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ABSTRACT

The behavior of contaminant transport in stream is greatly influenced by
surface and groundwater interaction. The improvement of the prediction of
downstream water quality can be implemented if the more attention gives to this
problem and model these processes accurately. .In this study, an analytical solution is
presented for solute transport in streams including the effect of transient storage.
Transient storage model is introduced to represent the movement of solute from main
stream into stagnant zone and back to the main stream. The governing equation of
the transient storage model discretized by analytical solution and transformed using
laplace transformation. Then the results of the concentration profile obtained
graphically. The results show that the concentration profile of the main stream
approaches classical advection dispersion equation whereas the storage zone
exchanged coefficient, «=0 which show that there is no mass exchange of solute

between the main channel and the storage zone.
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ABSTRAK

Sifat pengangkutan bahan pencemar di dalam sungai sangat dipengaruhi oleh
interaksi di antara permukaan dan dasar sungai. Peningkatan dalam penganggaran
kualiti air di bahagian hilir sungai boleh dilaksanakan jika perhatian yang lebih
diberikan terhadap permasalahan ini iaitu dengan memodelkan proses interaksi
dengan tepat. Dalam kajian ini, penyelesaian analisis ditunjukkan untuk proses
pengangkutan bahan pencemar di dalam sungai dengan melibatkan kesan
penyimpanan sementara. Model penyimpanan sementara diperkenalkan untuk
menggambarkan pergerakan bahan pencemar dari sungai utama memasuki zon air
tenang dan kembali semula ke sungai utama. Persamaan menakluk bagi model
penyimpanan sementara ini dihuraikan secara penyelesaian analisis dan ditukar
kepada pembentukan Laplace. Keputusan profil kepekatan ditunjukkan secara grafik.
Keputusan menunjukkan bahawa kepekatan bahan pencemar di dalam sungai
menghampiri persamaan adveksi penyebaran klasik di mana pekali pertukaran zon
penyimpanan, alpha bersamaan dengan kosong yang menunjukkan tiada pertukaran

jisim bahan pencemar berlaku di antara sungai utama dan zon penyimpanan.
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CHAPTER 1

INTRODUCTION

1.1  Background of The Study

The surface water quality in a region is largely determined both by the natural
process and the anthropogenic influences urban, industrial and agricultural activities,
and increasing exploitation of water resources. Water quality monitoring has one of
the highest priorities in environmental protection policy. While, surface/ground water
interactions influence downstream water quality significantly since the concentration
distribution both in a stream and in ground water changes due to this exchange and
biogeochemical reactions occur between the minerals in the subsurface and the
minerals in the streams. These interaction involves the phenomenon of transient
storage. Transient storage occurs in streams with zones of water that are immobile
relative to the water in the main channel. Immobile zones may include pools, eddies,
and water isolated behind rocks, vegetation, or other irregular bottom relief, as well
as interstitial water within gravel beds and banks. Transient storage is controlled by
the prevailing physical conditions of the stream such as discharge, channel structure,
and bed composition. As a solute pulse moves along such a stream, solute mass
enters storage zones, and the concentration of the solute in the active channel is
attenuated. After the main body of the pulse passes, transient storage zones become a

source of solutes to the stream. This transfer of solute mass back to the active



channel causes a gradual tailing of the concentration profile. The mass transfer into
and out of a storage zone was postulated to depend on the difference in concentration
between the stream and the storage zone. Generally, in transient storage models,
streams are divided into two distinct zone. The first zone represents the main flow
region that includes the process of advection, dispersion and lateral flow. The
second one represents the storage zone area , which is stagnant relative to the main
channel flow of a stream. Both zones are linked by the mass exchange process

between them.
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Figure 1.1 Illustration Model of Main Channel and Storage Zone.

This model includes the effect of both surface storage, in which water is
stationary relative to the main channel and the hyporheic zone, to which water moves
from the main channel, flows through and returns to the main channel. Hyporheic
zone which defined as a porous area which connects stream water and subsurface
water that results in exchange of water between two different media. It become an
important habitat for numerous aquatic organisms. It contain a wide variety of
subterranean fauna and zoobenthos, either at various stages of their lives or

throughout their life histories.



1.2

1.3

Statement of the Problem

It is a well-known fact that the quality of the stream water is getting
worst day by day. The main problem caused by the bad quality of stream is
that it kills life that inhabits water-based ecosystems. This problem occur
caused by solute transport in stream. Existing of the storage zone in stream
channel caused the interaction which bring solute transport flowing in a
stream. The transient storage zone actually represent the effect of the bank
storage. The bank storage is the process of temporary storage of stream water
in streambanks due to rapid rise which may be caused by storm. Based on
this problem, the effect of the interaction between surface and ground water
which lead to the quality of concentration of the stream water is considered

in this study.

Objective of the study

The objectives of this study are:

1. To develop analytical solution for the transient storage model using
Laplace transform.
2. To investigate the effect of the surface/ground water interaction on

stream solute transport.



1.4 Scope of the study

The scope of the study is by doing derivation on governing equation of
transient storage models using analytical solutions and transforms the equation using
Laplace transformation for the case of continuous and finite injection of a tracer into
a stream. The surface/ground water interaction on stream solute transport using tracer

test is investigated.

1.5  Significance of The Study

The significance of the study is to help in guiding engineering and
management decision concerned with the appropriate utilization of the river. This
can also prevent the additional cost for water treatment which can lead the economy
stability.

1.6 Outline of The Study

In this study, there are five chapters including the introduction and
conclusion. First chapter described briefly about the background of the study,

statement of the problem, objectives, scope and significance of the study.

Literature review of this study about the transient storage model will be
conducted in Chapter 2. This chapter also contains the Fick’s Law, conceptual of the
transient storage model, advection diffusion equation, history of water quality model

and mass transfer.



Chapter 3 discuss about derivation of the governing equation of the transient
storage model and transform into the Laplace transformation. Chapter 4 will describe
the result of the study and followed by Chapter 5 which will state about the

conclusion and recommendation of the study.
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