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The Semenyih River Basin has undergone various degrees of land use changes since the 

last decade, particularly associated with urbanization and industrialization. The total area 

of the basin is 266.60 km2 and contains 36 sub-catchments with sizes ranging from 1.37 to 

35.57 km2. An integrated study was carried out to determine the various factors of land use 

changes that may affect the stability of the watershed and its subsequent impacts on water 

quality. Rock and soil samples were analyzed in a petrographic and XRF methods and 

sieve analysis for soil. Rainfall-runoff relationships were created to elucidate the 

hydrologic responses and to develop the graphical analysis. Stream flow pattern of 

particular years were grouped to show their flow variations. 18 water quality parameters 

were performed from the 11 sampling locations at the Semenyih River that were also used 

for the hydrological measurements. The water quality analysis is involved 4 in-situ 

parameters and 14 laboratory parameters. The relationships of hydrology and water quality 

variables were determined by regression and correlation analysis. The above three criteria 

was used together with land use and population density factors to develop the basin 

classification system. 
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The geology of the study area consists of five rock formations with the dominant feature 

being granitic rocks. The soil in the study area comprises seven soil series and five types of 

soil texture. Seven categories of land use were identified and forests constitute the largest 

land use. Rainfall-runoff relationships based on hydrologic response analysis showed that 

urbanization in Semenyih town contribute to significant surface runoff compared to the 

other land uses. Graphical analysis indicated that the Semenyih dam regulates the flow of 

the Semenyih River. The principal categories of pollution sources were from domestic 

activities, industries, manufacturing activities and land clearing activities. The results 

indicated that water quality deterioration due to urban wastes was significant (WQI 56 to 

48). The mean values for eight water quality parameters (turbidity, TOS, N03, NH3-N, 

S04, BOD, E.coli and COD) increased by 30% to 50% (WQI 53 to 36) during wet periods. 

The mean concentration of the water quality parameters analyzed between dry and wet 

periods was significantly different (p<0.05). The results of the Semenyih River Basin 

classification was established for the 36 sub-catchments and indicated that 12 forested sub

catchments can be classified as "good"; six agriculture and forested sub-catchments as 

"fair"; ten agriculture and settlements sub-catchments as "slightly disturbed" and eight 

urban sub-catchments classified as "disturbed". Finally, based on this study it can be 

concluded that the condition of the Semenyih Basin is slightly disturbed. In the near future, 

more land will be developed, due to increase in infrastructure development, population and 

industrial activities that will increase of the pollution level in the Semenyih River. 
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Lembangan Sungai Semenyih telah mengalami pelbagai tingkatan perubahan guna tanah 

sejak dekad lalu, terutamanya yang berkaitan dengan perbandaran dan perindustrian. 

Keluasan lembangan ialah 266.60 km persegi, mengandungi 36 sub�lembangan dengan 

julat keluasan di antara 1.37 sehingga 35.57 km persegi. Suatu kajian integrasi telah 

dijalankan untuk menentukan kepelbagaian faktor penyebab perubahan guna tanah yang 

mempengaruhi kestabilan lembangan dan seterusnya memberikan kesan kepada kualiti air. 

Contoh batuan dan tanih telah dianalisis menggunakan kaedah petrografi dan XRF dan 

analisis sieve untuk tanih. Hubungan hujan-air larian diwujud untuk memperjelaskan 

keadaan kesan hidrologi serta untuk membentuk analisis grafik. Corak larian air bagi 

selang masa beberapa tabun telah dikelompokkan untuk menunjukkan variasi aliran. 18 

parameter kualiti air dan pengukuran hidrologi telah dilakukan berdasarkan kepada 11 

lokasi pensampelan di Sungai Semenyih. Analisis kualiti air a.<ijUah melibatkan 4 parameter 

insitu dan 14 parameter makmal. Perhubungan diantara variable-variabel hidrologi dan 

kualiti air ditentukan menggunakan analisis regresi dan korelasi. Ketiga kriteria di atas 

digabungkan dengan faktor guna tanah dan ketump�tan penduduk untuk 

membangunkan sistem pengkelasan lembangan . 
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Geologi kawasan kajian terdiri dari lima formasi batuan dengan didominasikan oleh batuan 

granit. Tanah di kawasan kajian terdiri daripada tujuh siri tanah dan lima jenis tekstur 

tanah. Tujuh kategori guna tanah telah dikenal pasti dengan hutan merupakan kategori 

guna tanah yang terluas. Hubungan di antara hujan dan air larian berdasarkan kajian kesan 

hidrologi menunjukkan bahawa kegiatan perbandaran di Pekan Semenyih adalah 

penyumbang kepada bedakunya air larian permukaan yang signifikan jika dibandingkan 

dengan jenis guna tanah yang lain. Analisis secara grafik menunjukkan bahawa aliran 

Sungai Semenyih berada dibawah kawalan Empangan Semenyih. Kategori utama sumber 

pencemaran telah dikenal pasti, iaitu hasil buangan dari kegiatan domestik, kegiatan 

pembuatan dan kegiatan pembukaan tanah. Hasil kajian mendapati bahawa pencemaran 

keatas kualiti air yang disebabkan oleh buangan bandar secara amnya adalah signifikan 

(WQI 56 hingga 48). Kepekatan tujuh parameter kualiti air (turbiditi, TDS, N03, NH3-N, 

S04, BOD, E.coli dan COD) meningkat sehingga 30% ke 50% semasa pensampelan 

musim hujan. Purata ketumpatan beberapa parameter kualiti air yang dianalisis diantara 

musim kering dan musim hujan adalah berbeza secara signifikan (p<0.05). Hasil daripada 

pengkelasan terhadap 36 sub-lembangan Sungai Semenyih menunjukkan bahawa 12 sub

lembangan termasuk dalam kategori guna tanah hutan dikelaskan sebagai "baik"; enam 

sub-lembangan pertanian dan hutan sebagai "sederhana"; sepuluh sub-lembangan pertanian 

dan penempatan sebagai "sedikit terganggu" dan lapan sub-Iembangan dikelaskan sebagai 

"terganggu". Akhimya, dapatlah disimpulkan dalam kajian ini bahawa Lembangan 

Semenyih berada dalam keadaan sedikit terganggu. Pada masa hadapan Lebih banyak lagi 

kawasan akan berkembang seiring dengan meningkatnya pembangunan infrastruktur, 

peningkatan jumlah penduduk dan kegiatan perindustrian yang seterusnya akan membawa 

kepada meningkatnya paras pencemaran Sungai Semenyih. 



ViI 

ACKNOWLEDGEMENTS 

I would like to thank my supervisor, Associate Professor Dr. Wan Norazmin Sulaiman for 

his guidance and support during my studies. I am also grateful for his tolerance and 

friendship. Without his help and constant guidance this thesis would never have been 

written successfully. 

Grateful acknowledgement is due to my co-supervisors Associate Professor Dr. Mohd. 

Ismail Yaziz and Professor Dr. Abd. Rahim Hj. Samsudin. 

I am indebted to En. Azmi Japri from Department of Irrigation and Drainage (DID), En. 

Mohamad Japri from Department Of Environment (DOE), and Encik Abdullah Rejap from 

Puncak Niaga Sdn. Bhd. for their valuable hydrology and water quality data. 

I would like to extent my gratitude to the technical staffs of the Department of 

Environmental Sciences, UPM, who has been friendly and also assisted towards the 

successful completion of this thesis, particularly En. Sujak Samad, En. Zulkipli Ibrahim, En. 

Zubair Mohd. Saad, En. Zaman Jais, Nahariah Md. Lia and Ahmad Ithnin. 

Special thanks are due to Associate Professor Dr. Ibrahim Abdullah, which was former 

Head Department of Geologi, UKM and Prof. Dr. Hamzah Moharnad who allowed me to 

use all the Department facilities, which have enormously helped me to complete the thesis. I 

am also very grateful to all members of the staffs in this Department especially Hj. Aziz 

Ngah, En. Jailani Miskam, En.Hamid and En. Sis who have taken the trouble of preparing 

the XRF analyses, soil investigation and rock and thin sections analysis. 



Thanks are also due to other members at UPMIUKM and friends especially my college . 

Associate Professor Or. Sahibin Abd. Rahim, Associate Professor Or. Lee Y ook Heng, 

Associate Professor Ahmad Mabir and Or. Gery Gibe from Faculty Science & Technology, 

UKM and Prof Dr. Nordin Hj. Hassan and Prof Dr. Dato' Latiff Mohammad from 

LESTARI (now Dean of FST, UKM) for their assistance and useful discussions either 

directly or indirectly during the study. 

Financial support provided under the staff-training scheme is greatly acknowledged from 

UKM. Study leave from UKM is also highly appreciated. 

Last but not least, I wish to express my sincere thanks to my mother, Hjh. Salehah Bte. 

Said, my beloved wife, Dr. Susan Mohammad and my children Haniff, Nabilah, Fadhi} and 

Abdul Razak, and my other family members for their patience, understanding and moral 

support during the course of this work. 



TABLE OF CONTENTS 

Page 

DEDICATION 11 
ABSTRACT III 
ABSTRAK v 

ACKNOWLEDGEMENTS VlI 
APPROVAL SHEETS IX 
DECLARATION FORM XI 
LIST OF TABLES XVll 
LIST OF FIGURES XIX 
LIST OF PLATES XXlll 

CHAPTER 

I INTRODUCTION 1 

Statements of Problems 2 
Significance of the Study 8 

The Aim of the Study 9 
Hypothesis of the Study 9 

n LITERATURE REVIEW 12 

The Hydrologic Cycle 12 
Stream flow 14 
Infiltration 15 
Evaporation and Evapotranspiration 16 
Surface Runoff 19 
The Relationship between Rainfall, Evapotranspiration and Infiltration 24 
The Drainage Basin 25 

The Morphometric Control 29 
Stream Order 31 

Geology 36 
The Geologic Circle 36 
The Geologic Column 38 

Weathering and Soil Formation 39 
Product of Weathering 40 
Factor of Soil Development 41 
Soil Profile 46 
Other Soil Properties 48 

X11 



m 

Soil Texture 
Soil Structure 
Soil Colour 
Soil Type 

Water Chemistry Analysis 
Trilinear Diagram 

Erosion and Sedimentation 
Soil Loss Equation 
Sediment Delivery Process During Overland flow 

Land use and Their Relationships with Water quality 
Land use Effects on Urban 
Land use Effects on the Industry 
Land use Effects on the Agriculture 
Land use Effects on the Mining 

Microbiology of E Coli 
The Genus of Escherichia 
The Antigen of Escherichia 

E. coli Serotypes in Diarrheal Disease 
Water quality and Pollution 
The Nitrogen 

Accumulation of Nitrogen 
Nitrogen Cycle 

Water quality Indices 
DOE-WQI 
Harkin's Objective WQI 

Water quality Monitoring 
Development Impact on Environment 

THE STUDY AREA 

Population 
Land use 

Forest 
Agricuiture/Horticulture 
Settlements & Industry 
Mining 
Rubber and Palm oil 
Water Bodies 

Geology 
Granite Main Range 

Climate 
Rainfall 
Evaporation 

Soil Characteristics of Semenyih basin 
Disturbed land 
Renggam Series 

xiii 

48 
48 
49 
50 
51 
51 
53 
54 
57 
59 
59 
60 
61 
63 
66 
68 
69 
71 
72 
81 
81 
83 
87 
87 
90 
92 
95 

100 

102 
104 
105 
1 10 
110 
113 
119 
120 
122 
124 
125 
126 
133 
134 
134 
136 



IV 

V 

Steep land 
Local Alluvium-Collovium Association 
Inland swamp Association 
Seremban-Mounchong-Seradang and Kedah association 

Land Surface of the Semenyih Basin 
Hilly Topography 
High Relief Topography 
Low Relief Topography 
Lowland Area 

MATERIALS AND METHODS 

Study Methods 
Types of study method 

Study Method of the Semenyih Basin 
Location of Sampling Sites 
Frequency of water sampling 
Watershed Analysis 
Geology and Soil Investigation 

Photo geology 
Geological investigation 

Morphometry !Basin Analysis 
Hydrology 
Land use and Soil Maps 
Water Quality Assessment 
Water quality Analysis 

In-situ Analysis 
Laboratory Analysis 

Water Quality Index 
Statistical Analysis 

RESULTS AND DISCUSSIONS 

The Petrography Properties of Rock Formations 
Metamorphic Rocks 

Jelebu Schist 
Quartzite 
Hornfels 

Kajang Formation 
Kenny Hill Formation 
Granitic Rocks 

Semenyih Granite 
Broga Granite 

Soil Analysis of the Semenyih Basin 
Chemical Analysis 

Major Elements 

136 
137 
138 
139 

140 

140 

142 

142 

143 

144 

144 
145 
155 
156 
158 
159 
160 

161 
161 
165 
165 
166 
167 
169 
169 
170 
172 
172 

173 

173 
173 
173 
173 
174 
177 
179 
181 
182 
188 
191 
194 
194 

Xl\' 



Trace Elements 
Hydrology of the Semenyih River 

The Semenyih Basin 
The Semenyih River Profile 
Morphometry Pattern 
Stream flow 
Stream flow and Rainfall analysis from 1969 to 1995 

Precipitation-Runoff Relationship 
The Hydrologic Response 
The Graphical Analysis of Rainfall-Runoff Relationship 
The Semenyih Dam 

Water Quality of the Semenyih River 
pH 
Electrical Conductivity 
Temperature 
Color 
Dissolved Oxygen 
Biochemical Oxygen Demand 
Chemical Oxygen Demand 
Escherichia Coli 
Nutrients 

Ammoniacal Nitrogen 
Total Kjeldahl Nitrogen 
Nitrate 
Phosphate 

Chlorophyll-a 
Sulphate 
Heavy Metals 

Mercury 
Zinc 
Cadmium 
Cobalt 
Nickel 
Lead 
Copper 
Iron and Manganese 

Siltation 
Water Quality Index 

Statistical Analysis of the Semenyih watershed 
Introduction 
Descriptive Statistics 
Correlation and Regression Analysis 

A. Descriptive Statistical Analysis of Rainfall and Discharge 
Histogram Diagram 
Discharge Duration Curve 

B. Relationship Between Rainfall-Runoff 
Water quality of Semenyih River 

'\.\ 

197 

201 
202 
204 
207 
212 
216 
219 
219 
230 
238 
240 
246 
248 
249 
250 
251 
254 
258 
260 
264 
265 
266 
268 
270 
271 
273 
274 
276 
276 
277 
278 
279 
280 
281 
283 
286 
293 
296 
296 
296 
297 
298 
299 
301 
302 
306 



�\'l 

Land use Activities of the Semenyih Basin Classification 310 
Forestry Activities 3 10 
Population Growth 312 
Urban and Associate Activities 314 
Land Clearing Activities 315 
Ex-Mining 3 17 
Water Quality and Water Quality Index 318 
Evaluation of the Semenyih Sub- catchments 321 
Classification of the Semenyih Sub- catchments 325 
Output of the Classification System 326 
Relationship of Land use, Morphometric, Hydrology 
and Water Quality 328 
Future Government Plan for the Basin 329 

VI CONCLUSION 332 

Further Studies 339 

BffiLIOGRAPHY 340 

APPENDICES 358 

BIODATA 368 

PUBLISHED WORK (1996-2003) 369 



LIST OF TABLES 

1. Rational Method Runoff coefficient 21 

2. Chemical weathering products of common rocks-forming silicate mineral 40 

3. Possible sources of pollution 61 

4. Eight types of agricultural land uses and their pollutants sources 62 

5. Impact of the land use on the water quality 65 

6. DNA relatedness among Escherichia 69 

7. Best fit equation for the estimation of the variant sub index value 87 

8. Classification and ranges of the WQI standard assessment 89 

9. Distribution of land use in the study area 122 

10. Location of sampling point and land use criteria 158 

11. The instrument/method of analysis of specific water quality 171 

12. Semenyih Basin soil samples distribution (top soil-30 cm. depth) 192 

13. Soil texture classes of the study area 193 

14. Morphometric characteristics of Semenyih River Basin 210 

15. 1993 monthly hydrological variables of Semenyih Dam Rainfall 
Station 221 

16. 1993 monthly hydrological variables of Genting Peras Rainfall 
Station 222 

17. 1993 monthly hydrological variables of Dominion Rainfall 
Station 223 

18. 1993 monthly hydrological variables ofRinching Rainfall 
Station 225 

19. 1975 to 1981 mean monthly hydrological variables of the Rinching Station 226 

20. 1993 monthly hydrological variables of PO RIM Rainfall 
Station 227 

21. Water quality index at three stations from 1990 to 1998 244 

22. Concentration of nine heavy metal elements from the study area 285 

23. Water Quality Index at eleven Station in the study area 294 

24. Descriptive statistic for the parameters ofRinching Station for 
period 1975 to 1995 299 

xvii 



\\ III 

2S. t -test for mean between sampling 1 and 2 309 

26. Schematic procedure of basin evaluation based on five categories of indicators 

and their associated scales 323 

27. Four criteria of basin classification of the Semenyih Basin 325 

28. Comparative characteristics of five sub-basins in the Semenyih River 328 

29. 2000 population distribution from six mukims in the Hulu Langat District 329 

30. 1999 proposed developments for Mukim Beranang 331 

3l. 1 999 proposed developments for Bandar Rinching 331 

32. 1999 proposed developments for Tasik Semenyih lPekan Tarun 331 

33. 1999 proposed developments for Pekan Semenyih 331 



LIST OF FIGURES 

The hydrologic cycle embraces the continuous natural circulation at water 
between the ocean, the atmosphere and the land 13 

2. The effect of an organic effluent into stream on. 76 

3 .  The effect of pollution on biological life in  a stream 76 

4. Pathways of pollutants between basic ecological system 79 

5. Nitrate circle in soil and sediment 84 

6. Process-response framework of the development impacts on environment.. 99 

7. Location of the study area 101 

8. 1966 land use pattern of the study area 

9. 1974 land use pattern of the study area 

106 

107 

10. Rural settlement pattern of the study area. 112 

11. 1990 land use pattern of the study area 115 

12. 1997 land use pattern of the study area 116 

13. Land use pattern of the study area during 1966-1997 121 

14. Mean monthly rainfall for Genting Peras Station 127 

15. Mean monthly rainfall for Semenyih Dam Station 127 

16. Man monthly rainfall for Dominion Station 129 

17. Mean monthly rainfall for Rinching Station 129 

18. Mean monthly rainfall for Porim Station 130 

19. Isohyets map of mean annual rainfall of the study area 132 

20. Mean monthly evaporation of the Semenyih Basin 133 

21. 1966 soil map of the study area 13 5 

22. Distribution of the vertical elevation in the study area 141 

23. Interrelation concept in toxicology assessment 146 

24. Framework of water quality assessment 149 

25. Concept of the assessment procedure 151 

26. Location of water quality sampling stations in Semenyih Catchment 157 

27. Rock and soil sampling stations in the Semenyih River Basin 163 



28 The lUGS classification of granitic and allied rocks based on 
modal composition in volume % 164 

29. USDA soil texture classification 164 

30. The water quality assessment system 1 68 

3 I. Geological map of Semenyih River Basin 178 

32. Drainage pattern and distribution of the sub-basins within 
Semenyih Catchment 203 

33. Profile ofSemenyih Catchment showing physiographic zones 
and gradients 206 

34. Mean annual rainfall at Mile 25 Station from 1969 to 1981 216 

35. Mean monthly stream flow from Mile 25 Station from 1969 to 1981 217 

36 Mean annual rainfall in Rinching Station from 1975 to 1995 217 

37. Mean monthly stream flow in Rinching Station from 1975 to 1995 218 

38. Distribution of 1993 rainfall and runoff of Semenyih Dam Station 221 

39. Distribution of 1993 rainfall and runoff of Genting Peras Station 222 

40. Distribution of 1993 rainfall and runoff of Dominion Rainfall Station 223 

41. Distribution of 1993 rainfall and runoff of Rinching Rainfall Station. 225 

42. Rainfall and runoff distribution for Rinching Station 226 

43. Distribution of 1993 rainfall and runoff of PO RIM Rainfall Station 228 

44. Hydrologic response estimated from different land use categories 229 

45. Precipitation-runoff relationship in 1980,1982,1984,1986,1988 and 1990 
for Rinching Station 235 

46. A comparison between first and second stream flow measurements 246 

47. Distribution of pH for 1998 and 1999 247 

48. Conductivity levels in Semenyih River for 1998 and 1999 249 

49. Temperature levels in Semenyih River for 1998 and 1999 250 

50. Color levels in Semenyih River for 1998 and 1999 251 

51. DO levels in Semenyih River for 1998 and 1999 253 

52. BOD levels for 1998 and 1999 255 

53 COD levels for 1998 and 1999 259 

54. Distribution of E.coli in Semenyih Basin in 1998 and 1999 261 

55. Ammoniacal nitrogen levels in Semenyih River 1998 and 1999 266 

56. Distribution ofTKN between the two samplings programs 267 



57. Distribution of nitrate between the two samplings programs 

58. Distribution of phosphate for 1998 and 1999 

59. Chlorophyll distribution for 1998 and 1999 

60. Sulphate distribution from the two sampling programs 

61. Distribution of zinc in the 1999 sampling 

62. Distribution of cadmium in the 1999 sampling 

63. Distribution of cobalt in the 1999 sampling 

64. Distribution nickel in the study area 

65. Distribution lead in the study area 

66. Distribution copper in the study area 

67. Distribution of iron in 1999 sampling 

68. Distribution of manganese in 1999 sampling 

69.TDS concentration between two water sampling programs 

70.TSS concentration between two water sampling programs 

71. Distribution of TS between the two water sampling programs 

72. Distribution of turbidity between two water sampling programs 

73. Land use activities around eleven sampling stations in Semenyih River 
Basin 

74. Distribution of skewness between rainfall (A) and stream flow (B) 

75. Contrasting discharge duration curve between (A) before dam construction 
and (B) after dam construction 

76. Curve fit of rainfall and runofffor 1975 -1980 and 1981 - 1984 plots 

77. Curve fit of rainfall and runofffor 1985 -1990 and 1975 - 1990 plots 

78. Distribution of forest reserve between 1966 to 1997 

79. Comparison of population density between study area with another 
mukimldistrict 

80. Development of urban and associated areas in Semenyih Basin 

81 The highest daily mean of suspended solids from 1980 to 185 and 1999 

82 Progressively increase of tin mine and quarry areas between 1966 to 1997 

XXI 

269 

270 

272 

274 

277 

278 

279 

280 

281 

282 

284 

285 

288 

288 

289 

289 

291 

300 

302 

304 

305 

311 

313 

314 

316 

317 



83. Position of the sub-catchments of the Semenyh Basin between land use 
activity and water quality and water quality index (A), land use and surface 
compaction(B), land use and grade of weathering (C), land use and slope of 
gradient (D), land use and total population density (E) 324 

87. Classification of the Semenyih Basin based on water quality index, surface 
compaction, grade of weathering, slope gradient and population density 327 

XXII 



LIST OF PLATES 

Plate Page 

1. Tekala River Recreation Centre, located in Sg. Lalang Forest Reserve 109 

2. Siltation and sedimentation process of Sg. Kesuma due to logging 
activity of Sg. Lalang Forest Reserve 109 

3. Land use change from rubber plantation to settlement and industry 114 

4. Daily routine activity ofSemenyih Town 114 

5. Surface mining operation in the upper Sg. Lalang 118 

6. Water impounded on the abandoned tin mine, Kg. Pasir Baru 118 

7. Weathered quartzite, most of the quartzite body at this outcrop change 
its colour 175 

8. Interlocking arrangement of quartz minerals in intergrowth texture of 
the quartzite 175 

9. Intersection of some quartz veins across the argillaceous minerals in 
hornfels 176 

10. Green hornfels (when they are fresh), before the colour changes to brown 
due to weathering 176 

11. Thin folia of mica alternate with lenses of quartz in sandstone of Kenny 
Hill Formation 180 

12. Slope failure occurred on rock Kenny Hill Formation 180 

13. Deformed of the micas due to movement of pressure solution 

of the Granite Semenyih 183 

14. Vertical slope of Semenyih Granite outcrop, near Semenyih Dam 185 

15. Change of feldspars to clay minerals due to weathering 185 

16. Intergrowth texture between quartz, feldspar alkali and mica 
(biotite) of Semenyih Granite 187 

17. Samples of the drilling core from Granite Semenyih 187 

18. Semenyih Granite in station 4, showing carlsbad twinning of 
plagioclase ( albite), micas and surrounded by feldspar alkali 188 

19. The Broga Granite crops out in the front of Taman Tasik Semenyih 

development project 190 

\\111 



20. The association of minerals from Broga Granite, in the middle is 

microcline with combine albite-peri cline twinning 190 

21. Normal condition in the Semenyih River at S1. 6 214 

22. Conditions in the Semenyih river at S1.6 after a storm 214 

23. Sg. Rinching (St. 1 0) under normal condition 215 

24. Water swelling of the Sg. Rinching channel due to high velocity and 
Water storage of the Semenyih River 215 

25. Sand accumulation down-stream due to erosion up stream in the 
Sg. Pening-Pening 219 

26. Low water level in the Semenyih Dam at 100.48 meters 
(6,424 million gallons of water) on November 1998 238 

27. High water level in the Semenyih Dam at 104.90 meters 
(9,122 million gallons of water) on March 1999 239 

28. High water level in Sg. Kusuma during top level conditions 
of Semenyih Dam 239 

29. One of the sawmills in the industrial zone (S1.5) along Kachau Road 257 

30. Havy's oil mill (St.7) at Parit Dollah (behind the brick factory) 257 

31. Piles of rubbish along Semenyih River near Semenyih Town. 262 

32. Furniture manufacturer along Bangi Road (near Semenyih Town) 262 




