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Tool Development for Dynamic GIS Application for Watershed
Management Case Study of The Thimbirigasyaya Ward of The

Colombo Municipal Council Area

Abstract

Diversion of surface runoff from housing allotments directly into stormwater drainage
network along roads is a common phenomenon in urban areas which leads to the urban
flooding. When urban land changes are made for development, the natural hydrology
undergoes changes usually leading to high surface runoff and often flash floods. Calculating
the effect of modifications and quickly proposing an optimum solution becomes a difficult
task not only to non-technical persons but also to some technical persons. Screening of
existing tools identified that there is no single tool which could dynamically capture the land
modifications and perform hydrological calculations to manage stormwater from urban
lands.

Main objective of the present research was to develop a dynamic user-friendly GIS tool
which would capture key land parcel changes and perform calculation of stormwater
generation by looking at both pre and post development scenarios. Accordingly a user
friendly Dynamic GIS tool which enables on-screen modification of a land allotment was
developed for computation of a composite land parcel runoff coefficient. Then the tool was

extended to incorporate a hyd [ comparison of before and after
modification and then togextend the tool for incorporation of a detention tank model for
management of generated stormwater. Thi vard of the Colombo Municipal

Council arca n the 162 hectares Aaviig 14V0 1diid parclis was the Study arca.

The development methodology included, requirement identification, literature survey,
conceptual design, coding, testing, modification and product delivery. In the conceptual
design, the tool design was carried out for land authorities to optimize development
alternatives jointly with the owner. Therefore the tool demanded a high level of user
friendliness.

Through a detailed literature survey, soil, slope and Landcover were identified as the key
parameters governing stormwater generation from a land parcel modification. Hydrologic
modeling computations within the tool were based on the rational formula, unit hydrograph
theory and tank model concept. Detention storage for stormwater management was based on
the research monograph of Wijesinghe and Wijesekara (2010). Split, merge and adjust
operations were incorporated to the tool to carryout land modifications. Summative and
formative evaluation techniques were used to achieve user-friendliness and accuracy of the
tool.

A lookup table cited in Perera & Wijesekera (2010) for runoff coefficient computation was
embedded in the tool. Tool is capable of following modifications to this lookup table as and
when new research findings are known. In the land modification component the tool
facilitates on-screen modifications of land parcels and updating of hydrological parameters.
GIS model combines the layers and supporting data such as runoff coefficients, rainfall etc to
compute the time series of stormwater generated from each land.
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Tool developed by the present work develops a hydrograph and permits a user to incorporate
dimensions of a detention pit to observe its effect on stormwater generation. This enables a
land owner and a manger to identify a suitable detention pit for the intended land
modifications. Unavailability of Graphic User Interface (GUI) guidelines for GIS and the
lack of suitable spatial data security algorithms that could be used with confidence,
influenced the present work to contribute and develop new techniques.

As main results of the work, a user friendly accurate dynamic GIS tool, capable of land
management in relation to stormwater, a step by step user manual, guidelines for GUI
development and contributions towards security algorithm could be mentioned. Visualization
of land modifications; dynamic change capability of parameter selection, design rainfall and
detention pit sizes; and visual presenting the effect of detention pit incorporation are unique
features of the tool which increases the user friendliness for non-GIS decision makers.

The development of a single tool which provides Hydrologic-GIS capabilities for urban
property management activities through the capabilities of identify optimum solutions is a
contribution towards successful GIS applications for land and water management.

Due to the possession of “Muscle” to rationally manage urban land parcels, the name
“Geographic Information Systems to Manage Urban Stormwater Considering Land
Enhancement™ abbreviated as “GIS2ZMUSCLE” is given to the tool contributed from the
work.

This study through development and testing, satisfactorily concluded that a user friendly
dynamic GIS tool enabling on-screen land and attribute modifications had been developed to
user satisfaction while achieving 100% accuracy. Developed tool which enables the
visualization of prior and post scenarios of land development has the capabilities to
successfully handle the dynamics of both stormwater generation and process of land

management. Present work also ed der to achieve user friendliness and user
satisfaction, it is necessary to incorporate an, iterative design process with careful
consideration of visual Arity i iconsis tibility, informative feedback,

explicitness, appropriate functionality, flexibility and control, error prevention and
correction, user guidance, user support etc., with respect to tool development.

il



Dedication

To my second elder sister, Himali Chandima who
exemplarily showed me how to learn under pressure. She
scarified all her wealth to my higher education. I am indebted

to her for life.

v



This Tool Development for Dynamic GIS application for
Watershed Management (Case study of the
Thimbirigasyaya ward of the Colombo Municipal
Council area) was supported by University of Moratuwa

Senate Research Grant Number 126.



Acknowledgment

The author would like to express deep and sincere gratitude to the supervisor,
Professor N.'T. Sohan Wijesekera, B.Sc.Eng. Hons.(Sri Lanka), PG.Dip (Moratuwa),
M.Eng.(Tokyo), D.Eng. (Tokyo), MICE(UK), FIE(SL), Senior Professor of Civil
Engineering of Department of Civil Engineering, University of Moratuwa. His wide
knowledge and his logical way of thinking were of great value for the author. This
understanding, encouragement and personal guidance provided a sound basis for the
present thesis.

The author takes this opportunity warmly thank Mrs Pushpa Gamage M.Sc.,
Director, GIS Division, Urban Development Authority, Sri Lanka., Chairperson of
examination panel, for her valuable advice. Her advice and extensive discussions were
very supportive for this study.

The author is deeply grateful to, Eng.(Dr.) K.M.P.S Bandara B.Sc.Eng (Sri
Lanka), MBA(Colombo), M.Sc.(Netherlands), Ph.D (Netherlands), C.Eng, MICE(UK),
FIE(Sri Lanka), Director, Engineering Service Board, Ministry of Public Administration
and Home Affairs, Sri Lanka for his detailed and constructive comments, and for his
important support throughout this work.

The author wishes to express warm and sincere thanks to Mr. Dulanjan
Wijesinghe B.Sc.Eng, M.Sc., to who assisted the evaluation of the tool for detention
storage calculations and runoff coefficient calculations. His ideas and concepts had a
remarkable influence on accuracy of the developed tool.

The author owes most sincere gratitude to Mr. W.P. A I.M. Chandimal B.Sc.,
Senior Software Architect, Scienter Technologies Ltd.. who provided basic software

architectural knowledge on GIS and gave untiring help during author’s difficult moments.
The author warmly thanks Ms. Gayani Edirisinghe B.Sc., M.Sc. and Ms. N.N
Sooriyabandara B.Sc. ndly help in the academic and

support work related to the thesis. Their extensive discussions around author’s work and
suggestions were very helpful for the study.

For the financial assistance given by the Senate Research Grant No 126 of
University of Moratuwa and important administrative help propound gratitude is
expressed to the Senate Research Committee.

During this work, author collaborated with many colleagues in the Department of
Civil Engineering, University of Moratuwa and wishes to extend his warmest thanks to
all those who have helped him with his work specially during requirement identification
and tool evaluation.

The author owes his loving thanks to wife, sons and his daughter. They have
sacrificed a lot for author’s research. With their encouragement and understanding this
work could be completed achieving very high quality.

The author would like to thank all others who supported the successful realization
of thesis, while expressing his apology for not been able to mention each person
individually.

vl



TABLE OF CONTENTS

Declaration i
Abstract i
Dedication iv
Acknowledgment
Table of Contents
List of Figures

List of Tables

List of Codes

List of Abbreviations
List of Appendices
1.0 Introduction

1.1 Background
1.2 Objectives
1.3 Specific Objectives

2.0 Literature Review

2. 1 TOOIS fOf W: 7 By U vVidIld SCITNICILT

2.1.1  General

2.1.2  Tools for management of land resource
2.1.3  Tool available for runoff calculation
2.1.4  Summary

2.2 Incorporation of User Friendliness

2.2.1  Basic principles
222  Tool design
223  GUI design
224  GIS-GUI design
2.3 Evaluation and Testing of Tools
2.3.1  Evaluation methods
2.3.2  Functional assessment model
233  User selection

2.4 Tool Security
2.4.1 General

Vil



242
243
244

Access control
Access control models

Spatial data security

2.5  Surface Water Runoff from Land Parcel

251
252
253
254
255
256

Direct runoff

Peak discharge

Time distribution of direct runoff
Runoff control

Detention and retention reservoirs

Runoff computation methods

3.0  Development Methodology and Analysis

3.1  Overall Development Methodology

3.1.1
3.1.2
3.1.3
3.14

Three phased approach
Phase One :- Land parcel change
Phase Two:- Stormwater generation

Phase Three:- Stormwater detaining options

3.2  Phase One: Tool for Land Parcel Modification

3.2.1
322
323
324
3.2.5
3.2.6
3.2.7
3.2.8
329
3.2.10
3.2.11
3.2.12
3.2.13
3.2.14
3.2.15
3.2.16

Methodology for land modifi

Summary ef requirements

Functions of land modification tool
Runoff computation method

User interface development
Recommendations for GIS user interfaces
Conceptual design of GIS & programming platform
Data management and database handling
Incorporation of functions

GUI functions and design

Screen layout design

Development Methodology and Coding
Tool layouts

Testing and modification

Evaluation questionnaires

Assessment of functionality

3.3  Development of Security

21
21
22
23

26
26
27
27
28
28
31
31

31
32
33
33
34

34
35
38
38
39
39
41
47
48
52
55
57
70
78
81
84
86

viil



3.3.1
332
333
334
335

Development of authorization rule

Identify loop-holes and develop procedure to resolves
Relational database security

Coding and implementation

Capture the username and password

3.4  Phase Two: Tool for Stormwater Generation

3.4.1
342
343
3.44
3.45
3.4.6

Methodology for computation of stormwater generation
Data layer operations

Runoff coefficient lookup table

Phase two processes sequence

Extended codes and GUI of phase two

Accuracy and performance testing

3.5 Phase Three: Tool Extension incorporating a Conceptual

Detention Storage Model

3.5.1  Detention pit calculation
3.52  Development of extended codes and GUI
3.53  Accuracy and Tool testing

3.6 Summary of Contributi ] Code Imyj nent
3.6.1  New Concep
3.6.2  Code Improvemenis

4.0  Results

41  Study Area
4.1.1 Land parcel distribution
412  Soil distribution
413  Land cover distribution
414  Slope distribution

4.2  Tool Characteristics
4.2.1  Easy operational capabilities
422  Information security
423  GIS software version compatibility
424  Non-GIS user capability
425  Error handling & accuracy
426  On-Screen operational capability

87
88
90
91
91
96

96
96
99
101
102
109

111

111
113
117
120

120
121
122
122

122
122
123
124
125

125
128
129
130
131
131

X



427
4238

Continuity in operation

Testing and verification

4.3  User Friendliness

43.1
432
433
434
435
43.6
43.7
4338
439

Easy to install

Easy to operate

Help and user manuals

Amalgamation with main GIS software
Embedding of functions

Incorporating of graphics in menu
Sizing and formatting

Colours and fonts of GUI

Confidence building by tool

4.4  Dynamic GIS Tool

441 Dynamic link: map and database
442  Dynamic for user reactions
443  Dynamic changing capability
444  Dynamic GIS capabilities
4.5  Urban Watershed Management Capabilities
4.5.1  Visualization of changes to thematic layers and outputs
452  Managing detention pits for watershed management
453  User and management can work together and built confidence
454  Tool computation

4.6  Summary of Results

5.0 Discussion

5.1  GIS and Urban Stormwater Management

5.2  Tool Environment and User Friendliness

5.3  Dynamic Capability

5.4  Spatial Data Security
5.5 GIS2MUSCLE

5.6  Incorporation of Hydrology

5.7  Contributions by this Research

6.0 Conclusions

References

132
132
133

134
135
135
136
136
137
137
138
139
143

143
144
144
145
146
146
147
147
148
148
150
150
150
152
153
153
154
155
157
158



Appendix A

: Map of the Study Area

Appendix B : Map of the Landuse layer of Study Area

Appendix C : Map of the Slope Layer of Study Area

Appendix D : Map of the Soil Layer of Study Area

Appendix E : Sample Print output of the Land Modification Tool
Appendix F : Colour Selection Procedure

Appendix G : Software Adequacy Questionnaire

Appendix H : First Formative Evaluation Questionnaire

Appendix I : Second Formative Evaluation Questionnaire

Appendix J : Summative Evaluation Questionnaire

Appendix L : Summary of Tool Literature Evaluation

Appendix M : Coding To Find The Non Dimensional Curvilinear Hydrograph
Appendix N : Code to Find the Effect of Soakage Pit

Appendix O : Accuracy Test Result of Tool

Appendix P : User Manual

Appendix Q : Hydrology Monograph

LIST OF FIGURES

Figure 2-1  The Accela Land Management Web Interface

Figure 2-2  Welcome Screen of Land Record System (LRS)

Figure 2-3  Query selection window of Land Record System (LRS)
Figure 2-4  Map Generated by SOLARIS to Compare Phosphorus Status
Figure 2-5  Top soil nutrient status report screen of SOLARIS

Figure 2-6  Screen of Fertilizer Recommendation for Selected Area
Figure 2-7  GUI of InfoWorks CS

Figure 2-8  Baxley’s Universal Model of User Interface

Figure 2-9  GNOME Guideline for Layout Specification

Figure 2-10 Summary of Process for Testing Filter Effectiveness
Figure 2-11 SDE-based access control mechanism for spatial database

Figure 2-12

View-based access control mechanism for spatial database

163
164
166
164
167
168
169
171
175
178
181
183
186
189
193
227

Page

9

11
11
12
15
16
20
22
22

X1



Figure 2-13
Figure 3-1

Figure 3-2

Figure 3-3

Figure 3-4

Figure 3-5

Figure 3-6

Figure 3-7

Figure 3-8

Figure 3-9

Figure 3-10
Figure 3-11
Figure 3-12
Figure 3-13
Figure 3-14
Figure 3-15
Figure 3-16
Figure 3-17
Figure 3-18
Figure 3-19
Figure 3-20
Figure 3-21
Figure 3-22
Figure 3-23
Figure 3-24
Figure 3-25
Figure 3-26
Figure 3-27
Figure 3-28
Figure 3-29
Figure 3-30

Detention Storage Volume

Three Phases Research approach of study

Overall Development Methodology

Highlited Operations of the three phases
Methodology of Phase One

Database Design Incorporating Options for Modifications
Split Function in Slope Layer

Combining the Landcover Polygons

Boundary Adjustment Function in Land Parcel Layer
Edit Sketch Properties Tool Box

Main GUI of the Tool

Area and Perimeter Display Screen

Successfully Updated Message

Tool Link with Database

Flowchart of Coding for Phase One

Flowchart for The Automation of The Transfer to EDIT Mode

Flowchartgef SetCurrentl.ayer Sub Procedure
Flowchart-of Split Polygon et
Flowchart of Combine Polygons

Flowchart of Attribute Update

Tool’s Button on The ArcMap Tool Bar

Main GUI of the Tool

Help for The Split Operation

GUI Highlights Polygon With Attribute Selection
GUI Displaying of Area and Perimeter for New Polygons
Attribute Update for Soil Type Splitting

Attribute Update for Slope Splitting

Attribute Update for Land Cover Splitting

Select Feature Tool of ArcGIS

First GUI of Combine Operation

Highlighting the Selected Polygon through Attributes

28
31
32
33
34
48
50
50
51
53
54
55
55
58
59
62
63
64
65
67
70
71
71
72
73
73
74
74
75
75
76

X1l



Figure 3-31
Figure 3-32
Figure 3-33
Figure 3-34
Figure 3-35
Figure 3-36
Figure 3-37
Figure 3-38
Figure 3-39
Figure 3-40
Figure 3-41
Figure 3-42
Figure 3-43
Figure 3-44
Figure 3-45
Figure 3-46
Figure 3-47
Figure 3-48
Figure 3-49
Figure 3-50
Figure 3-51
Figure 3-52
Figure 3-53
Figure 3-54
Figure 3-55
Figure 3-56
Figure 3-57
Figure 3-58
Figure 3-59
Figure 3-60
Figure 3-61

Combine Perform Screen

Exit Screen of LMT

Usability Evaluation Procedure
Functional Assessment Framework
Concept of Discretionary Access Control Security Development
Component of Authorization Model
Flowchart of Spatial Security

Access Control Architecture in the tool.
Flowchart of security layer access

Tool Logon Screen

Error in Username/Password
Administrator Menu

Power User Menu

Modification Menu

Accounts Menu

Validation Menu

My Account Menu

Methodology Flowchart of

The Model Diagram for Layer Operations

GUI after phase one

Demonstration of parameter specific polygons
Window to Edit Lookup Table

Phase Two: Coding Flowchart

GUI of Calculation Commencement

GUI Image of Second Step

GUI Display Composite Runoft Coefficient Results of Phase Two

Broad Conceptual Outline of Phase Three

Overall Methodology for Detention Storage Calculations
Starting GUI of Detention Storage Extension

GUI for runoff Calculation Results

GUI for Soakage Pit Parameter Input

77
77
78
85
87
88
89
90
91
93
93
94
94
94
95
95
95
96
98
99
99
100
101
102
103
108
111
112
113
113
115

xiii



Figure 3-62
Figure 3-63
Figure 3-64
Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4
Figure 4-5
Figure 4-6
Figure 4-7
Figure 4-8
Figure 4-9
Figure 4-10
Figure 4-11
Figure 4-12
Figure 4-13
Figure 4-14
Figure 4-15
Figure 4-16
Figure 4-17

Figure 4-18

Figure 4-19
Figure 4-20
Figure 4-21
Figure 4-22
Figure 4-23
Figure 4-24
Figure 4-25
Figure 4-26

GUI to Show Effect of Soakage Pit

Inflow Computation Visualising on Test Form
Computation of Inflow Vs Outflow in Test Form

Soil type Distribution in Study Area

Commercial GUI of Land Modification Tool

GUI Displays On-Screen Drawing of Split Line

GUI Displays Selection of features to be Combined
GUI of Attribute Update in Split Function

GUI Display Easy Attribute Update Capability

GUI Displaying Runoft Coefficient Change

Graphical Display of Detention Storage Capability
GUI Allows Changes to Detention Storage Dimensions
GUI for Change Own Password

Encrypted Storage of Password in The Database
Administrator Function of User Manipulation
Administrator Function in Layer Validation

GUI for Cenfirmation of ‘Parcel for Calculation

Ul Showing Steps of GIS T

A Typical Informative Error Message

Example of GUI Showing The Computational Results for
User Knowledge

Forward and Backward moving Capability during Runoff
Coefticient Calculation

Behaviour of Help Function

Land Management Toll installation folder

GUI Showing Encapsulated Functions to a Sinlgle Button
Ilustration of The Diamentioans of Dtetention Storage Pit
The Tool in its Operating Environment

GUI of Design Rainfall Customisation

Use of Illustrating Graphics with Icons

Sizing and Formatting of the Main GUI

117
118
119
122
125
126
126
127
127
127
127
128
128
129
129
129
130
130
131

131

132
134
134
135
135
136
136
137
138

X1V



Figure 4-27
Figure 4-28
Figure 4-29

Figure 4-30
Figure 4-31
Figure 4-32
Figure 4-33
Figure 4-34

Diffrent Apperance of The Tools in Different Windows Themes

Parameter Modification Windows of Tool

Backtrack Capability : Runoff Coefficient Calculation Steps

to user

Map Based Drawing of Polygon Split

Link Between Maps and Database
Notification of Modifications Outside the Tool

On-Screen Split Line Drawing and Result visualization

139
140

141
142
143
145
147

Onscreen Changing of Pit Dimensions and Visualization of Affect 147

LIST OF TABLES

Table 3-1

Table 3-2
Table 3-3
Table 3-4
Table 3-5
Table 3-6
Table 3-7
Table 3-8
Table 3-9
Table 3-10
Table 3-11
Table 3-12
Table 3-13
Table 3-14
Table 3-15
Table 3-16
Table 3-17

Parameters Affected on Storm Runoff Generation Which

Identified by Various Literature / Research
Parameters to be Used in Runoff Calculation Methods
Comparisgn of Runoff Calculation Methods
Considerafbns For T 86rTk

Recommendation for Tool Development
Reclassification of Attributes

Hydrological Soil Groups

Drainage Capabilities of Sri Lankan Soil Types
Selection of Slope Classification

Common Literatures

Literature Cited Landcover/Landuse Classification
Different Attribute Changs required for Modification
Objectives of The Questions in Questionnaire
Software Adequacy Test Results

Formative Evaluations Result

Summative Evaluations Result

Classification of Users for Functionality Test

Page

36
37
38
40
41
43
44
44
45
45
46
51
79
81
82
83
85

XV



Table 3-18  Computers System Specification in Functionality Assessment

Table 3-19  Applicability of Rules

Table 3-20  Test Cases Result Comparison

Table 3-21  Time Taken and Error Made in the Accuracy Test

Table 3-22  Errors Made at the Manual Process of Runoff Coefficient
Calculation

Table 3-23  Inflow and Outflow Comparison Testing

Table 4-1 Land Parcel Size Distribution in Thimbirigasyaya Ward of
Colombo MC

Table 4-2  Landuse Distribution in The Study Area

Table 4-3 Slope Distribution of The Study Area

Table 4-4  Testing and Verfication Result for Split and Combine Operations

LIST OF CODES

Code 3-1 Intitialization of globel variables

Code 3-2 Procedurgste link' with' ArcMap

Code 3-3 Tool-side h to ArcM

Code 3-4 ArcMap-side hook to the tool

Code 3-5 Move to the editing mode

Code 3-6 Set the selected layer to current layer

Code 3-7 Sets the Current Layer to Editor

Code 3-8 Clarrify “CutWithoutSelection” is Available

Code 3-9 Highlight a Polygon When User Selects Attributes Through the List

Code 3-10  Editing the Cell Values in the MSHFG

Code 3-11  Parcel Layer Attribute Update

Code 3-12  Landcover, Slope and Soil Layer Attribute Update

Code 3-13  End of Exit from the Tool

Code 3-14  User Authentication

Code 3-15  Clarification Process of Land Allotment Selection

Code 3-16  Creating a Fetrue to Use as Clipping Feature

85
88
109
109

110
119

122
123
124
133

60
60
61
61
62
63
64
65

67
68
68
69
92
102
104

XVl



Code 3-17

Code 3-18  Union Operation

Code 3-19  Column Adding

Code 3-20  Search the Lookup Table

Code 3-21  Calculate Total Area

Code 3-22  Update Individual Coefficients and Sum

Code 3-23  Dissolve Column Update

Code 3-24  Clip The Original And Modified Data Sets

Code 3-25  Calculation of Composite Runoff Coefticient

Code 3-26  Calculation of % Increased in peack Flow

Code 3-27  Calculate Runoff for Land Parcel

Code 3-28  Load Default Rainfall

Code 3-29  Plot Hydrograph

LIST OF ABBREVIATIONS
Abbreviation Deseription
API Application Programming Interface
CMC Colombo Municipal Council, Sri Lanka
DAC Discretionary Access Control
ESRI Environmental Survey and Research Institute
FORECALT Forest Road Erosion Calculation Tool
GIS Geographic Information System
GIS2MUSCLE Geographic Information System to Manage Urban

Stormwater Considering Land Enhancement

GNOME GNU Network Object Model Environment
GUI Graphic User Interface
HCI Human Computer Interconnection
HEC The Hydrologic Engineering Center — US Army
LMT Land Management Tool
LRS The Land Records System
MAC Mandatory Access Control
MSHFlexGrid Microsoft Hierarchical Flex Grid Control
ORDBMS Object Relational Database Management System

Clip the Original and Modified Data Sets

104
105
105
106
106
106
107
107
107
108
114
115
116

Xvil



RBAC

RDBMS Relational Data Base Management System
SCS Soil Conservation Service
SDE Software Development Environment
SHA Secure Hash Algorithm
SOLARIS Soil and Land Resource Information System
SRDI Soil Resource Development Institute of Bangladesh
SWMM Stormwater Management Model
SUH Synthetic Unit Hydrograph
UDA Urban Development Authority, Sri Lanka
VB Visual Basic 6.0 Programming language
LIST OF APPENDICES
Description
Appendix A : Map of the Study Area
Appendix B : Map of the Soil Layer of Study Area
Appendix C : Map of the Landuse layer of Study Area
Appendix D : Map of the Slope Layer of Study Area
Appendix E : Sample Pri fthe 1 Todification Tool
Appendix F : Colour Selection Procedure
Appendix G : Software Adequacy Questionnaire
Appendix H : First Formative Evaluation Questionnaire
Appendix I : Second Formative Evaluation Questionnaire
Appendix J : Summative Evaluation Questionnaire
Appendix K : Result of Functionality Assessment
Appendix L : Summary of Tool Literature Evaluation
Appendix M : Coding To Find The Non Dimensional Curvilinear
Hydrograph
Appendix N : Code to Find the Effect of Soakage Pit
Appendix O : Accuracy Test Result of Tool
Appendix P : User Manual
Appendix Q : Hydrology Monograph

Role Based Access Control

Page
163
164
165
166
167
168
169
171
175
178
179
181

183
186
189
193
227

XViil



