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Outline of Presentation

1. SWAT+ gwflow: history and brief methods overview

2. SWAT+ gwflow: features and applications

. Groundwater pumping in irrigated regions
. Subsurface drainage (tile drains)
. Floodplain-aquifer exchange

. National modeling results, USA (National Agroecosystem Model)
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History and Brief Methods Overview

Problem Statement: (potential) problems with simulating groundwater... o owaT SO WAT+

Assessment Tool SOIL & WATER

ASSESSMENT TOOL

* Interaction between groundwater and surface « May produce inaccurate results when quantifying
water not based on head gradient — groundwater/surface water exchange

» Groundwater leaves aquifer only if gw storage > - May produce inaccurate results when
specified threshold quantifying impact of conservation practices

in groundwater-driven watersheds

* Groundwater head does not respond to pumping
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History and Brief Methods Overview

Problem Statement: (potential) problems with simulating groundwater... s v GWAT SWAT+

As essment Tno{
SOIL & WATER

ASSESSMENT TOOL

* Interaction between groundwater and surface « May produce inaccurate results when quantifying
water not based on head gradient — groundwater/surface water exchange

» Groundwater leaves aquifer only if gw storage > - May produce inaccurate results when
specified threshold quantifying impact of conservation practices

in groundwater-driven watersheds

* Groundwater head does not respond to pumping

2013-2019: Development of SWAT-MODFLOW

méf,'i.;]??i‘ai SWAT —
MODFLOW

2018-2020: Development of SWAT+/MODFLOW

SWAT + R

8 Need something simpler for
MODFLOW the SWAT+ code...
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History and Brief Methods Overview

2020-present: Development of gwflow module for SWAT+

* Physically based spatially distributed groundwater modeling

» Divide the watershed aquifer into discrete “cells” (volumes); quantify groundwater inflows
and outflows for each cell

» Cells interact with HRUs (recharge), channels and reservoirs (exchange), irrigated fields
(pumping), and channel floodplains (exchange)
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History and Brief Methods Overview

2020-present: Development of gwflow module for SWAT+

* Physically based spatially distributed groundwater modeling

» Divide the watershed aquifer into discrete “cells” (volumes); quantify groundwater inflows
and outflows for each cell

» Cells interact with HRUs (recharge), channels and reservoirs (exchange), irrigated fields
(pumping), and channel floodplains (exchange)
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History and Brief Methods Overview

2020-present: Development of gwflow module for SWAT+

* Physically based spatially distributed groundwater modeling

» Divide the watershed aquifer into discrete “cells” (volumes); quantify groundwater inflows
and outflows for each cell

» Cells interact with HRUs (recharge), channels and reservoirs (exchange), irrigated fields
(pumping), and channel floodplains (exchange)
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History and Brief Methods Overview

Basic code structure of SWAT+:

Read input files
Read gwflow files (gwflow.input, gwflow.hrucell, gwflow.rivcells, gwflow.rescells)

Annual, daily loops:

command
hru_control (HRUs)
ru_control (Routing Unites)

gwflow_simulate: calculate inflows/outflows for each cell; water balance for
each cell; update storage and head; write out balances and fluxes

res_control (Reservoirs)
sd_channel_control (Channels)

Tutorial: combination of QGIS, Excel, and text editor
» Create grid

» Populate cell properties (global datasets for aquifer thickness and
hydraulic conductivity)

» Perform spatial connections with SWAT+ objects




History and Brief Methods Overview

hydrology ﬁ'l\n\lw

Article

A New Physically-Based Spatially-Distributed
Groundwater Flow Module for SWAT+

Ryan T. Bailey '*, Katrin Bieger (", Jeffrey G. Arnold * and David D. Bosch *

1 Dept. of Civil and Environmental Engineering, Colorado State University, Fort Collins, CO 80523, USA

2 Blackland Research & Extension Center, Texas A&M AgriLife, Temple, TX 76502, USA;
kbieger@brc.tamus.edu

3 (Grassland Soil and Water Research Laboratory, USDA-ARS, Temple, TX 76502, USA; jeffarnold@usda.gov

4 Sputheast Watershed Research, USDA-ARS, Tifton, GA 31794, USA; david.bosch@usda.gov

*  Correspondence: rthbailey@colostate.edu

United States

Georgia -



Features and Applications

Current Applications (my research group)
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High rainfall, no cultivation

Upper Colorado River Basin RS
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Groundwater Pumping (Mississippi Alluvial Plain)
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Features and Applications

Subsurface Tile Drainage (South Fork, lowa)

(b) —— SWAT+ river network
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Features and Applications

Subsurface Tile Drainage (South Fork, lowa)
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Features and Applications

National-scale application, USA (National Agroecosystem Model)
Jeffrey Arnold, Michael White (USDA-ARS)

National Extent Field Based Computational Units Process Based 5ImU|EItIDn

Obijectives with gwflow:

« Improve groundwater flow simulation for watersheds; simulate pumping in irrigated regions

* Apply at the national scale for assessment of land use, land management, water
management, and climate on water supply and nutrient loads.



Features and Applications

Floodplain-Aquifer Exchange
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Features and Applications

Floodplain-Aquifer Exchange
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Features and Applications

Floodplain-Aquifer Exchange
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Features and Applications

Floodplain-Aquifer Exchange
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Features and Applications

National-scale application, USA (National Agroecosystem Model)
Jeffrey Arnold, Michael White (USDA-ARS)

Arkansas-White-Red Region (11)

~ UNITED STATES
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SWAT+ models have undergone
“soft” calibration (water balance data)

Prepared gwflow inputs
Preliminary simulation: 2000-2002

Irrigation for each field: streams or

groundwater; extensive groundwater
pumping




National-scale application, USA (National Agroecosystem Model)
Jeffrey Arnold, Michael White (USDA-ARS)

Arkansas-White-Red Region (11)
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National-scale application, USA (National Agroecosystem Model)
Jeffrey Arnold, Michael White (USDA-ARS)

Arkansas-White-Red Region (11)
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* Many thanks to SWAT+ developers

» Please let me know if you need help with gwflow! (ribailey@colostate.edu)

Thank you!
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