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Updates for the SWAT+ gwflow module, including locally 

refined grids, travel time, irrigation management, solute 

transport, and heat transport
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Outline of Presentation

1. Overview: 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) Irrigation management (canals, pumping, recharge ponds, phreatophytes)

d) Solute transport

e) Heat transport
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X X

gwflow : new module that replaces original groundwater routine

• Physically based spatially distributed (PBSD) approach

• Spatio-temporal groundwater storage, head, fluxes
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Groundwater Module for SWAT+



X X

gwflow : new module that replaces original groundwater routine

• Physically based spatially distributed (PBSD) approach

• Spatio-temporal groundwater storage, head, fluxes

• Datasets on aquifer thickness, aquifer permeability
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Unstructured Grid

• Grid with cells of varying size

• 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

Tile drain

500 m

Channel

“Quadtree”



Unstructured Grid

1. Create unstructured grid 

Base grid (500 m)
Refining levels

+

• Channels (level 3)
• Drains (level 3)
• Fields (level 1)

Choptank River Watershed 
(Chesapeake Basin)



Unstructured Grid

1. Create unstructured grid 

2. Populate aquifer properties

3. Link with SWAT+ objects

4. Create gwflow input files

Aquifer thickness (m)



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

• Can compare to groundwater tracer results (residence time in aquifer) = legacy nutrients

Structured Grid 
(travel time computed during simulation)

Unstructured Grid 
(travel time computed after simulation)
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Irrigation Management

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

Denver 

Fort Collins 
• 7,440 km2

• 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

Recharge ponds



Irrigation Management

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

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

Unstructured grid
• gwflow.canals

• Daily diversion volume (m3)
• Seepage to aquifer (canal bed K)
• Remaining water applied to fields
• Write out daily water balance for each canal

• gwflow.ponds
• Daily water added to pond (river or canal source)
• Open-surface evaporation
• Seepage to aquifer (pond bed K)
• Write out daily water balance for each pond

• gwflow.phreatophytes
• Define ET-depth relationships
• Extract from groundwater

• gwflow.irrg
• Daily, monthly, or annual pumping volume (m3)
• Extracted groundwater is applied as irrigation to specified HRU



Irrigation Management

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

• Nitrogen and Phosphorus

• Salinity (8 ions: SO4, Ca, Mg, Na, K, Cl, CO3, HCO3) → next presentation

• 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

• Channel temperature subroutine (Kristin Peters)

Steinebach Catchment gwflow grid

H

Δ𝐻

Δ𝑡
= ෍ 𝐻𝑖𝑛 − ෍ 𝐻𝑜𝑢𝑡

• Advection
• Dispersion
• Flow sources/sinks

𝑇𝑛𝑒𝑤 =
𝐻𝑛𝑒𝑤

𝜌 𝐶𝑝 𝑉𝑔𝑤



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.

Groundwater Heat Fluxes



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)

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



http://or.water.usgs.gov/proj/Sprague/report/Images/Sprague_Council_Buttes.jpg

Outline of Presentation

1. Overview: 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) Irrigation management (canals, pumping, recharge ponds, phreatophytes)

d) Solute transport

e) Heat transport

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://or.water.usgs.gov/proj/Sprague/report/section_3.html&ei=gz13VaTZEYz7sAX8h4CYDQ&bvm=bv.95039771,d.b2w&psig=AFQjCNEiLgeBiqYTxuz3tIZXh-7-RL2eaQ&ust=1433964264153020


http://or.water.usgs.gov/proj/Sprague/report/Images/Sprague_Council_Buttes.jpg

Thank you!
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