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Integrated Approach Towards Water Pollution Control-
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Abstract In this paper river water quality prediction is integrated with water pollution control measures.
Two parameters water environmental capacity and Pollution Index are selected for pollution control measures.
The objective is achieved after the development of simulation model using one-dimensional advection dispersion
equation. The model algorithm and computer program is an improvement over the existing water quality models
since the model solution involves four point implicit upwind schemes for water quality prediction and pollution
control measures at each grid point. Model simulation results the assessment of water environmental capacity that
yield the acceptable and realistic pollutants concentration in order to maintain water quality objectives. The pol-
lution and overall pollution index of the river is suggested for integrating number of contaminants variables into
one index. Study provides the mathematical and scientific procedure for water quality management. The new ap-
proach is helpful for the water pollution control and to study the impacts of waste effluents on the river system for
strategic planning purposes.
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The effect of human’ s activities on surface water system must be anticipated to prevent undesir-
able environmental consequences against the discharge of waste materials. A number of analytical mod-
els simulation models and solution procedure have been developed for the assessment of water quality
for surface water pollution control ' > . More recently a large number of water quality models have
been developed for their application to river pollution monitoring * . Further the availability of the
computer enables the development of mathematical models. One example of such model is enhanced
stream water quality QUAL2E * steady state model and SYSTEM I ° . The development of such
models has been continued but hampered somewhat by inability to identify and quantify the multiple
issues required for water environmental pollution control. Moreover the uses of such models are limited
for prediction of contaminants rather then pollution control in the water bodies. The approach requires
a clear understanding of the underlying philosophy of environmental impact assessment EIA and the
use of computer based techniques to handle water quality / quantity simulation and pollution control
methodology ® . A new approach is advisable to construct a framework to integrate river water quality

RW(Q  with water pollution control measures including water environmental capacity WEC and pol-

lution index PI
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In the present research one dimensional water environmental pollution control model is developed
using numerical solution of advection dispersion equation using finite difference method FDM . For
each grid point RW(Q WEC and PI are simulated with upwind implicit scheme using double sweep
method . This method uses the band matrix structure of the linear system of the equation to compute the
solution with number of operations proportional to n. More detail on double sweep method the algo-
rithm as applied to the Abbott-lonescu type scheme for the river flow computation may be found in the
original reference each grid point along the river reach ’ . The model is applied in the middle down-
stream reaches of Hanjiang River flowing from Danjiangkou reservoir in the north of China and ends at
the confluence with Yangtze River. The discharge of waste materials collected from domestic and indus-
tries points of sources is showing the adverse impacts on the existing water quality and water environ-
ment of the river. The model simulated results helps to predict downstream water quality water envi-
ronmental capacity and establishment of river pollution index. It is shown from the literature that for
water environmental pollution control measures WEC describes the most capacity of absorbing pollutants
of the river as it satisfies the given water quality standards ® . Moreover with the help of PI and over-
all PI many contaminants pentameters are integrated into one comprehensive index values ° . First
the model is calibrated to fix the values of model coefficients with the use of field observed data. Fur-
ther the model is verified without changing the values of coefficients for its application to control water

pollution of Hanjiang River.

1 Water Pollution Control Model

The model includes a set of mathematical expression defining the physical chemical and biologi-
cal processes that are assumed to take place in the river system. In the theoretical form it assigns nu-
merical values to model parameters incorporating some prior observation drawn from the field and labo-
ratory data and relating external input.

The model configuration comprises of four components grasping the close linkage and interaction
between each part. However each part implicated individually using the simulated data results the in-
dividual output.

1.1 Flow Computation Sub-Model

The model is based on the one dimensional shallow water equation called de-saints Venant' s e-
quation of mass continuity and momentum of the fluid mechanics. Gradually varied unsteady flow in
open channels mathematically described by this equation '© . The full partial differential equation with

no lateral flow is expressed as

. oz 0 BH, _

Continuity equation B ot o 4 1

M t ti o + [L‘u2 + o2 + U = 2
omentum equation ="+ u| "5 Eon T8 2=

where K=4CVR C= %R 176 7 is the local elevation of water surface m  Q is river discharge

m’/s  x corrdinate along the river flow ¢ time variable s  C is Chezey constant g is accelera-
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tion due to gravity m’/s K is the conveyance and B river breadth m . The both equations can be

written in the difference from for each river cross section as
Continuity equation Q; — Q;_1 = > Qi = Qou 3

0. \? > o2
Momentum equation Zi,l—Ziz[(%)- n%I/A/B]AxiH_l(&_&)

2g A% A%—l 4

Ai_Ai—l)z _(Ri_Ri—l
2 B = 2
Model simulation results hydraulic and hydrological parameters including water discharge @ water

) R is hydraulic radius and n is manning coefficient.

where A = (

stage Z  flow velocity U  and water depth h at each river cross-section.
1.2 Water Quality Prediction Sub-Model

One-dimensional advection-dispersion equation is used for the downstream pollutants prediction
and transport after the discharge of wastewater. The pollutants are evenly distributed within the river
section due to the effect of advection dispersion and dilution. Presently the model is used for the
prediction of COD BODs NH;-N and DO. The governing equation is given as below

X -2l pv B+ B, S]-K 4 5

where u is average flow velocity m/s  C is pollutant concentration mg/L K, is decay coefficient
d™!' E, and E,, is advection and molecular diffusion coefficient m?/s and S is pollutants source
and sink mg/ L. s . Using Finite difference method the above equation is written as in the follow-
ing difference form
crl-ct Cl-Cry Cii -2+ Ol K €+ G
At * i sz - 2 * Si

The above equation is numerically solved by upwind implicit scheme using double sweep method to

6

simulate the pollutants concentration at each cross section. Double sweep method uses the banded ma-
trix structure of a linear system of equation to compute the concentration at each cross section. In this
method for one-dimensional river reaches under one boundary condition given at each end the coeffi-
cient matrix contains element only in the band along the main diagonal.
1.3 Boundary Condition

Boundary of one-dimensional advection diffusion equation possesses the following form

1 Close boundary condition i.e. dc¢/9n =0 2 Pollution source boundary condition C
pollutants concentration 3 Open boundary condition i.e. &%¢/dn*=0.

For the transport of pollutants in one dimensional river course open boundary condition is consid-
ered.
1.4 Water Environmental Capacity Sub Model

Model formulation for the calculation of water environmental capacity is based on the law of con-
servation of pollutants. It is described on the basis of one dimensional convection-diffusion equation for

the transport and decomposition of pollutants at various cross sections with following relation

odc 006 945 %), puc-w =0 7

o T ox T ox
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Integrating both side of equation at 0 x  we get

X

Sl ol
W = alOACdxz + OAKCdx + Q.C, — QyCo - AE'”‘ax . 8

where W is the amount of effluent discharged per second from the point source into the river reach
Qo Cy are the discharge and concentration at x =0 while Q, and C, are the values at distance x .
The second term on the right side of the equation describes the self-purification of the pollutants when

K is constant

Integrating continuity equation oc + Br oz =gqat 0 x yields v + Q.- 0y =q where
ox ot ot
q = Jqldx is effluent quantity then equation 8 becomes
0
WEC = Qy C, - Cy + qC, + KVC, 9

Qo and C are upstream discharge and pollutants concentration C; is permissible limits of pollutants
g and V is section discharge and volume. In the right side of equation the first term is called as dilu-
tion term second term is referred as addition term and third is called as self-purification term. The
WEC calculated by this method is called as complex method. WEC is also calculated by simplified
method while considering self-purification or assimilation capacity by simplified equation 9 as WEC =
KVC, when Cy= C, and g < KV. This is referred as a threshold value when it does not possess any
ability for dilution and lateral carrying capacity. Both equations are used to calculate permissible dis-
charged quantity and WEC of each section respectively. They are used in presence of effluents. If Cq
is unknown the water quality prediction sub-model integrated to calculate WEC of the section whose
u/s pollutants concentration known .
1.5 Pollution Index Sub Model

The Pollution Index expressed as relative value of C; the multiple contaminant water quality pa-
rameters and L; is permissible limit of the respective contaminants. The index is expressed by using

average and maximum values

oF oF
PI. = fl max. of + 's and mean of — s 10

! L L
where PI; described as the weighing factor for the particular use of water. Its value can be measured
as length of radii of the concentric circle which is obtained by drawing the graph between max and

mean values so the relation in equation 10 can be expressed as below

PI; = m«/max. ( C;/Lij)z + mean( Ci/Lg)z 11

Hence m is the proportionality constant and its value can be calculated as 1.0=m v 17+ 1% i.e.

m = L . When index of use j is expressed as 1.0 when all items of water quality are equal to their re-

V2

spective permissible limits for the respective use then expression of pollution index for particular use
PI; as follow
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A(C/L;)? C./L:)?
Plj_\/max( i ,,) +mean( i U) 12

B 2
The PI; in the above equation is the proposed Pollution Index only for particular water use such as
drinking swimming industrial and agriculture under the given permissible limits.
Overall Pollution Index is used to analyze the pollution control problems for the multiple uses of
water in the region. It is obtained by the modification of equation 12 by employing the overall per-
missible limits for L;" s j = all uses . Overall Pollution Index is for general use is calculated as a

weighted average value for all the PI' s as follows
Pl = > w P 13

where w; is weight coefficient constant values  which is determined by the relative importance of j
water use in the region and n  is numbers of water uses. Model is simulated in establishing the Pollu-
tion Index for the expression of pollution quality of multiple waters uses and over all PI for the general

uses of water.

2 Model applications

The model is applied for the pollution control of water environment of Hanjiang River using exist-
ing water quality prediction. The total length of river of lower and middle reaches is about 640 km cov-
ering the basin area of 6 million square km. The main source of pollution is domestic ~agriculture and
industrial. The main stream of Hanjiang River is divided into all together in 7 sections Laohekou Xi-
angfan Yichen Zhong Xiang Zekou Xiantao and Wuhan. for the model simulation. Mouth of each
section marked as the point sources for the discharge of effluents into the main river. Each section is
further divided into cross section for the solution computation '' . Model simulation predict the hydro-
logical and water quality variables COD BODs NH;-N and DO from beginning to end of the sec-
tions. Some parameters like degradation re-aeration river bottom drag and roughness coefficients were
calculated. The methods have been employed to integrate predicted values for the assessment of water
environmental capacity and calculation of pollution index among the river sections.

2.1 Assessment of Water Environ-

Capacity0 .

& 35009 c P ‘31 mental Capacity
s _.©r 0 emsaa apaci
g 30004 yvi The simulation results the environ-
= 25004 .
£ 2000 mental capacity at each segment between
E 2000 4
§,| <00 4 -two adjacent sections. Considering the
E 10004 " Hanjinag River main pollutants are the
§ so0d S _.'-.Ji 2 PR AN e . . .. . i
3 NS A g e Y WA A e’ wastewater is from mining industries and

o e 200 30 400 S0 600 domestic. Water pollutant type is mainly

Pistance along the river course (k) organic producing CODyy, as representa-

tive for the change of water environmental
Fig.1 Computation of water environmental capacity capacity Tab. 1 . For computation of

of Hanjiang River using complex and simplified method WEC  the permissible concentration of
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CODyy, is taken in accordance to class II of Chinese nation standards GB 3838-88 of surface water.
Environmental capacity is assessed based on two factors a the diluting capacity capacityQ or water
environmental absorbability which cause to decrease the carrying capacity of then river and it subsides
the effect of the pollutants and distribute the pollutants gradually in water and bottom soil and b the
self purification or assimilation capacity capacityl which causes the decrease of pollutants to harm
less level under the influence of certain chemicals physical and biological process in the river referred
as river threshold capacity Tab. 2 . WEC is found to be linear function of the river course storage ca-
pacity and water flow as shown in the Fig. 1. The graph pattern shows the distribution of water envi-
ronmental capacity involve social economy technology and management etc distributed principle is
found little bit complicated based on three type of principle a minimum cost principle according to
minimum regional environmental capacity minimum treatment cost principle b impartial reasonable
principle according to more or less influence of water quality to reduce pollution load principle and
¢ equal ratio distribution according to existing pollution environmental capacity equal ratio distribu-
tion on each pollution source the more pollution load the more distribution of environmental capaci-
ty '2 . Model procedure yields the acceptable and realistic concentration of chemical oxygen demand
reduction required to maintain the present water quality standards which is based on the water self pu-
rification phenomena. Moreover the existing water quality design water quantity and flow rate the
critical factors that define the regime and unit environmental capacity .

Tab.1 Computation of water environmental capacity based on COD concentration

River COD COD Concentration Water Environmental Capacity

Sections Waste Load Cal. Obs. % Capacity 0 Capacity 1 River
gm/s mg/L mg/L Error gm/s gm/s Absorbability %

8 200 2.530 2.22 14.0 1201.06 405.43 33.55
24 300 2.195 2.5 -12.2 1689.98 285.69 16.91
35 200 2.031 1.7 19.5 2071.53 197.74 9.54
51 450 2.059 2.2 -6.4 2167.53 161.29 7.44
82 450 1.942 1.9 2.2 2363.85 125.06 5.29
98 195 1.826 - - 2513.93 143.18 5.69
139 200 1.633 1.7 -3.09 2851.20 143.07 5.01

Tab.2  Pollution and overall pollution index for different uses computed at various cross sections

Pollution indices

River sections OVPI
PINDEX -1 PINDEX -2 PINDEX -3
8 3.34 0.25 0.36 1.56
24 1.82 0.25 0.21 0.87
35 1.76 0.24 0.21 0.84
51 3.09 0.34 0.33 1.44
82 0.99 0.21 0.17 0.51
98 1.32 0.21 0.17 0.64
139 2.78 2.78 0.30 1.29

2.2 Calculation of Pollution and Overall Pollution Index
For the pollution index the level of water quality at different reaches of the river is used during
the model simulation. The relative values of predicted concentration of each water quality parameter

and their respective permissible limited is taken as 1.0 is the critical value i.e. the value greater
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than 1.0 indicate that the water requires
Jis

according to the Chinese National stan-

some treatment before specific uses

dards of surface water quality. Specifical-
ly relatively simple index called pollution
index is calculated. Although three pollu-
tants variables are discussed in this pa-
per more than three variables can be in-
cluded in the index depending on the
availability of data. This index is calcu-
lated only for the particular use however
it is modified to calculate for overall pol-
lution index for some sort of group uses

depending upon what kind of permissible
level is employed as L'L-js. If the L'l-js are
determined from the general permissible
level for drinking fishing and recreation
the index P,

defined as the index for outdoor general

as an example may be

use. The pollution index values for three

specific uses  PI;  drinking and fish-
eries PINDEX - 1 industrial and
recreational PINDEX — 2 and agricul-

ture PINDEX -3 for all sections of the
main river are computed and plotted.
Similarly overall pollution index is com-
puted for some sort of group uses depend-
ing upon kinds of permissible level is em-

ployed and weight coefficient w;

Fig.
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Fig.2  Pollution index for the Hanjiang River at
Xiangfan section for the uses PINDEX — 1

PINDEX -2 & PINDEX -3

2 . Weight coefficient is determined by the relative importance of water uses J is taken as 1.0. The

purpose of method is applied for integrating many contaminants pentameters into one index for general

uses of water. The relative values of pollution index depend upon the concentration of permissible water

quality variables. Tab. 2 is showing the computed value of pollution and overall pollution index all

sections along the main river. The probability curves of the values of the various parameters collected

are plotted. The values of Pollution Index is computed for the period of ten days and plotted for 50 75

and 90 percentile values at each cross section selected water uses

Fig. 3 . Each percentile value

shows that as for example for 75 percent of the observation is less than it and 25 percent greater than

it. The main purpose of water utility and all existing water in the region should be taken into the con-
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sideration in the regional benefit analysis

3354
—PINDEXI , 3
<S4 N PINDEX2 of water pollution control problems *~ .
2.5 4 ——— PINDEX3 .
. — e —OVLPI 3 Conclusions

’ The model algorithm and computer

k. .
¥ N ! ‘ :
’\\;'\_\'.' : program used in this model is an improve-
0.5 4 o —

IV, S Y ment over the existing water quality mod-
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Distance along the tiver course {km)

Poflution Index

els since the model simulation results the
integrated approach towards water pollu-
tion control of the river system using pre-

Fig.3 C ted values of pollution index f . . .
& ompriied vaties oF poTiion Thdex Tor dicted water quality and quantity of the

various water uses of Hanjiang River . )
river. The assessment of water environ-
mental capacity of the Hanjiang River gives a possible solution for the river pollution abatement. Due to
the facts a too little oxidation treatment before discharge results in potential stream pollution from oxy-
gen consumption b and too much oxidation treatment can place an unnecessary heavy financial bur-
den upon the producer of product and service the present study provides the mathematical and scien-
tific procedure that will yield the acceptable concentration of COD reduction required to maintain exist-
ing water quality standards. Results show environmental capacity distribution is described as equal ra-
tio distribution principle giving consideration to others. Pollution and overall pollution index is the
most important part of the act influencing the activities of pollution control. Weight coefficient is impor-
tant factor for proposing the relative importance of water use in the region which helps in controlling
and adjusting effluents potential in to the river for desired water quality. Both WEC and PI of the river
improve and sustain the quality management in protecting the river water environment. The approach

used in the developed model is helpful for the pollution control of rivers of similar nature.
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