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I ntroduction

River pollution is the contamination of rives that it becomes unfit for usage. Rivers are
often used as disposal sites for unwanted biolbgicandustrial products, usually referred to
as waste. When such waste enters river ecosystenp@ssesses a potentially threat or a
detrimental effects on its health, then it is knoasa pollutant. Asian rivers are the most
polluted in the world. They have three times as ynbacteria from human waste as the
global average and 20 times more lead than riversdustrialized countries. There are two

different types of pollutants.

1. Conservative Pollutant

2. Non-conservative Pollutant

In conservative pollutant the unit mass remméae same over the time period for example
the transportation of sediments from upstream twrdtream. On the other hand, non-
conservative pollutants are those types of polluteimere unit mass change with time as a

result of decay.

The project looks at the pollutant concentratdf a river stream with respect to time and
distance for point source pollutants (conservatéwe non-conservative ones) to obtain the
concentration-distance and concentration-time |@®fiSince it is difficult to predict non-
point sources pollution in comparison to point seupollution therefore the focus of this
project was mainly concentrated on point sourcéutaits. An ideal and simplified hydraulic
parameters with necessary assumptions were madkeefproject and then simulated with the
real case such as Songhua river of China where@deamtal chemical spilled took place in
the year 2003.

Objectives of the project
1. Construct concentration-distance and concentratime profiles of the fate and
transport of the spill.
2. Repeat (1) assuming that the toxic material is camservative and has a decay
constant of 0.1/day
3. Calculate the dispersion coefficient using empiricaemula and check its validity

using Change of Moment and Routing method.



4. Simulate the scenario that happened in Songhuar Riliena when about 100 tons

toxic chemicals were spilled.

Assumptions

For the project, the following assumptions were enad

1. The river is of uniform cross section all thgbout its length with uniform velocity.

2. The pollutant is evenly dispersed within thesriat all times
Water flows into and out of the river at the satonstant rate (so that all seasonal
effects have been ignored)

4. All other water gains and losses (e.g. rainalgporation, extraction and seepage)
have been ignored

5. The volume of water in the river is constant

M ethodology

In order to find the concentration profilesttwrespect to distance and time, at first the
parameters such as width, depth, Manning’s roughoesfficient, slope of the bed and mass
of the pollutant were assumed. The velocity waemened using Manning’s Eq. as given

below:
V=1n RBESY2 ()

Where V is the velocity in m/s
R is Hydraulic Radius, A/P = Cross-sectional Ar&detted Perimeter

Once we have computed the velocity we can calctiegté-low rate Q as
The Dispersion coefficient of the river is estinthtesing the empirical formula given by
Fischer et al. in 1979

Dispersion Co-efficient D = 0.0112BYHU* ........covimiiiee et (iii)
Where U* = shear velocity = (g R §"?



B = width of the river

The concentration with respect to distance and tiarecalculated using the following Eq.

Cint) = exp [—'-'—"-'— Uy ]
Aldrr D)) 4Dt
.......... (iv)
Where

C= Concentration

M= Mass of pollutant

D- Dispersion coefficient
K- Decay constant

x- Distance

t- Time

The concentration with respect to time atedtéht sections of the river such as 300, 600,
900 m from the upstream were calculated and plogadilarly, concentrations with respect
to distance at various time steps were also plattedidering two cases:

1. Case | - Conservative Pollutant

2. Case Il — Non-conservative Pollutant

Now the dispersion coefficient for the river is qmued using Fisher’s et al. Eg. and it is

compared with change of moment and routing metboddlidation.

Method of Moments: In this method the dispersion coefficient is readted based on the
equation described by Fischer (1968).

D = U72 [(60° =002 (62 = t)] «vv e e e (v)

Routing Method: The routing method (Fischer, 1966, 1968) of esiimgathe dispersion
coefficient consists of matching the measured coinaBon-time profile with a predicted
concentration-time profile for an assumed valuetleé dispersion coefficient until the

mismatch between the two profiles as measured bystim of squared differences is a
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minimum. Using the properties of the underlyingelin theory in the bulk diffusion process,
the principle of superposition is invoked to obtdie concentration distribution profile at any
given time if the profile at some initial time i:déwn. If att = to, the initial concentration
profile c = ¢y (¢ ,t,), then at any subsequent time, the concentratiofilgis given by

_(§-6)?
4D(t-ty)

e

0= [l iy 0
J 0 VI

However, in practice, it is difficult to measureetboncentration-distance profile in the field.
Therefore, the concentration-distance profile itwted from the concentration-time profile

by the following transformation which is approxiraat
c($.tp) =c(Xo,1)

Where
$=u(t, -t)

Then the distance integration of Eq. ( vi ) becothesfollowing time integration:

exr{_ (U, -y +a( —t‘o)f}

4D(t_1 _t_o)

VATD(t, —1,) e (Vi)

c(x,,t) = Tc(xo,r)

In Eqg. (vii), c(x;,t) is the concentration-time profile at statiom, c(x,,t)is the
concentration-time profile at statiog, t,and t, respectively are the mean times of passage
of the tracer cloud past statiomsandx;, andU is the mean velocity of flow. In deriving Eq.
(vi), c(é,t) is replaced byc(x,t), & by u(f,-t), & by u(,-7), c,(é'.t,) by
c(x,,7),(t-t,) by (t,-t,),anddé by udr.

The routing method assumes that no dispetsibas place while the tracer cloud passes
through the measuring station. In actual practice,concentration profiles at two stations
are measured, and the upstream concentration eradil used as an input and the
corresponding concentration profile at a downstrestation is determined for an assumed

value ofD. It is then compared with the measured conceptrgbrofile at the downstream
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station, and the dispersion coefficient is adjustedatively until the two concentrations

match within a certain specified tolerance.

The data regarding the width, depth, Mannirrgsghness coefficient and bed slope of
Songhua River was obtained from available sourtes.concentration profile for the River
Songhua was simulated based on the proportioraitlylinearity of the obtained results from

the initial ideal condition.

Finally, instead of an instantaneous dischargenpuise input a continuous and constant
discharge of sewage is assumed and the BOD coatentiof the river is calculated using
the following Eq.

CO =G =™ e (VD)

Where G = Initial Concentration in mg/L

K = Decay constant

Results and Discussion

Table — 1: Dissolved Oxygen and Water Quality (8euEugene R. Weiner, 2000 )

Dissolved Oxygen (mg/L) Water Quality
> 8.0 Good
6.5-8.0 Slightly Polluted
4.5-6.5 Moderately Polluted
4.C-4.5 Heavily Pollute
<4.( Severely Pollute

For Case 1 and Case 2, the following parameters wadculated and assumed

Calculated parameters using the empirical | Parameters assumed

formulas

Velocity (V) =0.29743977 m/s Width of the river (b) =48.8 m

Shear Velocity (U*) = 0.034499 m/s Depth of the river (h) = 8.07

Dispersion Coefficient (D) = 11.07922Zf8 | Length of the river (L) = 1000 m

Area = 393.816 M Roughness Coefficient (n) = 0.05

Wetted Perimeter = 64.94 m Bed slope of the river (So = Sf) = 0.00002
Hydraulic Radius = 6.0643055 m Mass of pollutant (m) =5 kg




Case 1. Conservative pollutant

The concentration-distance graphs (Figure fljhe pollutant were derived using the
Delphi program. The graphs show that at the fiest fseconds, the pollutant undergoes
logarithmic decrease as distance from the soureases. However as time passes, the trend
gradually reverses. The concentration at the psiirce gradually decreases while the

concentration downstream gradually increases.
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Figure 1. Graphs showing the concentration of the 5 kg conservative pollutant as distance increases from
the point source plotted at different time frames; (a) at T1 = 500s, (b) at T2 = 1000s and (c) at T3=1500s.

On the other hand, the concentration-time lgggFigure 2) show a different trend. While
all of the graphs show a Gaussian distribution euthe peak amount decreases as time
passes. P1 is the point 300m downstream from tiv@ pource and shows the highest peak
concentration 4kg/fhcompared to points P2 (600m) which is 2.8kgand P3 (900m) at
2.2kg/n?.

Graph of C(x,t) at P1 Graph of C(x,t) at P2 Graph of C(x,t) at P3
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Figure 2. Graphs showing the concentration of the 5 kg conservative pollutant as time elapses plotted at
different points x from the point source; (a) at P1 x= 300m, (b) at P2 x= 600m and (c) at P3 x= 900m.



Case 2: Non-conservative pollutant

The two graphs below (Figure 3) show the camspa of the concentration-time curves

between non-conservative pollutants with differeshécay constants, K=0.1l/day and

K=10/day. As anticipated, the pollutants with highdecay constant shows lower

concentration than the one with lower decay constaith peak concentration 4kg?nand

3.6kg/nT respectively.

Non-conservative Pollutant
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Figure 3. Concentration of pollutant as time elapses taken at three different points x down the
river from the point source (red x= 300m, green: x= 600m, blue: x=900m)

The concentration-distance curves (Figuyreof4the pollutants with different decay

constant show similar trends but have a slighted#fiice in concentration. Pollutant with

K=0.1/day has a peak concentration of 5.6 Kgiwhile pollutant with K= 10/day has

5.4kg/nf.
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Figure 4. Concentration of pollutant as distance increases downstream from the point source taken at
threedifferent timest (red : t= 500s, areen: t= 1000s, blue: t=1500s)
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Recalculation of Dispersion Coefficient Using Method of Moments

The dispersion coefficient D was recalculated ugimg method of moments (Eq. v) to
verify the validity of the dispersion coefficiensed. Using the concentration time curve, the

following calculations were undertaken:

Variance at T2dy, ) = 827677.4001 s ; T2 =2000 s

Variance at T1 ;) = 827666.6667 s; T1=995s

D= (0.0344995 [(827677.40012)— (827666.666'?)(2000 —995)]
2

D = 10.51745215 fs

The value D used i51.07922 rffs which is relatively close to the recalculatetiieaThis shows

that the D used for the calculations is valid.
Case 3. Songhua River, China spill

The Songhua river spill in China happened avémber 2005. An approximately 100 tons
of toxic substances made up of a mixture of benzaméne and nitrobenzene (UNEP, 2005)
entered the Songhua River and a plume of contaimmatarted flowing downstream. The
toxic substances are from an explosion occurred gdetrochemical plant of the Jilin
Petrochemical Corporation in Jilin Province, Chifldhe simulation that was done in the case
of China spill is in principle the same as the pyas simulations. However in this case, some
of the parameters are changed such as the lengththa roughness coefficient to capture the
nearest to actual configuration of the Songhua RivEhe pollutant was classified to be as
conservative and due to lack of data on the amofuatich of the three identified pollutants,

the bulk mass which is 100 tons was used for tim&lsition.

Similar to the previous simulations, the trendf the concentration-distance and
concentration-time graphs of the Songhua Riverupiolh are the same (Figures 5 and 6).
However, in this case the concentrations are maigyel since the input mass is much higher

than the previous cases.
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Figure 5. Concentration of pollutant as distance Figure 6. Concentration of pollutant as time

increases downstream from the point source elapses taken at three different points x down
taken at three different times t (red: t= 500s, the river from the point source (red x= 300m,
green: t= 1000s, blue: t=1500s) green: x= 600m, blue: x=900m)

Conclusions

The simulation of the fate and concentratiérihe pollutant in the river show parallel
trends of results whether it is conservative or-nonservative. In general, for a pollutant
from a point source, the concentration tends toedse from the point source downstream as
time elapses. However there is a time when theaunation increases downstream. This
happens when all of the pollutants from the poiatehall been transported down and no
recharge of pollutant happens. It must also beddhbat the conservative pollutant show
higher concentration than the non-conservativeupatit. This is because the mass of the
former is conserved while the latter decays vidowsr factors such as oxygen, water and so

on. Furthermore, the higher the decay constaat|dwer the concentration with respect to
time becomes.

Recommendations

Like any other models, this project is ephaahddence, it is imperative that the model
should be validated through actual data and acuidllevents. This is because many of the
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parameters such as the river cross section, leagth Manning’s roughness have been
assumed and these assumptions might yield compléiffierent results from the actual
scenario. However, the basic ideas and methodsudfieient enough to be used as a guide

when modeling such events.
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