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Due to the increase in population and the need for water supply, preservation and
protection of surface water and groundwater resources has been considered by
governments. One of the pollutant sources in rivers is entering salinity from
groundwater into the river, that in this research is considered as distributed (non-
point) sources. The goal is to identify the salinity intensity, location and length of
sources by measuring the temporal distribution of concentration in one observation
point. For this purpose, the inverse solution of advection-dispersion equation in the
river was employed using the simulation-optimization approach. MIKEI11
numerical model was used to simulate flow and transfer of salinity in the river, and
genetic algorithm was employed for optimization. In the proposed model,
considering only one observation point with some measured intensity data for
recovering several sources, unknown location and length of the sources, in
addition to their intensities is the most significant advantage of the present study.
The model verified by using hypothetical examples, 40 km section of the Karun
River and also by applying five and 15 percent noise to the observation data. The
results confirm the ability of the model to recover the specifications of several
distributed sources using only one observation point. With five percent of noise in
the observation data, all three specifications of sources can be recovered with the
desired accuracy. While at 15 percent of noise, the accuracy of the model in
recovering the location and length of sources was decreased. Also, to recover the
specifications of each source, employing only three points of the measured data in
the ascending part are sufficient.
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Figure 1. Location of distributed source (S1) and observation point (p)
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Figure 2. Measured concentration versus time at observation point
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Figure 3. Measured (exact) and computed concentration versus time at observation point (p=6.5 km).

Table 1. Exact and computed specifications of S1

W (kg/s) Start chainage (m) End chainage (m) L (m) REw (%) RE, (%)
Exact 15 2000 3000 1000 - -
Computed 14.99 1999.99 3000.01 1000.01 0.0001 0.001
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Table 2. Computed specifications of S1 using different numbers of data

Start End
Explanation W (kg/s) chainage chainage (m) I({,,i‘;v 5,2;
(m) (m)
1 Using the first 3 data (1 non-zero data) 68.53 155.51 297542 280191 356.84 180.19
2 Using the first 4 data 63.6 20.7 29059 28852 323.98 188.52
3 Using the first 5 data 15.08 2000.02 303759 103757 0.5 3.76
4 Using the first 6 data 15.03 1988.01  3000.05 1012.04 0.18 12
5 Using the first 7 data 15.01 1993.05 300453 101149 0.07 1.15
6 Using the first 8 data 15.008  1999.98  3000.01 1000.04 0.06  0.004
7 Using the first 9 data 15.007  2000.001  3000.04 1000.04 0.05 0.003
8 Using the first 10 data 15.005  2000.002 3000.03 1000.03 0.04  0.003
9 Using the first 11 data 15.002  2000.002 3000.02 1000.02 0.01  0.002
10 Using all 25 data 14.99 1999.99  3000.01 1000.01 0.004 0.001
11 Using data from 5 to 7 (located on the ascending part of the graph) 15.02 1999.38 30004 1001.02 0.12 0.1
12 Using data from 11 to 13 (located at the end of the graph) 14.99 4507.06  6079.39 157233 0.001  57.23
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Figure 4. Location of distributed sources (S1 and S2) and observation point (p)

Table 3. The specifications of S1 and S2

Source Number W (kg/s) Start chainage(m) End chainage(m) L(m)
S1 30 1500 3000 1500
S2 52.5 11000 13000 2000
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Figure 5. Concentration versus time at observation point; with 0, 5 and 15 percent of noise
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Figure 6. Measured and calculated concentration versus time at the observation point (p=17 km); without noise

Table 4. Computed specifications of S1 and S2

Source Number W (kg/s) Start chainage (m) End chainage (m) L(m) RE (%) RE, (%)
S1 30.002 1500.22 3000.13 1499.91 0.008 0.006
S2 52.498 11000.02 12999.99 1999.98 0.004 0.001
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Table 5. Computed specifications of S1 and S2, with 0, 5 and 15 percent of noise and error indices

Source Number W (kg/s) L(m) RMSEw(kg/s) REw(%) RMSE, (m) REL(%)
S Exact 30 1500 - - - -
Noise (5%) 30.25 1551.44 0.26 0.85 51.44 3.43
Noise(15%) 28.72 1900 1.29 4.28 400 26.67
Exact 52.5 2000 - - - -
S2 Noise (5%) 52.41 1962.56 0.09 0.17 37.44 1.87
Noise (15%) 53.79 2240.87 1.29 2.54 240.86 12.04
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Figure 7. The picture of study area in Karun River and salinity source locations and measurement station
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Figure 8. Concentration versus time at the measurement station (p=37.543 km)
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Table 6. Specifications of hypothetical sources S1, S2 and S3

Source Number W (kg/s) Start chainage (m) End chainage (m) L (m)
S1 18 1000 1500 500
S2 44 16000 16700 700
S3 20 32500 34100 1600
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Figure 9. Measured and computed concentration versus time at the measurement station (p=37.543 km)

Table 7. Computed specifications of S1, S2 and S3 and relative error index

w Start chainage End chainage L REw RE,
Source Number
(kg/s) (m) (m) (m) (%) (%)
S1 17.98 997.59 1507.26 509.67 0.14 1.93
S2 44.02 15994.99 16700.05 705.05 0.05 0.72
S3 20.01 32500.01 34100.15 1600.14 0.02 0.01
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