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IWFM Groundwater Process 
• Simulate a combination of confined, 

unconfined, and leaky aquifer layers separated 
by aquitards or aquicludes  

• Simulate changing aquifer conditions and 
subsidence 

• Employ a quasi 3-D approach 

• Use the Galerkin finite element method for the 
numerical solution of the governing equation 



IWFM Groundwater Process 
Simulate the aquifer as unconfined, leaky and confined aquifers 
separated by aquitards or aquicludes 
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Groundwater Flow Equation 
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Ss = Storativity, (dimensionless); 
h = Groundwater head, (L); 
T = Transmissivity = Kh, (L2/T); 
K = Hydraulic conductivity; (L/T); 
hs = Saturated thickness of aquifer, (L); 
t = Time (T); 
Iu,Id = Indicator functions for top and bottom aquifer, (dimensionless); 
hu,hd = Groundwater head at adjacent upper and lower  
  aquifer layers, (L/T); 
Lu,Ld = Leakage coefficients of adjacent upper and lower 
  aquifer layers, (1/T);  
Q = Source/sink term, (L/T). 
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Hydraulic Conductivity 
Layer 1 Layer 2 



Storage Parameters 
Layer 1 Layer 2 



Faults 
– Battle Creek Fault 
– Red Bluff Arch 
– Plainfield Ridge 

Anticline 
– Pittsburgh – Kirby 

Hills – Vaca Fault 
– Vernalis Fault 
– Graveley Ford Faults 
– Visalia Fault 
– Pond-Poso Creek 

Fault 
– Edison Fault 
– White Wolf Fault 



Flow Barrier Parameters 

Red Bluff Arch 



Unsaturated Zone 

• Vertical water flow 
between root zone 
and water table 
– In: Deep Percolation 
– Out: Net Deep 

Percolation 

• Divide into two layers 
of equal thickness 



Unsaturated Zone Parameters 



Groundwater Boundary Conditions 

x Specified head 
x Specified flow 
x General head 

boundary conditions 
• Small stream 

watersheds as 
dynamically 
computed flow 
boundary conditions 



Pumping 
     Pumping by well 

– Used when exact location and 
construction details of wells are known 

– Pumping at the well is distributed to 
aquifer layers based on the screened 
interval of the well in an aquifer layer 

– Well locations described in 
Preprocessor Well Data File 

– Well information specified in    
Pumping Specification File 



Pumping Specification 
Urban Groundwater Pumping 



Pumping 
     Pumping by element 

– Used when detailed well information is 
not available, but pumping amounts 
for an area that is represented by 
multiple finite element cells are known 

– Pumping is distributed horizontally to 
cells with respect to developed area in 
each cell (surrogate for water demand) 

– In each cell, pumping is distributed to 
aquifer layers based on user specified 
fractions  



Pumping Specification 
Agricultural Groundwater Pumping 



Pumping Rates 



Tile Drains 
• Tile drains are simulated as 

general head boundary 
conditions: 

 

 

datum 
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Qtd = tile drain flow, [L3/T] 
Ctd = conductance, [L2/T] 
ztd = tile drain elevation, [L] 
h = groundwater head, [L] 

  
• Tile drain flows can be directed 

into specified stream nodes or 
outside the model area 
 



Tile Drains 
11 tile drains – water goes to San Luis Drain outlet 



Land Surface Subsidence 



Aquifer Subsidence 
• Optional simulation of elastic and 

inelastic compaction of interbed 
materials 

• Storage change due to subsidence is 
added to the groundwater equation  

 

 CONFINING LAYER 
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qs = rate of inflow or outflow due to subsidence, (L/T) 
Sse = elastic specific storage, (1/L) 
Ssi  =  inelastic specific storage, (1/L) 
bo = interbed thickness, (L) 
hc = pre-consolidation head, (L) 
∆h = change in groundwater head, (L) 
∆b = change interbed thickness, (L) 



Subsidence Parameters 



Stream Flow and Stream-Aquifer 
Interaction 

• Assumption of zero storage at 
a stream node in computing 
stream flows; i.e. total inflow 
equals total outflow 

• Fully coupled stream and 
groundwater conservation 
equations  

• Simultaneous solution of 
stream and groundwater 
equations results in the 
computation of stream-aquifer 
interaction 



Initial Conditions 



Initial Conditions 



IWFM Groundwater Output 

• Groundwater heads at each time step 
– Tabular file 
– Teclot file 

• Hydrographs at specified locations 
• Groundwater Budget Tables 
• Z-Budget Tables 
• Final condition (initial condition format) 
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Water Table Altitude 
Produced from IWFM’s TecPlot® output files 

October 1, 1921 September 30, 2009 
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Groundwater Heads 



Final Condition 

Initial condition file for future run 



Groundwater Hydrographs 



Groundwater Hydrographs 
Well ID = 26N02W29N001M
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Groundwater Hydrographs 
Well ID = 17N04E30R001M
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Groundwater Heads 



Example Budget for Subregion 12 

Modesto 

Turlock 

Merced 



Column Flow 08/31/2004 Process 
Deep Percolation IN 2,880 RZ 
Beginning Storage (+)   42,057,306   
Ending Storage (-)   42,064,339   
Net Deep Percolation (+) IN 8,203 UZ 
Gain from Stream (+) +/- -11,243 SW 
Recharge (+) IN 21,179 LS 
Gain from Lake (+) +/- 0 SW 
Boundary Inflow (+) IN 0 SWS 
Subsidence (+)   -62   
Subsurface Irrigation (+) IN 0 LS 
Tile Drain Outflow (-) OUT 0 SW 
Pumping (-) OUT 7,200 LS 
Net Subsurface Inflow (+) +/- -3,844 GW 
Discrepancy (=)   0.00   
Cumulative Subsidence   977   

Groundwater Budget 
Subregion 12 



Z-Budget 
Column Flow IN OUT Process 
GW Storage   8,766 15,838   
Streams +/- 6,253 17,491 SW 
Tile Drains OUT 0 0 SW 
Subsidence   18 80   
Net Deep Percolation IN 8,203 0 LS 
Small Watershed Baseflow IN 0 0 SWS 
Small Watershed Percolation IN 0 0 SWS 
Diversion Recoverable Loss IN 21,179 0 SW 
Bypass Recoverable Loss IN 0 0 SW 
Lakes +/- 0 0 SW 
Pumping by Element OUT 0 0 LS 
Pumping by Well OUT 0 7,200 LS 
Zones 12 and 10 +/- 397 2,248   
Zones 12 and 11 +/- 2,952 2,619 
Zones 12 and 13 +/- 713 3,005   
Overall Zone Error   0.00     

Subregion 12, 8/31/2008 



Deep Percolation 



Groundwater Depletion 



Groundwater Depletion 



Water Balance 



Head Difference, 1922-1965 
Layer 1 Layer 2 



Head Difference, 1965-2009 
Layer 1 Layer 2 



Groundwater Depletion 
1922-2009 



Groundwater Depletion 
2000-2009 



Groundwater Pumping 
2000-2009 



Recharge and Deep Percolation 



Recharge and Deep Percolation 
1922-2009 



Groundwater Pumping 





Groundwater Pumping 
2000-2009 



End 
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