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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
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Why groundwater solute transport modeling?

Nitrate in groundwater
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— Groundwater Sustainability Agencies (GSAs) need to
establish minimum thresholds for point and nonpoint source
pollutants in their basins
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Governing Processes

Contaminant Source (AG or Industrial) Pumping well

Unsaturated Zone

Saturated Zone
(Aquifer)
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Governing Equation: Advection-Dispersion

T S N

* @= porosity of the aquifer (-),
e (C*=dissolved concentration of solute k [M/L3],

« t=time [T],

Source/Sink

* D;;=dispersion coefficient tensor [L?/T]-both hydrodynamics and molecular diffusions,
» ;= linear pore water velocity [L/T],
* (5= volumetric flow rate per unit volume representing sources or sinks [1/T],

e CF=source or sink concentration of solute k [M /L3]




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 spilll
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
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Coupling the Groundwater Solute Transport
Model with IWFM

Groundwater Package

Unsaturated Zone
Package

Pumping Well Package

Stream _
Package \Wtep level

Subsidence

Postprocess

Contaminant
Plume Trajectory
and Water Quality
Predictions

package

Lake
Package
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Solute Transport Model Core Functionality

« Particle tracking (forward and backward)
— Simulate only advection (no dispersion)
— ldentify 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
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Solute Transport Module Input Data

C2VSimFG_SeluteTransport.dat X
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— = C oY ; C trati Grid size in the X di t1
Longitudinal dispersivity-horizontal Y Smmmmsdrnu e
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Scenario: Water quality in pumping well in city of Cere
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Scenario: Water quality in pumping well in city of Ceres

Stn Josequin River
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@ Public supply wells in Ceres

@ The studied public supply well

U : Urban
AL : Almond
ALF : Alfalfa
C:Com

B : Beans
P : Pasture
V : Vineyards

travel time (years)

Fig. 4. Selected public supply well in the city of Ceres and its source area delineation.
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Table 3

Estimated nitrate mass load for simulation period of 1960-2004 (Modified from

Harter et al., 2017).

Land use type Mitrate load as N (kg/ha/yr)

Years 1960-1975 Years 19751990 Years 19902004
Fallow 0 0 0
Grain 73.3 48.8 89.3
Rice 7.9 20.3 291
Field crops 62.6 75.8 79.3
Cotton 27 a4.1 115
Com &60.7 63.6 153.2
Pasture 0 0 0
Alfalfa 30 30 20
Truck crops 827 133.4 185.7
Artichoke 0 a0 a0
Asparagus 109.8 144.7 143.6
Christmas tree 30 30 30
Strawberry 140.8 150.2 182.6
Almonds 29 4.9 136.9
Citrus tree 1226 138.9 141
Vineyards 40.7 46.2 2249
Natural vegetation 15 15 15
Urban 20 20 20

WATER RESOURCES Bastania and Harter, 2019 used MODFLOW, MODPATH, MT3D



Contaminant source identification:
Backward Particle Tracking

* Velocity data saved from a C2VSimFGV1.5 e /
model run from 1973-2021

* Particles are introduced around the public PS well
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
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Simulated nitrogen plume evolution-horizontal plane

Lagrangian Parcel Solution for 3D Hypothetical Case  concentration
C2VSimFG: XY plane Layer 1 (mgi}

e 10
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* 48-year simulation

* Introduced one million Lagrangian 8
parcels at source locations to PS well
represent nitrate loading

« Concentration grid size 250 ft x 250 ft [y °

 About 10-15 minutes additional *
runtime for solute transport
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Simulated nitrogen plume evolution-vertical plane

Lagrangian Particle Solution for 30 Hypothetical Case-C2V SiMcencantration Lagrangian Particle Solution for 30 Hypothetical Case-C2VSimconcsntration
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Simulated concentration at the PS well
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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
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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
o e CALIFORNIA DEPARTMENT OF

WATER RESOURCES AgMAR: Agricultural Managed Aquifer Recharge




Thank You !
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