R WASPS $ 723 8 ) 18- 5 H0KE 8 708 3
£ & B URLI=E

Modeling heavy metal transportation in irrigating channels by
employing mechanistic solids transport module of WASP8
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Abstract

In Taiwan, due to the lack of proper land use allocation rules, agricultural land is
adjacent to many factories and livestock farms. Additionally, the planning of irrigation
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systems is inadequate, and there are no independent discharge pipelines for industrial and
domestic wastewater. When wastewater is discharged into irrigation channels and then enters
farmland through the irrigation system, it not only pollutes the agricultural land but also
further endangers crops and human health. With the United Nations issuing 17 Sustainable
Development Goals (SDGs) in 2015, the use and management of water resources must also
align with sustainable development concepts. To promote sustainability in the agricultural
water environment, it is essential to quickly grasp the transport pathways and pollution loads
of contaminants in irrigation channels through water quality modeling.

WASP (Water Quality Analysis Simulation Program) is a globally widely used water
quality simulation model. Its suspended solids transport primarily involves two mechanisms:
Descriptive Solids Transportation and Mechanistic Solids Transportation. In terms of
mechanism differences, Descriptive Solids Transportation only considers the interactions
between the water body and sediment, while Mechanistic Solids Transportation takes into
account the sediment layer and its cohesive properties, affecting various physical interactions.
This is reflected in the model parameter settings, where settling rate and resuspension rate are
the main adjustable parameters for Descriptive Transportation, while shear stress is the
primary adjustable parameter for Mechanistic Transportation. The model calculates settling
rates, resuspension rates, and other interactions based on hydrological conditions and shear
stress, with all interaction rates being dynamic rather than fixed values. Therefore,
Mechanistic Transportation is theoretically more complex than Descriptive Transportation and
uses more parameters. However, to date, most literature on WASP8 has focused on the
application of the Descriptive Transportation mechanism, with relatively few studies
involving the Mechanistic Transportation mechanism. Thus, this study aims to apply the
Mechanistic Solids Transport mechanism of WASP to simulate the transport processes of
suspended solids and heavy metals such as total chromium (T-Cr), copper (Cu), zinc (Zn), and
nickel (Ni). It will further explore the following objectives: 1. Compare the results of the two
transport modules. 2. Establish scenario simulations of high-concentration pollution
interventions along the irrigation channels and the pollution load transport under long-term
sedimentation without dredging, to assess the capacity of the irrigation channels. 3. Analyze
the dynamic changes in sediment depth and heavy metal concentrations in the irrigation
channels to facilitate the implementation of corresponding dredging policies, ensuring a safe
agricultural environment.

This study focuses on the parameter calibration and validation of heavy metal simulation
for the Xin irrigation in Changhua. The results indicate that the simulation results for heavy
metals copper (Cu), zinc (Zn), and nickel (Ni) are optimal, with the efficiency coefficients
(NSE) for both calibration and validation exceeding 0.8. Although the efficiency coefficient
for total chromium (T-Cr) in validation only reached above 0.6, the mean absolute percentage
error (MAPE) was within 9%, indicating that the simulation results for total chromium are
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still reasonable. Additionally, the average absolute percentage error for suspended solids in
the calibration was below 30%, suggesting that the current parameter settings are reasonable.
When comparing the simulation results with the Descriptive Transportation module, it was
found that the results from Mechanistic Transportation for suspended solids are quite close to
those from Descriptive Transportation, with slightly better validation results for Mechanistic
Transportation. Conversely, the performance of total chromium (T-Cr) in both calibration and
validation was superior to that of the Descriptive Transportation simulations. For heavy
metals copper (Cu), zinc (Zn), and nickel (Ni), the simulation results showed little difference
from those of the Descriptive Transportation in both calibration and validation.

Furthermore, through scenario simulations, we analyzed the channel capacity for
source-type pollution and intervention-type pollution. Source-type pollution simulates
continuous pollution, assuming that the intake point experiences abnormalities, with heavy
metals flowing in at 1 and 2 times the standard irrigation water quality limits daily. The results
show that when the water source at the irrigation intake is poor, the concentration of
pollutants transported to the end of the Xin irrigation gradually decreases, but the reduction is
only about 7%, indicating that the water quality at the intake controls the water quality along
the entire length of the channel. Intervention-type pollution simulates a single extreme
pollution event, selecting areas with concentrated factories (Grid 1, Grid 4, Grid 7), where
wastewater with a concentration 200 times the water quality standard is discharged, totaling
400 m3within 12 hours. The results revealed that the time for total chromium, copper, zinc,
and nickel to drop below the standard concentration along the entire channel was 2 hours after
discharge cessation for both Grid 1 and Grid 4, while the scenario for Grid 7 was 3 hours after
discharge cessation. This indicates that although the channel structure of the Xin irrigation
system is relatively simple, the location of a single pollution event still affects the recovery
time of water quality.

Additionally, we set up an intervention-type pollution scenario similar to the previous
descriptive transportation model, with an intervention in Grid 6 at a load concentration 200
times the water quality standard. We discharged a total of 400 m3of wastewater over 24 hours
and 800 m3over 12 hours. The results from the mechanistic transportation model indicated
that in the 24-hour scenario, the time for water quality to return within standard limits was 6
hours for total chromium and nickel, and 5 hours for copper and zinc. In the 12-hour scenario,
all four metals returned to standard levels in 2 hours. Comparing these results with those from
the descriptive model, the mechanistic transportation required 3 to 4 hours longer for the
recovery of the four heavy metals in the 24-hour scenario, while the recovery times were the
same in the 12-hour scenario. This phenomenon is estimated to be related to the sedimentation
rates calculated in the mechanistic model, which are significantly lower than the
sedimentation rates input into the descriptive model.
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The results above indicate that the WASP mechanistic transportation model provides a
reasonable simulation of heavy metals and suspended solids in the Xin irrigation. It
effectively captures the changes in pollutants and suspended solids over time and space, and
its performance is comparable to that of the descriptive transportation simulations, making it
suitable as a simulation tool for assessing irrigation channel pollution. However, the
parameters selected for the mechanistic model are more numerous than those for the
descriptive model, resulting in a relatively greater time expenditure for parameter calibration
and validation. If the dynamic changes in sediment are not considered, the descriptive
transportation model can be chosen for simulation. However, it is important to note that the
descriptive model may yield different values depending on the formulas used for calculating
sedimentation and resuspension rates, thus requiring professional evaluation and calculation.
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