View metadata, citation and similar papers at core.ac.uk brought to you by TfCORE

provided by Universiti Putra Malaysia Institutional Repository

UNIVERSITI PUTRA MALAYSIA

MODELING OPTIMAL WATER MANAGEMENT FOR

RESERVOIR BASED IRRIGATION PROJECTS

MD. HAZRAT ALI

FK 1999 43


https://core.ac.uk/display/43000479?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

MODELING OPTIMAL WATER MANAGEMENT FOR
RESERVOIR BASED IRRIGATION PROJECTS

By

MD. HAZRAT ALI

Thesis Submitted in Fulfilment of the Requirements for the
Degree of Doctor of Philosophy in the Faculty of Engineering
Universiti Putra Malaysia

October 1999



Dedicated to the author’s heartfelt loving parents and wife



ACKNOWLEDGEMENTS

All commendation and entreaty to Almighty Allah for his unbound graciousness
and unlimited kindness in all endeavors that have made the author possible to proceed in
life thus far.

The author would like to express his intense gratitude and indebtedness to his
advisor, Dr. Lee Teang Shui, Faculty of Engineering, Universiti Putra Malaysia, for his
persistent guidance, invaluable suggestions, spontaneous support, and constant
encouragement in the successful accomplishment of this dissertation. The author is also
grateful to his committee members, Assoc. Prof. Mr. Kwok Chee Yan, and Assoc. Prof.
Dr. Aziz F. Eloubaidy, for their constructive advice and critical comments towards
completion of this dissertation.

The author would like to express his appreciation to Dato’ Syed Azizan Al-Idrus,
General manager (Pengurus Besar), Muda Agricultural Development Authority
(MADA), Ministry of Agriculture, Alor Setar, Kedah, Malaysia. Deep appreciation is
also extended to the staff of MADA, for the technical support in providing the necessary
unpublished data. The author expresses his profound appreciation to the scholarship
donor, the Intensification of Research in Priority Areas (IRPA) Program, Ministry of
Science, Technology, and Environment, Malaysia, for providing financial assistance

through Assoc. Prof. Mr. Kwok Chee Yan and Dr. Lee Teang Shui, to promote his study

iii



in Universiti Putra Malaysia. The author would like to express his profound gratitude to
the Bangladesh Institute of Technology (BIT), Chittagong, specially, the contemporary
Director, Prof. A K.M. Rezaul Karim and Head, Dept. of Civil Engineering, for granting
deputation to pursue his Ph.D. study.

Sincere thanks are accredited to Prof. Mohd. Ghazali Mohayidin, Deputy Dean
of the Graduate School, and his staff, for making arrangements to finalise this study.
Special thanks are due to the Library staff members, Universiti Putra Malaysia, for their
services during this study. Thanks are also due to Mr. Haji Nasiruddin, and Mr. Ghazali
Kassim, for their cooperation throughout the study period.

Above all, the author expresses indebtedness to his parents, grandmothers, wife
Mosa. Kouser Jahan, sons Kifayat Mahbub Saurav and Kashshaf Mahbub Sakif, brother,

and sisters for their continuous inspiration and selfless sacrifice throughout his life.

iv



TABLE OF CONTENTS

Page
ACKNOWLEDGEMENTS .. ... .. iii
LISTOF TABLES ... . e viii
LISTOF FIGURES ... ... e xi
LIST OF ABBREVIATIONS ... .. e xvi
ABSTRACT ... e xxii
ABST RAK .. xxiv
CHAPTER
I INTRODUCTION ... 1
Background ... 1
Statement of the Problem ......................................... 4
Justification of the Study ....................................l 6
Objectives of the Study ... 8
ScopeoftheStudy ................... 9
II LITERATURE REVIEW ... ... ... 10
General Remarks ... 10
Catchment Hydrology, Hydrological and Hydrodynamic
Models ... 10
Lumped Conceptual Hydrological Models ................ 11
Model Applications ........................ 13
Reservoir Operation and Optimization ............................. 22
Reservoir System Simulation Models ..................... 23
Optimization Models ............................l 27
Review of Optimization Techniques ...................... 28
Applications of Optimization Models ..................... 29
Use of GIS in Water Resources Engineering ...................... 36
Development of GIS Applications ......................... 36
Use of GIS in Mathematical Modeling ................... 37
Integration of GIS with Models: Applications ........... 39
Stochastic Hydrologic Modeling for Water Resources
Forecasting ...t 46
General Remarks ................................. 46
Stochastic Model Applications ............................. 47



011

Concluding Remarks ..................cooooiiiiiiiiii, 50

STUDY AREA, DATA COLLECTION AND

PROCESSING ... 52
The Muda Irrigation Project ...................ccooeiviiiiinnn.... 52
TheMudaIIProject .............ccoooiiiiiiiiiiiiii e, 55
Total Existing Water (TEW) in the Fields ........................ 57
Previous Study on Total Water Requirements .................... 67
Climate ....... ... e 69
SOIl L 76
The Control Scheme ...............................ciiiii 77
The Control Depths ... ..., 78
Irrigation Duty with Reference to Water Depth .................. 79
Uncontrolled Flow and Drainage Water Recycling ............. 79
Water Management in the Reservoirs ............................. 82

An overview of Irrigation Management in the Muda Project .. 85

THEORETICAL CONSIDERATIONS AND MODELS

DEVELOPMENT ..., 87
Introductory Remarks ... 87
Water Balance Model ..., 87
Rainfall-Runoff Module ..............................ol 88
Evapotranspiration Module ............................... 96
Potential Evaporation ................................ 103
Infiltration Module ............................ 103
SeepageModule ......................, 108
Distributed Channel Routing Model ................................ 109
Imrigation Efficiency Model ................................ 113
Reservoir Simulation Model .................................... 117
Hydrologic Forecasting Model ...................................... 120
Time-Series Analysis Principles ........................... 123
Stochastic Model (First Order Markov Process) ......... 123
First Order Markov Process with Periodicity ............ 125
Optimization Model .....................coiiiiiiii 127
General Remarks ... 127
Model Formulation ........................... 128
ConcludingRemarks .............................. 131
RESULTS AND DISCUSSION ........ooiiiiiiiiiiiie, 133
Potential Evaporation and Evapotranspiration ................... 133

vi



Surface Runoff ... o, 138

Infiltration/Percolation and Seepage ................................ 141
Project Performance ........................ccocoiiiii, 145
Reservoir Simulation ...............ccoooviiiiiiiiiiiie 152
Hydrologic Forecasting for Reservoir Storage .................... 157
Optimization Model ......................oi, 167
Total Water Requirements for Double-Cropping Systems ...... 174
Model/GIS Integration ....................cocoiiiiiieiniiiinann, 175
Sensitivity Analyses in terms of Parameters Changes ........... 184

Effect of Climate and Land use on Potential
Evapotranspiration ....................oooiiii . 184

Effect of Temperature and Soil Moisture Curve
Parameter on Surface Runoff .............................. 188
Effect of Hydraulic Conductivity on Infiltration ......... 190
Sensitivity of Optimization Model Results ............... 192

VI SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS ..., 200
BIBLIOGRAPHY ...t e e e 210
APPENDIX

A Reservoir Simulation Model Results ............................... 224
B Optimization Model Results ........................................ 228
C MapInfoDataBases ...............cccooiviiniiiiiiiiiiiiiiiiani, 233
VI A e e 241

vii



Table

10

11

12

13

LIST OF TABLES

The salient features of Muda Irrigation Project ..........................

Block area moisture contents in the main and off-seasons for
AIStICt 1 oo

Block area moisture contents in the main and off-seasons for
AIStICt 2 o

Block area moisture contents in the main and off-seasons for
AISHTICE 3 Lo

Block area moisture contents in the main and off-seasons for
AIStIICt 4 o

Mean monthly observed rainfall (mm) in the Muda area from 1971-
1997 by considering all the available rainfall stations ..................

Mean monthly observed USBR Class-A black pan evaporation
(mm) from the year 1971-1997 by considering all the available
STAtIONS ...ttt

Mean monthly temperature (°C) at station 27 from 1980-1997 .......

Mean monthly relative humidity (%) at station 27 from 1980-1997

Mean monthly wind speed (m/s) measured at height 12.4m at
station 27 from 1980-1997 ... ... ... .o

Mean monthly solar radiation (MJm™) at station 27 from 1980-
1007

Mean monthly sunshine hour (h/d) at station 27 from 1980-1997 ...

Observed mean monthly uncontrolled river flow (MCM) from

viii

Page

59

59

61

62

70

71

72

73

74

74

75



14

15

16

17

18

19

20

21

749

23

24

25

26

27

10751007

Observed annual recycled water (MCM) by different pump stations
intheMudaarea ...............cooiiiiiiiiiii

Estimating potential evaporation and evapotranspiration by
Penman-Monteith equation ...........................cci

Step by step procedure of calculating surfacerunoff ..................
Estimation of infiltration using Green-Ampt infiltration model ......

Nonlinear river flow routing for the Pedu release of 140.83 cumec
(5000 CUSEC) ....onnininiiee e

Sum of observed Pedu storage and release (MCM) in each month
from 1970-1997 after allowing forspill ................................

Generating streamflow for July using natural logarithm of observed
Pedustorage .............cooooiiiiiiiiiiii i,

Risk analysis based upon natural logarithm of observed data in
M O

Optimal monthly reservoir storage and release, and irrigation
demand derived from optimization model in million cubic meters
(MCM) (monthly operating policy) .............cccccoiiiiiiiniiiniinann.

Variation of model ET, (mm/d) with temperature for each month .

Surface runoff (mm) for varying soil moisture curve parameter b
ineachmonth ........... ...

Infiltration rates in different months for varying hydraulic
conductivity, K ...... ... ...

Reservoir simulation model outputs for Pedu reservoir ...............

Optimization model outputs in each month from 1987-1997 .........

ix

81

136

140

144

149

156

165

166

171

186

190



28

Maplnfo data bases showing Net Water Requirements (NWR) in
March and August for 4 Districts of Muda Irrigation Project ........



Figure

10

11

12

13

14

LIST OF FIGURES

Location map of Muda Irrigation Project ...............................
Scattered red blocks showing Muda Il area ..............................
Moisture content as a function of total existing water .................

Comparison of different districts elementary area mean soil
moisture contents for dryseason ........................

Comparison of different districts elementary area mean soil
moisture contents forwetseason ......................oooiiiiiiinn.n.

Correlation between mean rainfall of March (1991-1997) and Muda
area mean moisture content for dry season ..............................

Correlation between mean rainfall of August (1991-1997) and
Muda area mean moisture content for wet season ......................

The mean monthly variations of the rainfall and pan evaporation
(1971-1997) forMuda area ................c.ovieiiiiiiiiiiiiii,

Comparison of mean annual observed rainfall and pan evaporation
in the Muda Area (1971-1997) ...t

General mean monthly weather conditions at Kepala Batas, Alor
Setar, Malaysia .............ccoooiiiiiiii

Mean monthly uncontrolled flow supplied to Muda area from 1975-
1007

Annual recycled water inthe Mudaarea ................................

Observed annual Pedu storage with release (spill was allowed) in
each year from 1970-1997 ...t

Observed mean, minimum, and maximum monthly Pedu reservoir

65

65

66

66

67

73

75

76

80

82

83



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

storage with release (spill was allowed) from 1970-1997 ............

Pedu monthly storage including release (spill was allowed) in
different years .............ccoiiiiiiiiiiiii

Cumulative distribution for the elementary area soil moisture at
1101 ¢:1 110 1 E PR

Runoff R generated by an effective meteorological input M, >0

The grid on the x—¢ plane used for numerical solution of the
Muskingum equation ....................coiiiiiiiiiiii e

Prism and wedge storages in a channelreach ..........................
Reservoir surface area and watershed area ..............................
Step by step procedure of modeling approach ...........................

Flow chart of simulation-optimization algorithm for reservoir
capacity COmMPULAtiON ...............c.ouiiiininniniiiiieaieeiiieannnn.

Simulating calculated evaporation with observed pan evaporation ..
Relative error between observed and calculated evaporations .......

Illustrating rainfall, evapotranspiration, and surface runoff in each
month ...

Comparison between mean monthly rainfall and calculated
infiltration .................. PP

Stage-discharge rating curve at river station, distance 0.25km from
thePedudam ........ ... .

Stage-discharge rating curve at Kuala Nerang, 30km from the Pedu
dam ...

Xii

84

90

91

103

110

111

118

128

131

137

138

141

145

147



30

31

32

33

34

35

36

37

38

39

40

41

42

Stage-discharge rating curve at 60.27km from the Pedu dam (at CS
D) e

Stage-discharge rating curve at Jitra, 8.78km from Pelubang
barrage ..o e

Stage-discharge rating curve at Arau, 36.68km from Pelubang
DAITAZE ..o e

Pedu reservoir water level-storage curve ........................o..

Comparison between observed and model storage for Pedu
reservoir (1987-1997) ..o

Natural logarithms of monthly observed and stochastically
generated (January and February) Pedu storages from 1970-2000

Natural logarithms of monthly observed and stochastically
generated (March and April) Pedu storages from 1970-2000

Natural logarithms of monthly observed and stochastically
generated (May and June) Pedu storages from 1970-2000 ............

Natural logarithms of monthly observed and stochastically
generated (July and August) Pedu storages from 1970-2000 .........

Natural logarithms of monthly observed and stochastically
generated (September and October) Pedu storages from 1970-2000

Natural logarithms of monthly observed and stochastically
generated (November and December) Pedu storages from 1970-
2000 ... e
The effect of forecasted storage on the generated storage .............

Available storage and reservoir irrigation demand in each month
from Jan87-Dec97 (Case 1) .......ccccoiviniiiiiiiiieiiiiiiee e,

xiii

148

150

150

155

157

161

161

162

162

163

163

164



43

44

45

46

47

48

49

50

51

52

53

54

55

Available storage and irrigation demand in each month from Jan87
=DeCOT (CaSE 2) .oueniiiiii i

Available storage and irrigation demand in each month from Jan87-
Dec97 (after optimization, Case 3) ................cccoiiiiiiiiiinannn.

Comparison among excess/surplus reservoir storage capacities for
threecases ...

Thematic map showing mean monthly net water requirements for
paddyinJanuary ...

Thematic map showing mean monthly net water requirements for
paddyinFebruary ........... .. ...

Thematic map showing mean monthly net water requirements for
paddyinMarch ....... ... ...

Thematic map showing mean monthly net water requirements for
paddy in April ... .o,

Thematic map showing mean monthly net water requirements for
paddy in May ...

Thematic map showing mean monthly net water requirements for
paddy inJune ........ ...

Thematic map showing mean monthly net water requirements for
paddyinJuly ... ...

Thematic map showing mean monthly net water requirements for
paddy in AUUSt ...

Thematic map showing mean monthly net water requirements for
paddy in September ...

Thematic map showing mean monthly net water requirements for
paddy in October ...

Xiv

172

173

173

178

178

179

179

180

180

181

181

182



56

57

58

59

60

61

62

63

64

65

66

67

68

Thematic map showing mean monthly net water requirements for

paddy in November ..................cccooiiiiiiiiiiiiii e 183
Thematic map showing mean monthly net water requirements for

paddy in December ... 183
Correlation between temperature and relative humidity ............... 185

Average variation of potential evapotranspiration with temperature

................................................................................ 188
Variation of potential evapotranspiration with crop height ........... 189
Variation of surface runoff with temperature in different months ... 189
Infiltration rate as a function of hydraulic conductivity ............... 191
Optimal reservoir storage (Case 3) and required reservoir releases
forcases 1104 ... i 197
Optimal reservoir storage (Case 3) and required reservoir releases
forcases St 8 ... 197
Optimal reservoir storage (Case 3) and required reservoir releases .
forcases 910 12 . ..o 198
Net water requirements in each month forcases 1to4 ................ 198
Net water requirements in each month for cases 5to 8 ................ 199
Net water requirements in each month for cases 9to 12 ............... 199



LIST OF ABBREVIATIONS

Cross-sectional area

A

A () Reservoir surface area

A, Area of void

A, (1) Watershed area during period #

ADAPT Areal Design and Planning Tool

AGNPS Agriculture Non-Point Source

ANSWERS Areal Nonpoint Source Watershed Environmental Response
Simulation

ARMA Autoregressive Moving Average

B Cross-sectional top width

b Soil moisture curve parameter

BD Soil bulk density

BCS Basin Characteristics System

BGIS Basin Geographic Information Systems

BRASS Basin Runoff and Streamflow Simulation

C Percent clay

c Kinematic wave celerity

C, Specific heat of air at constant pressure

c, Soil heat capacity

C, Uniformity coefficient

(o Constant

C, Constant

C, Constant

C, Constant

CAD Computer Aided Design

CARL Central Attributed Raster Line

CEC Ratio of cation-exchange capacity of clay to percent clay

CRSS Colorado River Simulation System

D Hydraulic depth

d, Estimated effective soil depth

d Mean depth of water stored during irrigation

DHI Danish Hydraulic Institute

DP Dynamic Programming

DSS Decision Support Systems

E Vapor flux rate



ET, (1,1 +Ar)
F(t)

S

FAP
FARIMA
G

IG(f)
GCM
GIS
GIUS
GRASS
h

hO

HEC
HYSSR

i

I(1,t+ A1)

11

Evaporation rate at the reservoir surface area
Conveyance efficiency

Distribution efficiency
Mean actual vapor pressure of air at dew point temperature

Irrigation efficiency
Free-surface or potential evaporation
Water use efficiency

Saturated vapor pressure of the air
Edge Probability Attributed Data
Earth Resources Data Analysis System
European Remote Sensing Satellite
Evapotranspiration

Actual evapotranspiration

Potential evapotranspiration
Evapotranspiration between ¢ and 7 + At

Cumulative infiltration

Infiltration rate

Flood Action Plan

Fractionally differenced autoregressive integrated moving average
Soil heat flux

Any other gain

General Circulation Model

Geographic Information System

Geographical Instantaneous Unit Hydrograph
Geographic Resources Analysis Support System
Mean height of the crop

Ponding depth

Hydrologic Engineering Center

Hydro System Seasonal Regulation

Hydraulic gradient

Infiltration/percolation between ¢ and ¢ + At
Inflow of water diverted from the source to the conveyance system
Irrigation requirement

Amount of water supply from reservoirs
Recycled water supply

Uncontrolled river flow supply

xvii



Hydraulic conductivity

K

K. Lateral hydraulic conductivity of soil

K, Storage coefficient

k, Constant

k' Kinematic ratio

IL(¢) Any other loss

L Leaching requirement

LP Linear Programming

LHDP Large-system Hierarchical Dynamic Programming
M, Effective meteorological input

MADA Muda Agricultural Development Authority

MWB Monthly Water Balance

N Possible maximum number of sunshine hours

n Actual number of hours of bright sunshine

NAM Nedbor Afstromnings Model

NNM Neural Network Method

NOAA National Oceanic and Atmospheric Administration
0, Operational losses

0, Overflow in the ith reservoir during the jth month
OM Percent organic matter

P Total deep percolation on the farm

P(?) Precipitation falling on the reservoir surface area
P(t,t +Ar) Precipitation between ¢ and 7 + At

P, Air pressure

PD Particle density

PRISM Potomac River Interactive Simulation Model

0] Discharge

q Discharge per unit width

q; Lateral inflow

0.(9) Inflow to the reservoir per unit watershed area during period #
ol Water delivered by conveyance system to the field (outflow)
X0) Uncontrolled releases downstream or spills from the reservoir
R Hydraulic radius

R(®) Required reservoir release rate

R(t,t + A1) Runoff between ¢ and ¢ + At

R Extra-terrestrial radiation

a

xviil



FEmS

3

=X

4

o

L n hn o
o~~~
<

LY

U

L}

o%)
<

Atmospheric vapor resistance
Net radiation

Relative humidity
Net long-wave outgoing radiation

Short-wave solar radiation
Vegetation canopy vapor resistance

Percent sand
Initial storage volume at the beginning of period ¢

Amount of water supplied to the farm
Energy slope

Effective saturation

Slope of the water surface

Impervious area

Seepage between ¢ and ¢ + At

Pervious area

Total surface area

Storage of the ith reservoir during the jth month

Bottom slope of the channel
Snow Accumulation Ablation
Special Analysis Methodology
Soil Moisture Accounting
Seepage and percolation losses
Streamflow Synthesis and Reservoir Regulation
Synthetic Streamflow Generators
Single Value Attributed Data
Soil and Water Assessment Tool
Surface Water Management Plan
Air temperature

Triangulated Irregular Networks

Average wind speed at 2m height

U.S. Army Corps of Engineers

U.S. Department of Agriculture Hydrograph Laboratory
U.S. Geological Survey

United States National Weather Service

Flow velocity

Seepage velocity

xix



VGFM Variable Gain Factor Model

774 Catchment average amount of soil moisture content
w Elementary area soil moisture at saturation

/40 Soil moisture content at time ¢

W(t+Ar) Soil moisture content at time ¢ + At

w, Initial moisture content

W, Catchment average soil moisture content at saturation
w_ Maximum possible soil moisture content

WAM Weighted Average Method

WAHS Watershed Hydrology Simulation

WMCS Water Management and Control Scheme

WUE Water Use Efficiency

X Weighting factor

X Percentage of pervious area at saturation

X, Measured value of storage at time i

X, Generated streamflow

y Average of the absolute values of deviations from the mean
Y, Measured transformed value of storage at time i

Y., Transformed generated streamflow

Y@ Reservoir yield

z Measurement height

z, Surface roughness height

a Surface albedo

A Gradient of saturation vapor pressure-temperature curve
Ein Random component with mean zero and variance o’
i Porosity of soil

4 Psychrometric constant

) Latent heat of vaporization of water

M Unit conversion factor

4, Mean of X

2. First order serial correlation

p Wetting front soil suction head

o Stefan-Boltzmann constant

P, Air density

0, Effective porosity

6 Residual moisture content



rIEREEE

3
-

Storage increment

Time step

Distance step

Change in moisture content

Volume of water applied in an area including rainfall

Net volume of water requirement on day ¢



Abstract of thesis presented to the Senate of the Universiti Putra Malaysia in fulfilment
of the requirements for the degree of Doctor of Philosophy

MODELING OPTIMAL WATER MANAGEMENT FOR RESERVOIR BASED
IRRIGATION PROJECTS

By
MD. HAZRAT ALI
October 1999

Chairman: Dr.Lee Teang Shui

Faculty: Engineering

The double cropping of rice in the Muda Irrigation Project depends very much
on the volume of water stored in the Muda and Pedu reservoirs. The most important
problem affecting the project includes constraints related to poor water management.
However, the shortage of reservoir water still remains the most severe constraint on the
establishment of stable double cropping of rice. Thus, the main purpose of this study is
to develop an optimization model and a solution strategy to solve the water resources of
the project in a computationally satisfactory manner. In this study, a water balance
model was developed and the performance of a project was evaluated. The water
balance components were modeled, without incorporating any model calibration
parameters. The model results were compared with observed data satisfactorily. The

overall project efficiency for the main and off-seasons were also obtained.
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A reservoir simulation model was developed and the model storage capacities
were compared with the observed storage capacities satisfactorily. The Markov process
with periodicity in hydrologic data was applied to generate monthly streamflows. The
generated storage capacities were found to simulate with the observed storage capacities
satisfactorily. Three different cases of anticipated future monthly storage were
envisaged to assess the risk for predicted monthly storage capacities in 1998-2002 and
their probabilities of occurrences were computed. An optimization model was also
developed to solve the water resources management of a large project in a
computationally satisfactory manner. Twelve different scenarios were analyzed to test
the performance of the project and their consequences were illustrated. The optimal
reservoir storage, optimal irrigation demand, and optimal reservoir release (i.e., optimal
reservoir operating policy) were computed. The opimal mean (1987-1997) model total
water requirements for the dry and wet seasons were also computed and the optimal
contributions by rainfall, reservoir, uncontrolled river flow, and recycled water were
determined. The mean water balance components results for different months were
stored in GIS data bases, analyzed, and displayed as the monthly crop water
requirements maps. Finally, it can be concluded that the integration of the water balance
model together with the models for reservoir simulation, efficiency, hydrologic
forecasting, optimization, and GIS holds much promise in the analysis of optimal

allocation of water resources of a project.
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PEMODELAN PENGURUSAN AIR OPTIMUM UNTUK PROJEK
PENGAIRAN BEREMPANGAN

Oleh
MD. HAZRAT ALI
October 1999
Pengerusi:  Dr. Lee Teang Shui

Fakulti: Kejuruteraan

Tanaman padi musim berganda di Projek Pengairan Muda tertakluk kepada
isipadu air simpanan didalam empangan Muda dan empangan Pedu. Masalah terpenting
mempengaruhi projek termasuk kekangan berkaitan dengan pengurusan air yang kurang
memuaskan. Akan tetapi, kekurangan air didalam empangan adalah kekangan terpenting
dalam perihal penubuhan setabil tanaman padi musim berganda. Oleh sebab itu, tujuan
utama pengajian ini ialah membentukkan sebuah model optimum dan strategi
penyelesaian demi untuk mengatasi sumber air projek dengan kaedah pengiraan yang
memuaskan. Dalam kajian ini, sebuah model imbangan air telah dimajukan dan prestasi
sebuah projek telah dinilaikan. Model imbangan air ini boleh menentukan keperluan air
tanaman pada sesuatu jangkamasa tentu. Komponen komponen imbangan air

dimodelkan, tanpa mengambilkira parameter penentukuran. Keputusan keputusan model
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