
9

Contents

CHAPTER 1
INTRODUCTION

1.1.  Environmental concept ........................................................................................................................................................................ 15

1.2.  Environmental impacts of transportation means ................................................................................ 15

1.3.  Analysis tools .......................................................................................................................................................................................................... 16

1.3.1.  Satellite remote sensing .................................................................................................................................................... 16

1.3.2.  Aerial photographs .................................................................................................................................................................. 17

1.3.3.  Maps ................................................................................................................................................................................................................ 17

1.3.4.  Comparison study of analysis tools ............................................................................................................ 21

1.3.5.  The use of computers .......................................................................................................................................................... 21

1.4.  Classification of environmental impacts .............................................................................................................. 21

1.4.1.  Environmental impacts according to cause ................................................................................ 21

1.4.2.  Environmental impacts according to type ...................................................................................... 23

1.4.3.  Severity of environmental impacts ................................................................................................................ 24

References .................................................................................................................................................................................................................................... 25

CHAPTER 2
SOCIO-ECONOMIC ASPECTS

2.1.  The environment as an economic good ................................................................................................................ 28

2.2.  Economic approach of environmental value ................................................................................................ 28

2.2.1.  The resource approach .................................................................................................................................................... 28

2.2.2.  The Utility approach ............................................................................................................................................................ 30

2.2.3.  The Risk approach .................................................................................................................................................................. 30

2.3.  Social impacts ........................................................................................................................................................................................................ 30

2.4.  Categorization of social impacts .......................................................................................................................................... 31

2.4.1.  Severance ................................................................................................................................................................................................ 31

2.4.2.  Encroachment ................................................................................................................................................................................ 32

2.5.  Economic effect of social impacts and their mitigation .......................................................... 32

2.6.  Economic evaluation of non-social impacts .................................................................................................. 33

2.6.1.  Air pollution monetary values .............................................................................................................................. 33

2.6.1.1.  General theories of evaluation ................................................................................................ 33



2.6.1.2.  Case studies ............................................................................................................................................................ 34

2.6.2.  Noise impact evaluation ................................................................................................................................................ 35

2.7.  Political issues ........................................................................................................................................................................................................ 35

References .................................................................................................................................................................................................................................... 36

CHAPTER 3
LANDSCAPE AND AESTHETICS

3.1.  Introduction .............................................................................................................................................................................................................. 39

3.2.  Rural roads .................................................................................................................................................................................................................. 41

3.2.1.  Alignment ................................................................................................................................................................................................ 41

3.2.2.  Construction ...................................................................................................................................................................................... 49

3.3.  Streets (urban roads) ................................................................................................................................................................................ 51

3.4.  Special road constructions .............................................................................................................................................................. 54

References .................................................................................................................................................................................................................................... 57

CHAPTER 4
SOIL AND WATER

4.1.  Soil pollution ............................................................................................................................................................................................................ 59

4.2.  Water pollution .................................................................................................................................................................................................. 61

4.2.1.  Changes in the water table ........................................................................................................................................ 62

4.2.2.  Modification of surface flow .................................................................................................................................. 63

4.2.3.  Pollution of drinking water ........................................................................................................................................ 63

4.3.  Mitigation measures .................................................................................................................................................................................. 64

4.4.  Pollution due to de-icing procedure ............................................................................................................................ 65

4.4.1.  De-icing chemicals .................................................................................................................................................................. 66

4.4.2.  De-icer application .................................................................................................................................................................. 66

4.5.  Mitigation measures .................................................................................................................................................................................. 67

4.6.  Pollution due to the transportation of hazardous materials ............................................ 68

References .................................................................................................................................................................................................................................... 68

CHAPTER 5
ECOLOGY

5.1.  Introduction .............................................................................................................................................................................................................. 69

5.1.1.  Direct impacts .................................................................................................................................................................................. 69

5.1.2.  Indirect impacts ............................................................................................................................................................................ 70

5.2.  The ecological assessment .............................................................................................................................................................. 70

5.3.  Ecosystems .................................................................................................................................................................................................................. 71

5.4.  Environmental impacts and mitigation measures .............................................................................. 73

10



5.4.1.  Fauna ............................................................................................................................................................................................................ 73

5.4.2.  Evaluation of mitigation measures .............................................................................................................. 76

5.4.3.  Flora ................................................................................................................................................................................................................ 76

References .................................................................................................................................................................................................................................... 76

CHAPTER 6
AIR POLLUTION

6.1.  Introduction .............................................................................................................................................................................................................. 77

6.2.  Air pollutants .......................................................................................................................................................................................................... 78

6.2.1.  Pollutant characteristics and their effects ........................................................................................ 79

6.2.1.1.  Characteristics .................................................................................................................................................... 79

6.2.1.2.  Effects ................................................................................................................................................................................ 80

6.3.  Air quality standards ................................................................................................................................................................................ 87

6.4.  Factors influencing the emissions of pollutants ...................................................................................... 88

6.4.1.  Type of vehicles .............................................................................................................................................................................. 88

6.4.2.  Air-fuel mixture ............................................................................................................................................................................ 89

6.4.3.  The speed ................................................................................................................................................................................................ 90

6.4.4.  The road alignment ................................................................................................................................................................ 91

6.4.5.  Catalytic converters ................................................................................................................................................................ 94

6.4.6.  Drivers’ behaviour .................................................................................................................................................................... 94

6.5.  Policies to reduce vehicle emissions ............................................................................................................................ 96

6.6.  Financial aspect .................................................................................................................................................................................................. 98

6.6.1.  Vehicle retirement as a factor of emissions reduction ................................................ 98

6.7.  Prediction models of pollutant emission rates ...................................................................................... 100

6.7.1.  Estimation of pollutant emissions ............................................................................................................ 101

6.7.1.1.  The MOBILE model .......................................................................................................................... 104

6.7.1.2.  The EMFAC7F model .................................................................................................................... 104

6.7.1.3.  The Hickman-Colwill model ................................................................................................ 106

6.8.  Dispersion models .................................................................................................................................................................................... 107

6.8.1.  Meteorology ...................................................................................................................................................................................... 107

6.8.2.  Basic theory of dispersion models (project level) ............................................................ 110

6.8.3.  Dispersion models in use .......................................................................................................................................... 113

6.8.3.1.  The TRRL model ...................................................................................................................................... 115

References ................................................................................................................................................................................................................................ 117

CHAPTER 7
NOISE

7.1.  Noise fundamentals ................................................................................................................................................................................ 121

7.2.  Noise measurements ............................................................................................................................................................................ 124

11



7.2.1.  Measuring instruments ................................................................................................................................................ 125

7.2.2.  Sound-level measurement instrument ................................................................................................ 125

7.3.  Noise legislation ............................................................................................................................................................................................ 126

7.4.  Noise annoyancy (nuisance) .................................................................................................................................................. 127

7.5.  Noise sources ...................................................................................................................................................................................................... 128

7.5.1.  The vehicle ........................................................................................................................................................................................ 128

7.5.2.  Traffic volume and its composition ...................................................................................................... 129

7.5.3.  Vehicle speed ................................................................................................................................................................................ 130

7.5.4.  Road alignment ........................................................................................................................................................................ 134

7.5.5.  Pavement type .............................................................................................................................................................................. 135

7.6.  Noise during construction .......................................................................................................................................................... 136

7.7.  Noise propagation ...................................................................................................................................................................................... 137

7.8.  Noise prediction ............................................................................................................................................................................................ 140

7.8.1.  Simple noise prediction models .................................................................................................................... 141

7.8.1.1. Italy ...................................................................................................................................................................................... 141

7.8.1.2.  Japan .............................................................................................................................................................................. 142

7.8.1.3.  The Ontario models .............................................................................................................................. 142

7.8.2.  Complex noise prediction models .............................................................................................................. 145

7.8.2.1.  The German model .............................................................................................................................. 145

7.8.2.2.  The FHWA model .................................................................................................................................. 146

7.8.2.3.  The AASHTO - FHWA model .......................................................................................... 147

7.8.2.4.  The FHWA noise model (FHWA TNM Version 1.0) ................ 151

7.8.2.5.  The Nordic prediction method .......................................................................................... 154

7.8.2.6.  The UK model ................................................................................................................................................ 170

7.8.3.  Noise prediction models for urban areas ...................................................................................... 173

7.8.3.1.  The French method .............................................................................................................................. 173

7.8.3.2.  The Nordic method .............................................................................................................................. 176

7.8.3.3.  The Swiss model ........................................................................................................................................ 179

7.8.4.  Noise prediction during construction .................................................................................................. 181

7.9.  Noise abatement .......................................................................................................................................................................................... 183

7.9.1.  Action on vehicles ................................................................................................................................................................ 184

7.9.2.  Actions on road ........................................................................................................................................................................ 184

7.9.3.  Type of pavement .................................................................................................................................................................. 184

7.9.4.  Land use .............................................................................................................................................................................................. 186

7.9.5.  Special construction measures ........................................................................................................................ 186

7.9.6.  Natural barriers ........................................................................................................................................................................ 188

7.9.6.1.  Calculation of the noise attenuation of natural barriers ........ 191

7.10.  Artificial barriers .................................................................................................................................................................. 191

7.10.1.  Acoustic considerations .................................................................................................................. 195

12



7.10.1.1.  Noise barrier effectiveness ...................................................................................................... 202

7.10.2.  Non-acoustic consideration ............................................................................................................................ 204

References ................................................................................................................................................................................................................................ 209

CHAPTER 8
CULTURAL HERITAGE

8.1.  Introduction .......................................................................................................................................................................................................... 213

8.2.  The collection of information .............................................................................................................................................. 214

8.3.  Impacts ............................................................................................................................................................................................................................ 215

8.4.  Mitigation measures .............................................................................................................................................................................. 216

8.5.  General remarks .......................................................................................................................................................................................... 217

References ................................................................................................................................................................................................................................ 217

APPENDIX A
NUMERICAL APPLICATION OF TRRL DISPERSION METHOD .......................................................... 219

APPENDIX B
THE AASHTO-FHWA MODEL APPLICATION OF THE SHORT METHOD ................ 225

APPENDIX C
APPLICATION OF THE UK METHOD. THE GRAPHICAL PROCEDURE .................................. 229

APPENDIX D
FRENCH MODEL FOR URBAN NOISE PREDICTION .............................................................................................. 239

APPENDIX E
SWISS MODEL FOR URBAN NOISE PREDICTION ...................................................................................................... 241

13


