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Overview

• Why solute transport modeling

• Governing processes and equation

• Numerical implementation of the solute transport model

• Coupling the solute transport model with Integrated 

Water Flow Model (IWFM) and core functionality

• Application to a real-world problem

• Next steps



Why groundwater solute transport modeling?

• Water quality degradation is one of the 

sustainability indicators established by the 

Sustainable Groundwater Management Act 

(SGMA)
– Groundwater Sustainability Agencies (GSAs) need to 

establish minimum thresholds for point and nonpoint source 

pollutants in their basins 

– GSAs need plan of actions to improve degraded water quality

• Identifying and managing water quality 

degradation issues requires numerical tools 

that can simulate solute transport through 

groundwater

• IWFM currently simulates only flow; cannot 

simulate solute transport 

Nitrate in groundwater

2009-2018 (CalGW,2020), MCL=Maximum Contaminant Level. 



Dispersion
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Governing Processes

Contaminant Source (AG or Industrial)

Dispersion=Mechanical dispersion + Molecular diffusion



Governing Equation: Advection-Dispersion
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• 𝜃= porosity of the aquifer (-),

• 𝐶𝑘= dissolved concentration of solute 𝑘 [ Τ𝑀 𝐿3], 

• 𝑡= time [𝑇] ,  

• 𝐷𝑖𝑗= dispersion coefficient tensor [ Τ𝐿2 𝑇]-both hydrodynamics and molecular diffusions , 

• 𝑣𝑖= linear pore water velocity [ Τ𝐿 𝑇],  

• 𝑞𝑠= volumetric flow rate per unit volume representing sources or sinks [1/𝑇],

• 𝐶𝑠
𝑘=source or sink concentration of solute 𝑘 [ Τ𝑀 𝐿3]

Advection
Dispersion

Source/Sink



Numerical Implementation-Lagrangian Parcel Model

• Free of numerical dispersion, oscillations and good mass balance

• Easy to implement: No need to solve system of equations

• Limitation: Valid only for diluted conditions

– Aquifer Storage Recovery (ASR), Managed Aquifer Recharge (MAR)

– Not good for seawater intrusion simulations

• Solute mass is represented by a large number of parcels (LP) that have time 

dependent coordinates

• Parcels are introduced into groundwater at spill sites corresponding to each spill 

rate and are displaced due to advection and dispersion

• Parcels are removed when they approach sinks such as pumping wells based on 

user specified radius of influence

• We have developed and validated a 3D groundwater solute transport model 

against analytical and field data using LP method: In preparation for journal publication



Coupling the Groundwater Solute Transport 
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Solute Transport Model Core Functionality

• Particle tracking (forward and backward)

– Simulate only advection (no dispersion)

– Identify plume paths, source areas (capture zones) for pumping wells

– Only locations no concentrations

• Solute transport

– Simulate both advection and dispersion (more accurate)

– Can simulate both spatial extents and concentrations of contaminant 

plumes

– Estimate and predict water quality in pumping wells

– Multi-species solute transport capability



Solute Transport Module Input Data

• Input parameters

– Longitudinal dispersivity-horizontal

– Transverse dispersivity-horizontal and vertical

– Porosity

• Transport domain data (part of the flow domain)

– Concentration grid dimension-horizontal ( dx and dy) 

– Lower left and upper right corner of the transport domain

• Source Data

– Spill locations

– Concentration of the contaminant 

– Spill rates & durations



PS well

Scenario: Water quality in pumping well in city of Ceres

C2VSimFG 1.5

C2VSimFG-California Central Valley Groundwater-Surface Water Simulation Model Fine Grid

Solute transport model domain



Scenario: Water quality in pumping well in city of Ceres

Bastania and Harter, 2019  used MODFLOW, MODPATH, MT3D



Contaminant source identification: 

  Backward Particle Tracking

• Velocity data saved from a C2VSimFGV1.5 

model run from 1973-2021

• Particles are introduced around the public 

supply well

• Velocity data is provided in reverse order with 

opposite sign during each stress period

• Contaminant source can be determined by 

using path lines, which indicate the groundwater 

flow directions

PS well

AG area



Simulated nitrogen plume evolution-horizontal plane

PS well

• 48-year simulation 

• Introduced one million Lagrangian 

parcels at source locations to 

represent nitrate loading

• Concentration grid size 250 ft x 250 ft

• About 10-15 minutes additional 

runtime for solute transport 

simulation (C2VSimFG run time - 2.5 hr )



Simulated nitrogen plume evolution-vertical plane

PS well PS well



Simulated concentration at the PS well



Next steps

• Public release
– End of summer 2025

• Seawater intrusion modeling
– Density dependent flow model is required

– Currently IWFM is not a density dependent model

– IWFM needs to be substantially updated

– Currently working on Discontinuous Galerkin Finite Element solute 

transport model
• Hybrid version of Finite Element and Finite Volume methods

• No numerical dispersion and no oscillations, good mass balance

• Complex implementation and increased runtime



Summary

• New solute transport module was added to IWFM

• Potential applications and uses of the solute transport module

– Water quality management

• Contaminant source identification: Reverse particle tracking to identify pollution origins

• Recharge project evaluations: ASR, AgMAR 

• Regulatory compliance forecasting: Predictive modeling for water quality standards

• Contaminated site remediation assessment 

– Environmental Impact Assessment: Industrial releases

– Long-term trend assessment

• Multi-decadal water quality projections under different climate scenarios

ASR: Aquifer Storage Recovery

AgMAR: Agricultural Managed Aquifer Recharge



Thank You !
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