
v 
 

TABLE OF CONTENTS 

COVER PAGE ......................................................................................................... i 

LETTER OF ENDORSEMENT ............................................................................. ii 

STATEMENT OF ORIGINALITY ....................................................................... iii 

PREFACE .............................................................................................................. iv 

TABLE OF CONTENTS ........................................................................................ v 

LIST OF TABLES ............................................................................................... viii 

LIST OF FIGURES ................................................................................................ x 

ABSTRACT .......................................................................................................... xii 

1 INTRODUCTION .......................................................................................... 1 

1.1 Background Issues .................................................................................... 1 

1.2 Problem Description and Research Question ........................................... 1 

1.2.1 Main Research Question ................................................................... 3 

1.2.2 Sub-Questions ................................................................................... 3 

1.3 Research Objectives ................................................................................. 4 

1.4 Limitations ................................................................................................ 4 

1.5 Research Benefits ..................................................................................... 5 

2 LITERATURE REVIEW AND BASIC THEORY ........................................ 6 

2.1 Environmental Issues and Urban Development ....................................... 6 

2.2 Sustainable Urban Development .............................................................. 9 

2.3 Sustainable Development in the Netherlands ......................................... 11 

2.4 Sustainable Water Quantity Management .............................................. 12 

3 THEORETICAL BACKGROUND .............................................................. 15 

3.1 Hydrology in General ............................................................................. 15 

3.2 Precipitation ............................................................................................ 18 

3.3 Evaporation ............................................................................................ 19 

3.4 Frequency Analysis ................................................................................ 23 

3.5 Groundwater Analysis (De Zeeuw-Hellinga Theory) ............................ 27 

4 RESEARCH METHODOLOGY .................................................................. 31 

4.1 General Information ............................................................................... 31 

4.2 Research Materials ................................................................................. 32 

4.3 Research Procedure ................................................................................ 33 

HYDROLOGICAL ANALYSIS TO SUPPORT THE SUSTAINABLE REDEVELOPMENT PROJECT IN
SUIKERBUURT AREA,
HOOGKERK, GRONINGEN, THE NETHERLANDS
WANGI KUSUMA ARASSYA, Dr. Ir. Rachmad Jayadi, M.Eng
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



vi 
 

5 RESULT ANALYSIS ................................................................................... 36 

5.1 Data Analysis ......................................................................................... 36 

5.1.1 Rainfall Data ................................................................................... 36 

5.1.2 Flood Map ....................................................................................... 39 

5.1.3 Data For Drainage Volume Calculation .......................................... 41 

5.1.4 Evaporation ..................................................................................... 46 

5.1.5 Ground Water Level Data ............................................................... 50 

5.1.6 Groundwater Drainage Design ........................................................ 55 

5.1.7 Groundwater rise Calculation ......................................................... 57 

5.2 Frequency Analysis ................................................................................ 59 

5.2.1 Nine days of storm event................................................................. 59 

5.2.2 Eight days of storm events .............................................................. 65 

5.2.3 Four days of storm events ............................................................... 65 

5.2.4 Two days of storm events ............................................................... 66 

5.2.5 One day of storm events .................................................................. 66 

5.2.6 Return period calculation for hourly duration ................................. 66 

5.2.7 Climate Changes Adjustment .......................................................... 68 

5.3 Evapotranspiration Calculation .............................................................. 70 

5.3.1 Mean temperature............................................................................ 71 

5.3.2 Vapor pressure (es and ea)................................................................ 71 

5.3.3 Slope of the saturation vapor pressure curve (s) ............................. 72 

5.3.4 Net radiation (Qnet) .......................................................................... 73 

5.3.5 Wind speed at 2 m above the ground .............................................. 76 

5.3.6 Reference Evapotranspiration ......................................................... 76 

5.4 Volume Drainage Calculation ................................................................ 77 

5.4.1 Input Data ........................................................................................ 77 

5.4.2 Area Drainage Calculation (Step 1) ................................................ 79 

5.4.3 Net Inflow to Open Water/Storage (Step 2) .................................... 81 

5.4.4 Required Storage Calculation (Step 3 - Final) ................................ 82 

5.5 Groundwater rise Calculation ................................................................. 85 

5.5.1 Input Data ........................................................................................ 85 

5.5.2 De Zeeuw-Hellinga Calculation ...................................................... 86 

5.5.3 Groundwater rise Calculation ......................................................... 91 

5.5.4 Results Recapitulation ..................................................................... 93 

HYDROLOGICAL ANALYSIS TO SUPPORT THE SUSTAINABLE REDEVELOPMENT PROJECT IN
SUIKERBUURT AREA,
HOOGKERK, GRONINGEN, THE NETHERLANDS
WANGI KUSUMA ARASSYA, Dr. Ir. Rachmad Jayadi, M.Eng
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



vii 
 

5.6 Redevelopment Concept Design ............................................................ 94 

5.6.1 Installing green high fences ............................................................ 96 

5.6.2 Fountain .......................................................................................... 97 

5.6.3 Plant trees in the parking lot ........................................................... 98 

5.6.4 Water square.................................................................................. 100 

5.6.5 Rain Garden .................................................................................. 101 

5.6.6 Gutters ........................................................................................... 103 

6 CONCLUSIONS ......................................................................................... 106 

6.1 Research Conclusion ............................................................................ 106 

6.2 Suggestions ........................................................................................... 107 

BIBLIOGRAPHY ............................................................................................... 109 

APPENDICES .................................................................................................... 112 

 

  

HYDROLOGICAL ANALYSIS TO SUPPORT THE SUSTAINABLE REDEVELOPMENT PROJECT IN
SUIKERBUURT AREA,
HOOGKERK, GRONINGEN, THE NETHERLANDS
WANGI KUSUMA ARASSYA, Dr. Ir. Rachmad Jayadi, M.Eng
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/


