmental General Authority (EGA) .........cccooiiiiiiiiiiiiiiinns 41
2.11.4 The Centre of Building Material Research (CBMR)................ccccccvvvvveen... 42
2.11.5 The Libyan Centre of Remote Sensing and Space Sciences................... 42
2.11.6 The Division of Agriculture PoliCe.............ccccoiiiiiiiiiiii 42
2.12 The Libyan Regulatory Regime ... 43
2.12.1 The Regulatory Regime and the Aggregate Industry...............ccccvvvveeee... 44
2.12.2 Guidance Notes and the Aggregate Industry .............cccoooviviiiiiiiiiiiininnnn. 47
2.12.2.1 General Guidance Notes for All Quarries.............ccccccceevevvvveeeeeeeeenns .. 47
2.12.2.2 The Guidance Notes for Gravel and Crushed Rock Quarries................ 48
2.12.2.3 The Guidance Notes for Building Stone Quarries.........cccccccccceeeveeeeee. .. 49
2.12.2.4 The Guidance Notes for Sand Quarries.............c..ccoevvvvvvieeeeeiciiieeeeeen 50
2.13 Environmental Impact Assessment in Libya...............cccovvviiiiiiiiiiiiiiiinns 50
2.14 The Procedures and Requirements to Open a New Quarry .............cccccuvveee. 51
2.15 Chapter SUMMAIY .......ovuiiiiiiiiiiee e aeeaeee s 53

Chapter3: The Aggregate Industry-an International Overview

3.4, INtrOAUCHION. ...ttt nnannnens 56
3.2. AIMS and ODJECHIVES..........ccoiiiiiiiiiii e 57
3.2 AIMIS o e —————— 57
3.2.2  ODBJECHIVES ..ooieeeeeee e 58
3.3. Aggregate definitions and types ...........eevvviiiiiiiiiiiiiiiiiiieee 58
3.3.3  Types Of AQOregates: ...........uuuuuiiuiiiiiiiiiiiiiiiiieie et 59
3.4. Aggregate Origins and Production ..................ooovviiiiiiiiiiiiiiiiiiiiieinn 62
3.4.4  Natural aggregates............uuuiiiiiiiiiiiiiiiiiiiiiiieiee e 63
3441 CruShed FOCK .......cciiiiiiiiiiiie e 63
3442 Sand and gravel ..........cceeeviiieiiiiiii e 64
3.4.4.3 Manufactured aggregates............ooouviiiiiiiiii i 66
3.44.4 Dredging aggregates..........uuuuiiieiiiiiiiiiiieiieieeeeeeeeeeeeeeee e 66
3.5. Economic importance of QUarmies ..............oeevieeiiiiiiiiiiiieeeeeee e 68
3.6. The stages of QUAITYING...........ouiiiiiiiiiiiiiieceeeeeeeeee e 69
3.6.1  Prospecting: .........oooiiiiiiiiiiiiiee e 70
NIV =5 (o] (o] £= 1 (o] o LU 71
3.6.3 Development (Site Preparation).................ccccco 71
3.6.4  Exploitation (EXtraction) ...........ccccoiiiiiiiiiiiiiiiiieee e 72
3.6.5 Transportation to Processing or Market ...................ooovvviiiiiiiiiiiiiiiinns 72
3.6.6  PrOCESSING «.ooiiiiiiiiee e 73
3.6.7  ReStOration...........coooiiiiiiiiiiii e 74
3.7. The UK Aggregate INdUSEIY ..........ooooiiiiiiiiii e 74
3.7.8 Demand for Aggregates inthe UK ..............cccovviiiiiiiiiii e 76
3.7.9 Demand Forecasting for Aggregates .................c.ccoooiiiiiiiiiiiieie 78
3.7.9.1  Minerals Planning Guidance Note 6 (MPGB).................cccccvvvivveeeeeeeenn... 81
3.7.9.2  LandbanKs...........uuuiiiiiiiiiiiiiiiiieee e 82
KA TR B 10 o 1= o [N = 14 4 =T P 84
3.8. Development of the Regulatory Regime.............cccovvvvvviiiiiiiiiiiiicie 85
3.9. The Current Regulatory Regime..............oooooiiiiiiiiiieiieee e 90
3.10.Chapter SUMMANY .........oiiiiiii e 92



Chapter4: The Environmental Impacts of Aggregates Industry-an

International Overview

4.1 INTrOAUCTION.......eeeeeee e e e e e e e e e 95
4.2 AIMS and ODJECHIVES.......ccooiiiieiie e 96
et T X {1 =R 96
4.2.2  ODJECLVES ... 96
4.3 The Definition of Environmental Impact.............cccooeeiiiiiiiiiiiiieieeeeee 96
4.3.1 Source-Pathway-Receptor.........cccccooiiiiiiiiiii 98
4.4 Impact Identification..............oooiiiiiiiiii e 99
441 Assessing the Magnitude and Significance..................ccccoeeeeiii. 99
4411 Magnitude of ImMpact........ccccoovviiiiiii, 100
4.41.2 Significant of ImMpact...........ooooviii 100
4.5 Environmental Impacts of the Aggregate Extraction......................ccooveeeee.n. 103
451 Negative Environmental Impact ................oooooiiiiiiii 103
4511 Blasting....ooooemiiie e 104
45111 Impacts from Blasting ..., 105
451.1.2 Best Practice to Control Blasting Impacts...............cccoovvvvvieeen. 107
4512 DUSE..cooieeee e 108
4.51.21 Impact from DUSE ..........ooommmiiiiiiii e 108
451.2.2 Best Practice to Control Dust Impacts ..o, 109
4513 NOISE ..oooiiiiiiiieeeeeee e 112
451.3.1 Impact from NOIS€..........ooovviiiiiiiiiii 114
451.3.2 Best Practice to Control Noise Impacts ..........................coovvvvvviinnnn, 115
4514  Visual IMPacCES .....ccooeiiiiiiicee e 116
45141 Best Practice to Control Visual Impacts.......................c.n, 117
4515  Wallr. ..o 118
45.1.5.1 Best Practice to Control Water Impacts...........................ccovvviininnn. 119
45.1.6 Traffic (Aggregate Transportation) ..............cccooeeeiiiieiiiiiii 120
4.5.1.6.1 Best Practice to Control Traffic Impacts..................cccccoiiiiiiiennn. 121
4.6 Chapter SUMMAIY ......ccooiiiiiiiee e e e e e 122

Chapter5: Methodology

5.1 INtrOdUCHION. ... 125
5.2 The Research QUESHIONS.............uuuuiiiiiiiii e e e e e e eeeeeeaes 126
5.3 The Research Process: Theoretical Background ...............cccoccvieeeeeeeeneeen.e. 127
5.3.1  Research PhiloSOPhY ..........uuuiiiiiiiiiiiiiiiiiieeeeeeee e 128
5.3.2 Research ApProaches.........cccoooiiiiiiiiiiiiiie e 130
5.3.2.1 Selection of the Research Approach .............cccovviiiiiiiiiiiii. 133
5.3.2.2  TranguUIAtioN............uuuiiiiiiiiiiiiiiiii e e e 134
5.3.3 Research Strategies: AN OVEIVIEW ..............uuuuiiuiiiiiiiiiiiiiieeeeeeeeeeeeeeeinnns 135
5.3.4 ResearCh DeSIgn ........ccoouuuiiiiiiiiiii e e e e e e e eeeenenen 137
5.4 The Research Approach Adopted for this Study ...........c.ccceeeeiiiiiiiiinnin. 138
5.4.1 Selection of the Case Study Strategy...........ccccovvviviiiiiiiiiiiiiiieeeeeee 140
5.4.2 Data Collection MethOds ...............uuuuiiuiiiimiiiiiiiiiiieiiiiiceeeeeeeeeeeeeeennes 143
5.4.2.1 Validity and Reliability of Data Collection Methods.............................. 144



5.4.2.2 Data Collection INStruMENtS .........oveneeeeeee e 147

5.4.2.3 Questionnaire Design and Development..................cccoooiiiiiiiieieeeenns 148
5.4.2.4 Primary Data Collection TeChNIiQUES .............ccoevviiviiiiiiiiiiiiiiiieieeeeeeeee 150
5.4.2.5  INTEIVIEWS ... e et eaaeeas 151
5426 Documentation ...........uiiiiiiiiiiiiecce e 154
5.4.3  Pretesting......cooooiiiiiiiee e 155
5.43.1  Pretest One ... 165
5.4.3.2  PreteSt TWO ....ovviiiiiii i 156
544  Data AnalySiS .......ccooiiiiiiiiiiiiiiiiii e —————— 157
5.5 Research Programme ............ccccouuiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeaae e 160
5.6 Chapter SUMMArY ... eeeees 163

Chapter6: Fieldwork Observations

B.1. INtrOAUCTION. ...ttt nssensnnnnes 165
6.2. The Pre-Research Investigation...............ccooeeiiiiiiiiiiiiiee e 165
6.3. Pilot Study RESUIS ... e 167
6.3.1  Environmental Impact of the Libyan Aggregate Industry........................ 170
6.3.1.1  Positive Environmental Impact .............ccevvvviiiiiiiiiiiiiiiii 171
6.3.1.2 Negative Environmental Impact..............c..oovveviiiiiiiiiiiiiii 173
6.2.1.2.1  Impacts Due to BlIasting: ..............cuuuviiiiiiiiiiiiiiiiiiiiei 173
B.2.1.2.2  DUSE. e e e 174
B.2.1.2.3  NOISE: .ottt 175
6.2.1.2.4  Visual IMPACES: ......oviiiiiii e 176
B.2.1.2.5  Waler . oo 177
B.2.1.2.6  TraffiC .. coooeiiiiie e 177
6.3.2 Contributory (Factors) to the Environmental Impacts............................. 178
B.3.2.1  PeIMUSSION: ...ttt e et e e anaaan 178
6.3.2.2 Environmental Laws and Regulations ...................ccccooovviiiiiiiiiiiiiinnnnns 179
6.3.2.3 Environmental Managements System (EMS)................ccccoeeiiiiinnnnnne. 179
6.3.2.4  Local AUThOMTIES: .........uiiiiiiiie e 180
6.3.2.5 Environmental INStitutions: .............coooeiiiiiiiii e 180
6.3.3 Questions Developed From the Fieldwork .................oovvviveiiiiiiiiiiceeenn. 181
6.4. Chapter SUMMANY .........ccooiiiiiiiiiiii e 182
6.5. FIeldWOrK PIates ............uuvuiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeee s 183

Chapter7: Questionnaire and Interview Findings

7.4, INTrOAUCHION. ... 207
7.2. Interviews and QUESLIONNAINES ...........cccuuvviiiiiiiie e 207
7.2.1  Survey Methodology: ..........eeeiiiiiiiiiiiiieiie e 208
7.2.2 The Quarry Staff QUestionnNaire .................ooovvviiiiiiiiiiieeee e 208
7.2.3  The Interview of Government Organisation Employees......................... 209
7.24 Complementary Information:.................oevviiiiiiiiiiiiiiie e 210
7.3. Coding and Data ANalYSis: ...........uuuuuiiiiiieieieieieeeeeeeeee e e e 210
7.4. Case Study FINAINGS .......uuuuiiiiiiiiiiiiiiiiiieeee et e e e e e e 212
7.5. The Quarry Staff Questionnaire....................oooeiiiiii e, 213



7.5.1 Data Collection MethOdS .......con v et 213

7.5.2  Data ANalYSIS .....coooiiiiiiiieiiiiee e 214
7.5.3 The Status of Operation (Questions 1-5) .........cccccoeviiiiiiiiiiiiiiiii, 215
7.5.3.1  Quarry Staff and the Licence of their Quarry...............cccccoeeieiiiiiiiinnns 215
7.5.3.2 The Duration of the LiCence ..............cccovuiiiiiiiiiii s 216
7.5.3.3  Perception of the Authority That Issued the Licence...............cccccuuuu. 217
7.5.4 The Environmental Impact (Questions 6-19).............cccccvvvvvvivieiinnnnninnnnns 218
7.5.4.1 Quarry Staff Awareness of Environmental Protection ......................... 219
7.5.4.2 Assigned Personnel Responsible for Environmental Protection.......... 220
7.5.4.3 The Importance of the Environmental Protection Measures................ 220
7.5.4.4 The Quarry Operation and Its Affect on the Environment.................... 222
7.5.5 Environmental Laws and Regulations (Questions 20-24) ...................... 225
7.5.5.1 Awareness of the Environmental Laws and Regulations..................... 225
7.5.6 The Role of the Local Authorities (Questions 25-31)............ccccceeevenneen. 228
7.5.6.1  The Quarry Staff Opinion about the Local Authority ............................ 228
7.5.7  The Role of Environmental Institutions (Questions from 32-35)............. 231
7.5.7.1  The Quarry Staff Opinion about the Environmental Institutions Role ..232
7.6. The Government Organisations Employees’ Interviews: ...............ccccccuvvnne. 233
7.6.1  Data Collection Methods ............ccccccuuuiiiiiiiiiiieeiiiieiiii e 234
7.6.2  Data AnalySis ........coooiiiiiiiiiiee e ——————————— 235
7.6.3  The Operation Permission (Questions 1-10)...........cccccveeeeieeeieiiiiicinnnee. 235
7.6.3.1  The Current Licence Procedure for Opening New Quarry................... 237
7.6.3.2 Why Quarry Works with Expired Permission or Without Permission ... 240
7.6.4 The Environmental Impacts (Questions 11-16) ..........ccccocevviiiiiiiiieeeeennnn. 242
7.6.4.1  Complaints about the Environmental Impacts ..............ccccoceeeeeeeeeeenn.n. 245
7.6.5 The Environmental Laws and Regulations (Questions 17-22) ............... 246
7.6.5.1 Awareness of the Laws and Regulations Applies to Aggregates............. 248
7.6.6  The Local Authorities Role (Questions 23-32) ...........ccccccvvvviivieiiiieennn. 249
7.6.7  The Environmental Institutions Role (Questions 33-42)......................... 254
7.7. Chapter SUMMANY ..o es 259

Chapter8: Discussion of the Findings

8.1, INtrodUCHION........cc e 261
8.1.1 Analysis of the Questionnaires, Interviews and the Fieldwork findings.....263
8.2. Findings Related to Work Permission..............ccccoceuiiiiiiiiiciiiiccccccci 268
8.2.1 Quarries Working without Permission................ccocovuviiiiiieiiiiiicccecce 268
8.2.2 Organisations Granting Permission ..............ccccoeevviiiiiiiieeiiieieeeecee 269
8.2.3 The Current Licence ProCedUre...............uuuuvuiuieieeiiieiieieeiieeeeeeee s 270
8.2.4 How to Improve the Current Licensing Procedure ................ccccccoevvvvnnne... 271
8.3. Findings Related to the Environmental Impacts .................cccccoovvvviiinnnnnnn. 272
8.3.1  Awareness of Environmental Protection ...................ccccccoooeiiiiiiiiiinnee 272
8.3.1.1  Environmental Protection Training ................coevvvviiiiiiiiiiieiiiiieeeeennn 275
8.3.2  Environmental Impacts from Aggregate Extraction................................ 276
8.3.2.1  Machines and Equipments Used in the Aggregates Industry............... 276
8.3.2.2 The Location of Quarry SIteS............ouuviiiieiiiiiiieee e, 277
8.3.2.3 The Source of AQgregates...........cccuvvvriiiiiee i 278
8.3.2.4 Complaints about Environmental Impacts...................cccoeeeiiiinnninnnen. 278
8.3.3 How to Improve the Environmental Impacts of the Aggregates Industry 279
8.4. Findings Related to the Environmental Laws and Regulations.................... 280

vi



8.4.1 The Importance of Environmental Laws and Regulations...................... 280
8.4.2 The Barriers Facing the Implementation of the Environmental Laws ....281

8.4.3 Absence of Environmental Management Systems (EMS)...................... 282
8.4.4 Lack of Understanding of the Environmental Laws and Regulations ....283
8.5. Findings Related to the Local Authority’s Role in the Planning System....... 284
8.5.1  The Environmental Protection Plan and the Local Authority .................. 284
8.5.2 Local Authority Role in Implementing the Environmental Laws.............. 286
8.5.3  Local Authority and the Work Inspection..............c..coovvviiviiiiiviiiiiiiiiinnnnns 286
8.5.4 How to Improve the Local Authority Role in the Planning System ......... 286
8.6. Findings Related to the Environmental Institutions Role ............................. 287
8.6.1  Environmental Institutions’ Role and the Aggregates Industry ............... 288
8.6.2  Environmental Institutions and the Work Inspection................cccccvvvnnen. 289
8.6.3 How to Improve the Environmental Institutions Role.............................. 291
8.7. Findings Related to Social and Cultural Influences ..................cceeevvvvnnee... 292
8.8. Recommended Guidelines for Improvement of Environmental Management in
Aggregates INAUSEIY ..........ueviiiiiiii 293,
8.8.1 Recommended Guidelines to Improve Procedures for the Granting of
WOIK PErMISSION .....ceviiiiiiiiiiiiiie e, 293
8.8.2 Recommended Guidelines to Improve the Management of Environmental
IMPACES .o 294
8.8.3 Recommended Guidelines to Improve the Implementation of
Environmental Laws and Regulations........... ....ccccooiiiiiii 295
8.8.4 Recommended Guidelines to Improve the Effectiveness of Government
Originations in Protecting the Environment ..................ccccciiiiiiiiiiiiiieieii, 296
8.9. Limitations of the Research............cccoooiiiiiiiiiiiiieeeeeeee, 297
8.9.1 Lack of Previous Studies and Data .................cccvvvvveeiieieiiiiiiiciiie 297
8.9.2  Social and Cultural CircumstanCes ...............ouvevvviviviiiiviiieeeeennn 298

0.1, INtrOAUCHION. ... et 300
9.2. Overview Of the TRESIS .......cuuuiiiiiee e 300
9.3. Research FINAINGS..........uuuuiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee s 303
9.4. Social and Cultural influences on Environmental Performance................... 306
9.5. Lessonstobelearned fromthe UK ..........coooiiiiiiiiiiiie e 309
9.6. Achieving the Aim and ODJECHIVES .............ovviiiiiiiiiiieiiei e 310
9.7. Significance of the study............ccooiiiiiiii e 311
9.8. Critical Reflections on the Research Methodology ..............ccccoeeeiiiiiinnnn.n. 314
9.9. Recommendations for Further Research..............ccccooovivimooiiiiiiiieeeie, 316
=Y =] =Y 1o = 319
APPENAICOS ccuuosnnsss s ssssnasassmmssss msnsssss snsssssns snsnsasssassssssnesnnassnnssssnasassnnsnnnsssanmnsnnrs 334

vii



List of Tables, Figures, Plates and Appendices

Tables Page
Table 2.1. Gravel and Crushed Rock Deposits Divided by Formations................ 22
Table 2.2; Population Change in Libya from 1954—-94 ..................ccooeveeeieeeeeeennn. 23
Table 2.3: Statistical Data about the Number of Students and Teachers in a
Variety of Educational Levels during 1995/96 ...l 26
Table 3.1 The Six Main Multi-National Companies Producing Aggregate In The
.. e e e e e e 008 5 ' i ik 1 i Bt i o 8 0 £ 88 199 £ 7 i o e i 76
Table 3.2 The Estimated Production of Aggregates in the UK 1955-2001. ........ 80
Table 4.1 Selected Examples of the Definitions or Interpretations of the Concept
Of SIGNIfICANCE. ...ooiieiiiiieeeeeeeee e 102
Table 4.2 Presenting Some Key Methods of Reducing and Controlling Dust
Impact from Surface Mineral Working .............ooevveveiiiiiiiiiiiiiieeeeeeeeeee 112
Table 4.3 The Potential Source of Visual Impact from Quarrying..................... 117
Table 5.1: Key features of positivist and phenomenological paradigms ........... 129
Table 5.2: Strengths and Weaknesses of Research Paradigms ...................... 130
Table 5.3: Classification of the main types of research ..............ccccccoeeeiiiiinnnnns 131
Table 5.4 Features of the Two Main Paradigms...............ccccvvviiiiiiiininniniiiinnnnns 133
Table 5.5: Purpose of exploratory and explanatory studies.............................. 134
Table 5.6: Relevant Situations for Different Research Strategies..................... 138
Table 5.7: Case study tactics for four designtests............cccoeeiiiiiiiiiiiiiiiiiieinnn, 147
Table 5.8: Six sources of evidence: Strengths and Weaknesses..................... 148
Table 6.1 Sites visited by the researcher distributed by county........................ 168
Table 6.2. Fieldwork results, March and April 2005................ovvvviiiiiieeieiiiinnnnnns 169
Table 7.1 The Questionnaire Respondents Divided by Type of Quarry............ 209
Table 7.2 a & b: The survey respondents..........cccccoeeeiiiiiiiiieiiieceeeceeceeeee e 211
Table 7.3 The Interview Respondents Codes..............ooovviiiiiiiiiiiiiiiiieeeeeeeeeen, 212
Table 7.4 Quarry Staff Answers to Question One .............cccooeiviiieeececeeceee, 216
Table 7.5 Quarry Staff Answers to Question TWO ...........cccccvvveiiiiieiiiiiiicinnee, 216
Table 7.6 Quarry Staff Answers to Question four.............cccoeeeiiiiiiiiiiiiieieeeennn.. 217
Table 7.7 Quarry Staff Answers to Question Five ............ccccceeeeieiiiciiiiiieeeeeennn. 218
Table 7.8 Quarry Staff Answers to Question SiX .............ccoeevviiiiiiiiiieeiiieiieens 219
Table 7.9 Quarry Staff Answers to Question Nine..............ccooooeeee 220
Table 7.10 Quarry Staff Answers to Question Eleven ....................cccooo 221
Table 7.11 Quarry Staff Answers to Question Twelve.............cccoooeeeeei. 221
Table 7.12 Quarry Staff Answers to Question Thirteen ............ccccceeeeeeeeeeeee.... 221
Table 7.13 Quarry Staff Answers to Question Fourteen.............ccccooeeeveeeeeeen... 222
Table 7.14 Quarry Staff Answers to Question Sixteen ..............cccccceeeeiiiiinnnn. 223
Table 7.15 Quarry Staff Answers to Question Eighteen .................................. 224
Table 7.16 Quarry Staff Answers to Question Twenty............cccccvveeeeeeeiinennnnn. 226
Table 7.17 Quarry Staff Answers to Question Twenty One..................ccceeen. 226
Table 7.18 Quarry Staff Answers to Question Twenty TWO..................ceeeeennne. 227
Table 7.19 Quarry Staff Answers to Question Twenty Three ................c.......... 227
Table 7.20 Quarry Staff Answers to Question Twenty Five.............................. 229
Table 7.21 Quarry Staff Answers to Question Twenty Seven........................... 230
Table 7.22 Quarry Staff Answers to Question Twenty Eight............................. 230
Table 7.23 Showing the Number of the Respondents from Each Case Studies
OrganiSAtioNS ........coiiiiiiiiiiie e e e e e e e 233
Table 7.24 Interviewees Answers to Question One...........ccceeeeeeeeiiiiini, 235
Table 7.25 Interviewees Answers to Question Three............cccccceeeeiiiiiiiiinnn. 237
Table 7.26 Interviewees Answers to Question Four..............cccccccooiiiiiiiiiiennn, 237

viii



Table 7.27 Interviewees Answers to Question Seven

Table 7.28 Interviewees Answers to Question Nine...........................c. 241
Table 7.29 Interviewees Answers to Question Eleven.................ccccovveeeeinns 242
Table 7.30 Interviewees Answers to Question Thirteen ..................cccccoeeeeie 244
Table 7.31 Interviewees Answers to Question fourteen.................c.cccceeeeene 245
Table 7.32 Interviewees Answers to Question Seventeen...............ccccccoeeenee 246
Table 7.33 Interviewees Answers to Question Eighteen.................................. 247
Table 7.34 Interviewees Answers to Question Twenty One .............ccccccen 248
Table 7.35 Interviewees Answers to Question Twenty TWO ..........ccccceeeennnnnn. 249
Table 7.36 Interviewees Answers to Question Twenty Three.......................... 250
Table 7.37 Interviewees Answers to Question Twenty Four............................ 250
Table 7.38 Interviewees Answers to Question Twenty Six............ccccccceeiinis 251
Table 7.39 Interviewees Answers to Question Twenty Seven......................... 252
Table 7.40 Interviewees Answers to Question Twenty Eight........................... 252
Table 7.41 Interviewees Answers to Question Twenty Nine...............ccccceee.... 253
Table 7.42 Interviewees Answers to Question Thirty.............ccccccvveeeiiiiiiiiins 253
Table 7.43 Interviewees Answers to Question Thirty Two.............ccccvieeennnee. 254
Table 7.44 Interviewees Answers to Question Thirty Three.............cccceeeeeen. 255
Table 7.45 Interviewees Answers to Question Thirty SiX.............cccovvveiiiieeennn 255
Table 7.46 Interviewees Answers to Question Thirty Eight...................ccccceee. 256
Table 7.47 Interviewees Answers to Question Forty..............cccocvviviiiiiiiieennnen. 257
Table 7.48 Interviewees Answers to Question Forty TWO...........ccccvvvvvvveeeeeeennen. 258
Table 8.1 The Main Findings of the Research...... .......ccoovvvvvviii 264
Figures Page
Figure 1.1 Research ProCess .........ccccocciiiiiiiiii, 10
Figure 2.1: Map of Libya........cooviiiiiiiiii 16
Figure 2.2 Major Sedimentary Basins Onshore Libya .....................cccvviviiiiinnns 20
Figure 2.3. Generalized Geological Map of Libya.........................ccciiiiiiiiinn, 21
Figure 2.4. Showing the Libyan Quarries ................ccccceei s 34
Figure 2.5 Showing the Libyan Quarries in Each County ..................covvvveveeeeen. 35
Figure 2.6 Showing the Aggregate Production in the Past 15 Years.................. 37
Figure 2.7 Showing the Daily Production of Aggregate in Libya......................... 38
Figure 2.8 Model Showing the Procedures to Open New Quarry in Libya.......... 52
Figure 3.1 Sieves Used for Gradation of Aggregate. ...............ccooevvvvvvvveeeeennnnn.n. 64
Figure 3.2 UK Production of Sand, Gravel and Crushed Rock, 1965-2002........ 81
Figure 4.1. Basic Source-Pathway-Receptor Model........................ccviiiiininns 98
Figure 5.1: The Research Process............ccccoooiiiiiiiiieiee e, 128
Figure 5.2: Primary Data Collection Techniques ..............c......ccoeeviiiivinnnvnnnnnne, 151
Figure 5.3: The research Programme............ccccceevviiiuiiiiiieeeeee e 162
Figure 6.1: Increase of quarry numbers between the 1991 and 2003.. ............ 172
Figure 6.2: Increase in employment in the Libyan Aggregate Industry.. ........... 172
Plate Page
Plate 3.1 a&b Tunstead Limestone Quarry Peak District Derbyshire England. .. 65
Plate 3.2 Sand qQUAITYING .......coooiiieieieeeeee e 67
Plate 3.3 Maring Dredging, .......oooveeiiieiiieee e e e e e e e e e ee e 67



Plate 4.1 Showing Blasting in an Aggregate Site...................cccc 105

Plate 4.2 Water Sprays of Unpaved Haul-Roads to Minimise Dust.................. 110

Plate 4.3 Water Sprays of Material Transfer Points to Minimise Dust .............. 111

Plate 4.4 Vegetated Berms and Plantation of Trees around the Site Can Restrict
Transport Of DUST...........uumiiiiiiiieee e 111

Plate 6.1 The Impact of Quarrying in Housing and Residential Areas................ 183
Plate 6.2 The Impact of Quarrying in Housing and Residential Areas................ 183
Plate 6.3 The impact of quarrying in housing and residential areas includes the
potential for NOISE IMPACT............ooiiiiii e 184
Plate 6.4 The Impact of Quarrying in Surman National Park. The Top-Soil and
Vegetation have Been Removed by Quarrying............ccoooooiiiiiiiiiiiieeeiieeeeee 184
Plate 6.5 The Impact of Quarrying on Public Roads Includes the Potential for Dust
aNd BIasting....... c.ouuuiiiiiiiiieee e 185

Plate 6.6 The Impact of Quarrying on Public Roads Includes the Potential for Dust
ANA BIaStiNg....... coooeiieeee e e e e 185

Plate 6.7 The Impact of Quarrying Dust Arising from the Handling and Processing
(o) o [0 [ (=Te F= (= TSSO PPPPPPPPPRP 186
Plate 6.8 The Impact of Dust from Concrete Plant. The Quarry is Highly
Mechanised as Can be Seen in this View from Inside the Site........................... 186
Plate 6.9 The Impact of Quarrying Dust Arising from the Handling and Processing
Of AQQIEgALE. ... ... aa e 187
Plate 6.10 The Impact of Quarrying Dust Arising from the Handling and
Processing of AQgregate...... ... oo 187
Plate 6.11 The Impact of Quarrying on Agriculture Land Showing Clearly How far
Dust Can Travel from the Site by Wind...............cccoooiiiiiiiiiiiiees 188
Plate 6.12 Dust Impact on Plants and Vegetation...............c.ccovvvveiiii. 188
Plate 6.13 The Impact of Quarrying on Agriculture Land.................................... 189
Plate 6.14 Dust Impact on Plants and Vegetation Along a Transport Route......189
Plate 6.15 The Impact of Quarrying Dust on Quarry Employees........................ 190
Plate 6.16 The Impact of Quarrying Dust on Quarry Employees........................ 190
Plate 6.17 The Potential for Noise Impact Due to High Numbers of Trucks in the
QUAITY SIEE....eeiiiieeecie e et e e e e e e e e e e e aaneeeeeeaeeeennns 191
Plate 6.18 The Potential for Noise Impact Due to High Numbers of Trucks in the
QUAITY SHE....eeeeieiiiieeeee e e e e e e e e e e e e e e e e as 191
Plate 6.19 The Impacts of Quarrying in Kouff National Park and Natural Beauty
Areas Includes Visual Impacts and The Potential For Erosion........................... 192
Plate 6.20 The Impacts of Quarrying In National Parks and Natural Beauty Areas
Includes Visual Impacts and The Potential for Dust and Erosion....................... 192
Plate 6.21 The Visual Impact of Quarrying. Quarry Site Abandoned Without
RESIOratioN. .. ..o 193
Plate 6.22 The Visual Impact of Quarrying. Quarry Site Abandoned Without
RESIOratioN. ... ..o 193
Plate 6.23 The Visual Impact of Quarrying. Quarry Site Abandoned Without
RESIOratioN. ... ..t 194
Plate 6.24 The Visual Impact of Quarrying and Landscape Degradation by
QUANTYING ACHVITIES. ... .evieieieiieie e 194
Plate 6.25 The Visual Impact of Quarrying. Quarry Site Abandoned Without
RESIOratioN .. .. 195
Plate 6.26 Potential Impacts on Soil and Water Environments Due to Oil and Fuel
Spills From Poor Storage Facilities. ..o 195



Plate 6.27 Potential Impacts on Soil and Water Environments Due to Oil and Fuel

Spills From Poor Storage Facilities. ..........ccccovviiiiiiiiiiiiieeeeccee e 196
Plate 6.28 Potential Impacts on Soil and Water Environments Due to Oil and Fuel
Spills from Poor Storage Facilities.................ooooiiviiiiiiiiee e 196
Plate 6.29 Potential Impacts on Soil and Water Environments Due to Oil and Fuel
Spills from Poor Storage Facilities.............ccccooiiieiiiiiiiie e 197
Plate 6.30 Quarry Site Developed as Waste Disposal Site...............ccccvveeeeennn. 197
Plate 6.31Quarry Sites Developed as Waste Disposal Site..............cc..ccoeeuvene... 198
Plate 6.32 Quarry Sites Developed as Waste Disposal Site.............c....ccccuveee... 198
Plate 6.33 Abandoned Quarry Becoming a Waste Disposal Site........................ 199
Plate 6.34 Abandoned Quarry Becoming a Waste Disposal Site. ...................... 199
Plate 6.35 Abandoned Quarry Becoming a Waste Disposal Site. ...................... 200
Plate 6.36 Abandoned Quarry Becoming a Waste Disposal Site. ...................... 200
Plate 6.37 Abandoned Quarry without Restoration.................cooovviieiiiieiiiee. 201
Plate 6.38 Abandoned Quarry without Restoration...................cccoeeviivieeeeee.. 201
Plate 6.39 Impact of Quarrying On Groundwater Due To Extraction of Material
DEIOW S8 LEVEL........oeiieiee e 202
Plate 6.40 Impact of Quarrying On Groundwater Due To Extraction of Material
DEIOW S€A LEVEN ..o 202
Plate 6.41 Impact of Quarrying on Groundwater Due To Extraction of Material
DEIOW S8 LEVEI .......ooieiiee e 203
Plate 6.42 Impact of Quarrying On Groundwater Due To Extraction of Material
DEIOW SEA LEVEI ... 203

Plate 6.43 Overloaded Trucks Cause Material Spills and Damage to the Road.204
Plate 6.44 Overloaded Trucks Cause Material Spills and Damage to the Road.204
Plate 6.45 Impact of Quarrying Due To Extraction of Sand from the Beach....... 205
Plate 6.46 Poor Condition of Trucks Will Potentially Cause Noise Impact and Oil

and FUEI SPIlIS.......cooiiiiiii e 205
Appendices Page
Appendix (1) Statistical Tables..............ooveiiiiiiiiiice e 334
Appendix (2) Government Organisations Employees Interview Questions ....... 337
Appendix (3) Quarry Staff Questionnaire .................ocoveeeieiieiieeeeeeeeeeeee, 345
Appendix (4) Pilot Study FOrM ........ooiiiiee e 351

Xi



List of Abbreviations
The following are the abbreviations which are used in this thesis

EGA Environmental General Authority

IRC Industrial Research Centre

GPC General Peoples Congress

NAID National Agency of Information and Documentation
DL Dinars of Libya

CBMR Centre of Building Material Research

EIA Environmental Impact Assessment

ASTM American Society for Testing and Materials

DOE Department of Environment

TCEP The Technical Centre for Environmental Protection
EMS Environmental Management System

CGER Commission on Geosciences, Environment and Resources

Xii



Dedication

To my beloved parents, grandmother, brother (Abdallh), sisters, wife and

son (Abdalrhman) for their continuous support, patience and love.

xiii



Acknowledgement

First and foremost, | give thanks to God for all the care and help offered
throughout the different phases of this research. My recognition, gratitude, and
appreciation to my supervisors Dr. Mike Heath and Dr. Ernie Jowsey for Their
help, support, motivation and excellent supervision during my study for Ph.D.
Also | would like to thank them for reading and making constructive suggestions
to the successive drafts of my work. Their tolerance, patience, guidance,
understanding and encouragement are sincerely appreciated. My special thanks
are also due to Professor Alan Griffith, my Third supervisor, for his constant and

valuable guidance and comments throughout the duration of this study.

| would like to acknowledge my indebtedness to many people, government
organisations for their contribution and support in undertaking this study. It is
difficult to name all of those who have provided help, support, encouragement,
information and advice. The Author warmly thanks all those individuals,
institutions, firms, and many others who have made available to this research
their documents, notes, time, knowledge and expertise. Without their assistance

this research would not have been possible.

My thanks are also due to Mr. Kalifa Alawaj (EGA), Mr. Ali Legwareh (IRC) and
Mr. Omar Alarabi and Mr. Mohssen Alshftri (Local authority) for their assistance
with the empirical study and their help in administering the interviews and the
questionnaires. Also grateful thanks go to my friends, in Libya and the UK, for

their support throughout the study period.

Finally, the author owes special a debt to his country Libya for financing his post-
graduate education. My deep thanks and gratitude are to my father for his help
and support, my mother, sisters, brother (Abdallah) for their continuous support,
patient and love. Special thanks go to my wife and son (Abdalrhman) who missed
my care during the duration of the research; without their patience, support,

assistance and encouragement this thesis would never have been completed.

Xiv



Declaration

| hereby declare that | am the author of this thesis; that the work of which this
thesis is a record has been done by me, and that it has not previously been
accepted for a higher degree. However, some parts of this thesis have been
published in co-authorship with Dr. Mike Heath in the following paper:
¢ Masoud, M.A and Heath, M.J (2006) The environmental impact of the
aggregate quarrying in Libya. Proceedings of the International Symposium,
2006. Environmental Issues of Mineral Industry. PP 291-298. MINTECH
Publications, India, 2006

Mohamed A Masoud 2007

XV



Copyright

This work is the property of the author. No copies of any kind for commercial
purposes are permitted unless authorised by the author. Part of this thesis may be
copied for further academic research as outlined by Sheffield Hallam University

rules and regulations.

Mohamed A Masoud 2007

Xiv



CHAPTER
ONE




Chapter One
Research Background

1.1 Introduction

This chapter of the thesis will give the reader some background into the
purpose and the subject area of this research. It begins with a brief description
of the aggregates industry, the need for the study, and its aims and objectives.

The chapter ends with a presentation of the structure of the thesis.

1.2 The Research Problem

Quarrying is in most cases defined as surface mining of naturally occurring
minerals such as sand, gravel and rock. The quarrying industry is an important
industrial sector in the modern world and the use of aggregates goes back to
the dawn of civilisation, being practised over a very long period of time from the
ancient Egyptians, Greeks and Romans to the present day (Masoud et al,
1998). The important role of aggregates in society will not diminish in the future,
because every year millions of tonnes of aggregates are produced all over the
world for use in construction of homes, schools, railways, roads for public

transportation etc (Bobrowsky, 1998).

Aggregate quarrying is mostly open surface working and in all cases it has
impacted upon the environment to a greater or lesser degree depending upon
scale of operation. Aggregates extraction leads to a wide range of
environmental impacts, the most significant being airborne dust, ground

vibrations, noise, traffic, water pollution, soil erosion and visual intrusion. Not all
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of these effects exist in every quarry, but in most cases there is combination of
impacts depending on geological conditions (Solar, 2002). These impacts are
perceived by the public as a threat to the things they value, and they have the
great potential to affect people’s quality of life, through loss of amenity, potential
loss of health, lowering of property values or loss of a local beauty spot or
popular viewpoint. These issues are often considered to be the most significant
in terms of generating public concerns (Coppin, 1989). In an era of sustainable
development and increased environmental awareness, aggregates industry
activities are considered by elements of the general public to have a detrimental
effect on the environment. As a result, it is extremely rare for planning
applications for new quarry sites, or extensions to existing sites to not be
subject to objections (Gosling, 1990). Some consider that the aggregates
industry now attracts more opposition than any other form of planning proposal

(Norman, 2001).

Libya is a North African country, which is developing rapidly. It has several
environmental problems, including lack of water resources, soil erosion,
desertification, salinisation, sedimentation and reduction in biodiversity that are
partly caused by the climate. These are compounded by development
processes such as industrialization, urbanization and population growth

(Masoud et al, 1998).

The extensive urban development in the state of Libya over the past four
decades has created a great demand for aggregates in housing projects and
road construction. To meet that demand over the past two decades, a humber

of quarries have been significantly expanded, which has led to extensive
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exploration of aggregate deposits especially in the northern part of the country
where most of the population is concentrated (Masoud et al. 1998).
Consequently, most of the quarries have been opened near urban centres to

meet local demand and this has caused a lot of environmental problems.

The Libyan government in common with many developing countries is now
giving more attention to environmental safety issues and control of pollution by
issuing legislation regulating these different issues. Attention to environmental
issues in the Libyan aggregates industry has grown since the beginning of the
1990s, but during the late 1990s environmental protection in the aggregates
industry has shown no real improvement. This may to some extent be because
of the UN sanctions applied in relation to the Lockerbie Issue; the imposition of
UN sanctions brought changes in Libyan environmental programmes due to
lack of facilities and lack of environmental training programmes which used to
be provided by foreign companies, either by expatriates in Libya, or abroad at
the foreign companies’ headquarters (Nauar, 1997). This vital link in the
building of a proper environmental protection plan was lost due to the sanctions.
The policies adopted do not seem to have resolved the problems; for example,
there are still quarries working without permission or not willing to implement the
environmental laws and regulations. However, since the sanctions were
suspended in 1999 the Libyan government has taken a number of steps to
improve environmental protection and achieve sustainable development. These
steps started with various amendments to its environmental laws and
regulations, such as Law No 15 of 2003 in protecting and improving the
environment, which replaced Law No7 of 1982 in regard to environmental

protection. The Environmental General Authority has also produced the
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guidance notes for the aggregates industry and these are the first guidance

notes in Libyan environmental regulations.

So, despite the many efforts in environmental protection, Libya still faces
unresolved problems, which may affect the degree of success of the
environmental protection plan. A survey of the literature on the environmental
impacts of the aggregates industry in Libya reveals that little attention has been
given to the environmental laws and regulations. More importantly, the
assessment of the implementation of current environmental policies is far from
clear. This means that there is a lack of extensive and formal empirical
research. There is a need, therefore, to assess the implementation of
environmental policies in Libya and the main barriers facing their
implementation. It appears that environmental policy is being blamed for most of
the environmental problems in the aggregates industry. A study of the existing
situation will facilitate a better understanding of the problems and factors which
have affected the implementation of environmental policy. In addition, no
attempt has previously been made to examine whether or not the government is
successful in implementing its environmental policy. Therefore this study is an

attempt to fill this gap and to consider all of the above issues.

1.3 The Research Aim and objectives

1.3.1 The Aim

The aim of this research is to investigate the environmental effects of quarrying
in Libya and the regulatory regime to control them with reference to th=

institutional framework and social and cultural influences in Libya.
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1.3.2 The Research Objectives

In line with progression towards achieving this aim, the research has the

following key objectives:

1.4

Review the current environmental regulatory regime in Libya and
compare it with the UK system;

Identify and develop appropriate research methods in order to address
any gaps in data;

Examine and assess the effectiveness of the Libyan regime in ensuring
control of environmental effects to achieve sustainable development, with
reference to land use, operational effects, wastes, restoration and
resource depletion;

Taking into account the temporal and spatial dynamics of the Libyan
quarrying industry, identify shortcomings of the environmental regulatory
regime;

Investigate and explain the social and cultural context of relationships in
Libya which may influence industrial regulation;

Make recommendations for an appropriate regulatory regime for Libya to
control environmental effects now and in the future;

Identify related areas of further work required.

Research Questions

The process of the development of research questions in this study was based

on a review of literature on the aggregates industry, the previous experience of

the researcher, and early fieldwork in Libya. In addition, the questions were also

improved by discussions with specialists, and were finally revised and amended
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throughout all the phases of the research process in order to meet the purposes

of this study. At the end of this process, the study attempts to answer the

following key questions:

1k

1.5

Why has the Libyan aggregates industry created environmental impacts
and why has the planning system been ineffective and failed to control
them?

What are the main environmental polices that have been adopted during
the last two decades?

Who are the parties responsible for implementing these polices?

What are the main factors that make the planning regime ineffective?

What can be done to improve the current planning regime?

Significance of the Study

Given the absence of any prior major studies of the aggregates industry, the

major significance of this study is that the industry is now better investigated,

understood and documented. This will help policymakers and decision makers

and others concerned with the aggregates industry and its processes,

operations and environmental impacts in Libya to gain a fuller understanding of

the industry. This should enable them to make efficient decisions to formulate

short and long term environmental protection strategies and policies to improve

environmental protection in the industry's processes and operations. Also there

are three other key reasons which make this study significant:

1.

The study fills a gap in knowledge in the literature relevant to the Libyan
aggregates industry, and introduces and documents the industry for
research into the aggregates industry both in general and, particularly in

developing countries.
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2. The study assists government departments and decision makers to be
aware of the significance of the Libyan aggregates industry in economic
growth and the development process.

3. The study can be considered as a milestone and a significant reference
for future research. The value of this research is highlighted in Section

9.7.

1.6 Study Methodology

The aim and objectives of the research will be achieved by the collection of both
primary and secondary data. This will involve three separate activities as
follows: firstly, conducting a review of the literature; secondly undertaking a
piece of empirical study in Libya to collect information regarding the
environmental impacts of the Libyan aggregates industry, as well as managerial
and employee attitudes towards it; and finally, by investigating documentary
evidence and conducting a case study of government organisations in Libya,
through the use of interviews and questionnaires, to identify and analyse the
environmental impacts of the aggregates industry and all barriers facing the

current regulatory regime to control them.

With regard to the fieldwork, qualitative techniques will be used as a main data
collection method. Even though qualitative and quantitative research is often
compared, the two approaches are very different and have developed into
different process paradigms; it is believed by theorists (Bryman 1988, for

example) that quantitative and qualitative research are complementary, and that
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a combination of both enables the researcher to acquire a better understanding

of what is being studied.

The review of the literature relating to environmental impact of aggregates
extraction will be conducted through library and Internet research in which
textbooks, journal articles, bulletins, newsletters, professional body publications,
and seminar reports pertaining to the subject matter will be used. In particular,

research in similar cultural contexts to Libya will be sought.

Additionally, the author will conduct two pilot studies to identify problems that
might occur with questions posed in semi-structured interviews with government
organisations employees, and in a questionnaire to be administered to quarry
staff. The content validity of interviews and questionnaire questions was
achieved through review carried out firstly by the researcher's supervisors.
Secondly the Arabic version of those questions was submitted to four Arabic
and Libyan students for revising and strengthening the Arabic translation and
finally the questions were piloted in the case study organisations.

The entire research process can be seen in Figure 1.1.
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1.7 The Structure of the Thesis

The thesis is divided into Nine Chapters as follows:

Chapter One presents an introduction to the problem, the need for the
research, its aim and objectives, significance of the research, the methodology
to be used, and how the thesis will be structured.

Chapter Two presents the background to the Libyan environment, through a
discussion of geographical, geological, social/educational, political, economic
and cultural aspects. Libyan aggregates industry development, its regulatory
regime and the development of environmental policy will be discussed.

Chapter Three presents a review of the aggregates industry and its key issues
and aspects. This includes a review of the UK aggregates industry covering its
development, with particular focus on the development of the regulatory regime.
Chapter Four presents a review of the environmental impacts of the
aggregates industry and how they can be controlled using best practice.
Chapter Five discusses the research methodology employed in the study,
including the issues related to the research design and the development of the
research instruments (semi-structured interviews, questionnaire and
documents). It also provides a rationale for choosing the case study technique
and the particular research instruments used within it.

Chapter Six presents the fieldwork findings and the key issues of the industry.
Chapter Seven provides a discussion and analysis of the results obtained from
the questionnaires and interviews.

Chapter Eight provides a discussion of the results obtained from the fieldwork,
questionnaires and interviews in light of the literature in relation to the research

aims and objectives, and provides recommendations to improve the current
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situation in the aggregates industry and in Libyan industries generally, in the
area of environmental protection.

Chapter Nine presents the overall conclusions to the research.

1.8 Chapter Summary

This introductory chapter has outlined the research problem and the aggregates
industry in Libya. From this introduction, the aims and objectives have been
identified and a proposed mixed methodology using qualitative and quantitative
research techniques involving the government organisations' employees and
aggregates industry staff has been outlined. The next chapter will provide a

review of the Libyan environment.
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Chapter Two
The Libyan Environment

2.1 Introduction

The purpose of this chapter is to provide information about the environment of
Libya, its industrial development and its influence upon management activities
in general and environmental protection in particular. By investigating the
environment in such a way, the author will be able to determine barriers to the
development of environmental protection in the aggregate industry, and offer
suggestions for improvements both there, and in Libyan manufacturing

organisations in general.

According to McGuire, (1964) the word ‘environment’ describes the conditions,
both natural and man-made, under which people carry out their activities. A
country’'s environment has a great influence on both managerial and
organisational behaviour, with regard to the evolution of management
approaches, method and management thinking in general. This influence is
associated with a long history of social traditions, with religion and with political
and economic ideology, but for this research the discussion will focus on the
prevailing social, political and economic conditions in Libya under which
environmental protection and environmental protection development are

performed.

The Libyan Environment
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2.2 Management in Libya as a Developing Country

Jaeger and Kanungo (1990) cited that the developing countries imported
modern management theories and techniques to speed up their industrial
development. Many organisational practices and management programmes in
the developing countries are based on the adoption of the experience of the
developed countries model without taking into consideration cultural
constraints and the wide gap between cultural values of developing countries
and the values practiced in the developed countries. Furthermore, Jaeger and
Kanungo (1990) said that organisational structures in developing countries are
hierarchical, status-oriented and decisions are made on the basis of non-
rational criteria. In Libyan organisations, Agnaia (1996) mentioned that during
official working hours little attention is paid to the importance of time as
employees spend a lot of time meeting their visitors. The majority of people
working in public organisations do not follow the rules and regulations of their
managers. As a result administrative mistakes increase, which lead to a delay
in achieving the organisation’s objectives, and difficulty in performing many

policies such as environmental polices.

2.3 Geography and Climate

Today Libya is officially called the Great Socialist People’s Libyan Arab
Jamahiriya (GSPLAJ). Libya is an African country situated on the southern
Mediterranean coast , approximately between latitude 18°00' and 33°00' North
and 9°00' and 25°00' East and has a Mediterranean coastline of 1,900
kilometres and is about 1,450 kilometres from north to south. To the north, the

country is bounded by the Mediterranean Sea, to the east by Egypt and Sudan,

The Libyan Environment
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to the south by Niger, Chad and Sudan, and to the west by Algeria and
Tunisia. Libya has an area of 1,700,000 square kilometres, it is the fourth
largest among the countries of Africa and fifteenth among the countries of the
world, but about 95% of Libya’s land is desert except the area near the coast,
which has a Mediterranean climate. The three component areas of Libya are
Tripolitania (renamed the Western Region), Cyrenaica (renamed the Eastern
Region) and Fezzan (renamed the Southern Region) (Masoud, 2003). A map

of Libya is provided as Figure 2.1.

| * Sabha
Awbarie «Maknusa

Adirie  *Erak |_|bya
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{B05) 685-3100 www.maps.com

Figure 2.1: Map of Libya
(Adopted from: media.maps.com)
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The spatial structure of development in Libya is a product of environmental
conditions and economic aspects. Desert land and water shortage have
eliminated the possibility of development over a substantial portion of the
country.

The most favourable living conditions are found in the rainfall areas of the
coastal plains in the Tripoli and Benghazi regions which comprise only 1.7
percent of the total area of the country. These are the most densely populated,
heavily cultivated and economically developed parts of the country. These
areas accommodate 75 percent of the total population, 84 percent of the total
urban population and 94 percent of the manufacturing establishments (SOU,

1981, 1985). This is clearly a very concentrated area of urban development.

Climatic conditions are influenced by the Mediterranean Sea to the North and
the Sahara in the South. There are five climatic zones recognised within Libya.
Most of the coastal areas, where more than 80 percent of the population lives,
have a Mediterranean climate, with warm summers and mild winters. In the
south (desert areas) the climate is characterised by very hot summers and
extreme diurnal temperature ranges. Rainfall is scarce, and less than two

percent of the country receives enough rainfall (TCEP, 1992).

2.4 Geological Setting of Libya

Libya his been part of the Mediterranean forelands of the African shield since
Early Palaeozoic times, it has been the site of deposition of extensive sheets of

continental clastic sequences, with many intercalations of marine deposits.
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These cycles of sea level change, transgression and regression have thus led

to the accumulation of a wide variety of sedimentary rock (Masoud, 2003).

Several tectonic cycles and orogenies have affected the region and formed the
major structure elements of the country. Five sedimentary basins have been
recognised namely Chadames, Murzuq, Kufra, Marmarica and Sirt basin,
separated by intervening uplift arches (Figure 2.2)(Conant and Goudarzi,

1967).

Libyan aggregates are extracted from different kind of rocks and from different
geological ages. These rocks have been selected by the aggregates industry
according to the rock quality, strength and its potential usage as aggregate
material. They are widespread all over the country (Figure 2.3 and Table 2.1)

Msalati (1995) summarises it as follows:

2.4.1 Paleozoic Rocks:

These rocks are found in the south of the country in Thisti Mountain, Murzuq
Basin, Kufra Basin and Arkno Mountain. The Paleozoic rocks have not been
used by the aggregate industry except for Dembabh formation. It consists of
siltstone to marl beds with few sandstone beds. The lower part contains

limestone with green shale.

2.4.2 Mesozoic Rocks:

These rocks are found in the northern part of the country in Aljabal Elgarbi

Mountain and Aljabal Alakdar Mountain. The Mesozoic rocks are the most

The Libyan Environment

18



used rocks by the aggregate industry. They consist of limestone, sandstone,

claystone and salt deposits (Table 2.1).

2.4.3 Cenozoic Rocks:

These rocks are found in the northern eastern part and in the central part of the
country. The Cenozoic rocks are also used by the aggregate industry. They
consist of limestone, dolomitic limestone or marly limestone beds rich in fossils.
All the Libyan building stone is produced from Calcarenite deposits which
contains limestone, fossils and some sands. These deposits are widespread
along the coast line in three main formations, which are Gergarsh Formation,
Ajdabia Formation, and Al-Broq Formation which are Quaternary and Tertiary

in age.

The gravel and crushed rock is produced from dolomitic limestone or dolomite
rock or hard sandstone. These deposits are widespread all over the country in
different geological ages as in Table 2.1. Sand is produced mainly from the
Mesozoic deposits in Abushibah Formation and Keklah Formation which
consist mainly of fine sand with sandy clay. Gypsum is produced from Bar Al-
Ghanam Formation which consists of high quality gypsum and its thickness

ranges from 10-750 meters
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Age Formation Name Member Name Description
Pliocene and Gharah widah It's covered by caliche bed with sand and sandy clay.
RiatEans Fermamon thickness about 32 meters
Pliocene Mahrogh Formation Consist of dolomite and dolomitic limestone. Its thickness
about 12 meters
Miocene Al-Komas Formation Consist mainly of limestone and calcarnite with some

interbeds of marly limestone in its top.

Lower Miocene

Al-Gagbob Formation

Consist of limestone and cretaceous limestone rich in
fossils with some concretions of conglomerate.

Middle Miocene

Al-Rajmah formation

Bangazi Member

Consist of thick beds of limestone rich in fossils with
interbeded of marl or dolomite.

Wadi Al-Gatara Member

Consist of dark grey limestone rich in fossils with some
concretions of chert or gypsum. Its thickness range from
20-60 meters

Upper and
Lower Miocene

Al-Fadiha Formation

Consist of mainly from limestone with small beds of marl in
some places. Its thickness range from 50-140 meters

Oligocene

Al-Bidah Formation

Sahat Member

Consist of yellow marl and marly limestone with fine
limestone interbeded. Its thickness range from 20-90
meters

Limestone Member

Consist of thick beds of limestone. Its thickness range from
10-70 meters

Eocene

Darnah Formation

Consist of thick beds of white limestone. Its thickness range
from up to 270 meters

Paleocene

Almajaher Formation

Consist of marly limestone, dolomite and dolomitic
limestone with some muds. Its thickness up to 205 meters

Upper
Cretaceous

Side Al-said
Formation

Yafren Member

Contains dolomitic limestone with some beds of marly
limestone.

Ayen Tobee Member

Contains dolomite with some sandstone and quartz

Nalut Formation,

Contains dolomitic limestone with small beds of marly
limestone. Its thickness 200 meter

Khser Tagrna
Formation

Contains thick beds of limestone with small beds of marly
limestone changing to sandstone in some places. Its
thickness range from50-120 meters

Mizdah Formation

Mazoza member

Contains grey limestone with some concretions of chert. Its
thickness 25 meter

Thlah member

Presents as small hills from gypsum or marl

Zamam Formation

Lower Tahr Member

Contains limestone with interbeded of marly limestone. Its
thickness range from 10-90 meters

Upper Tahr member

Contains mostly from marl and few claystone with
interbeded of limestone. Its thickness range from 5-10
meters

Alhad limestone
member

Contains marly limestone and dolomitc limestone. Its
thickness 25 meters

Alshorfah Formation

Aburas member

Contains marly limestone with interbeded of marlstone and
mudstone Its thickness range from 6-33 meters

Algelth member

Consist of dolomite and dolomitic limestone with interbeded
of marly dolomite. Its thickness range from 20-60 meters

Ammor member

Consist of dolomite and dolomitic limestone with interbeded
of marlstone. Its thickness range from 10-19 meters

Lower
Cretaceous

Msak Formation

Jerma member

Contains sandstone with interbeds of marly claystone. Its
thickness 80 meter

Aoubari member

Contains weathering sandstone with conglomerate.

Jurassic

Keklah Formation

Contains sandstone with interbeds of claystone and
limestone. Its thickness 250 meter

Bar Al-Ghanam

Contains a high quality Gypsum. Its thickness ranging
from 10-750 meter

Triassic

Abushibah Formation

Contains sandstone and sandy clay with interbeds of
limestone or dolomitic clay part of it with silica. The upper
part contains mudone with sand. Its thickness ranging from
30-50 meter

Aziziah Formation

Contains dark grey limestone part of it with silica and other
with dolomite and small beds of sand and chert. The lower
part contains limestone with sand. Its thickness 105 meter

Carboniferous

Dembabh Formation

Consist of slit to marl beds with few sandstone beds. The
lower part contains limestone with green shale. its
thickness range from 35-85 meter

Table 2.1. Showing Gravel and Crushed Rock Deposits Divided by Formations.
(Source Msalati 1995)
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2.5 The Population

Farley (1971) believes that the character and skills of any population determine
the character and the success of its development, but also says that the
economic status of a country determines the material quality of people’s lives.
In Libya, according to Farley, there is a striking imbalance because the human
resource situation is frustratingly weak, whereas the financial situation is
exceptional because of oil revenue. Quin (1961) points out that according to
the population census, which was taken by the ltalians in 1936; the total
population of Libya was 848,910. The first population census after
independence was conducted in 1954 with the help of the United Nations (UN)

and the total population of the country was 1,041,099.

In Table 2.2, it can be seen that there was a rapid growth in the Libyan
population (from 1,041,599 to 4,748,000) during the period 1954—-1994 with an
astonishing rate of increase of 356%.

Table 2.2; Population Change in Libya from 1954-94 (Source: Secretariat of
Planning, (1995)

Year 1954 1964 1973 1984 1994 1954/94
Sex

Libyan 540,364 788,657 1,057,919 1,653,330 2,420,500 348%
male
Libyan 501,235 726,844 994,453 1,583,830 2,327,500 364%
female
Total 1,041,599 1,515,501 2,052,372 3,237,160 4,748,000 356%

This relatively small population has constrained the availability of the workforce
for economic development, which is considered a major obstacle to economic
growth. Furthermore, says Kabbur (1995), the insufficient number of workers
in the economy, is exacerbated by barely adequate skill levels and low

productivity. Therefore, although Libya recognises the importance of human
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resources in its ambitious development programmes, the size of the population
as well as the limited role played by women in the economy, limit this
development.  Despite development programmes for human resources
education and training, in 1990 only 21.2% of the population were in paid
employment and only 10% of this workforce was female. Libyan culture and

particularly the social structure have created this environment (Kabbur, 1995).

Independence and the discovery of oil made Libya more stable and
considerable improvements in the standard of living and health services led to
a reduction in the death rate, and an increase in family size. Also, life
expectancy increased substantially which led to general population growth.
However, with a higher level of education people tend to reduce the number of
children, which may account for the recent relative decline in the population
growth rate. Compared to other countries, the Libyan population density is very
small at three people per square kilometre. This is a result of the fact that most
of the area in the country is desert and people tend to live in the few cities and
towns, which are now becoming over-populated. The population size has had
a major impact on the availability of a labour force capable of responding to
Libya’s plans for development, since insufficient numbers of Libyan nationals,
together with the low participation of women in the workforce (due to traditional
customs that restrict their working) have combined to create an inadequate
pool of qualified labour. As a result, there are large numbers of foreign

workers in the country.
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2.6 Social and Educational Development

After the discovery of oil, many people moved from the villages to the cities in
order to find better-paid jobs and this created increased demand for aggregate
resources in the cities. Since then many development projects have been
established in different areas to draw people back to their rural homes. As a
result of equal opportunities for education in the 1960s and 1970s, more
people have been aspiring to middle class status, which consists of categories
such as professionals, high-ranking public servants, teachers, businessmen,
lawyers, accountants, and engineers. The changing role of women has also
contributed to the development of some types of activities in the country,
especially in terms of education and the way of life. According to Agnaia
(1996), after the defeat of the Italians, and the occupation of Libya by Britain
and France in the period after the Second World War, the condition of
education in Libya was extremely poor. For example in Tripoli there were only
314 students and no female teachers at the primary level in 1943, but the
numbers had increased to 2,923 by 1950 and female teachers were introduced
into primary schools that year. Agnaia (1996) records that in the 1940s Libya
was the most uneducated country in the world and until 1952 there were only
ten Libyans holding BA degrees, while over 90% of the population were
illiterate. However according to Deeb (1982), after Libya became independent
in 1951, the Constitution set out to improve education by stating that:

e Every Libyan shall have the right to education.

e Teaching shall be unrestricted so long as it does not constitute a breach

of public order and is not contrary to morality.
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e Elementary education shall be compulsory for Libyan children of both

sexes; elementary and primary education in public schools shall be free.

Since Libya declared the above articles on education, much has been
achieved including the building of schools and training of teachers. The first
Libyan University was founded in Benghazi on 15" December 1955, and by
1995, Libya had seventy universities and high institutes (NAID, 1995), although
there was also a reliance on foreign universities. Nevertheless, Libyan schools
and universities were responsible for preparing a large number of people to
work in clerical and administrative posts in the private and public sector, and
Table 2.3 provides statistical data that gives an overview of the inroads made
in terms of education by the academic year 1995/96.

Table 2.3: Statistical Data about the Number of Students and Teachers in a
Variety of Educational Levels during 1995/96 (Source: NAID, 1995)

The level Number of students Total Number of Total
Teachers
Male Female Libyan Non
Libyan
Primary 744826 715617 1460443 | 135120 - 135120
Secondary 115374 135901 251275 16000 16516 | 32516
Institute of teachers | 4470 19449 23919 1732 1500 3232
Vocational 81805 27269 109074 4645 3228 7873
Education
Basic Vocational 12850 9640 22490 2850 950 3800
Education
University and High | 86580 78358 164938 2658 2909 5567
Education
Total 1045905 986234 2032139 | 163005 25103 188108

From Table 2.3 the wide expansion of the number of students at all levels,
especially in university and higher education is clear, as is the growth in female
participation which represents 48.5% of the total number of students. It was
realised that education had to be developed because of its effects on all other

aspects of life, and in response, education policy in the 1980s concentrated
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more on vocational education, developing and evaluating the study materials
according to human development needs. Improving school textbooks,
libraries, preparing effective teachers and finding better education services in

order to achieve the education process needs, were priorities.

2.7 Political Development

Events since the Great Al-Fateh Revolution in 1969 have seen the situation
relating to environmental protection change dramatically. In the initial stages of
development, when Libya’s relations with the rest of the world were stable,
many environmental programmes were provided by foreign companies, either
by expatriates in Libya, or abroad at the foreign companies’ headquarters.
However, the imposition of UN sanctions brought changes in the political
climate with the result that these types of relationship began to contract, such
that vital links in the building of a proper environmental protection plan were
lost. Consequently, despite the need to benefit from environmental initiatives
in partnership with overseas countries, Libya has seen reduced commitment
because of the political environment, and it is only of late that the position is

becoming more relaxed.

2.8 Economic Development

Before the discovery of oil in 1959/60, Libya was a poor country and its
prospects for economic development were very bleak. Agriculture was the
basis of the economy and all domestic revenue. About 80% of the population

was engaged in agriculture and animal husbandry, while the rest lived in a
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number of towns scattered around the country such as Tripoli, Benghazi,

Sebha, and Misurata.

By the end of 1959, fifteen companies held petroleum concessions in Libya.
American and British companies were responsible for exploration, drilling,
production and exports and the companies employed a large number of Libyan
workers, who developed advanced skills and techniques as a result of the
training programmes offered by these companies. This well-trained, highly
qualified and able workforce proved a valuable pillar for the success of the
Libyan oil industry after the nationalisation of foreign oil companies and the
creation of Libyan ones. In the years after the discovery of oil, the financial
base of the Libyan economy changed dramatically and several profound
changes occurred in the evolution of economic planning. The first five-year
plans were to boost the Libyan economy and to remedy vital deficiencies,
which affected the economic and social life of the country. Ten years later,
Libya was already the fourth largest exporter of oil in the world, and the
country’s wealth increased rapidly, so that Libya changed from being one of
the poorest countries in the world to one of the most affluent. Oil resources

went from a situation of extreme deficit to one of considerable surplus.

Libya was still lacking in terms of skilled human resources, and planning
administration and organisation. According to Naur (1986) this lack of skilled,
educated Libyans for manpower made the country turn to foreign labour to
underpin the industrialisation process. Workers from many countries, such as
Egypt, Tunisia and Sudan, were encouraged to migrate in order to provide a

workforce that would enable Libya to meet the objectives of its development
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plans. Most of the early projects in Libya had been realised by various foreign
companies but these companies had nevertheless employed a considerable
number of Libyan workers, and as they were given the opportunity to gain new
skills, they were later able to become involved in the management of those
projects they helped to create.

Fisher (1995) points out that the Libyan government achieved significant
developments in its own projects in a short time. The aims of these projects
were to achieve diversity of production, thus reducing dependence on the oll,
to develop the economic and social infrastructure and to achieve a more

equitable distribution of income and wealth.

2.9 Cultural Development

Arabic culture and Islamic rules are the most dominant elements in individual
and group behaviour, social values, beliefs and attitudes, state law and political
and economic policies. In Libya as in most Arabic and Islamic countries, family,
religion and language have a huge impact on the attitudes and behaviour of

people (Farley, 1971).

Additionally, because of Libya’s position in the Arab world, many aspects of life
have been influenced directly by Islamic rules, such as marriage, divorce and
trade relations. As far as management activities are concerned, Islam brought
a set of general guidelines that could be applied to management, relating to the
organisation of human activities, individuals, group behaviour and
responsibilities.  For example, the Islamic conception of management

consultation is to enhance the relationship between group members and their
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leaders. The manager is accountable to God and the people (employees),
because the manager is shepherd, and every shepherd is responsible for his
people. Islam requires people (employees) to carry out their tasks efficiently.
The Prophet Mohamed emphasises this even further by saying “Allah is
desirous that when one does a work (job), he should make it perfect’.
Therefore, these are essential issues for environmental protection
development, requiring managers to discuss all work-related matters with
employees, to encourage employees who do well, and to discuss problems
with those who do not work well in order to help them to improve their skills,

knowledge and ability.

Abuznaid, (1994), argues that religion has a great impact on human behaviour,
social interactions and social relations. Islam as a religion and a way of life
has an influence on the political, economic and educational system as well as

other cultural aspects of Arab and Muslim societies.

The basic units of Libyan society are the extended family, the clan, the tribe
and the village. Each of these plays a very important role in the individual and
community’s life and people’s relationships with each other. Any individual in
the Libyan culture is identified with his family; his good or bad behaviour even
brings shame or fame to the family and the tribe. Moreover, factors of personal
relations, kinship, family ties and collective solidarity play a major role in
choosing or selecting leaders in the society instead of practical or academic
qualifications. Also Libyan managers are more concerned about the creation of

social relationships at the work-place than the job itself; and this leads to wrong
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people in wrong positions and promotion of managers, and directors not based

on qualifications (Elfathaly, 1979).

The Libyan authorities issued many laws and regulations have set criteria of
competence and academic qualifications. However, in practice some of these
criteria may not be applied by the Libyan organisations due to social, cultural
and general environmental differences that encourage selection of employees
on the basis of personal relationships and kinship or tribe, as mentioned
above, rather than efficiency and competence.

The planners in Libya do not link the society's needs with the country's plans;
Agnaia (1996) suggested that the Libyan government should review their plans

to comply with the business environment including social needs.

Government organisations' employees are influenced by society in many ways,
e.g. implementing laws and regulations or developing new plans subject to the
influence of family or tribe because the employees comply with what their
families want them to do (Sakilani, 1999). Therefore the Libyan government
organisation employees have more loyalty to their family and tribe than their

organisations (Agnaia, 1996)

Agnaia (1996) opines that people working in government organisations do not
follow the rules and regulations of their organisations, in order to satisfy others
or ease some procedures for themselves. Therefore, administrative mistakes
and errors have increased, which has led to a delay in achieving the

organisation's objectives.
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2.10 The Aggregate Industry

Aggregate resources sand, gravel, and crushed rock are the number one non-
fuel minerals in Libya and the world in terms of volume and value (Masoud et
al., 1998). Aggregate minerals are essential materials in the construction of
industrial development, building structures, runways, railways, roads for public
transportation and dams. However, aggregate resources also represent a finite

and non-renewable commodity. (Hora, 1988; Hora and Basham, 1985).

After the Great Al-Fateh revolution in 1969, urban development in the state of
Libya has increased significantly especially in the housing sectors and road
construction and that has created a great demand for aggregates in order to
meet that demand. Over the past two decades the Libyan Government has
granted a lot of permissions to open new quarries, which were mostly opened
near urban centres where most of the population is concentrated (Masoud et
al., 1998). Consequently, the increase of quarry site numbers during the 1980s
and 1990s was to secure aggregate materials needed without thinking of the

environmental impacts created by those quarries.

2.10.1 The Libyan Aggregates Industry

Aggregate quarrying is an important sector and plays a vital role in the nation's
economy, including major industries such as construction and house building,
not only by providing essential materials but also by providing employment
opportunities, often in rural areas. There are now hundreds of quarries in Libya
producing sand and gravel, and crushed rock extraction extends all over the

country especially in the north (Figure 2.4).
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The Libyan aggregate industry is huge, ranging from large national or
international companies operating throughout the country to smaller private
companies (such as Al-Tashrokiat) based within Counties (Al-Shabiat) or local
areas. These small quarries serve provincial towns and rural markets (Masoud

et al., 1998).

According to a study done by the Department of Geology University of Al-Jabal
Al-Ghrbi in 1999, the Libyan Aggregate Industry has been developed very
rapidly in the last decade and the aggregate extraction increased dramatically
to meet all the demand for aggregate especially near urban centres. Some of
the big urban centres such as Tripoli will soon experience aggregate shortages

as local reserves are depleted.

The total number of quarries in Libya is about 411 operating all over the
country almost 90% of which are active operations. As can be seen from Table
2.4 (see appendix 1) and Figure 2.5 there are about 264 quarries producing
gravel and crushed rock, most of it in the middle and west of Libya. There are
about 118 building stone quarries mostly in Azawia, Sabratah and Surman.
Also there are about 29 quarries producing sand, gypsum and mud distributed

all over the country (EGA, 2004b).
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Figure 2.4. Showing the Libyan Quarries (EGA,2004b)
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2.10.2 The Demand for Aggregates

Aggregates are an important element of the national, regional and local
economy in Libya. The total demand for aggregate mineral depends on the
level of construction activity, which is determined by the state of the national

economy and government policies (Thomas, 1986).

The Libyan government is interested in social welfare and has good financial
ability to support it. The Libyan five-year plan (2000) stated that construction
will be the major area of future economic development. The raw materials
needed for construction such as sand crushed rock, gravel, clay, limestone,
gypsum, and cheap fuel are found in abundant and commercial quantities

adjacent to the major population and production centres in most of the country.

The production of aggregates increased rapidly After the Great Al-Fateh
revolution in 1969 due to the high level of road construction, high number of
housing projects and the starting of the Great Man Made River 1984. This is the
largest underground network of concrete pipes in the world which will deliver
fresh water from the south of the country to the major cities on the northern
coastal strip and this requires a huge volume of aggregates. This explains why
the numbers of quarries increased so fast to meet the demands in this project

and other projects in the society.

According to the studies done by the Industrial Research Centre (IRC) in 1991,
1997 and 2003 (See Table 2.5) the primary aggregates are the only source of
aggregates in Libya and overall production of aggregates has increased since

1991(Masoud et al., 1998). From Table 2.5 (see appendix 1) and Figure 2.6 it
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can be seen that production of aggregates increased even more after sanctions
were suspended in 1999. This growth is due to housing projects and building

the railway network all over the country
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Figure 2.6 Showing the Aggregate Production in the Past 15 Years (IRC, 2003)

There are about 411 quarries in Libya distributed all over the country. Gravel
and crushed rock is from about 264 quarry producing over 53508 cubic meters
per day with an output valued at over 45,000 DL (Dinars of Libya) per day (See
Table 2.6, appendix1). Building stone is from about 118 quarries with daily
production of 631,400 building stones with an output valued at over 33,000 DL
per day which is produced by small and national companies. The total number
of sand, gypsum and mud quarries is 29 with daily production of 7671 cubic

meters of sand (See Table 2.7, appendix1), 1230 tones of gypsum and 12320
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cubic meters of mud with an output valued at over 25,000 DL per day see
Figure 2.7.

The number of people working in the aggregate industry in Libya is about 8580
which comprises 3734 Libyan national labourers, 2246 Arabic labourers
(Tunisian, Egyptian and Moroccan) and 2600 foreigner labourers ( mainly other

African countries) (IRC, 2003).
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Figure 2.7 Showing the Daily Production of Aggregate in Libya (IRC, 2003)

2.10.3 Demand Forecasting for Aggregates

The demand forecasting calculation provides the opportunity for a steady and
adequate future demand and supply of aggregate minerals in order to provide
time to develop appropriate solutions to impending issues and possible

aggregate supply shortages.
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From the Figure 2.6 it can be seen that demand for aggregates has increased
in the last 10 years and it can be assumed that it will increase even more in the
future. Unfortunately the Libyan government does not have clear forecasts of
future demand and supply of aggregates, so provisions to ensure adequate
supplies will have to be made. The Libyan government will need to ensure an
adequate and steady supply of aggregates at a national, regional and local
level, also to maintain the supply at the best balance of social, environmental
and economic cost, with full consideration of all resources and principles of

sustainable development.

2.11 Environmental Planning Systems in Libya

Libyan Environmental laws and regulations aim to safeguard natural and
human resources, preserving ecological balance, and minimising all sources of
pollution. They also seek to meet development needs with environmental
imperatives to protect natural elements (air, water, soil, biodiversity), reduce
existing impacts to such resources and to improve the living conditions of the
population. These objectives are presented in the national strategy for
sustainable development in compliance with the principles of the Rio

Conference (EGA, 2004b).

2.11.1 Libyan Environmental Institutions

There are different kinds of institutions in Libya concerned with the
environment. They are led by the General Peoples Committee and the National
Authority of Scientific Research, which is responsible for the conception, and
implementation of a national policy of environment protection (EGA, 2004b).

The Libyan Government has given environmental institutions a wide range of
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roles and responsibilities, such as aiding in implementing environmental laws
and regulations, producing guidance notes to the industry and offering courses,
seminars, leaflets and magazines etc... to help to improve environmental

protection awareness (EGA, 2004a). These institutions are as follows:

2.11.1.1 The Industrial Research Centre (IRC)

The Industrial Research Centre is one of the early achievements of the Great
Al-Fateh Revolution in the area of industrial development. The Centre was
established by Act No. 25 of 1970 in the context of moving towards a national
economic production based on sound scientific applications. The Industrial
Research Centre through numerous studies, research and other scientific
activities aims to improve the whole process of industrial development. The
objective throughout this period, including a contribution of the capabilities to
achieve the desired objectives of the liberalization of the national economy from
dependence and foreign influence, and give IRC the ability to overcome

obstacles that may stand in its way.

The most important roles for the IRC are:
¢ Identifying research priorities in the industrial field.
¢ Implementation of the research plans of industrial development.
e Preparation of feasibility studies for projects.
e Identification of the strengths of local raw materials and to identification
of ways to exploit them.
¢ Raising the efficiency of industrial production.
e Study market conditions and the identification of the consumer in terms

of their wishes and purchasing abilities.
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e Environmental study and the identification of the positive and negative
impacts on industrial activities.

e Collection and analysis of statistical data in the industrial field and
making it available in the service of industry.

e Cooperation with similar research centres abroad and the exchange of
experiences with them.

e Carrying out coordination and quality control.

e Testing and analysis for the benefit of industry and regulatory bodies.

2.11.1.2 The Environmental General Authority (EGA)

The Environmental General Authority was established by the resolution of the
General Peoples Committee No 263 of 2000. In the face of increased risks to
the environment and the necessity for an executive tool for the enforcement of
environmental laws and regulations, the above mentioned resolution was
issued, with sufficient powers to enforce the above in the manner defined by
law, and required for public interest, in coordination with all relevant parties,
following scientific progress in this field, and conducting related studies and
research. The most important powers allocated to the authority as per Article
Three provisions in its establishment resolution is that its objective is to protect
the milieu in which man and all living organism live, including the protection of
water, soil, air and food from pollution, and to exercise powers which had been
given to the technical centre for environmental protection, and is substituted
now by the environment general authority. This is stipulated in environmental
protection law and its executive regulation, amounting to sixteen powers, the
most important of which are the registration of all chemical substances that may

cause environmental pollution including pesticide use for the public health,
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agricultural and veterinary purposes, defined by a resolution of the people's
committee of the authority in addition to giving its opinion on the environmental
effects of different projects, before proceeding to execute such projects, follow-
up of agreements, conventions and international advances in the area of

environment, etc (EGA, 2002).

2.11.1.3 The Centre of Building Material Research (CBMR)

This centre is under the supervision of the National Authority of Scientific
Research and the main aim of this centre is to control the production of building
material to make sure it is meeting the typical specification and is measured

regularly to make sure that the product is high quality.

2.11.1.4 The Libyan Centre of Remote Sensing and Space Sciences

Satellite remote sensing data, in combination with field, laboratory, and
theoretical studies, help characterize the geology, mineralogy, geomorphology,
vegetation, and land-use patterns associated with current, reclaimed, and
potential aggregate operations. This centre is under the supervision of the
National Authority of Scientific Research and provides information on remote
sensing, earthquakes, space sciences, environmental planning and geological

maps etc.

2.11.1.5 The Division of Agriculture Police

The Agriculture Police were established by Law number 7 of the 1982 in regard

to environmental protection. The agriculture police are responsible for
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protecting the green zone and agricultural areas from industrial development.
The division is under the supervision of the Ministry of Agriculture and Rural

Development.

2.12 The Libyan Regulatory Regime

In consideration of the importance of the environment, Libya has given it
special priority and care, especially after the Great Al-Fateh Revolution which
has taken numerous measures, and issued many laws to deal with current
environmental issues, such as: soil erosion from overgrazing and other poor
farming practices; desertification; dumping of raw sewage; petroleum refining
waste; other industrial effluents leading to pollution of surface and groundwater.
These laws explained and covered all legal aspects dealing with all of the
various forms of pollution. They also aim to reconcile the requirements of
development with the imperatives of the environment in order to protect the
natural elements (such as air, water and biodiversity) and improve the living
condition of populations and lessen the risks threatening these resources

(EGA, 2004a).

The Libyan government gave environmental safety issues and control of
pollution special attention and issued legislation regulating these different
issues. There are various important laws in the Libyan environmental system

dealing with most environmental impacts. These laws are:
e Law No 8 of 1973 in respect to prevention of oil pollution to sea waters.
This law includes a set of rules and provisions for its application, the

provisions of this law are limited to oil pollution sources. This comes from
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the equipment and machinery used in the aggregate quarries located on
the coast line and also from ships etc...(Ministry of Industry, 1973a)

e Health law No 106 of 1973 and its executive regulation, which explained
in detail all aspects of environment and environmental protection. The
preamble dealt with the problem of water and its protection from
pollution, which would be one of the main issues of aggregate quarrying,
starting from the waste water used in the site, infiltration to ground water
and extraction of material below sea level, causing sea water intrusion to
ground water (Ministry of Industry, 1973b).

e Law No7 of 1982 in regard to environmental protection, and its executive
regulation. This law is considered to be the most important law issued by
the Libyan government in environmental protection. The aim of the law is
to ensure that the habitat of man and all living creatures, including the
air, water, soil and food, is protected from pollution, and to find
appropriate ways of measuring such pollution with a view to the
formulation of general plans and programmes to curb environmental
pollution (GPC, 1982).

. Law No15 of 2003 in protecting and improving the environment. This law
is more comprehensive for environmental protection and aims for
sustainable development and as a starting point uses environmental

impact assessment for all projects (GPC, 2003).

2.12.1 The Regulatory Regime and the Aggregate Industry
The most important legislations to the aggregate industry are Law No 2 of 1971
for quarrying and mining and the Law No 79 of 1970 to reorganise the mineral

industry.
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Law No 2 of 1971 for quarrying and mining. This law aims to give the
government organisation a comprehensive role to control minerals
extraction and minimise its environmental impacts.

Law No 79 of 1970 to reorganise the mineral industry. This law gives the
Ministry of Industry the authority to control the minerals industry, by
giving it a wide range of roles and responsibilities to control the

investment of mines and quarries from opening to closure.

The previous two laws are the starting point by the Libyan government to

control the aggregates industry. The main points of these are:

1.

It is not permitted for an investor to choose the quarry site place without
permission from a relevant department;

It is not permitted for an investor to produce the raw material without a
plan from a relevant department;

The local authority must send inspectors to the quarry sites to check the

work (such as aggregate extraction);

. The investor must help the inspectors from the government

organisations, who come to check the work regularly;
The investor must produce documents and reports about the work and
the production value every six months, also the production should meet

the requirements and standards specifications;

. It is not permitted for an investor to extend a quarry or open new quarry

near by without a permission from the relevant department;
The investor must comply with the environmental regulation, safety and

health procedures.
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8. After using the quarry or expiry of the contract, an investor must not
leave the quarry without rehabilitating it.

9. The Ministry of Industry must ask for a financial guarantee from the
investors to ensure the implementation of the environmental laws and

regulations.

Attention to environmental issues in Libya has grown since the late 1980s, but
during the 1990s environmental protection has shown no real improvement, this
may to some extent be because of the UN sanctions applied in relation to the
Lockerbie Issue. However since the sanctions were suspended in 1999 the
Libyan government has taken number of steps to improve environmental
protection and achieve sustainable development. These steps started with
various amendments to its environmental laws and regulations such as
producing Law No 15 of 2003 in protecting and improving the environment by
the General Peoples Committee, which replaced Law No7 of 1982 in regard to
environmental protection. On the other hand the Environmental General
Authorities produced the guidance notes for the aggregates industry and that is

the first guidance notes in the Libyan environmental regulations.

The Libyan Government has made modest attempts to achieve environmental
protection, by encouraging people, companies, and voluntary groups to
establish organisations and associations to deal with the environmental issues.
This is under the Libyan government supervision organisation, called The

Environmental General Authority. (Libyanonline, 2002)

The Libyan Environment 46



2.12.2 Guidance Notes and the Aggregate Industry

The Environmental General Authorities (EGA) produces Guidance Notes to
help for environmental protection. The EGA produced Resolution No 4 in 2004
as Guidance Notes for aggregate extraction to improve its work and to protect

the environment (EGA, 2004A).

2.12.2.1 General Guidance Notes for All Quarries:

1. Permission must be obtained from the responsible organisations for
environmental protection after submitting the environmental impact
assessment of the proposed quarry and before getting permission from
the other institutions;

2. The investment of the area must comply with the Law No 2of 1970 for
quarrying and mining;

3. The investors must fulfil all the documents related to the quarry with the
responsible organisations as required by the law No 2 of 1970 for
quarrying and mining; such as environmental protection plan and
development proposal that includes the end-use of the quarry site.

4. The equipment and the machinery used in the quarry must comply with
environmental standards;

5. The investors must comply with the law No15 of 2003 in protecting and
improving the environment and the traffic law by ensuring that vehicles
are not loaded above their legal carrying capacity to minimize potential
spillage in the public roads;

6. The investors must ensure that the materials in the trucks are properly

sheeted before leaving the site;
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7. The investors must create buffer zones and screen the site from the
surrounding landscape by trees or mounds;

8. The area to change oil must be properly paved;

9. The investors must not use the quarry site as dump site and also keep
the site clean from oil and fuel spills;

10. The investors must provide the workers with safety equipment;

11.The investors must provide reports showing how they had dealt with

wastes.

2.12.2.2 The Guidance Notes for Gravel and Crushed Rock Quarries

are:

1. The quarry should be placed outside the populated area, farming and
animal land;

2. The sites area should not include any animals or plants close to it;

3. The area should not be reserved under special protection;

4. The area should be classified as industrial area by the responsible
authorities;

5. Consideration must be taken to the wind direction and the extent of the
impact on the surrounding environment;

6. The products must meet the standards specifications and also the
products must be checked regularly to ensure the quality of the products.

7. Quarries should be placed far from the main roads to avoid the danger of
blasting and dust;

8. The boundaries of the site must not be less than 200 meters wide.

©

The quarry must be placed in the middle of the area shown in the maps

submitted in the permission;
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10. The road to the quarry should be in good condition.

2.12.2.3 The Guidance Notes for Building Stone Quarries are:

1. The area should be classified as industrial area by the responsible
authorities;

2. The quarry should put under regular technical tests to make sure that the
product match so the standards specifications of the building material
and test results should be put in archives;

3. The environmental impact assessment of the quarry should be
authorized by the responsible office;

4. A permission must be obtained from the Environmental General
Authorities before starting the work or applying a permission from other
institutions to quarry the area;

5. investors must not invest outside the area specified in the permission
papers;

6. It is not allowed to use old permissions to invest in a new area without
obtaining a permission for that area;

7. The work should be stopped at least two metres above sea level and at
a level which does not affect the ground water;

8. New technologies should be used to reduce dust distribution and the
dust should not exceed 40-60 milligram in a cubic meter;

9. The road to the quarry should be in good condition all the time to reduce
dust to the surrounding areas;

10. The investor must keep the waste materials away from the used area

and not allow them to contaminate the surrounding areas;
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11. The quarry must be placed away from populated areas , farm lands,
and national parks with no less than 10km;
12. The permission to open a quarry is banned in the green lands, tourist

places and areas under specific interest such as Juddiem Green area.

2.12.2.4 The Guidance Notes for Sand Quarries are:

1. The quarry sites must be placed away from the areas specified by the
Beach Law, and the investor should produce the quarry map before
obtaining permission;

2. Dredging or removing sand from the sea is banned,;

3. The work must be stopped at least two metres above sea level;

4. The sand must meet the standards specifications before obtaining the
permission;

5. The sand quarries outside the beach areas must not be dug below the
normal land surface;

6. The investor must rehabilitate the quarry after finishing the investment.

By reviewing the Libyan regulatory regime it can be said that the environmental
laws and regulations could reduce the environmental impacts in the aggregates
industry if well implemented and followed by industry and the government

organisations.

2.13 Environmental Impact Assessment in Libya

With the exception of some oil companies, all Libyan companies, organisations

and activities are lacking in environmental procedures, environmental
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protection and sustainable development. This is mostly because the ideas and
concepts relating to environmental issues were neglected following the UN
sanctions after 1992. Most of the world has been addressing environmental
problems step by step after the 1992 Rio World Summit which Libya did not
attend. Since sanctions were suspended in 1999, the EIA regulation and the
national environmental strategy in Libya are in progress and development has
occurred in health provision, countryside and wildlife protection, greenhouse
gas reduction, water consumption guidance and waste disposal dumping
(Elbah, 2002).

The law No 15 of 2003 requires that all major developments with a potentially
significant impact on the environment are subjected to environmental impact
assessment to predict the impacts of the proposal to biological, social physical

and cultural environment.

The Libyan planning system since 2003 requires appropriate level of
environmental impact assessment dependent on the size of the site and type of
proposal, in accordance with the environmental legislation and any other
relevant provisions (EGA, 2004b). But this law applies only to new quarries and

does not include quarries started before the Law No15 of 2003.

2.14 The Procedures and Requirements to Open a New

Quarry

The Libyan Mining and Quarrying Procedures, 1984 presented the procedures
to open a new quarry in Libya (Figure 2.8) as follows:
1. The investor must have permits from the Agriculture Administration to

declare that the land is not appropriate for farming.
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2. The investor must have permits from the Electricity Company confirming
that there are no underground cables or any future plans to develop
electricity network through this land

3. The investor must have permits from the Transportation Administration
to declare that there are not any types of routes or motorways or railway
networks that will cross this land

4. The investor must have permits from the Regional Municipality
confirming that there are no plans to establish a new community on the
selected land and also that there are no water pipelines planned to cross

the land (Elbah, 2002).

The Ministry of
Minerals and
Industry

v

/ The County \

‘\\ Government )

The Local
Authority

Agriculture ( Electricity \ [ Transportation Regional
Administration / \ Company / \_  Administration municipality

> The Investors |

5l o |

Figure 2.8 Model Showing the Procedures to Open New Quarry in Libya
(Source Ministry of Industry, 1984)
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The licence procedure to open new quarry in Libya is very weak and does not
include an EIA report or environmental permission because it has been set out
according to the law No7 of 1982 in regard to environmental protection. So the

licence procedure needs to be improved to comply with industrial development.

2.15 Chapter Summary

This chapter has discussed the Libyan environment and in doing this it has
referred to social and industrial development, and the influences upon these
developments of traditional Libyan culture. In more specific terms, the early
sections in the chapter highlighted the social, political, economic, and cultural
aspects of Libyan society in which the case studies of this research have
evolved. From what was displayed in this chapter, the Libyan culture, which is
part of Arab culture, still encourages loyalty to family, clan, tribe and personal
relationship. These kinds of relations have a negative impact on implementation
of environmental laws and regulations in the Libyan Aggregates Industry. Also,
this chapter discussed the Libyan Aggregates Industry and the Libyan planning

systems and the Libyan environmental organisations.

The Libyan government gave environmental issues and control of pollution
special attention especially in the last ten years, by taking a number of steps to
improve environmental protection and achieve sustainable development. Those
steps started with various amendments to its environmental laws and
regulations aimed to safeguard natural and human resources, also preserving
ecological balance, and minimising all sources of pollution. The other step was
establishing a number of environmental institutions and giving them a wide

range of roles and responsibilities, such as aid in implementing environmental
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laws and regulations, producing guidance notes to the industry and offering
courses, seminars, leaflets and magazines etc... to help to improve

environmental protection awareness.

A section in this chapter has been written to define the Libyan reguiatory
regime and its relation to the aggregates industry and presenting the most
important guidance notes issued to the aggregate industry. At the end of the
chapter the procedures and requirements to open a new quarry were
discussed.

The next chapter (Chapter Three) will give comprehensive review to the

aggregates industry in the world and the UK aggregates industry in particular.
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THREE



Chapter Three
The Aggregate Industry-an international Overview

3.1. Introduction

This chapter has been divided in two parts; part one reviews the Aggregate
industry in general starting from aggregate definition and types to the life cycle
of the aggregate site. Part two reviews the UK aggregates Industry in order to
use the UK experience in this field to suggest improvements to the Libyan

Aggregates Industry.

Quarrying is the process of digging into the earth to extract naturally occurring
minerals such as sand, gravel and rock. The aggregates minerals are at the
core of today's civilised world that we live in. The industrial development relies
in one way or the other on the aggregates industry, any country in the world -
requires large supplies of aggregates for the construction industry. Therefore
quarrying must be carried out in the process of trying to satisfy that demand.
Aggregates (crushed rock and sand and gravel) are extracted for use in
construction activities such as roads, homes, bridges, etc. Most quarrying is at
the surface. In surface quarrying, after blasting with explosives (if necessary),
workers use earthmoving equipment, such as power shovels, draglines and
power scrapers, to scoop off the layers of soil and overburden covering the
mineral bed. Once the aggregates are exposed, smaller shovels are used to lift
it from the ground and load it into trucks for processing or delivery to the market

(U.S. Department of Labour, 2005).
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Natural aggregate, consisting of crushed rock, sand and gravel, which are
fundamental to manmade structures and the construction industry, use large
quantity of these materials. That is why the quarrying industry plays a vital role
in the nation's economy, not only by providing essential materials but also by
providing employment opportunities mostly in rural areas (Ricketts, 2001).

Re-use of aggregate is now becoming a more common practice. The
substitution of natural aggregates by artificially made waste products of other
industries is a small part of the industry (Smith et al.,, 2001). Natural aggregates
are formed by the process of weathering and the artificial ones by crushing a
large parent mass. Building materials are non renewable, i.e., they do not grow
again nor are they replaced. In urban areas, where the demand for aggregates
is greatest, obtaining good natural aggregates at reasonable cost can be a
considerable problem. When aggregate sources outside an immediate
construction area must be used, transportation costs may double or triple the

selling price (Ricketts, 2001).

3.2. Aims and Objectives

3.2.1 Aims

The main aim of this chapter is to review the aggregate industry in general and
to give a brief introduction to the UK aggregates industry which includes review
of the development of legislation relating to the environmental effects of the

aggregates industry.
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3.2.2 Objectives

1. Review the aggregate industry in general, which includes aggregates
definitions and types, the economic importance of the industry and the

life cycle of the aggregates site.

2. To review supply and demand of aggregates in the UK since 1950.
3. To review the development of UK environmental legislation during the

last fifty years.

3.3. Aggregate Definitions and Types

"The term aggregate originally derived from the Middle English aggregat in the
15th century, which derived from Latin aggregatus, past participle stem of
aggregare “to add to,” literally “to bring into the flock,” ultimately from the stem
greg- ‘flock”. As the name indicates, aggregates are rock fragments that are

together in a mass" (Christie et al, 2001).

The term “aggregate” has been defined by number of authors, The British
Geological Survey (2002) defined aggregates as a "term used to describe
granular or particulate material, either naturally occurring (sand and gravel) or
produced by crushing (crushed rock). This is suitable for use in construction as
concrete, road stone, asphalt, constructional fill or railway ballast".

Smith et al (2001), defined aggregates as “the particles of rock which when
brought together in a bound and unbound condition form part or whole of an

engineering or building structure”.
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The American Society for Testing and Materials (ASTM, 1980) defined
Aggregate as a “granular material of mineral composition such as sand, gravel,
shell, slag, or crushed stone used with a cementing medium to form mortars or

concrete, or alone as in base courses, railroad ballast, etc” (ASTM, 1995).

Aggregates are an essential ingredient for the construction industry; they may
be natural (primary), artificial (secondary) or recycled.

1. Primary or natural aggregates are aggregates produced from naturally
occurring mineral deposits and used for the first time. The majority of
construction aggregates are produced from naturally-occurring
particulate deposits such as sand and gravel or from hard rock
formations by crushing to produce crushed rock.

2. Secondary aggregates are aggregate obtained as a by-product of other
processes, including other quarrying and mining operations e.g. china
clay waste or by-product of other industrial processes é.g. slag.

3. Recycled aggregates are aggregates resulting from the processing of
inorganic material from various sources previously used in construction
such as concrete, demolition waste and civil engineering works

(Oldershaw, 2003).

3.3.1 Types of Aggregates:

An aggregate particles size is most often determined by a sieve analysis (Figure
3.1). In a sieve analysis, a sample of dry aggregate is separated through
scaled sieves with progressively smaller openings. The American Society for
Testing and Materials (ASTM, 1980) divided aggregates to different types as

follows:
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a. Coarse aggregate: Designation given to larger aggregate that will pass
the 19 mm screen and predominantly retained on No.4 (4.75 mm) Sieve.

b. Fine aggregate: Designation given to the smaller aggregate passing
the 9.5 mm sieve and almost entirely passing 4.75 mm (No.4) sieve and
predominantly retained on the 75-um (Micrometer) (No. 200) sieve.

c. Open graded aggregate: Designation given to the aggregate that has
only small percentage of aggregate particles in the small range as a
result the voids between aggregate particles remain relatively large
because there are not enough small particles to fill in the voids between
the larger particles.

d. Dense graded aggregate: Designation given to the aggregate that has
a particle size distribution such that when it is compacted, the resulting
voids between the aggregate particles remain relatively small.

e. Soil aggregate: Natural or prepared crushed mixtures consisting
predominantly of hard particles or fragments of rock, gravel, sand or slag
which contain a significant amount of silt-clay conforming to specified
requirements.

f. Gap grading: Designation given to material when one or more of
aggregate size in a normal downward distribution of aggregate particle
sizes are wholly or substantially absent, hence producing a "gap" in the
grading where there is little or no aggregate of a particular size to be
found.

g. Continuous grading: A particle size distribution in which intermediate size
portions are present as opposed to gap-grading.

h. Concrete: A composite material that consists essentially of a binding

medium within which are embedded particles or fragments of aggregate
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which are usually a combination of fine aggregate and coarse aggregate;
in hydraulic-cement concrete the binder is formed from a mixture of
hydraulic cement and water, (ASTM, 1994).

i. Rubble: Designation given to irregular fragments of rock broken from a
larger mass of rock either naturally or artificially, as by geological action,
in quarrying, or in rock cutting or blasting.

j.  Chips: Designation given to small angular fragments rock containing no

dust.

The physical properties of Aggregate have a direct effect on how an aggregate
performs as concrete, pavement material, and roadway, and also by itself as a
base or sub-base material. So the use of aggregates is determined by its
particle size, shape, gradation, and particle strength, because grading and
particle size affect the amount of aggregate used and on what the material is to

be used for (Marotta, 2002).
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Figure 3.1 Sieves Used for Gradation of Aggregate.
(Source: Integrated Publishing, 2006)

3.4. Aggregate Origins and Production

Aggregates can either be natural or manufactured. Natural aggregates are
generally produced from naturally occurring rock formations and sand and
gravel through an open pit (quarry) (BGS, 2005b). Crushed rock is usually
produced from hard rock, such as igneous rock by drilling and blasting the rock
from the quarry walls then go through a series of screening and crushing to
reduce the rock into different sizes. Sand and gravel is commonly formed by
natural erosion of existing rock and surficial deposits including the
transportation and deposition of the eroded particles. The major sources of sand

and gravel aggregate commonly occur as stream-channel, terrace, glaciofluvial
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and alluvial fan deposits. Some quarries wash the finished aggregate before
send it to market (Langer, 1988).

Manufactured aggregate are generally produced from industrial by-products not
used in construction before such as metallurgical slag which is produced from
processing steel, tin and copper or by-products from other industrial processes
such as china clay, slate waste or from other rock produced that has a particular
physical characteristic not found in natural rock such as lightweight aggregate

(BGS, 2005b).

3.4.1 Natural aggregates

Natural aggregates are commonly produced from older, more compact
sedimentary formations, particularly limestone and sandstone, from igneous
and metamorphic rock masses and from naturally occurring concentrations of
particulate deposits, such as sand and gravel and conglomerate. Gravel is small
rounded stones of different sizes which are generally obtained as such from
river beds. Sand is the fine aggregate formed by weathering of rock (BGS,

2005a).

3.4.1.1 Crushed Rock

Crushed rock is the first source of natural aggregate. Crushed rock is obtained
by drilling, blasting a quarry face and then loading it into trucks, and transporting
the rock to a facility where it is crushed, screened and washed to produce a
wide range of aggregates in various sizes and to specified quality limits (Langer
et al, 2004)(Plate 3.1 a&b). There are three basic types of rock used to produce

most crushed rock aggregates.
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1. Igneous rocks: A type of rock which formed as a result of volcanic
activity from magma or lava that erupted from deep within the earth and
then solidified to become rock such as granite, basalt, andesite, or

gabbro

2. Sedimentary rocks: A type of rock which formed by consolidation of
sediments in the distant past, by chemical, organically, or mechanical
processes. There are different types of rock formed by these processes
such as limestone, chert and dolomite (chemical), sandstones and

shales (mechanical), and marl (organic).

3. Metamorphic: Metamorphic rocks are formed when other kinds of rocks
(sedimentary rock, igneous rock or another older metamorphic rock) are
changed by great heat and pressure inside the earth; e.g. quartz is
formed by the action of heat and or pressure on existing rock formations.
The physical characteristics of metamorphic rocks vary widely. Some
examples of metamorphic rocks are slates, schists, granite gneiss,

marbles, and quartzite (Brian et al, 1987).

3.4.1.2 Sand and Gravel

Sand and gravels are the second major source of aggregates, which are
accumulations of durable rock fragments and mineral particles (Langer et al,
1995). Sand and gravels are generally formed by erosion of bedrock and then
transported by rivers or ice to be deposited in riverbeds that or into the sea.
Excavation is from dry pits or fossil or recent river beds do not require blasting
to loosen the resource. It is normally performed by hydraulic excavators,

mechanical shovels and front end loaders (Plate 3.2).
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Plate A

Plate B
Plate 3.1 a&b Tunstead Limestone Quarry Peak District Derbyshire England,
Taken By the Author July 2005.

Deposits mined below the water table, including marine, river beds, stream and

lake-bed deposits may be excavated by specialised equipment such as
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draglines, or from barges using hydraulic or ladder dredges (Langer et al.,
2004).
3.4.1.3 Manufactured Aggregates
Natural aggregate occurs where nature placed it and may not be available
where it is needed. Manufactured (secondary) aggregates are an important
source of aggregate in such cases. The secondary aggregates are processed
from various sources including construction of buildings, engineering works,
resurfacing roads and demolition sites (BGS, 2005a).The quality of the
secondary aggregate dependents on three factors:

1. The quality of the materials that are processed,

2. The selection and separation processing used, and

3. The degree of final processing that these materials undergo.

The secondary aggregates produced by two methods, first in situ at the site of
the arisings, second ex situ in a central plant. The first method is more
economical due to saving of transport costs and the accrual of the

environmental benefits of reducing lorry movements (Wrap, 2006).

3.4.1.4 Dredging Aggregates

In the last three decades aggregate dredging has increased. This could be due
to the improvement of the dredging technology and the expansion of marine
aggregates markets (Smith et al., 2001). Dredging activity involves removal of
large amounts of sand and gravel from the sea bed and this affects the marine
environment. Marine aggregate is excavated by specialised equipment such as

draglines, or from barges using hydraulic or ladder dredges (Plate 3.3).
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Iate 3.2 Sand un/ar‘ryitrirg (Sandr Qaérry Sféf?mton West Susex, England)
(Source: Richard, 2002)

Plate 3.3 Marine Dredging,
(Source: Quarry Products Association, 2006)
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3.5. Economic Importance of Quarries

Construction aggregates are basic materials for the construction industry.
Aggregates are an essential input to the construction industry; without

aggregates there would be no highways, houses, schools, sewers or water

pipes.

Aggregate extraction plays an important part in urban development, providing a
source of employment and a supply of basic materials for construction,
agriculture and other forms of economic development (Highley et al, 2004). The
direct contribution of the aggregate industry to the economy in terms of value
and employment is relatively good especially in rural areas and helps to
maintain a well structured rural economy with a diversified skill base (Masoud et
al., 2006).

The importance of the aggregate industry to the economy is not attributable only
to the production value or to the number of people employed directly or
indirectly in the industry. Aggregate minerals are also essential materials to a
large number of industries which make larger contribution to wealth creation
and employment in any country, for example, limestone used in construction,

sugar factories etc (BGS, 2004).

Aggregate minerals are the lowest priced of all mined mineral products and the
cost of transportation from the site to the point of use is estimated to be
approximately 60% of the total cost of aggregate. Therefore, assessing the

economic value of an aggregate deposit depends not only on the quantity and
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quality of the deposit, but also how close the deposit to its final destination (US,

Department of the Interior, 2005b).

3.6. The Stages of Quarrying

The extraction of aggregate (rock, sand and gravel) involves a sequence of
activities, starting from the search for mineral deposits through to end use of the

site, all of which have environmental implications.

The methods of extracting rock, sand and gravel differ widely and depend on the
location, type and size of mineral resources. Surface mining operations are more
economic in situations where Aggregate deposits occur close to the surface (e.g.
sand mining) (Fuggle et al, 1996). The surface mining operations can be
broadly classified as quarry, open pit or strip mining, dredging and hydraulic
mining in riverbeds. All these activities have a wide range of environmental

impacts such as effects on fauna, flora, water and landscape (Ashton, 1999).

When rock, sand and gravel lies at a depth where the cost of removing the
overburden is expensive, the resources are extracted by underground mining
operations. A variety of techniques are used in underground mining, such as
block caving and long-wall mining. Underground mining requires good
infrastructure to ensure mine safety and safe working environments for the

miners. (Ashton, 2001).

The environmental impacts of surface and underground mining are distinctively
different. Surface extraction always has a disruptive impact on soils, fauna,

flora, land use, water and the landscape mainly due to the removal of the
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overlying vegetation, soil and rock. Surface extraction is usually less expensive
and more productive than underground mining (Fuggle et al., 1996; Ashton,
1999). The new surface extraction technology has allowed surface mining to be
favoured even in situations where underground mining would be feasible,
because it permits complete access to the ore deposits and also surface mining
is less dangerous to the safety and health of the mine workers (Brink et al.,
1990). The considerable danger of collapse or explosions in underground
mines does not exist in surface mines (Lacy, 2003). Although, of course slope
failures can occur.
Aggregate extraction is mostly surface mining and its environmental impact will
be discussed in the next chapter (Chapter Four).
The typical life cycle of a mining operation generally progresses through seven
stages and activities as follows:

1. Prospecting, or the search for mineral deposits;

2. Exploration, or the work involved in assessing the size, shape, location,

and economic value of the deposit;
3. Development, or the work of preparing access to the deposit so that the
minerals can be extracted from it;

4. Exploitation, the work of extracting the minerals;

5. Transportation to processing or market;

6. Processing;

7. Restoration.

3.6.1 Prospecting:

Prospecting is the first stage in most mining programmes and is the process of

recognising, evaluating and identifying new areas considered to have potential
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for hosting economic mineralization (Howard et al, 2002). Prospecting involves
the detailed examination of land surface and underlying bedrock in search of an
economic mineral deposit, or evidence of the nearby existence of a mineral

deposit, utilising geological, geochemical and geophysical tools (Carlson, 2005).

3.6.2 Exploration:

Mineral exploration includes all activities used on or underneath the land
surface for defining and gaining knowledge of the size, shape, location, quality
and quantity of economic concentrations of minerals deposits within the Earth's
crust (Howard et al, 2002). In the exploration stage there are numbers of
methods which can be used to explore and evaluate mineral deposits; the
techniques used in exploration and prospecting are similar but in the exploration
stage are more refined. Geological and geophysical surveys, boreholes and trial
pits are the main methods used in the exploration stage (US, Department of the

Interior, 2005a).

3.6.3 Development (Site Preparation)

Site preparation and evaluation consists of:
1. Removal or Stripping the overburden, which is plants, trees, soil and
rock to reach the ore deposits;
2. Transporting and storing topsoil and overburden for restoration;
3. Constructing fences, access roads, offices, buffer zones, mineral
transportation systems and other support facilities;
4. Constructing or installing permanent or portable processing facilities

and power sources (PQU, 2002).
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3.6.4 Exploitation (Extraction)

Exploitation (extraction) is the recovery of mineral from the earth. Exploitation of
minerals can be sub-divided into two basic methods, surface and underground.
The method used in the exploitation of minerals depends on the particular
mineral, characteristics of the deposit, environmental cdncerns and the location
of the deposit, and also the geologic conditions play a key role in selecting the
method. (Howard et al., 2002) As stated above, in the aggregates industry,
most mining is surface mining. There are a number of different surface mining
techniques that can be applied to extract the material, its use depending on the

physical characteristics of the raw material and on the site-specific situation.

3.6.5 Transportation to Processing or Market

Transportation is an important part of surface mining extraction because
transportation determines both the price of aggregate and the location of
quarries. The extracted material can be transported twice, firstly within the site
from the quarry face to processing and secondly from the site to the market
(US, Department of the Interior, 2005a).

The extraction and transportation of crushed rock, sand and gravel for
processing are performed generally by mechanical shovels and front-end
loaders. In most cases rock, sand and gravel are transported by haulage
vehicle such as a truck, but railroad track-type car or pipelines can be used as
well to transport the material from the quarry face to a processing plant, or

directly into a primary crusher. Large numbers of trucks are used at most quarry
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sites to transport the material from the quarry to the primary crusher (PQU,

2002).

The different types of transportation and its availability have a major impact on
the location of production. Quarries located on, or near major transportation
routes are often able to reduce transport costs and be competitive in more

markets.

The transportation of aggregates to the point of use is a major factor in the
delivered price of aggregates (Wilburn et al,. 1998). The method of
transportation is determined by cost and availability of transportation methods,
truck haulage is the most common mode of transporting aggregate and it is the
economic and preferred choice for distances up to 50 km. Although trains and
barges are used, when the aggregate sites have access to rail connections, rail
haulage is often used for intermediate distances of 50 km to 100 km. When
water access is available to aggregate sites, water transport by barge or marine
vessel is becoming more common for very long haulage, generally over 100 km

(Christie et al, 2001).

3.6.6 Processing

Processing of aggregates after their extraction involves series of crushing,
screening and washing stages designed to produce aggregates with a specified
range of sizes to suit customers' needs. Processing of rock and sand and gravel
are different; rock quarry material is processed in three stages, firstly the
primary crusher roughly crushes material; secondly crushers reduce the

aggregate size and thirdly crushers produce the final size and shape of
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aggregate products. In a sand and gravel quarry the process is simpler and
involves two stages, firstly washing and sizing of material, and secondly

crushing the oversized gravel particles (BGS, 2005b).

Aggregates are mostly processed wet, both to minimise dust impact and to
remove deleterious materials such as clays. Processing plants for large and
medium operations are generally fixed, mobile or temporary plants may be used
for relatively short life of sand and gravel operations, small quarries or short-
term construction projects. A typical fixed plant would be located near an urban
area in quarries with larger reserves and an extended life supplying a variety of

markets. (Christie et al, 2001).

3.6.7 Restoration

The final stage in the aggregate operation is restoration, which has been
defined by the British Geological Survey (2005b) as “Returning the land used in
quarrying to some previously agreed purpose. This may be for use by landfill,
agriculture, wildlife or as a new public amenity such as parkland or water
sports”. This will involve the removal of contamination, the making safe of
dangerous structures and the bringing of the site into a condition fit for a future
use. The restoration should be planned before the start of the quarrying work in

order to meet the philosophy of sustainable development (Howard et al., 2002).

3.7. The UK Aggregate Industry

Minerals are non-renewable resources that can only be worked where they are
found and mineral extraction by its nature can have a major environmental

impact on land and on communities. There is a wide range of surface mining
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activities in the UK, mainly for coal and other minerals and, in particular,

quarries for the production of construction aggregates (Morgan, 2003).

During the industrial revolution, the affects of mineral extraction on the
environment were not understood or were ignored. As a result, the environment
of Britain was damaged, and generations suffered from the effects of air
pollution, water pollution, noise, and other environmental problems. Over the
last three or four decades, environmental legislation, an effective enforcement
regime and a range of appropriate technologies have been developed to
address these issues in the UK (The British Council, 1998). During the
twentieth century, environmental controls have been gradually extended, as the
government and local authorities have realised that something had to be done
about the impact on the environment of mining and quarrying of aggregate

minerals.

The UK Aggregate Industry is one of the oldest industries in the country with
currently about 412 active rock quarries and 501 active sand and gravel
quarries and about 60 marine wharves throughout the UK. The industry
extracts around 250 million tons of material per year to provide the construction
industry and societies needs with necessary material for building houses, roads,
hospitals and schools etc... The aggregate industry contributes around £3bn to
the GDP and provides employment for around 41,000 people, mostly in rural

areas (NSC, 2004).

There are more than 100 operating companies in the UK ranging from large

publicly owned multi-national companies operating quarries throughout the
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country (Table 3.1), which together account for 85% of total production, to
smaller private operators (often referred to as ‘independents’) based within a

state or county area, serving small towns and more remote rural markets (NSC,

2004)
Company name production Sites Employees Based
UK's largest aggregates | 700 sites in | 10,000 UK
Tarmac Ltd producer the UK employees in 11
countries
World's largest aggregates | 400 sites in | 28,000 UK
producer and second | the UK employees all
largest in UK over the world.
s seniEe About 7,500
employees in the
UK only
one of the World's largest | 200 sites in | 80,000 UK
producers of aggregates | the UK employees in 75
Lafarge plc and cement countries. About
2,000 employees
in the UK only
4th largest aggregates in | 125 sites in | 30,000 UK
RMC Ltd the World. one of World's | the UK employees
largest concrete producers; Worldwide
major cement producer
one of the leading 9,000 employees | UK
ﬁ]%%rsiﬂztseplc aggregates producers in
UK and US
Foster Yeoman | Aggregates producers 700 employees UK
Ltd

Table 3.1 Shows The Six Main Multi-National Companies Producing Aggregate
In The UK. Source (NSC, 2004).

3.7.1 Demand for Aggregates in the UK

Aggregates are an important element of the national, regional and local
economy. The total demand for aggregate minerals is related to the level of
construction activity, which is determined by the state of the national economy
and government policies (Thomas, 1986). At the turn of century, Britain was

using around 2 million tonnes of aggregates per annum (mtpa) — a figure which
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had risen to 57 mtpa just after the Second World War. However by 1973
consumption had reached 276 mtpa. From Figure 3.2 and Table 3.2, it can be
seen that overall production of aggregates increased markedly in the post-war

period.

During the period 1950-1970 almost all demand for aggregates was met by
natural deposits on land, with only a small amount coming from marine or
manufactured aggregates (DoE, 1975a). The production of aggregates
increased rapidly between the 1950's and the late 1980's, in large part due to
the high level of road construction activities. Since the 1970s, aggregate
production from marine, recycled and secondary aggregates has increased
slightly, especially during the 1990's (DoE, 1994), but natural land deposits

remain the major source of supply of aggregates in the UK.

Although the Government and planning authorities recognise the importance of
aggregates to daily life, they are also aware of the environmental impacts of
quarrying. As such, they must make sure that the supply of aggregates
continues to meet the needs of society, but not at the cost of major

environmental damage and disruption (DoE, 1988).

Concern was expressed in the 1970's that, unless other supply solutions were
found, almost all the gravel-bearing land in the South East region which was not
agriculturally valuable or environmentally precious would be worked out by the
early 1990s (Blunden, 1975). Despite this concern, demand in Britain continued
to rise and by 1989 production of aggregate reached a peak of 304 million

tonnes (BGS, 2002b). Demand has subsequently fallen back slightly, possibly
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as a result of economic recession and its effect on the construction industry, the
decrease in road building over the last 10 years, and the increase in the use of

recycled material as secondary aggregates.

3.7.2 Demand Forecasting for Aggregates

Since the beginning of the 1970s, there has been considerable concern as to
how the longer term demand for aggregates might be met. The demand for
aggregates puts planning authorities under pressure to release more land for
aggregate extraction. The Verney Report (DoE 1975a) represented a significant
attempt by government to address this problem in the mid-1970s. The Verney
Committee recommended that the government should set up the Regional
Aggregates Working Parties (RAWP's) to provide both qualitative and
quantitative information on all aspects of minerals planning, including changes
in demand, technology and environmental standards. It also recommended that
demand forecasts should be based on a wide ranging analysis of past trends in
the construction industry together with carefully thought out assumptions on the
future development of the industry. Forecasts should not rely too heavily on
sophisticated statistical analysis and should not be projected to an
unreasonable extent in the future (DoE, 1975a). As a result, a regular system
of demand forecasts was instituted with regional forecasts produced every 4
years. Furthermore, the potential for interregional trading in aggregates was

examined in detail.

The results of these surveys carried out by the Regional Aggregate Working
Parties were used by the government to frame national guidelines for

aggregates provision in England and Wales. The guidelines were published in
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1982, and were developed primarily for land use planning for aggregates
(Williams, 1986). During the 1990's, the guidelines were expanded to assist the
development of aggregates policies and reduce environmental impacts of
mineral working, while at the same time providing a steady supply of
aggregates to the construction industry at the optimum level of social, economic

and environmental costs.
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Figure 3.2 UK Production of Sand, Gravel and Crushed Rock, 1965-2002.
(Source: Adapted from British Geological Survey, 2002b).
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Miion tonnes

Year Crushed rock aggregale {c) Sand and gravel (b) Total crushed
rock and sand

Limestone  lgneousrock  Sandstone Total Sand Gravel Total  and gravel

a)

1955 il 13 3 i 61 88
1956 13 13 3 ] “ (] R
1957 13 13 4 30 60 %
1858 14 13 4 i 63 )
1959 17 1 3 K’ R B 68 102
1960 18 15 4 k7 3 B 16 113
1961 20 16 4 40 {2 43 85 125
1962 2 16 4 4 42 43 85 1%
1963 V4] 17 4 44 44 45 88 133
1964 i 20 5 54 52 5 106 160
1965 U A0 5 5 50 52 102 161
1466 40 2 6 68 50 56 106 174
1967 48 5 7 & 5 60 112 1%
1964 5 a€ 1 9 5 58 112 0
1969 55 2 14 97 52 51 109 26
1970 5 Vi) 1 98 5 51 10 208
1971 62 ] g 100 5 59 12 12
1972 61 R 10 103 5 63 118 21
1973 74 3 14 126 62 68 130 256
1974 7 Kl 12 118 5 60 13 234
1975 67 R 10 10 5 63 17 pif
1976 ] 28 10 a8 51 59 110 28
1977 58 % 9 ] 46 5 99 193
1978 61 28 10 9 48 55 102 201
1979 85 ] 10 14 49 5 103 27
1980 65 i) 10 103 45 52 9 19
1981 57 25 10 Q@ 4 4 89 182
1482 62 K] 11 103 42 49 91 1%
1983 70 kil 1 "2 46 55 101 213
1984 ] 30 12 1 4 5 100 21
1485 7 kYA 1 115 4 55 102 €7
1986 78 M 1 123 5 5 106 ys]
1987 8 3 14 142 53 58 11 253
1588 102 44 16 162 63 67 130 22
1989 106 46 16 168 84 67 131 30
1930 ] 49 14 162 8 58 116 208
1941 % 4 13 148 49 49 9% 46
1992 85 48 1 144 45 4 89 233
1993 8 4 12 150 45 4 89 234
1984 ] 50 13 162 50 48 % 259
1995 87 49 15 151 47 43 %0 240
19% 7 4 12 133 43 39 82 215
1997 80 42 12 13 45 42 86 0
1938 78 40 13 132 4 42 86 218
1559 76 ) 11 133 45 43 88 21
2000 (d) 74 44 {d)12 130 45 4 89 0
2001 (d) 78 45 {g) 11 13 45 Lk} 88 w

(Source: Adapted from British Geological Survey, 2002b).
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In particular, the Government used Mineral Planning Guidance notes (MPGs) to
achieve its objectives of encouraging competition, promoting economic growth,
creating employment and achieving environmental protection (DoE, 1988). In
1989, the Government published MPG6 (DoE, 1989) for the supply of
aggregates in England and Wales. It was reviewed in 1994 by the Department
of Environment, Transport and Regions (DETR) as guidance for the supply of

aggregates in England.

3.7.2.5 Minerals Planning Guidance Note 6 (MPG6)

The 1994 edition of Mineral Planning Guidance note 6 (MPG6, entitled
'Guidelines for Aggregates Provision in England’) attempts to provide advice to
mineral planning authorities and the minerals industry on how to ensure an
adequate and steady supply of aggregates to the construction industry,
accounting for the balance of social, economic and environmental costs,
through full consideration of all resources and the principles of sustainable
development. This advice concerns all sources of aggregates, from land-won
sand and gravel and crushed rock, to marine dredged aggregates and

secondary aggregates such as recycled demolition materials (DETR, 2001).

MPG6 suggested that the total demand for aggregates in the UK can be
expected to rise from 300 million tonnes a year in 1994 to about 400 million by
2011. MPG6 encouraged Mineral Planning Authorities to provide landbanks to
overcome any increase in demand for aggregates. It also stated that an
increasing level of supply of aggregates could be obtained from coastal
superquarries over the period to 2006. But the report also noted that the cost

and long lead time needed before such quarries could be brought on stream
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meant that this potential source would be unlikely to contribute greatly to
demand in the years immediately following publication. MPG6 also supports
the use of marine aggregates as a means of reducing the pressure on land of
agricultural or environmental value. It states that marine aggregates will
continue to contribute to maintaining supplies of aggregates for the construction

industry.

The Office of the Deputy Prime Minister (ODPM) published revised Guidelines
for Aggregates Production in England 2001-2016 on 10 June 2003. The
guidelines for land-won aggregates provision in England contained in annex A
of MPG6 (1994) have been revised for the period 2001-2016, and all other parts

of MPG6 (1994) remain in force until revised (OPDM, 2003).

3.7.2.6 Landbanks

Mineral Planning Authorities are encouraged by MPG1 and MPG6 to use
landbanks as sites with permission but not yet developed, to secure a steady
supply of aggregates. This means that when demand for aggregates increases
these sites can then quickly be brought into production. In the case of sand and
gravel, the recommended time horizon for landbanks is seven years rather than
ten years as stated in the earlier version MPG6 in 1989. There is no
recommended period for crushed rock; however the 1994 version of MPG6
stated that crushed rock landbanks require a longer period than those in sand

and gravel (Mellor, 1997).

The calculation of landbanks is provided in the 1994 edition of MPG6, which

sets out two alternative methods:
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e Where the Mineral Local Plan (MLP) or Unitary Development Plan (UDP)
has been adopted and reflects local apportionment of the regional
guidelines, the landbanks are calculated using the provisions included in
the development plan expressed on an annual basis.

e Where the MLP/UDP does not reflect the guidelines, the landbanks are
calculated using the average of the last three years production figures.
This is divided into the reserves identified in the annual monitoring
survey. No allowance is made for forecast increases in demand (DOE,
1994).

The Campaign for Protection Rural of England (CPRE) argues that MPG6
places pressure on planning authorities to provide land banks to meet the
demand for aggregates for construction and, as a result, planning authorities
have earmarked landbanks for quarrying which could affect a large area of
countryside four times the size of Manchester (CPRE, 1999). It argues that the
landbank system could create a large stock of a reserve which could lead to
oversupply and falling prices of aggregates and which is regarded as running
counter to the concept of sustainability. Instead they argue we can reduce
demand for aggregates by promoting efficient use of materials, and avoiding the
use of higher quality materials where lower ones will suffice. Use of recycied
materials and secondary aggregates will reduce the demand for primary
aggregates (Severn Estuary Partnership, 1997). Currently, recycled materials
and secondary aggregates meet about 20-25% of total demand for aggregates;
the government most improve policy in order to maximise their use in line with
principles of sustainable development. Even so, recycled materials and
secondary aggregates will only be able to meet part of total demand for

aggregates because of their limited availability (BGS, 2003).
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3.7.2.7 Superquarries

Coastal superquarries are large operations producing crushed rock or sand and
gravel, which have access to low-cost transportation such as barges and
railways and can serve large market areas. The MPG6 (1994) defined
superquarries as” those capable of producing 5 million tonnes or more of
crushed aggregate per annum (mtpa) with reserves of at least 150 million
fonnes, where the transport of the aggregate to the market is by sea or
railways”. The concept of superquarries has been developed because of
increasing environmental pressure against aggregate extraction in populated
areas. Research in 1992 stated that it could be possible to develop about 15 to
20 costal superquarries in Western Europe. The majority of them could be in

Norway with a few in Spain and about 5 in Scotland.

Supporters of super quarries argue that their development will secure a steady
supply of aggregates, meeting the needs of South East England and elsewhere.
Others argue that such developments would prove uneconomic or
unsustainable. The British Aggregates and Construction Minerals Institute
(BACMI) argued in the early 1990's that about 40 new superquarries would be
required by 2011 to provide the projected 100 million tonnes of additional

aggregates demand suggested by MPG6 (McLaughlin, 1993).

Kellett, 1995 pointed out that shifting demand from one site to another does not
constitute a sustainable policy. Also, developing superquarries outside
populated areas does not solve the whole problem created by aggregate

extraction, thus the environmental effects, whether visual or on ecosystems or
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heritage, may be just as important as the effects on local populations around

existing quarries.

At present only one superquarry exists in the UK, at Glensanda, Loch Linnhe
(currently operating at about 5 mtpa but with consent to increase to 15 mtpa).
This low number may be due to the decrease in the demand for aggregates and
to the refusal of some applications, such as the Rodel superquarry proposal on

the island of Harris (Barclay, 2004)

3.8. Development of the Regulatory Regime

Environmental legislation for minerals working in the UK is designed to improve
the environmental performance of the mineral industry and to keep minerals
extraction at an environmentally acceptable level. However, this has not always
been the case. During 1946-48 there were a number of quarries in England
and Wales operating on land under the Town Country Planning Act, 1932.
These approvals were easily obtained for large areas with no impositions made
about conditions of working or site rehabilitation and this caused many
environmental impacts such as loss of soil, amenity and natural resources.
New planning controls for mineral workings were needed to minimise this

environmental impact (Blunden, 1975).

When the Town and Country Planning Act, 1947 came into force, it introduced
general planning control over the development of land. However, many existing
workings, which had begun operation before and/or during the Second World

War, remained outside the new planning control. Those permissions represent

The Aggregate Industry-an international Overview 85



some of the earliest remaining mineral permissions in the UK and were granted
under Interim Development Order (IDOs) between 1943 and 1948, those
permissions were granted under wartime emergency powers to meet wartime
needs and post war construction; in many cases the planning authorities had no
record of the permissions themselves and having little or no condition attached
to them. (Brown, 1989). A number of permissions were granted in the early
days of the 1947 Act by statutory order without detailed consideration of
individual sites and in excess of operator's foreseeable requirements. These
permissions contained only rudimentary provisions relating to working methods,

the disposal of waste and restoration of the site after working (DoE, 1975b).

After the 1947 Act, many freeholders of land were able to apply for working
permission to exploit minerals without any proof of the existence of workable
reserves and with few if any, conditions for restoration of the site afterwards.
During the 1950's, aggregates working permissions tended to contain only
conditions about waste disposal. They ignored the possibility of mitigating
against the impact of extractive operations during their active life and site
rehabilitation. This resulted in many environmental impacts such as soil loss,
water pollution, dust, noise and visual impacts (Blunden, 1975). This problem
led some counties to mark an area for mineral extraction in their development
plans. This was a forerunner of todays landbanks, and since the mid 1970's
planning authorities have been more reluctant to give permission for mineral
working outside the marked areas which have been designated for that purpose

(Blunden, 1975).
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The production of aggregates increased dramatically in the 1960's due to the
increase in road building. This resulted in permission being given to a number
of quarries to cover the need for these materials. In the late 1960's, the high
demand for aggregates forced the government to encourage the extraction of
marine sand and gravel to reduce the need for new quarries. After 1970, when
the marine aggregates industry began to develop, the dredging of aggregates
from the sea bed began to cause environmental problems, such as impacts on
the marine ecosystem and coastal erosion, which is a significant issue on the

east coast of England (Wright, 2004).

Since these early days, much has been learned about the control of mineral
working (Maybe et al., 1986). The Stevens Report (DoE, 1975b) highlighted the
problems associated with planning permissions granted in the past, including
the lack of adequate provision to meet current environmental protection
standards or to provide for the satisfactory restoration of land following the
cessation of extraction (Pollock et al., 2002). Indeed, the modern reform of the
mineral planning system started with the publication of the Stevens Committee
Report which investigated the control of mineral working in great detail and
made certain recommendations. This committee's recommendations formed
the basis of the Town and Country Planning (Minerals) Act 1981, which was

subsequently consolidated within the Town and Country Planning Act 1990.

The Town and Country Planning (Minerals) Act, 1981, was intended to deal with
all inadequate minerals permissions, including the permissions granted before
the 1947 Act, and permissions granted in the 1950s and 1960s. This Act

introduced powers and duties for planning authorities in the UK to review
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periodically the conditions attached to mineral permission and to make it easier
to update environmental conditions of older permissions. Also, concerning the
reclamation of land after working, of particular importance are aftercare
provisions, which attempt to ensure that land is not only reclaimed but also that

this is achieved to a required standard (Brown, 1989).

Various orders were introduced in the 1981 Act to update existing permissions

and bring them into line with modern standards. The orders include:

Revocation: Mineral Planning Authorities may choose to revoke a planning
permission if considered expedient to do so, although this can only be used
before working commences,

Modification: Mineral Planning Authorities allowed to alter, adopt, or add to
permission by, for example, adapting or inserting new conditions changing the
boundary of a defined site (this can be applied only before working
commences),

Discontinuance: These orders refer to discontinuance of use of land and the
orders take effect only if confirmed by the Secretary of State (in effect, these
orders can stop minerals working at a site permanently),

Suspension: The aim of these orders was to tackle environmental problems
arising from sites where operation had been temporarily suspended,
Prohibition: These aim to permanently stop mineral working at a site where no
working has taken place for at least 2 years and it is unlikely that working will
start again (the intention is to establish beyond doubt that it cannot be resumed

without a fresh grant of planning permission and to secure restoration).
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Due to many imperfections within the 1981 Act and regulations implementing it,
reviewing and updating of conditions did not work well in practice, because all of
the orders set out above could require local authorities to pay compensation for
lost production and reserves. So the mmineral planning authorities were
reluctant to risk incurring compensation liabilities that were difficult to assess in

advance of using their order-making powers (Raynsford, 1997).

All relevant legislation since the 1981 Act has worked in line with the "Polluter
Pays" principle, which is one of the core principles of sustainable development,
stating that polluters must pay for the damage they cause. Its application
should encourage the various parties concerned to take more precautions to
reduce pollution (The European Commission, 2000). In line with the "Polluter
Pays" principle, the minerals industry should bear the cost of updating
permissions, and the onus should be on the industry to review operating and
restoration requirements to make sure they meet modern standards and
environmental principles. Hence, in recognition of the shortcomings of the 1981

Act, two further pieces of legislation were enacted to ensure this.

The first measure was the Planning and Compensation Act, 1991. The
government undertook in the Environment White Paper (1991) to review the
operation of the legislation and compensation arrangements relating to minerals
permissions and how they could be improved. This Act introduced requirements
for the registration and upgrading of permissions granted under Interim
Development Order (IDOs) In September 1991, under the 1991 Act, the owners
of these old permissions were asked to register these permissions with the local

mineral planning authorities. Furthermore, they were required to apply for
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determination of the work conditions and restoration which needed to be
complied with if the permission were to continue to be valid (DoE, 1991b).

The second measure was the Environment Act 1995, which introduced a new
requirement under Section 96 for the Review of Old Planning Permissions
(ROMPs) for minerals permissions granted in the period 1948 to 1982 where
modern conditions do not apply. The initial review task for ROMPs granted
between 1948 and 1982 was much more substantial than those before1948
IDOs, because the 1995 legislation covers permissions granted for nearly 35
years. Therefore, bringing the old permissions up to date will be done by
reviewing of the active sites, which will take place in two consecutive phases,

each phase of three years (Raynsford, 1997).

» Phase 1 sites are those subject to planning permissions granted
between 30 June 1948 and 1 April 1969, and all review sites which are
wholly, or partly, located within National Parks, National Scenic Areas,
Sites of Special Scientific Interest or Natural Heritage Areas

* Phase 2 sites are those subject to planning permissions granted

between 31 March 1969 and 22 February 1982 (DOE, 1995).

3.9. The Current Regulatory Regime

In the last decade, the regulatory regime to control the environmental impact of
aggregates extraction and to improve the environmental performance of the UK
aggregates industry has developed further, principally with MPG6, the
increased role of the Environmental Agency, and the Aggregates Levy fund.
Currently, applications for planning permission for minerals extraction are dealt

with under the Town and Country Planning Act, 1991 as "all substances in or
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under land a kind ordinarily worked for removal by underground or surface
working, except that it does not include peat cut for purposes other than for
sale" (DOE, 1991a). The overall objectives of the minerals planning system are
to reduce the demand for aggregates, to encourage the efficient use of
materials including appropriate use of high quality materials, to minimise the
production of waste from aggregates extraction, to maximise recycling of
wastes where they occur, avoiding the use of good materials where lower grade
material will suffice, and to promote sensitive working practices and minimise
the environmental impacts on the environment (Aggregates Advisory Service,
1999). These policy aspirations are partly being met; although there is
controversy over to what extent mineral extraction in the UK could currently be

considered to be sustainable.

Another part of the policy framework for enhancing sustainability appeared in
April 2002, when the government introduced an environmental tax called the
Aggregates Levy on aggregate quarrying to incorporate the environmental costs
imposed by aggregates extraction in to the price of virgin aggregates. It was
expected that this would reduce the demand for quarried aggregates and
encourage the use of alternative materials such as wastes from construction
and demolition as secondary aggregates (Morgan, 2003). The Aggregates
Levy was introduced by the Finance Act 2001. It includes all sand, gravel and
crushed rock used for construction purposes, which are quarried from land or
dredged from water in the UK (DEFRA, 2002). The Minister of Environment has
stated that £58.6 million will be generated from the Aggregates Levy

sustainability fund (DEFRA, 2002), which will be used to reduce the
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environmental impact of aggregate extraction, through initiatives in the following
areas:
e To reduce demand for primary aggregate,
e To reduce the effect of local aggregate extraction,
e To promote more environmental friendly extraction and transport of
material,
e To fund local schemes run through Derbyshire, Leicestershire and
Somerset county councils to improve all the areas affected by

aggregate extraction (DEFRA, 2002).

3.10. Chapter Summary

The extraction of aggregate involves a sequence of activities, starting from the
search for mineral deposits through to end use of the site. The methods of
extracting aggregates differ widely and depend on the location, type and size of
mineral resources. Surface mining operations are more economic in situations
where aggregate deposits occur close to the surface. If the resources lie at a
depth underground mining operations are preferable because the cost of
removing the overburden is expensive. All of the above activities have
environmental impacts which will be discussed in more detail in the next

chapter.

The second part of the chapter reviewed the development of UK legislation
relating to the aggregates industry (particularly in England and Wales) in the
past fifty years including demand for aggregates, demand forecasting,
development of the regulatory regime and the current regulatory regime. This

review shows the importance of the planning system and environmental
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legislation to people and the industry in the UK and how it has development to
protect the land, water and communities in general. The next chapter (Chapter

Four) will discuss the environmental impacts of the aggregates industry.
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Chapter Four
The Environmental Impacts of the Aggregates
Industry-an International Overview

4.1 Introduction

This chapter describes the nature of the most significant environmental impacts
arising from aggregates quarrying, which include blasting, dust, noise, visual,
water and traffic impacts. Each issue is examined in turn, looking at both the
nature of the impact and also the potential impacts they have on the land and
the communities. The standards and guidelines designed to control the impacts

also discussed.

Aggregates are non-renewable resources that can only be worked where they
are found and aggregate extraction by its nature can have a major
environmental impact on land and the communities (Morgan, 2003). From
prospecting and exploration through post-closure, aggregate quarrying has the
potential to cause environmental impacts. In addition to the obvious
disturbance of the land surface, and the physical and visual changes to the
landscape, aggregate extraction may affect, to varying degrees, groundwater,
surface water, loss of habitat, loss of wildlife, soils, blasting effects, noise, dust,
erosion, and sedimentation. Use of environmental laws and regulations in the
aggregate extraction may reduce, limit, and control many of these impacts
(CGER, 1999) but aggregate extraction will, to some extent, always alter

landscapes and environmental resources.
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Environmental laws and regulations intended to control, minimise and manage
these alterations of the landscape and the environment in an acceptable way
are generally in place and are updated as new technologies are developed to
improve aggregate extraction, to reclaim mined lands, and to limit
environmental impacts. Many of these impacts are discussed in this chapter.
Nevertheless, an understanding of the potential for aggregate quarrying to
cause environmental impacts is essential to assessing and suggesting

improvements to the laws and regulations for aggregate quarrying in Libya.

4.2 Aims and Objectives

4.2.1 Aims

The main aim of this chapter is to review the environmental impacts of

aggregate quarrying and the best practice to control them.

4.2.2 Objectives

1. Review the definition of the environmental impact and the impact
identification.

2. Review the main environmental impacts associated with aggregates
extractions and the best practice to control and minimise them with

reference to the UK.

4.3 The Definition of Environmental Impact

"An environmental impact may be defined as a change in the environmental

parameters, over a specified period of time and in a specified geographical
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area resulting from a particular activity compared to the situation which would

have existed had the activity not been performed"” (Aswathanarayana, 2003).

Impacts on the environment can lead to changes in existing conditions; the
impacts can be direct, indirect or cumulative. Direct impacts refer to all
changes in environment systems that result from direct cause effect
consequences of interactions between the environment and project activities,
which occur at the same time and place as the project. Indirect impacts result
from or are caused as a cost of interactions between the environment and
direct impacts and often occur later in time or further away in distance than
direct project impacts (COMNAP, 1999). For example, the effect of dust may
not only be seen directly in the loss of local vegetation, but indirectly as a

deterioration of the health and social structure of local people.

Cumulative impacts refer to the interaction in the environment that are caused
by human activities in combination with other past, present and future human
actions, which are repeated over time and dispersed over space (Hegmann et
al., 1999). (e.g. past, existing and proposed activities, including activities
associated with the project under assessment). Flora and fauna close to the
mining site for example can be affected by dust, noise etc... Cumulative
impacts are one of the hardest impact categories to adequately identify in the
environmental assessment process. It is imperative to consider both spatial
and temporal aspects in order to identify cumulative impacts and also to identify
other activities which have and might happen at the same site or within the

same area (COMNAP, 1999).
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4.3.1 Source-Pathway-Receptor

There are frameworks for environmental risk assessment, called the source-

pathway-receptor model Figure 4.1 (DETR et al., 2004).

Receptor
. —

Figure 4.1. Basic Source-Pathway-Receptor Model

e Sources are the origins of environmental impacts, and have the
potential to cause harm to human health, water resources or the wider
environment.

e Pathways must be one or more routes or means by or through which a
source of impact reach the receptor; an identified receptor can be
exposed to, or affected by identified source.

e Receptors are those entities that are likely to be adversely affected by
the identified hazards. These include human, flora, fauna, air, water,

land and buildings (The Environment Agency, 2004).

Understanding and predicting the source-pathway-receptor relationship is an
important step in the impact assessment process. The amount of the source is
often referred to as the dose, while the amount of change this causes in the
receptor is often called the response. For example, in the case of dust
generated by aggregate quarrying, the dose is the amount of dust predicted to
occur due to aggregate extraction at a given impact location, and the response
is the predicted reaction or change caused by this new dust at the receptor,

such as in flora, fauna and human health (Horne, 2004).
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4.4 Impact Identification

There are a number of methods used to identify the major impacts from a
proposed scheme. Munn (1979) has divided these methods into the generic
classification, matrices, networks and checklists. Shopley and Fuggle's (1984)

classification includes the following categories for impact identification:

Ad hoc approaches (e.g. project-, sector- or environment-specific

guidelines);

o Checklists (i.e. the checking of potential impacts against a generic
complete list);

e Matrices (e.g. the Leopold Matrix);

o Networks (i.e. the presentation of higher order impacts and linkages
using directional diagrams);

e Overlay maps (e.g. the McHarg technique);

e Modelling procedures (i.e. computerized, mathematical, physical scale

models or descriptive models).

4.4.1 Assessing the Magnitude and Significance of
Environmental Impact

Prediction of the environmental impact of a project is inevitably a critical stage.
This involves estimating the magnitude of the potential impact, and comparing
this to the measured baseline, in order to quantify the amount of change
predicted. When such effects have been predicted, they must then be
evaluated to assess their importance and relative significance with reference to

the sensitivity of receptors.

The Environmental Impacts of the Aggregates Industry g9



4.4.1.1 Magnitude of Impact

Magnitude is a measure of the degree, extensiveness, or scale of impact. It
also refers to the amount of change to be created by the impact (NRCA, 1997).
The magnitude of impact has a number of different components, for example,
the amount of physical change, the level of change in an environmental
condition, its spatial extent, its duration and frequency, and its possibility of
occurrence where the impact is not certain to occur (Marusich et al., 2001). In

short, magnitude is about measuring quantity as objectively as possible.

4.41.2 Significant of Impact

Significance is about assessing how important an impact is. Thompson (1990)
states that significance of an impact is essentially an expression of the cost or
value of an impact to society. Selected examples of definitions or
interpretations from various authors are provided in Table 4.1. The significance
and severity of impact reflects the relationship between two factors:
e The magnitude of impact, which is referred to as the amount and type of
change or the actual change in the environment;
e The nature of the resource or receptor and its sensitivity to change and
this is depending on the nature of the impact, timing scale, size and

duration of the project; (Coventry et al., 2004).

The impact magnitude is generally quantifiable, such as extent of land take or
predicted change in noise levels. However it is more difficult to quantify the
value and sensitivity of the resource or receptor and is usually derived from

factors such as:
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e The resource or receptor’'s designated status as stated in the land use
planning system;
e The number of individual receptors such as residential receptors or area
of natural habitat;
e An empirical assessment on the basis of its qualitative criteria such as
rarity, extent and condition;
e The ability of the resource or receptor to absorb change (Coventry et al.,
2004).
The Impacts can not be significant if the resource values are low or not
sensitive, also if there is small number of receptors subjected to low or short-

term impacts.

Assessment of the significance of impacts arising from the proposed scheme is
a key stage in the EIA process. It provides potentially key information in the
decision making process. However, defining what is significant is not a simple
task; not least, it involves assessing the amount of change to the environment
perceived to be acceptable to the community. Determination of significant
impacts relates to the degree of change in the environmental resource
measured against existing standards, discussions, judgement and agreement.
This should take into account the characteristics of the impact such as size of
the affected population, magnitude, geographic extent, duration, frequency and
reversibility of the impact (Canter, 1996). Also, the criteria and the applied

methods used for ranking significance must be clearly presented.
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Source

Definition or interpretation

Haug et al. (1984)

Determining significance is ultimately a judgement call. The significance of a particular
issue is determined by a threshold of concemn, a priority of that concem, and a
probability that a potential environmental impact may cross the threshold of concem.

Duinker and
Beanlands (1986)

Significance of environmental impacts is centred on the effects of human activities and
involves a value judgement by society of the significance or importance of these effects.
Such judgements, often based on social and economic criteria, reflect the political
reality of impact assessment in which significance is translated into public acceptability
and desirability.

Council on
Environmental
Quality (1987)

The United States’ National Environmental Policy Act requires significance to be
determined within the framework of context and intensity. Context: The significance of
an action must be analysed in several contexts such as society as a whole, the affected
region, the affected interests, and the locality. Intensity: This refers to the severity of

impact.

Thompson (1988,
1990)

The significance of an impact is an expression of the cost or value of an impact to
society. The focus of EIA must be a judgement as to whether or not impacts are
significant, based upon the value-judgements of society, or groups of people chosen to

represent the wishes of society.

Canter and Canty
(1993)

Significance can be considered on three levels: (1) significant and not mitigatible, (2)
significant but mitigatible, and (3) insignificant. Significance is sometimes based on
professional judgement, executive authority, the importance of the project/issue,
sensitivity of the project/issue, and context, or by the controversy raised.

US Environmental
Protection Agency
(1993)

Determination of significance requires predicting change. These impact predictions are
along with societal values, the major input to significance determination. Ideally,
change should be compared against thresholds of concemn, some of which may be
legally mandated and others, which may be levels or states of valued components

determined by the public, authorities or the EIA team.

Sadler (1996) The evaluation of significance is subjective, contingent upon values, and dependent
upon the environmental and community context. Scientific disciplinary and professional
perspectives frame evaluations of significance. Scientists therefore evaluate
significance differently from one another and from local communities.

Sippe (1999) Environmental significance is an anthropocentric concept, which uses judgement and

values to the same or greater extent than science-based criteria and standards. The
degree of significance depends upon the nature (i.e. type, magnitude, intensity, etc.) of

impacts and the importance communities place on them.

Table 4.1: Selected Examples of the Definitions or Interpretations of the
Concept of Significance (Rossouw, 2003).
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The significance of impacts is assessed by numbers of key elements, which
include:

o Level of public concern;

o Scientific and professional judgement;

e Measure of disturbance to ecological systems;

e Impacts on social values and quality of life;

o Existence of environmental standards, that is, international, national,

Provincial or local agreements; and
» Availability of mitigation practice and technology to ameliorate impacts

(Furman et al., 1997).

4.5 Environmental Impacts of the Aggregate Extraction

The extraction of aggregate minerals and the transportation of these products
to the market now represent one of the most important environmental impacts
(positive and negative). Positive impacts include creation of employment,
providing material for development, negative impact that cause noise, dust
emissions, blasting vibrations, traffic, the water environment and visual impact.
The negative environmental impacts will be discussed in this chapter because

they are the main concern of this study.

4.5.1 Negative Environmental Impact

Technology improvement and scientific investigation methods have made it
possible to reduce environmental impacts associated with extraction of
minerals and manage impacts at acceptable levels that do not cause significant

harm to the environment. Nevertheless, Aggregate resources (sand, gravel and
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crushed rock) can not be extracted from the surface without causing some

environmental impacts such as:

4.5.1.1 Blasting

Blasting is putting an explosive in the ground to break rocks (Plate 4.1); an
enormous amount of energy is released. The vast majority of this energy is
used to do the work for which it was intended. The remaining energy goes out
as vibration transmitted through or along the ground and pressure waves

through the air which are known as “air overpressure”.

Blasting is a hazardous component of surface mineral working. But the
quarrying industry considers blasting a necessary factor for the success of their
operations. However, Kuzu et al (2005) stated that the use of explosives to
loosen the rock in the aggregate extraction are associated with undesirable and
important side products which are ground vibration and air blast. Those two
issues may cause an environmental problem if the operation is not well planned

or close to residential areas and other structures.
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BG52 NERC i
Plate 4.1 Showing Blasting in an Aggregate Site (Source BGS, 2005b)

4.5.1.1.1 Impacts from Blasting

The five principal environmental impacts from blasting are:

1. Vibration: vibrations may be the most obvious and significant impact from
blasting and have the potential to cause cosmetic or structural damage to
properties. Cosmetic damage includes the formation of hairline cracks or
the growth of existing cracks in the plaster or mortar joints. Structural
damage is caused when the actual structural elements of the building are
damaged. The actual damage is dependent on the level of vibration, the
size and type of property and its general condition. The levels of vibration
generated by aggregates workings are well below those required to cause
structural damage to properties (DETR, 1998). Concern about vibration is
usually expressed in terms of the fear of damage to owner-occupied
property. Generally the property owner may believe that the cracks in the

plaster have been caused by vibration even though they may have been
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present for some time and caused by natural processes. There are a
number of factors influencing the overall attitude of the individual towards
the disturbance caused by ground vibrations, such as the degree of trust felt
by an individual towards the site operator, the need for quarrying,
understanding the need for blasting and the significance of vibration level
felt.

2. Air overpressure: As with ground vibration, air overpressure radiates in all
directions away from the blast site. The pressure waves consist of energy
over a wide range of frequencies, some of which are audible and some
inaudible. Although air overpressure has the potential to produce damage,
the air overpressure generated by aggregates workings is unlikely to cause
that damage (DETR, 1998). The effects of air overpressure are difficult to
distinguish even for an expert without using appliances, but the pressure
wave may arrive after the ground vibration by up to 2 seconds over a
distance of 1 km. The attitude of individuals towards the impact from air
overpressure is influenced by the same factors described for ground
vibrations.

3. Flyrock: Fragments of rock propelled into the air by the explosion, which is
the unpredictable throw of rock pieces beyond the designated danger zone.
This is clearly potentially dangerous not only because people have been
killed or injured, but property, equipment and materials can be damaged
both inside and immediately outside the site (DOE, 1991c).

4. Dust: dust from blasting can arise from two sources, the drilling of the
boreholes into which the explosive is placed and from the actual blast itself.

Dust discussed more in Section 4.5.1.2
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5. Noise: Noise is part of the pressure wave, and occurs at the same time as

overpressure. noise is discussed more in Section 4.5.1.3

4.5.1.1.2 Best Practice to Control Blasting Impacts

There are a variety of measures that can be used to reduce or eliminate the

problems associated with blasting. Department of Environment (1991c) stated

the following:

1.

Controlling the height of the working face and reduce the surface area
subject to heave;

Regulating the times of blasting and provide advance notification of
blasting to nearby residents;

Maintaining a minimum distance between the workings and any
sensitive neighbouring dwellings;

Reducing the instantaneous charge weight to the minimum. The
principal methods are introducing more delay detonators into the
blasting sequence to separate explosions or considering alternative
methods of detonation;

Avoid blasting in adverse weather conditions such as strong winds,
foggy, hazy and significant temperature inversions especially when the
wind is from the site towards sensitive receptor and there is low cloud;

Checking that all holes are loaded and avoid secondary blasting.

The measures described above are not exhaustive and only set out good

blasting principles to control blasting impacts. These measures have been

widely used in the UK aggregates industry.
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4.5.1.2 Dust

Dust from aggregate working is often a significant nuisance and it is considered
to be any solid matter that is generated as a result of mechanical activity from
aggregate working such as extraction, blasting, loading, transport, crushing, etc,
which is borne by the air. It's defined as small solid particles in the range 1-

75um (microns) in diameter (British standard 6069-2, 1994).

The wind borne emission of dust is dependent on wind speed, its direction and
turbulence; the stronger the wind, the greater the amount of dust that will be
collected and the further it will be transported. Higher turbulence leads to
greater entertainment of the particles in airflow. A new site such as quarry
where topsoil and overburden have recently been removed may lead to
particularly high levels of dust. Experience has shown that dust emissions can
also result from:

e Transport of material on un-surfaced routes and on nearby roads which

are not adequately wetted and if vehicles are uncovered.
e Crushing and processing operations.
e Drilling and blasting operations.

e Restoration.

4.5.1.2.1 Impact from Dust

Dust emissions from quarrying and aggregate extraction activities can have a
noticeable environmental impact and affect the quality of life of local
communities and it may give rise to conflict between aggregates/quarry
operators and local residents. In recent years the significance of dust impact

associated with mining and quarrying activity has increased considerably. The
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public's perception of potential impacts of dust has increased as a function of
the general increase in awareness of environmental issues (Coppin et al.,
1995).

Deposited dust is one of the main causes of complaint, and it's very dependent
on the sensitivity of the receiving environment. As a result of this the dust can
not be controlled or managed easily through the use of air quality guidelines,
and fears are commonly expressed in relation to the alleged health effects of
airborne dust.

The main potential effects of dust are:

1. Visual impact from dust emissions such as dust plumes, reduced
visibility, air pollutions which leads to annoyance and loss of amenity
such as coating and soiling of surfaces;

2. Chemical and physical contamination leading to mechanical or electrical
faults (such as computers), soiling of finished products, spoilt paint or
polished finishes, contamination of facilities like laboratory or medical
facilities and abrasion of moving parts;

3. Covering of plants by dust and contamination of soils leading to changes
in growth rates of vegetation, which may be reducing the value of
agricultural products.

4. Contamination of water courses

5. Health impacts due to inhalation such as asthma (DOE, 1991c).

4.5.1.2.2 Best Practice to Control Dust Impacts

Controlling or minimising dust is the science of reducing harmful dust emissions
from aggregate extraction by applying good planning and design such as:
1. Locate dust generating activities away from neighbours and dust

sensitive receptors as far as possible.
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2. Paving road surfaces within the site where a negative impact on a
dust-sensitive receptor is likely;

3. Use water sprays to minimise dust pick up by wind in unpaved haul-
roads, conveyors, stockpiles, material transfer points and any areas
subject to wind erosion (Plates 4.2 and 4.3);

4. Get rid of dirt from vehicles before leaving the site, provide washing
facilities to clean wheels and vehicles

5. Use sheets to cover fine dry loads or spray the loads prior to exiting
the site, reduce speeds and limit movement of vehicles. also if
necessary regular cleaning of public roads in the vicinity of the
entrance;

6. The creation of buffer zones, windbreaks, Vegetated berms and
Plantation of trees can restrict transport of dust; also screen the
quarrying operation from surrounding landscaped (Plate 4.4).

7. Stop or avoid operation if the creation of dust emissions can not be

controlled or reduced to an acceptable level (DOE, 1991c).

Plate 4.2 Water Sprays of Unpaved Haul-Roads to Minimise Dust Pick Up by
Wind (Source Stevenson, 2004)
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Plate 4.4 Vegetatd ers and Plantation of Trees around the Site Can
Restrict Transport of Dust (Photo Taken by the Author, 2005)
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The Environment Agency presents a good summary of the main source of dust

during aggregates extraction and the best way to reduced to an environmental

acceptable level (Table4.2).

KEY METHODS OF REDUCING AND CONTROLLING DUST

Soil handling and
storage

Restrict the duration of the activity. Seal and seed storage mound
surfaces as soon as is practicable.
Protect surfaces from winds until disturbed areas are sealed and stable.

Protect exposed material from wind (by keeping material within voids or

Over b_urden protecting them by topographical features).
handling and o .
Spray exposed surfaces of mounds regularly to maintain surface moisture.
storage M .
Minimise handling.
Use dust extraction equipment, such as filters, on exhaust air emissions
Drilling and from drill rigs.
blasting Remove the dusty material collected from the area of blast prior to
detonation.
Loading/Unloading | Reduce drop heights wherever practicable.
activities Protect activities from wind.
Varies depending on types of equipment used but generally complete
Minerals enclosure is best with use of air extraction and filter equipment as
processing appropriate.

Use water sprays.

Material storage

Dampen material.
Protect from wind and store under cover.
Screen material to remove dusty fractions prior to external storage.

Transport by
conveyor within
site

Protect by use of wind and roof boards.

Shelter transfer points from wind.

Use scrapers to clean belts, with collection of scrapings for disposal.
Minimise drop heights and protect from wind.

Use water sprays.

Transport by
vehicle within and
off-site

Restrict vehicle speed.

Water unsurfaced roads.

Wheel or body wash at an appropriate distance from site entrance. This
should usually be inside the site entrance.

Load and unload in areas protected from wind.

Minimise drop heights.

Sheet or cover loaded vehicles.

Use water sprays/spray curtains to moisten material.

Sweep paved roads

Use paved roads where practicable

Table 4.2 Presenting Some Key Methods of Reducing and Controlling Dust
Impact from Surface Mineral Working (Source the Environment Agency, 2003)

4.5.1.3 Noise

The definition of noise is unwanted sound. Sound is simply considered as any

variation in air pressure that human ear can detect (The European Commission,
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1996). Sound is the result of pressure changes in the air caused by vibration or
turbulence. The amplitude of these pressure changes is stated in terms of
sound level, and the rapidity with which these changes occur is the frequency
of the sound. The duration of the sound and the way it is distributed in time are
also important aspects:
1. Continuous sound level little or no variation in time;
2. Varying sounds which have differing maximum levels or frequency
content over a period of time;
3. Intermittent sounds which are interspersed with quiet periods;
4. Impulsive sounds are characterised by relatively high sound levels and
very short durations;
5. Tonal noise generated by certain frequency patterns (e.g. humming

noise).

Mainly the duration and level of the noise determine the impacts of noise, but
they are also influenced by the noise frequency. Long term, high level sounds
are the most disturbing and damaging to human hearing and the most
annoying. Low frequency sounds tend to be less dangerous to hearing and less
disruptive than High frequency sounds. The way sounds are distributed in time
is also important, in that discontinuous noise appear to be less damaging to
human hearing than continuous noise because of the ear's ability to regenerate
during the quiet periods. However, discontinuous and impulsive sounds tend to

be more annoying because of their unpredictability (Suter, 1991).

Sources of noise from aggregate quarrying arise from activity both on and off-

site. On site, noise may arise from equipment used for extraction and
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processing that involves the use of powered machinery for excavation and
transport of materials within the site. Processing plant on site can often include
the use of crushing and grading plant, prior to the material being transported off
site by road or rail vehicles. On some sites, there will also be noise generated

from the blasting of rock (DOE, 1993b).

4.5.1.3.1 Impact from Noise

The effects of noise are difficult to quantify as people's tolerance to noise levels
and different types of noise varies considerably. Noise from aggregate
quarrying can have a noticeable environmental impact and is a common cause
of complaint. The potential effects of noise from an aggregates working are:

1. Prevent or disturb sleep, which started at noise level of about 30 dB (A)
for steady state continuous noise at the sleeper's ear. Sleep disturbance
may lead to frequent headaches and deterioration in mood.

2. Disturbance to the animals and birds which can be affected, mainly by
sudden noises such as blasting noise.

3. Hearing loss is one of the most obvious effects of excessive exposure to
noise. Hearing loss generally develops over a long period of time so the
damage can be caused before the person is aware of what has
happened.

4. Increased noise levels can interfere with speech and communication

such as face to face or telephone conversations (DOE, 1991c).

All of the impacts from noise described above may not necessarily show
themselves in areas around the quarry sites, but some of the impacts will be

noticeable, either to a greater or lesser degree of prominence. Nevertheless, it
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is recognised that noise from aggregate extraction can have a significant

impact on the environment and the quality of life of communities. It is therefore

important that standards and guidelines are enforced to ensure that noise

levels are kept to a minimum in a way that is environmentally acceptable as

well as economic and efficient for the site operators.

4.5.1.3.2 Best Practice to Control Noise Impacts

Noise can be controlled at aggregate operations by several methods such as:

1.

7.

Construct baffle mounds or noise fence around the site boundary to
provide acoustic and visual screening;

Use of the existing topography, buffer zone, berms, tree barriers or
combinations of these methods together can help to contain the noise;
Select low noise emission equipment and ensure that sound-reduction
equipment fitted to machinery is working properly and well maintained;
Keep haul routes within the site well maintained and avoid steep
gradients. Also consider paving if sensitive receptors are likely to be
affected;

Avoid unnecessary revving of engines and turn off equipment when it is
not required,;

Turn on plant and vehicles one after another rather than all together, and
limit the use of particularly noisy plant or vehicles;

Minimise drop height of materials.

The methods stated above formulated the best practice to control noise

impacts from surface mineral working (e.g. quarrying) and have been produced

by the UK government (DOE, 1993a). These methods if well implemented will

reduce the noise impact in the Libyan aggregates industry.
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4.5.1.4 Visual Impacts

The term visual impact used to describe a systematic analysis of the possible
impacts to the environment as a result of proposed development which can be
positive (beneficial) or negative (adverse) in nature depending upon the
circumstances (Nicholson, 1996). The visual effects of aggregate quarrying
have not only been widely recognised, but nowadays are considered as one of
the major environmental impacts. The exception to this is when good quarry
restoration leads ultimately to the creation of new landscapes at least
equivalent in visual terms to those that existed prior to extraction.

The visual impact from a development can result from several factors. Firstly
there may be elements of the development which may contrast with the
landscape in terms of form, height and colour, thereby creating an impact on
the landscape. There are often perceived negative associations with industrial
processes, which conjure up images of dereliction and disturbance. In addition,
if the development is long term, it might be perceived as being more permanent
and thus affecting a favourite viewpoint for some time. Theses factors can be
affected by the topographic positioning of a development, the attitude of the
observer, the characteristics of the viewpoint, the methods of working and the

meteorological condition(rain, fog, haze, cloud cover) (Nicholson, 1996).

The environmental effect of quarrying on the landscape can be significant and
unpleasant to the viewer. In general the significance of the change depends on
the topography of the area and to the type of landscape, plants and vegetation.
The potential sources of visual impact from quarrying activities are summarised

in Table 4.3.
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Quarry landforms
e Soil and overburden storage mounds
Screen bunds
Stockpiles
Waste heaps- including scrap
Quarry faces- active and disused
Haul roads and associated embankments or ramps
e Slurry ponds and settlement lagoons

Mobile plant
e Mobile processing plant
¢ Internal Quarry vehicles
e Road Vehicles- especially at the main access

Built structures

Storage hoppers

Crushing and screening plant

Washing, attrition, dewatering plant

High-level walkways and conveyors

Concrete and bituminous plant

Exhaust stacks

(The above elements tend to be more intrusive where raised above the skyline. Mitigation
of visual impact is facilitated if these elements are concentrated in a limited area of the

quarry)

Miscellaneous sources
Long-range indicators of quarrying activity:
e Air pollution ( water vaper, dust, vehicle fumes)
e Dust deposits (e.g. surrounding vegetation)
e Mud on road
e Lighting, especially during night time operation

Other sources:
e Long term alteration to the existing landform profile (e.g. removal of hills and
woodlands)
e Inappropriate perimeter planting

Table 4.3 The Potential Source of Visual Impact from Quarrying (Source,
Nicholson, 1996).

4.5.1.4.1 Best Practice to Control Visual Impacts

In order to keep the visual impact of aggregate quarrying to a minimum the
following may be considered:

1. Screening the quarry from view using the topography such as hills or by
planting with mature trees, shrubs and plants. These actions could
create or improve wildlife habitats and enhance the local ecology.

2. Use Landscaped mounds and overburden from the aggregate extraction

to screen site and plant;
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3. Locate and design the processing plant, lorry parks etc... to minimize the
visibility at the outset;
4. controlling the dust;
5. Clean the quarry access; also screen the internal and external routs with
mounds where necessary.
6. Use curved access route to conceal quarry from critical viewpoints
(Nicholson, 1995).
The methods stated above by Nicholson (1995) as a best practice to control
visual impacts from aggregate quarrying have been used in the UK aggregates
industry. Using these methods in the Libyan aggregates industry could help to

reduce the visual impacts.

4.5.1.5 Water

Aggregate quarrying by its very nature creates risks to surface water and
groundwater. Indeed the removal of overlying vegetation and soil strata
during the aggregates quarrying process means that the vulnerability of the
groundwater to pollution is increased as the natural protection resistance is
removed. Surface water may also be affected by the large quantities of silt,
fine particulate solids, oil, fuels etc that are produced by the machinery and
quarry equipment which can be carried into surface water by storm water
effluent (The Environmental Agency, 2006). The quarrying industry has a
very wide range of environmental impacts on the quality, levels and flow
patterns of groundwater, surface water and the water environment in
general.

According to MPG 11 (DOE, 1993a) there are potential effects of mineral

workings on the surface water and ground water regimes. The most
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environmental impacts of aggregate quarrying on water environment are as
follows:
A) The main potential effects of quarrying on the surface water regime are to:
1. Change the surface by quarrying which effect the flow regime;
2. Change the pattern of surface water flows, which reduce the water flow
due to lack of recharge from groundwater;

3. Reduce the quantity, and physical and chemical quality of those flows.

B) The principal changes in the groundwater regime which may arise are:

1. The removal of the top layers (overburden, mineral and soil) in the
quarrying area and replace it by imported materials for another place
during site restoration may change:

e The quality of the infiltration water recharging the aquifer,
e The rates and timing of recharge of the aquifer and surface water
flows,

2. Quarrying may dewater or divert surface water courses from one place
and discharge it in another which may:

e change the supply of water to abstractions and spring-fed surface
water courses,
¢ lead to settlement of the ground surface, buildings, etc,
e change the quality of the water before discharging it,
3. Discharges from the equipment and machinery in the quarry such as oll,

fuel spoilage may cause physical and chemical contamination.

4.5.1.5.1 Best Practice to Control Water Impacts

These effects inevitably can be more wide-reaching than most other

environmental impacts, because of the way water moves, but if appropriate
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mitigation is in place with careful assessment, planning, monitoring and control
most of these adverse effects can be anticipated and prevented, or at least
minimised. The Department of Environment (1991c) states some suggestions

to minimise quarrying impact on the water environment:

1. Avoid oil, fuel and chemical spoilage;

2. Monitor or check ground water levels, quantity and quality of recharge
flows and neighbouring abstractions during operations;

3. Consider not dewatering, if it's unavoidable, try to use observation wells
or progressively dewater in cells and reduce the inflow of water by
sealing;

4. Provide bunding to keep surface water out of workings;

5. Minimise obstruction of flood regime by using retention ponds and traps
of overburden or waste;

6. Try to limit erosion by vegetation or roughening the surfaces of
overburden, soil or waste mounds also restoring working areas and
lining water courses helps to reduce erosion;

7. Avoid extracting materials below the water table especially if the site is

close to the sea which will cause sea water intrusion to ground water.

The above suggestions which have been stated by the Department of
Environment to minimise quarrying impact on the water environment in the UK
aggregates industry, could help to reduce the water impacts in the Libyan

aggregates industry.

4.5.1.6 Traffic (Aggregate Transportation)

Aggregate transport basically refers to a means of conveying aggregates from

site to processing or to the point of use. Most aggregate quarries transport their
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material by road, which causes various environmental impacts such as
increased congestion, together with visual intrusion, air pollution, dust, noise

and vibration, through to reduced access and safety.

Traffic impact is one of the most intractable problems associated with quarrying
of aggregate and the potential off-site effects of traffic are:
1. The number and size of vehicles on the road which may cause
congestion, accidents or difficulties for pedestrians;
2. Damage roads or their verges which can give rise to damage to other
vehicles or cause accidents;
3. Spills or drops of loaded material onto roads and possibly spreading
dust;
4. Creation of visual disturbance, air pollution, dust, noise and vibration in
areas nearby the transportation roads;
5. Generate late evening/early morning parking nuisances near quarry

sites (DOE, 1991c).

4.5.1.6.1 Best Practice to Control Traffic Impacts

Using alternative transport methods may decrease these impacts, otherwise,
sensible planning of routes and times and using high standard of vehicle

condition and driver behaviour can all help to minimize the impacts.

The Department of Environment (1991c) states some suggestions to minimise

traffic impact to the environment:
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1. Provision of sign-posting in the quarry site entrance including information
and instructions to show the driver which way vehicles can turn;

2. Covering or sheeting of Lorries before leaving the site to minimise
materials drop and dust emission along the transport route;

3. Providing washing facilities adequate for wheels and vehicle;

4. Seek alternative transportation methods to longer distance road haulage,
e.g. rail, waterways;

5. Avoid sensitive areas and using large vehicles in narrow winding roads
which are not designed for large vehicles and heavy traffic;

6. Require that drivers use agreed routes, also making sure that they use
wheel/vehicle washing facilities and sheet their vehicles where
appropriate;

7. Enforce agreed vehicle arrival/departure times.

The above suggestions have been stated by the Department of Environment to
minimise quarrying impact on traffic in the UK aggregates industry. Using these
suggestions in the Libyan aggregates industry could help to reduce the traffic

impacts.

4.6 Chapter Summary

This chapter has reviewed the theory of environmental impact and how it can
be assessed according to its magnitude and significance. It has also described
the environmental impacts associated with each stage of extraction of
aggregates and how they can be kept at an acceptable level.

Impacts on the environment can lead to changes in existing conditions; the

impacts can be direct, indirect or cumulative. The first step to assess these
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impacts is to understand and predict the source-pathway-receptor relationship
and the second step is to assess the magnitude and the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>