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ABSTRACT

Reservoir operation policies aim at deriving maximum benefits from water that can
be stored in it and allocated to crops. Water shortage is the main constraint in
establishing stable irrigation water management in Muda Irrigation Scheme, Kedah,
Malaysia. Thus, the objective of this study is to a develop reservoir simulation model
and to consider stochastic models and Log-Pearson Type III distribution to generate
storage to compare with the observed storage, and to forecast future storage to
examine the performance of the reservoir with reliability under changing conditions.
The reservoir simulation model storage amounts were calculated for 1998-2008
using measured values of rainfall and evaporation (reservoir station no. 61), reservoir
inflow, release, seepage, spill, and Muda reservoir inflow. The developed reservoir
simulation model results simulated well with the mean monthly observed long-term
storage amounts (1998-2008), except for a few months where the model storages are
found relatively higher than the observed storage amounts. A stage-storage curve is
plotted using the monthly observed values of storage and water level from 1998-
2008 to covert water level into storage and vice versa. The first order Markov model
with periodicity and Log-Pearson Type III distribution are considered to generate
storage amounts to compare with the mean monthly observed storages, and hence to
forecast future storage with reliability. The first order Markov model generated and
observed mean storage amounts were compared for each month. The comparison
results imply that the monthly statistical parameters of the historic record, except the
lagl serial correlation between December and January months (i.e., over-year
monthly correlations), are preserved satisfactorily. The storage amounts are
forecasted for year 2009-2015 to be used in future reservoir operation, using first
order Markov model. The expected mean and minimum storage amounts for
different return periods are estimated, using Log-Pearson Type III distribution and
trendlines with equations and R’ values are shown, to help decision makers to
estimate future storage with corresponding return period under any changing weather

conditions and or demand.
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ABSTRAK

Polisi pengoperasian empangan yang mensasarkan keuntungan maksimum
dari air yang disimpan atau bagi tujuan penanaman. Masalah kekurangan air menjadi
masalah utama dalam memastikan pembangunan pertanian yang seimbang di Muda
Irrigation Scheme, Malaysia. Oleh yang demikian, tujuan kajian ini dijalankan adalah
untuk membina model simulasi yang menitikberatkan stokastik model dan juga
kaedah pengagihan Log-Pearson type III untuk mendapatkan jumplah simpanan
empangan dan membandingkan simpanan sediada dengan hasil daripada kiraan
model tersebut. Data dari tahun 1998-2008 digunakan untuk mengukur jumlah
curahan dan cairuapan (bagi empangan stesen 61), kadar alir masuk, pelepasan,
penyerapan, limpahan, dan Kadar alir dari empangan Muda. Model simulasi bagi
empangan yang diperolehi agak baik dengan purata bulanan jangka masa panjang
(1998-2008), kecuali untuk beberapa bulan di mana model simpanan didapati agak
tinggi daripada jumlah sebenar. Lengkungan simpanan-langkah telah diplotkan untuk
menukarkan paras air kepada simpanan. First Order Markov Model dan Log Pearson
Type III dipertimbangkan untuk mendapatkan jumlah simpanan dan dibandingkan
dengan purata bulanan simpanan sebenar, dan juga untuk meramalkan simpanan
dengan kemunginan tertentu. Setiap model yang diperolehi dibandingkan bagi setiap
bulan. Hasil perbandingan tersebut membayangkan statistical parameter bagi data-
data yang direkodkan, kecuali bagi lagl hubungan diantara bulan Januari dan
Disember adalah dijangkakan selamat. Jumlah simpanan yang diramalkan dari tahun
2009-2015 akan digunakan untuk operasi empangan pada masa akan datang. Purata
dan jumlah simpanan minimum yang dijangkakan bagi tempah kalaan yang berbeza
dijangkakan, menggunakan Log Pearson Type III dan didapati trendlines, R2
ditunjukkan untuk membantu membuat keputusan bagi pengurusan empangan pada

masa akan datang dengan sebarang perubahan cuaca.
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CHAPTER I

INTRODUCTION

1.1  Background

Allocation and management of water for agricultural purposes is a complex
issue affected by social, environmental and political factors. Reservoirs are very
useful choices for storage of irrigation water to use in drought periods. Optimal
operation of reservoir systems is important for effective and efficient management of
available water resources for maximum system net benefit (Consoli et al. 2008;
Nandalal and Sakthivadivel 2002; Raju and Kumar 1999; Suiadee and Tingsanchali,
2007; Shrestha et al., 1996).

In water resources development, reservoirs play a major role in modifying
uneven distribution of water both in space and time. To make the best use of the
available water, the optimal operation of reservoirs in a system is undoubtedly very
important though it is a very complicated task. During the last several decades many
attempts have been made towards solving this problem by various mathematical

means (Wurbs, 2005).



Irrigation projects which receive water from a reservoir can be challenging to
manage, since annual fluctuations in runoff from the reservoir's catchments area can
have considerable impact on the irrigation management strategy. (Shrestha et al.,
1996) mentioned that there is a general realization that many irrigation networks are
failing in their fundamental function of delivering water, where and when it is
needed, and in the right quantity. Irrigation departments, particularly in developing
countries, have been suffering financial setbacks and therefore implementing
improved techniques for operational management of these systems receives

inadequate attention.

Irrigation reservoir operation policies are aimed at deriving maximum
benefits from the water that can be stored in it and allocated to crops. Water releases
from reservoirs have to be conveyed through a hierarchical distribution system of
canals, branch canals, distributaries and field turnouts or outlets before they reach the
cropped fields. The operations are complex but substantial increases in benefits can
be derived even from relatively small increases in operating efficiency (Maidment
and Chow, 1981). Water management basically consists of determining when to
irrigate the amount to be applied during each state of plant growth, and the operation
and maintenance of the system. Water distribution systems and management
strategies that enable users to apply water uniformly and accurately require large
capital investments. All the three stages of the irrigation operation problems, namely,
determining the reservoir releases, transferring them to the field level, and allocating
the field supplies to crops are important components of operation of large irrigation
systems. Missing any one of these components can lead to low agricultural

productivities and operating efficiencies.



1.2 Statement of the Problem

Malaysia has mostly arid and semiarid climate, and spatial and temporal
distribution of rainfalls is irregular. Food demand is rapidly increasing with
increasing population. Water resources system of Malaysia has a complex structure
and financial opportunities to construct new dams are very restricted depends on the
purposes of construction, economical value and etc. Water resources managers and
decision makers paid a significant attention on optimum operation of reservoirs
during the last decade. Mathematical programming methods were the most widely

applied methods of optimization.

Water is main component for living beings on earth to continue their lives.
But, now-a-days the problem related to water such water shortage is very crucial.
This can be happened due to improper water management. The proper management
is very important in order to sustain the water resources with high water quality and

can reduce the problem on water shortage.

Reservoir is one of the sources of surface water. It can reserve the water and
supply water to the people. Reservoir will regulate inflows and provide outflows at
more regular rate, which is determined by water demand, temporarily storing the
surplus when inflows exceed outflows. These days reservoir has been facing a lot of
problems such as low water quality and water release not following an energy-

efficient schedule. It gives tendency of occurrence of water shortage.

According to previous studies, the water volume of Pedu and Muda dams
experience frequent deficit due to shortage of water supply from catchment. Thus,

the plan is needed to be modified periodically during real-time operation based on



4

current season data and climate change. The Muda irrigation scheme is highly
dependent on rainfall, fulfilling about 51% of the irrigation requirements. Two dams
(Pedu and Muda) contribute about 29%, while the uncontrolled river flow and
recycling supply contribute about 15 and 5%, respectively (Ali et al., 2000; MADA,
1987). In fact, the reservoirs were so depleted that irrigation for the 1978 dry season
crop was impossible, and again in 1983 and 1984, only half of the area could be

irrigated (Kitamura, 1990).

The shortage of reservoir water remains the most serious constraints on the
establishment of stable double cropping of rice. The efficient utilization of water
resources needs information, such as, annual effective rainfall, runoff, consumptive
use, and reservoir release, etc., thus, a reservoir simulation model often used to
predict the response of the system under a given set of conditions. On the other hand,
forecasting are used for warning of extreme events (e.g., floods and droughts), for
operation of water resources systems such as reservoir, hydropower generation
projects and etc. In addition, the models can be used to predict the future

performance of reservoirs.

1.3 Justification of the Study

Water management generally means the supply, conveyance, distribution, and
application of the right amount of water at the right time to the right place so that the

plants would thrive and produce good yield.

The shortage of reservoir water still remains the most serious constraints on

the establishment of stable double cropping of rice. Thus, a reservoir simulation



model needs to be developed to estimate the reservoir yield precisely. Long-range
water supply forecasting is an integral part of drought management and of water
supply management itself. Stochastic data generation aims to provide alternative
hydrologic data sequences that are likely to occur in future to assess the reliability of
alternative systems designs and policies, and to understand the variability in future
system performances. It is also very important to develop a stochastic hydrologic
model to generate the monthly streamflows and thus to estimate the future

streamflows with reliability.

1.4  Objectives of the Study

The main objectives to be carried out in this study are:

6)) To develop a reservoir simulation model to simulate model storages with the
long-term observed storage amounts,

(i1) To use stochastic models to generate storage and to compare with the

observed storage, and hence to forecast future storage with reliability.

1.5  Scope of the Study

The main scope of this study will be confined to the development of reservoir
simulation model, and utilization of stochastic models to generate and forecast
storage. The scopes of work that will be covered in this study are:

1. Collection of various relevant historical data from MADA.

ii. Development of various mandatory modules of reservoir systems.



REFERENCES

Ali, M.H., Lee T.S., Yan K.C., Eloubaidy A.F. (2000). Modeling evaporation and
evapotranspiration under temperature change in Malaysia. Pertanika J Sci
Technol 8(2):191-204.

Al Mashhadani E.H. and Beck, M.M. (1978). Effect of atmospheric ammonia on the
surface ultrastructure of the lung and trachea of broiler chickens. Poultry
Science, 64: 2056-2061.

Aksoy, H. and Bayazit, M. (2000). 4 daily intermittent stream flow simulator.
Turkish J Eng Environ Sci, 24, 265-276.

Belaineh, G., Peralta R.C. and Hughes T.C. (1999). Simulation/optimization
modeling for water resources management. J Water Resour Plan Manag
125(3):154-16.

Benson, M. A. (1968). Uniform flood frequency estimation methods for federal
agencies. ] Water Resour. Res., 4(5), 891-908.

Chang, W. C. (2005). “Evaluating Management Strategies For Layang Reservoir
Using Fuzzy Composite Programming” Undergraduate Thesis, Faculty of Civil
Engineering, Universiti Teknologi Malaysia.

Consoli S., Matarazzo B. and Pappalardo N. (2008). Operating rules of an irrigation
purposes reservoir using multi-objective optimization. Water Resour Manag
22:551-564.

Deepti, R. and Maria M.M. (2009). Simulation—Optimization Modeling: A Survey
and Potential Application in Reservoir Systems Operation. Water Resour
Manage, DOI  10.1007/s11269-009-9488-0.

Duranyildiz, 1., Onoz, B. and Bayazit, M. (1999). A chance-constrained LP model
for short term reservoir operation optimization. Turkish J Eng Environ Sci, 23,
181-186.

El-Awar, F.A., Labadie J.W. and Ouarda T.B.M.J. (1998). Stochastic differential
dynamic programming for multi-reservoir system control. Stoch Environ Res
Risk Assess, 12, 247-266.

Faber, B.A. and Stedinger J.R. (2001). Reservoir optimization using sampling SDP
with ensemble streamflow prediction (ESP) forecast. J Hydrol 249:113—133.



49

Fiering, M.B. and Barbara B. J. (1971). Simulation techniques for design of water-
resource systems. Washington, American Geophysical Union, Water resources
monograph, ISBN: 0875903002 0875903002.

Galli, A., Beucher H., Le L. G. and Doligez B. 1994. The pros and cons of the
truncated Gaussian method. Proceedings of the Geostatistical Simulation
Workshop. Kluwer Academic Publishers, pp. 197-211.

Goddard, L., Barnston A.G. and Mason S.J. (2003). Evaluation of the IRI’s “Net
Assessment” seasonal climate forecasts 1997-2001. Bull Am Meteorol Soc
84(12):1761-1781.

Hajilal, M.S, Rao N.H. and Sarma P.B.S. (1998). Real time operation of reservoir
based canal irrigation systems. Agric Water Manag 38:103—122.

Hanks, C.T., Anderson M. and Craig R.G. (1974). Cytotoxic effects of dental cements
on two cell culture systems. J Oral Pathol 10:101-112.

Jain, S.K and Singh V.P. (2003). Water resources systems planning and
management. Elsevier, Developments in Water Science, No. 51.

Jothiprakash, V. and Shanthi G. (2006). Single reservoir operating policies using
genetic algorithm. Water Resour Manag 20:917-929.

Karamouz, M., et. al., (2003). Water resources systems analysis. LEWIS Publishers,
by CRC Press LLC, 2003. pg 301-303, 310.

Kitamura, Y. (1990). Management of irrigation systems for rice double cropping
culture in the tropical monsoon area. Tech. Bull. Tropical Agriculture Res.
Center, No. 27, Tsukuba, Ibaraki, Japan.

Labadie, J.W., Lazaro R.C. and Morrow D.M. (1981). Worth of Short Term Rainfall
Forecasting and Combined Sewer Overflow Control. Water Resour. Res. 17(5),
1489+1497.

Ladislav, V. and Vojtech B. (1989). Water Management in Reservoirs.
Developments in Water Science, Vol 33.

Lettenmaier, D.P. and Wood E.F. (1993). Handbook of hydrology. McGraw- Hill,
New York.

Loucks, D. P. et al.,, (1981). Water resources systems planning and analysis.

Prentice-Hall, Inc., Englewood Cliffs, N.J.



50

MADA (1987). Feasibility report on tertiary irrigation facilities for intensive
agricultural development in the Muda Irrigation Scheme, vol. 1. MADA,
Malaysia

Mahdi, M. J., Omid B. H., Bryan W. K., and Miguel A. M. (2007). Muda Reservoir
operation in assigning optimal multi-crop irrigation area. Agricultural Water
Management, ASCE, Vol 149-159.

Mathlouthi, M. and Lebdi, F. (2008). Event in the case of a single reservoir. the
Ghezala dam in Northern Tunisia. Stoch Environ Res Risk Assess, 22, 513—
528.

Maidment, V.R and Chow V.T. (1981). Stochastic state variable dynamic
programming for reservoir systems analysis. Water Resour Res 17(6):1578—
1584.

Marcelo, C., Salomao O. and Armando Z. R. (2001). The use of discrete Markov
random fields in reservoir characterization. Journal of Petroleum Science and
Engineering 32, 257— 264.

Mays, L.W. and Tung Y.K. (1992). Hydrosystems engineering and management.
Water Resources Publications, USA.

Montaseri, M. and Adeloye, A.J. (1999). Critical period of reservoir systems for
planning purposes. J Hydrol, 224, 115—136.

Montoglou, A. and Wilson J.L. (1982). The turning bands method for simulation of
random fields using line generation by a spectral method. Water Resour. Res.
18 (5), 1379—1394.

Nandalal, K.D.W. and Sakthivadivel R. (2002). Planning and management of a
complex water resource system: Case of Samanalawewa and Udawalawe
reservoirs in the Walawe River, Sri Lanka. Agric Water Manag, 57, 207-221.

Ngo, L.L., Madsen H. and Rosbjerg D. (2007). Simulation and optimization
modelling approach for operation of the Hoa Binh reservoir, Vietnam. J Hydrol
336:269-281.

Ozturk, F., Yurekli, K. and Apaydin, H. (2008). Stochastic modeling of suspended
sediment from Yesilirmak Basin, Turkey. Int ] Nat Eng Sci, 2(1), 21-27.



51

Pearson, K. (1893). Contributions to the mathematical theory of evolution.
Proceedings of the Royal Society of London 54: 329-333.
do0i:10.1098/rspl.1893.0079.

Pearson, K. (1895). Contributions to the mathematical theory of evolution, II: Skew
variation in homogeneous material. Philosophical Transactions of the Royal
Society of London ARRAY 186: 343—414. doi:10.1098/rsta.1895.0010.

Pearson, K. (1901). Mathematical contributions to the theory of evolution, X:
Supplement to a memoir on skew variation. Philosophical Transactions of the
Royal Society of London. Series A, Containing Papers of a Mathematical or
Physical Character 197: 443-459. doi:10.1098/rsta.1901.0023.

Pearson, K. (1916). Mathematical contributions to the theory of evolution, XIX:
Second supplement to a memoir on skew variation. Philosophical
Transactions of the Royal Society of London. Series A, Containing Papers
of a  Mathematical or  Physical  Character 216:  429-457.
doi:10.1098/rsta.1916.0009.

Pilon, P. J. and Harvey, K. D. (1994). Consolidated frequency analysis, Reference
manual, Environment Canada, Ottawa, Canada.

Raju, K.S. and Kumar D.N. (1999). Multicriterion decision making in irrigation
planning. Agric Syst 62:117-129

Rao, N.H, Sarma P.B.S. and Chander S. (1992). Real-time adaptive irrigation
scheduling under a limited water supply. Agric Water Manag 20:267-279.

Rhind, A. (1909). Tables to facilitate the computation of the probable errors of the
chief  constants of skew frequency distributions. Biometrika 7 (1/2): 127—
147.

Sattari, M.T., Kodal, S. and Ozturk, F. (2000). Application of deterministic
mathematical method in optimizing the small irrigation reservoir capacity.
Akdeniz J Agric Sci, 19(2), 261-267.

Sattari, M.T., Salmasi. F. and Ozturk, F. (2009). Comparison of different methods
used in determination of irrigation reservoir capacity. J Agric Sci, 14(1), 1-7.

Shrestha B.P, Duckstein L. and Stakhiv E.Z. (1996). Fuzzy rule-based modeling of
reservoir operation. ] Water Resour Plan Manag 122(4):262-269.



52

Seong, J. K. and Hyung J. S. (2007). Assessment of climate change impact on
snowmelt in the two mountainous watersheds using CCCma CGCM2. KSCE
Journal of Civil Engineering, Volume 11, Number 6/November, 2007 DOI:
10.1007/BF02885902.

Suiadee, W. and Tingsanchali T. (2007). A combined simulation—genetic algorithm
optimization model for optimal rule curves of a reservoir: a case study of the
Nam on irrigation project. Thailand Hydrol Process 21:3211-3225.

Tawfik, M. and J. Labadie (1994). “4 Real-Time Stochastic Dynamic Programming
Model for Multi-Purpose Reservoir Operation,” Proceedings of the VIII IWRA
World Congress on Water Resources, Ministry of Public Works and Water
Resources, Cairo, Egypt Nov. 21-25.

Tu, M., Hsu N., and Yeh W.W. (2003). Optimization of reservoir management and
operation with Hedging rules. ] Water Res Plan Manag 129(2):86-97.

Wurbs, R.A. (2005). Comparative evaluation of generalized river/reservoir systems

models. Texas Water Resources Institute, pp 65-82.





