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Abstract

Recent increases in the industrial development around the periphery of the
Upper Gulf of Thailand have created considerable concern about the capability of its
coastal waters 10 act as intermediate zones for receiving waste effluents and subsequent
dispersion of material in offshore waters. The dynamics of the dispersion and diffusion
mechanisms in the upper gulf are complex, and very few field studies of these processes
have been carried out.

In view of the importance of coastal environmental control of the Upper Gulf,
this paper presents theoretical analysis of waste dispersion there. Throughout use is
made of physical properties of wastewater and flow parameters in the gulf derived from
various coastal studies. These analytical results provide a background for useful
recommendations regarding dumping processes in the Upper Gulf

Introduction

Maintenance and improvement of environmental quality are today of major
concern to the public. Water quality, particularly in estuaries and coastal seas, has
received a great deal of attention. Discharges of industrial wastes and domestic sewage
into river, estuarine and coastal waters will affect water quality, depending on discharge
loading and waste characteristics, diffusion and dispersion processes, etc. In order to
understand the effect of waste disposal, it is indispensable to understand the distribution
patterns as well as the interaction processes of various constituents in the discharged
wastes.



J.Sci.Soc. Thailand. 7 (1981) 137

The constituents in discharged wastes can be classified as conservative and
non-conservative substances. Conservative substances are those which preserve their
properties during transportation or for which the rates of decay are very low, e.g.,
some forms of heavy metals. On the other hand, non-conservative substances are those
which change their forms during transportation, e.g., organic materials, some forms of
nitrogen, etc. Since discharged wastes from various sources contain different constituents
with different characteristics, it is necessary to use some indicators for an assessment of
their strength and harmfulness. Among these indicators one has the biological oxygen
demand (BOD) and chemical oxygen demand (COD), which indicate the amount of
oxygen required to stabilize biologically and chemically organic material in the wastes.

Diffusion and dispersion are important processes which govern transportation
of the discharged wastes. Diffusion has been defined as the transport associated with
molecular and turbulent actions while dispersion has been defined as the transport
associated with the variation of velocity across flow sections (Tamail!). Factors affecting
diffusion and dispersion processes include differences in substance concentrations and
water density, flow current and wave action, variation in shear velocities, turbulence,
etc.

For a channel with a small cross-sectional area, the flow component and the
lateral variation in the substance concentration are small and can be neglected. In this
case the dispersion process can be considered to be one-dimensional. For large water
bodies such as a coastal sea, the flow components as well as the substance dispersion
vary in all directions, and cause more rapid decline of the substance concentration at
the discharge point. Thus a coastal sea has been found to have greater capability for
receiving waste effluents. '

Recent increases in the industrial development around the periphery of the
Upper Gulf of Thailand have created considerable concern about the capability of its
coastal waters to act as intermediate zones for receiving waste effluents and subsequent

dispersion of material in offshore waters. This paper presents theoretical analysis of
waste dispersion in the Upper Gulf Throughout use is made of physical properties of

wastewater and flow parameters in the gulf derived from various coastal studies.

Theoretical Considerations :
Two-Dimensional Dispersion from a Line Source

The governing equation for two-dimensional dispersion in an area with uniform
water depth, constant flow velocity and constant dispersion coefficients can be written
as (Tracorz)
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where c is the substance concentration,
U and V are the flow velocities in the x and y-directions,
Dy and Dy are the dispersion coefficients in the x and y-directions,

K is the decaying rate of the substance.

For an instantaneous source of strength M/H (total mass per unit depth)
discharged from a point source at location (x,, y,) at time t = 0, the substance
concentration at any point (x,y) can be expressed as (Christodoulou et af3)
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Next, consider a line source parallel to the y-axis, between the locations (x o'
y_ ) and (x oY 02), Fig. (la). Assume that the total mass M is distributed uniformly
along the discharging length L and throughout the uniform water depth H. The strength
of the instantaneous line source can be expressed as m = M/LH (total mass per unit
length per unit depth).

The increment concentration in the dc due to a small source dm = m dy,,

discharged at (x,, y,), can be expressed as
4 m dy o (x—xo—Ut)2 (y-y O—Vt)2 K
¢ = ﬁyﬁ-;;ex? L T 3
The total concentration c(x,y,t) is obtained by integrating for the whole source,
i.e.,
2 2
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02 m 0
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Fig. 1 Dispersion from an Instantaneous Line Source (Plan View)
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witherf () = dz.
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Note thaterf (0) = Oanderf(o) = 1.

Eq. (5) can be used to compute the distribution pattern of a substance when
the flow velocity, discharge loading, and dispersion coefficient are known.

At the center of the dispersion cloud, i.e., at location (x’, y'), where x’ =
X, * Utandy’ = 0.5 (ym + yoz) + Vt, the substance concentration has a mximum.

The peak concentration, ¢ m’ is given by
YooV, Y1~ Y,
m 02 Yol o1 702
c = ———— exp(-Kt){erf(——=) - erf(——=)} . @)
m 4YTD_.t 4JD¢ 4JD¢

Using the property erf(-03 = -erf(0), and replacing m by _I:Mﬁ’ Eq. (7) reduces

to
c = ¢ _ exp (-Kt) erf{ L } (8)
m (o] 4 , Dyt
. M
with C., = ——a——— )
° LHY4TD,t

For specified values of the total discharge loading M, the water depth H, the
dispersion coefficients D X and Dy, the decaying rate K, and the length of the discharge
line L, the peak concentration Cp, at any time t after instantaneous dumping can be
computed.

One-Dimensional Dispersion from a Line Source

For one-dimensional dispersion ( Fig. 1.b), Eq. (1) can be simplified by setting V
and Dy to zero:

2
——+U——Da_—;2 +Ke = 0. (10)

'Y



J.Sci. Soc. Thailand, 7 (1981) 141

The one-dimensional line source will be assumed to satisfy the following initial
and boundary conditions:

Initial condition: for a finite source of waste load M being instantaneously
dumped into the sea at time t = 0,

o(x,0) = 2—4};6@) , a1

whereS(x) = delta function with the property of

j sxydx = 1. (12)

©o

Boundary conditions: at long distance from the dumping area, the
concentration is negligible:

c(xw,t) = O0fort> 0. 13)

The solution of this one-dimensional dispersion from a line source is

2
_ _ (x-Ut) .
c = coexp{ 4Dxt -Kt} , (19

where ¢ o is given by Eq. (9).
The peak concentration °m is the concentration at the distance x’ = Ut from
the dumping point. Eq. (14) yields

h = exp(-Kt) . (15)

Comparing Eqgs. (8) and (15) it can be seen that the only difference is the term

L ) which enters into the solution of the two-dimensional equation. This factor

erf(
4y D_t
y
represents the reduction in the value of Cm of the one-dimensional solution due to lateral
dispersion.
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Application to the Upper Gulf of Thailand

The Upper Gulf of Thailand (Fig.2) has an area of approximately 100 100 km2
and average depths of 10 and 15 m for the upper half and the entire gulf, respectively.
A depth of 10 m will be used in this study.

In order to apply the analytical solution to the Upper Guif of Thailand, one
must obtain appropriate values for the various parameters. These include the flow
velocities U and V, the dispersion coefficients DX and D_, and the decaying rate K.
Moreover, in order to specify initial conditions, Eq. (11), one requires data on waste
discharging in terms of total waste load M, line length of dumping L and water depth H.

The physical condition in the upper gulf of Thailand has been studied by
Vongvisessomjai ef al* 1t was found that the predominant currents in the upper gulf
of Thailand are tidal currents which oscillate back and forth with almost zero net drift,
small wind driven currents confined to a thin layer at the surface, and fresh water currents
which influence only the vicinity of the river mouths. Vongvisessomjai er al® have
determined the diffusion coefficients in the upper gulf of Thailand from measured
current data. They found that the diffusion coefficients in the x and y directions have
almost the same magnitudes of about 3 m?/s.

In this study the biological oxygen demand (BOD) will be used as a pollution
indicator. Various factors have been found to affect the decaying rate of BOD; they
include temperature, salinity, waste characteristics, etc. At present very few attempts
have been made to determine the dacaying rate of BOD in the upper gulf of Thailand.
In this study, only the decrease of BOD due to the dilution process caused by turbulent
dispersion will be considered.

For an instantaneous loading M = 10,000 kg, water depth H = 10 m, and
dispersion coefficient Dx = 3m%/ s, the values of peak concentrations at any time t during
one-dimensional dispersion have been plotted (Fig. 3), for different values of length L.

In order to evaluate the effect of lateral dispersion, the term erf( L ) has

4+ Dyt
been plotted against time t for some values of L (Fig. 4). The peak concentrations
during two-dimensional dispersion are then obtained by multiplying the peak values
during one-dimensional dispersion (Fig. 3) by this reduction factor. The obtained values
are shown in Fig. 5.

Discussion

An analysis of one-dimensional dispersion shows that the peak concentration
varies inversely with the cross-sectional area of the channel and the square root of the
dispersion coefficient and time.

'Y
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Fig. 2 The Upper Gulif of Thailand.
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Fig. 3 One-Dimensional Dispersion from a Line Source (Dy = 3 m?/s,
M/Hz 1,000 kg /m, K = 0)
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Fig. 5 Two-Dimensional Dispersion from a Line Source
(Dx = 3m?%/s, Dy, = 3 m?/s, M/H = 1,000 kg/m, K = 0)
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In two-dimensional dispersion, lateral dispersion reduces the peak concentration.
The reduction factor, expressed in terms of the error function erf ( ), decreases

4 Dyt
from unity when its parameter ( ) decreases, i.e., L decreases while D_ and t
4y Dt y

increase, as shown in Fig. 4. When there is no additional dilution due to lateral dispersion,
the reduction factor is unity during the first 10 hours with L = 2,000 m; it decreaces
from unity to about 0.7 from 2 to 10 hours with L = 1,000 m and it decreases from
unity to about 0.4 from the beginning of dumping to 10 hours later. The peak
concentrations of the two-dimensional concentrations which are the products of the
peak concentrations of the one-dimensional dispersion and the reduction factors as
plotted in Fig. 5 show significant differences in magnitude for different lengths of
dumping lines during the first five hours after dumping. For longer times, due to lateral
dispersion, no significant differences in peak concentrations occur.

This analysis is based on the assumptions that the waste is uniformly distributed
over the dumping line, and the whole water depth during two-dimensional dispersion,
and is uniformly distributed over the dumping section of the channel during one-
dimensional dispersion. In order to apply this analysis to real dispersion phenomena
such as waste disposal in the Upper Gulf of Thailand, the mixing conditions must be
taken into account. A longer mixing time should be allowed to ensure that the waste is
thoroughly mixed with the sea water throughout almost the entire depth.

The solutions infer that the dispersion in a river is limited by its limited width,
while it is wider in the sea. This answer the question why pollution is severe in rivers
where the downstream drift is small, i.e., in lower reaches subject to tidal influence;
in the gulf the water quality is bound to be much better. However, care must be
exercised not to exceed the natural assimilative capacity of the gulf. The Fishery
Department must be consulted for the vulnerable area of dumping.

Conclusions

The solutions of one and two-dimensional dispersions from a line source in a
water body of uniform depth, flow velocity, and constant dispersion coefficients are
derived and compared. The peak concentration of the one-dimensional dispersion (Eq. 9
and Fig. 3) is governed by the mass of waste, cross-section of channel dispersion
coefficient and time.

The additional dilution due to lateral dispersion of the two-dimensional
dispersion (Fig. 4) depends upon the length of dumping, lateral dispersion coefficient
and time.
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