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ABSTRACT

% siudy concerns the dispersion of pollutants in Diyala River using one-dimensional Finite

Silterence technique (implicit method) to solve the simplified dispersion equation. The model starts

o« Divala barrage and extended to the confluence of the Tigris - Diyala rivers, and for 203-Km

cogih. The simplified dispersion model results were verified by comparison with the analytical
‘or different time increments. The calibration of the model was conducted on 31/11/1998

using measured data (dlSChal ge, velocity, cross sectional area, total dissolved solids (TDS), chloride

UL). an 1 sulfate (5SO4 )) concentrations at the same day and the results indicated a good agreement
swoiween the computed and measured data. The verification of the model is accomplished on

298.27/12/98,10/1/99,25/1/99) and the results indicates also the accuracy of the applied model
sumulate the conservative salts (TDS, CL, So, ") in the river.
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A Bewesd 2d 5. A Rasheed RIVER APPLYING ONE DIMENSIONAL MODEL

AEY WORDS
Study the Dispersion by using one dimension, model

INTRODUCTION iy

~fesh walters are facing an increasing load of disposal of polluted water due to the rapid growth of

ndustrial and municipal activities as well as to increase of land drainage due to agricultural
ctivities and land saltation. Outfall effluents with high pollutant concentrations and / of high
sabinily levels arce discharged to fresh water causing near field and far field pollution conditions in
the nver [Petrus (1990)]. The total dissolve solids (TDS), chloride (CL) and sulphate (So4 ) are
used i this study as principle indicators of water quality variation in Diyala River from Diyala
harrage to 1igris-Diyala confluence reach.

OBJECTIVES

I- bxamine the concentration distribution along the river obtained from the numerical solution ol

one-dimensional flow for steady state conditions.

2- Speceify the segment of the study reach in which the concentrations of pollutants in water exceed
the allowable limits of irrigation water.

3- Locate the places of drains that affect water quality of the Diyala River.

Thegretical Backeround

One Dimensional Dispersion of Pollutants in River Flow
The diffusion - convection equation in its generalized one - dimensional form is [Blair (1980)]:

T g 0
o & o
Where:

" = concentration of pollutant, (M/L%).

t = time coordinate, (T).

U= average velocity for the reach , (L/T).

X = spuce coordinate, (L).

DL= Longitudinal dispersion coefficient, (L¥ T).

Longitadinal Dispersion Coefficient

Sampices are taken from difference depths and it is found that no obvious variation in constituent
concentrations of (TDS), (CL') and (SOy). Therefore, only longitudinal dispersion coefficient is
taken into consideration.

fmara - Al-Thamiry (1997) presented dispersion coefficients as follows:

[F g
160 * B9 % 4

DI = Imara—Al-Thamiry dispersion coefficient, (mz/sec).
n = Manning’s roughness coefficient, dimensionless.

U = average velocity, (m/sec).
R = hydraulic radius, (m).
Fop width, (m).
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Finite Difference Simulation

in the implicit method, the partial derivations of concentration are expressed in terms of unknown
and known concentration differences.

T'his produces a system simultaneous of linear equations. Every equation has three unknown
concentrations at time (j+1) and one to three known concentration of time (j). These equations must
be solved simultaneously to find the concentration for time step (j+1 ) .One of the possible finite
differences approximation of equation (1) is the Crank-Nicolson Scheme is;

Ihere are three unknown concentrations and three known concentrations in equation above. The
araphical representation of the system is shown in Fig.(1).

l ; I
L ? (=10 | G+D ] (1,4
. | B _ )
i (-1j) | () (it+1,))
X 1

Fig(1) The Implicit Scheme

At the boundary point I = 1 and I = N one must have some information about C1 and CN and all
time step levels and this is given by the boundary conditions. Separating the unknown values of
cquation from the know values, result in:

a(Ci-1,j+1) + b(Ci,j+1) + f{Ci+1,j+1)= a(Ci-1,j) + b(Ci,j) + f{(Ci+1,j) ...(4)

Where the coetficients are given by [Razoky , (1984)] :

b ], i T PR PN (5)
“AXT A
// g
b= 1, f\%_} S (6)
LY, ¢ AX
0 sl f\% .................................. (7)

T'he matrix of coefficients for the simultaneous equations resulting from equations is tri-diagonal . It

has only three non-zero terms per row, one on the main diagonal and one on either side of it, The

resulting system of equations are solved by Gauss’s elimination method as:

[- when there are N-1 interval mesh points along each time row , equation can be written very
gencrally as :

- gl b B EED b Fteacion i ( 8a)
~a,C +b,Cy = £,C5 = dy e e (85)
@0+ BC, — FO = oo e (8¢)

8 s B Biyens = B 2w (8d)
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Where a’s, b’s, s and d’s are known, C’s is set by the boundary condition (generally taken as
unity) from equation, C1 can be eliminated from the second equation, and the new second
cquation used to e'iminate C2 from the second equation, and the new second equation used to
climmate C3 from the third equation above and so on.

2- from the equation above one can evaluate the value of ai, Si as follows:
With: al =bl, S1 =dI

=5, ~la lo,_ )f 8 250 Ny e (9)
S, =d +tela It =)o, (10)

5-  CUN-1 may be determined from equation
CN-1 = 8SN-1/aN-1
+- Solving in reverse order one obtains
Cis( Hal) (Si+fi(Ci-1)) (1=N-1,N-3,. ... 1)
As the implicit scheme is unconditionally stable, there is no restriction on the maximum spatial
mesh size AX and At, but the suggestion of Smith (1965) should be noted: i. e.
Or inaccurale approximation of 8C/8t will occur.

'L

- */"': = T | S—— (1 D

AX~
Where:
AX = distance increment (L)
Al =lime Increment

Sources, Sinks, and Chemical Reactions

Fyuation (1) can be modified to allow for sources and sinks and for certain kinds of chemical
reactions. To include sources or sinks , the term S is added to the right hand side of equation (1) .
This term can be formulated mathematically in several ways, {Wang (1982)]. A simple and
seneralized form of this term used is expressed for conservative pollutants as follows

For conservative pollutants the first term in equation (12) can be neglected then:

Where:

(Qs= point source discharge, (LY/T).

(5= non - point source discharge, (LE/T/L)_
A= Cross - sectional area, (_Lz).

LA + g 5
Cpeoncentration of salts, (L°/T).

urthermore. the pollutants in equation (13) may consider as “continuous” or “discontinuous/puls”
source depends on the operating rule of the drains or the nature of the pollutants in the river.
For explicit method the boundary condition for the second source is:

O (Fr 00 (14
CUIN. DY =0 . b 4.5)
C(Xo )=Cay+S el 16}
Where:
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L a; = the concentration of the first source at the second source location
No o distance between the first and second source respectively
> = the time (o start the effect of the second source .

Desceription of the Study Reach

Two hundred and thre2 kilometers (203 km) length of the Diyala river was studied in this work. the
reach of study starts from Diyala Barrage. and extended to the confluence of the Tigris — Diyala
EIET

iig.(2) illustrated the scheme and the descritized form of the Diyala river system within the study
reach. Seven outfalls were recorded and concerned as point sources of pollutants, which discharge
to the river. These outfalls are the pump stations of the drains

Km 0.0 Diyala barrage
Khalis Noﬂ.h Outfall SR~ Km 36.8
Drain
Al-Naharwan Outfail ’ Km 93.4
Dirain
Saria North outfall
km 110 < i
Drain
" D 81
Km 137.65 8 7-Nissan P.S.
Khalis ‘soul_h Outfall
Drain
Km 189.6
New Rustamivah Plant _; Km 1898
& O s2

New Diyala Bridge \

Km 191.1
Km 1913

O1d Rustamivah Piant

Army canal —————M Km 196.4

Old Diyaia Bridge

Fig (2). A Schematic layout
o1 the reach under considiration.

Km 203 .44
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Results and Discussion
[t was found from the study of constituents of Diyala river water quality that total dissolved solids
c1Ds). ehloride {CL). and Sulphate (SO47) are present in significant concentrations, so they are

selected for this study. -

Fhic moedel s based on the one-dimensional convective-dispersion equation lor conservalive
substance. that was solved using implicit technique, and the model based on the gathered data.
which recorded on (31/11/98) To (25/1/99), for TDS, CL and SO, .

Calibration of the model is achieved by applying it to an independent set of data using the model
and the results established the model validity,its applicability and the results are listed in
cuble ¢h) ulso for station (1) and station (2) respectively,

Pable (2) represent the laboratory determinations needed to evaluate common trrigation water
quality problems [Ayers, (1985)], and its seen from Table (1), that in general water quality in
Divala river is aceepted for irrigation purposes, however (TDS) exceed the allowable limit at station
(2) on (237171999 _ 10/1/1999) and also sulphate above the acceptable limit at the same station on
F/1/1999 [ Table(1)].

Table (1) Observed and predicted values of salt concentration
in station 1 and 2

R e B e e =
TDS CL SOy
Station e alati i
no. Date | opgery Comp Iiji? iObserv Comp ]i;]f/t* Observ{ Comp %Ziiﬁ
| - ed uted =T e uted el ed uted o
B m_m{l— eIrot eITo! error
3114199 e e ; o
% 1225 [1203.5 1.75 | 166 157 54 400 | 380.1 | 4.98
13/12/199
SO 125 11195.7) 628 | 158 | 163.3 | 3.3 | 400 | 425.4 | 597 |
] ;
27/12/199 . .
L ]H” 1425 | 1351.8] 5.13 175 169.6 | 3.1 446 | 431.2 3.3
10/1/1999 | 1940 [1950.21 0.52 198 | 187.1 5.5 466 | 450.7 | 3.28
25/1/1999 1 1620 1159281 1.7 276 | 272.1 1.4 545 | 4937 | 9.41
31/11/199
- 1845 |1820.1| 135 | 266 | 263 | 1.12 | 569 | 5756 | 1.15
| a R
| l;’ ‘ 700 1174037 1,74 230 | 2449 1 2.04 588 5711 © 287
SR EAEICCI I
| Q 1935 | 199571 2.04 280 | 282.1 | 0.74 3870 452 | 745 ‘
| 10/1/1999] 2175 |2330.4] 6.67 | 289 | 3008 | 3.92 | 783 | 820.1 |
~125111999] 2670 [2740.5] 257 | 403 [426.8 | 2.58 | 995 |1020.2
| Average Relative Error 2.98 | 3.21

Stativn no. (S1) at kim (112)
Station no.2 {S2) at km (190.6)
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tuble (2) Laboratory determinations needed to evaluate common irrigation water quality problems
[Avers. (1985)].

Water parameter symbol EAES e
3 water
L DS mg/| <2000
B T me/l <1050
S0, mg/] < 960

CONCLUSIONS

Fhe following conclusions are drown on the basis of the result obtained from the model:

~ Lhe observed data. in general are closed 1o the predicted results from the implicit finit difference
mcthod with an average relative error for stations(1,2) equal to (2.98, 3.21, 4.69) for TDS, CL.
SO4 respectively,

- It is noticed from Table (1) that there are some deviations of the results in the verification
periods on (25/1/1999 | 27/12/1998) with average relative errors of 9.41% and 7.46%
respectively. and this may refer to the type of mixing process that occurs or the an unexpected
location of pollutants that may results from dump untreated sewage directed to the river, or to
the drain water, which contains fertilizers and dump by farms.

4= Dispersion coelficient can be effectively evaluated using Imara-Althamiry predictive equation.

- Al-Rustamiyah plant represent the major pollutant source which increase the concentration of
salts with about 50% in Diyala river.

RKECOMMENDATIONS

o Optimization study o improve water quality of the river taking into accounts the outfalls
discharge water with high concentration of pollutants.

3= Conunuous monitoring of quantities and qualities of sewage water and outfall drain directly
disposed to the river is needed.

4- Environmental study of slats to select the minimum discharge release from Diyala barrage.
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