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Outline of Presentation

1. Qverview: watershed modeling with SWAT+ and the new groundwater module (gwflow)

2. Recent developments for gwflow:

a) Locally refined grid (“unstructured” grid)

b) Groundwater travel time

c) lIrrigation management (canals, pumping, recharge ponds, phreatophytes)
d) Solute transport

e) Heat transport
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Groundwater Module for SWAT+
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Ay I oz gwflow : new module that replaces original groundwater routine

» Physically based spatially distributed (PBSD) approach

« Spatio-temporal groundwater storage, head, fluxes
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https://swat.tamu.edu/software/plus/gwflow/



Groundwater Module for SWAT+

ovB
SUR + LAT

\Rainfall

« Spatio-temporal groundwater storage, head, fluxes

» Physically based spatially distributed (PBSD) approach

- Datasets on aquifer thickness, aquifer permeability

gwflow : new module that replaces original groundwater routine
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Unstructured Grid

e Grid with cells of varying size
e Capture localized changes in water table elevation (pumping wells, channels, tile drains, lakes)

* Water balance for each cell, using inflows/outflows from all neighboring cells
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Unstructured Grid

1. Create unstructured grid

ZUSGS
Base grid (500 m)
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Unstructured Grid

1. Create unstructured grid

science for a changing world - S ~ e X — =

Groundwater Resources Program

Prepared in cooperation with George Mason University

GRIDGEN Version 1.0: A Computer Program for Generating
Unstructured Finite-Volume Grids

2. Populate aquifer properties
3. Link with SWAT+ objects
4. Create gwflow input files

Open-File Report 2014-1109

U.S. Department of the Interior
U.S. Geological Survey




Groundwater Travel Time

* During SWAT+ simulation: track the position (x,y) of groundwater for each daily time step

* Determine the time to reach a receiving water body (channel, tile drain)

* Plot flow pathways from individual grid cells

e Can compare to groundwater tracer results (residence time in aquifer) = legacy nutrients
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Irrigation Management

Case Study: Middle South Platte-Cherry Creek Watershed (Colorado, USA)

7,440 km?

Urban & Agriculture

9,500 fields (5,700 irrigated)
Canals

Pumping Wells




Irrigation Management

Case Study: Middle South Platte-Cherry Creek Watershed (Colorado, USA)

Irrigation canals divert water from South Platte River
Pumping wells extract water from unconfined aquifer

Recharge ponds used to offset river depletion caused
by pumping
Phreatophytes remove groundwater in riparian areas




Irrigation Management

Case Study: Middle South Platte-Cherry Creek Watershed (Colorado, USA)

Irrigation canals divert water from South Platte River
Pumping wells extract water from unconfined aquifer

Recharge ponds used to offset river depletion caused
by pumping
Phreatophytes remove groundwater in riparian areas
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* Nitrogen and Phosphorus

Solute Transport

* Salinity (8 ions: SO,, Ca, Mg, Na, K, Cl, CO;, HCO,) = next presentation
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(i) Rows

Columns (j)

Daily mass balance for each cell; one equation for each solute

Leaching, pumping, channel exchange, denitrification,
phosphorus sorption, tile drainage, etc.



Heat Transport

* Track heat (Joules) in groundwater in each gwflow grid cell
* Heat exchange with HRUs (soil profile) and channels

e Channel temperature subroutine (Kristin Peters)

Steinebach Catchment gwflow grid
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Heat Transport

* Track heat (Joules) in groundwater in each gwflow grid cell

* Heat exchange with HRUs (soil profile) and channels

Water Table Elevation Groundwater Temp.

B 0.0430
3.6500
5.3814
7.9785

I 20.0000

Heat flux (MJ)

1.1E+07
9.0E+06
7.0E+06
5.0E+06
3.0E+06
1.0E+06

-1.0E+06
-3.0E+06
-5.0E+06

Groundwater Heat Fluxes

1/1/2014 1/1/2015 1/1/2016 1/1/2017 1/1/2018 1/1/2019

m recharge ™ groundwater discharge



Heat Transport

* Track heat (Joules) in groundwater in each gwflow grid cell

* Heat exchange with HRUs (soil profile) and channels

Water Table Elevation Groundwater Temp.

Channel 4 (outlet)

N
(9]

N
o

[N
wv

—with gwflow

—original

=
o

Channel Tempearture (°C)
w

LY
Wil MM \\‘

4/1/2012  7/10/2012 10/18/2012 1/26/2013 5/6/2013 8/14/2013 11/22/20 /2014 6/10/2014 9/18/2014 12/27/2014

gwflow scenario has lower T, due to baseflow which
has a lower temperature (groundwater T < stream T)
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