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Introduction 
 
In an effort to quantify the potential impact on the San Pedro River and the regional aquifer of 
the Upper San Pedro Valley regarding the implementation of the proposed Tribute Planned 
Community in southern Sierra Vista, a regional groundwater flow model was used to simulate an 
increase of groundwater extraction.  This simulation was performed via an update of the USGS 
San Pedro Model (Pool and Dickinson, 2007) and an extension of the chronologic domain of the 
model to incorporate a projection 100 years into the future using MODFLOW 2005 (Harbaugh, 
2005).   
 
An impact analysis is elicited via the comparison of a “base case” scenario and a “projection” 
scenario of the groundwater model.  Groundwater extractions of all wells within the domain are 
modeled as constant and equivalent to the ten year average from 2004-2013 in the base case 
scenario. Within the projection scenario, groundwater withdrawal by wells operated by the 
Pueblo Del Sol (PDS) Water Company are simulated to increase to a total maximum annual 
value of 4870.39 acre-feet (Arizona Department of Water Resources, 2012) by 2032 and remain 
constant at this annual volume to the end of the model period, in year 2113. 
 
Methods 
 
Modeling the potential impact of the proposed Tribute Planned community towards the baseflow 
of the San Pedro River and the regional aquifer was begun by first updating the existing Upper 
San Pedro Model released by the USGS in 2007 (Pool and Dickinson, 2007).  This update 
included projecting the model into the future to analyze the potential effects of proposed 
increased groundwater withdrawal after 100 years.  The analysis was extrapolated from the 
differing model results of the “base case” scenario versus the “projection” scenario.  The 
modeled baseflows at the simulated locations of the Charleston and Lewis Springs USGS stream 
gages were contrasted at both the last year of the simulation and over the entire time frame of the 
model.  Also, the model-produced quantity of gaining reaches outside of the simulated bedrock 
reach near the Charleston gage was compared under each scenario over the last simulated year.  
 
The 1986-2003 installment of the Pool and Dickinson Model was extended 111 years to create a 
model that simulates January of 1986 to December of 2113.  Each year consists of two seasons: a 
217-day season representative of spring, summer and early fall, where riparian transpiration is 
simulated, and a 148-day season representative of the time frame where deciduous riparian 
vegetation is dormant.  Due to technological restraints, the model had to be broken into two 
periods that cover January 1986 to December 2062 and January 2063 to December 2113.  The 
final hydraulic head values of the first period were input as the initial head values of the second 
period, which was run to the end of the chronologic domain. 
 
The original USGS model ends in December of 2002, leaving eleven years of discontinuity in 
terms groundwater withdrawal between the model and the projection period.  To combat this 
issue, all simulated major non-exempt production wells within the geographic domain were 
replaced.  Annually recorded extracted groundwater volumes for each individual well from the 
Arizona Department of Water Resources provided the necessary data to replace the 79 major 
production wells of the model domain north of the international border.  However, the volume of 



groundwater extracted for the production wells for years 2012 and 2013 had not yet been made 
public at the time of the construction of this impact analysis.  As a result, the average volume of 
the three prior years provided the extracted volume that was input into the simulation for 2012 
and 2013.  The annually withdrawn groundwater values for all input production wells after 2013 
were derived from the ten year average for each well from 2004 to 2013.  Any simulated 
production well within the original model that occupied the same cell as the updated wells was 
deleted to thwart the risk of overestimating groundwater extraction. All exempt wells and 
conditions south of the international border were assumed to remain constant and were left 
unaltered from the original 2007 USGS model. 
 
For the four PDS wells, the “base case” scenario involved following the protocol of the other 
updated production wells, where the input extracted volume was equivalent to the ten year 
average, creating a total of 1463.31 acre-feet per year.  The “projection” scenario differed in that 
the total annual volume extracted was modeled to increase at a constant rate of 212.12 acre-feet 
per year from 2014-2024 to represent gradual increases in demand with gradual population 
growth.  From 2024-2032 the total volume extracted increased by 102.80 acre-feet per year to 
represent a more asymptotic function of water demand as population growth approached its full 
capacity within the proposed planned community. From January of 2032 to the end of the 
simulation, the PDS wells were modeled to extract groundwater at a consistent rate of 4870.39 
acre-feet per year (Arizona Department of Water Resources, 2012). 
 
In order to more closely approximate the relation between summer versus winter municipal 
water demands, the pumping rate during the 217 day season was input as roughly 30% greater 
than the rate during the simulated winter season for all updated production wells.  This addition 
was performed to incorporate such potential factors as increased outdoor irrigation and 
evaporative cooler operation during the warmer summer months. 
 
Projected operational recharge from the proposed Tribute Planned Community was omitted in 
the simulation in accordance to planned operations where treated wastewater from the proposed 
facility is to be reclaimed for irrigation purposes (State of Arizona, 2012).  Any incidental 
recharge can be reasonably assumed to be negligible due to the aridity of the region and the 
roughly 350 feet of vadose zone between the location of the proposed development and the top 
of the local aquifer (Pool and Dickinson, 2007). 
 
Results 
 
The model indicated that baseflow in the San Pedro River at the Charleston gage is 3.2 cubic feet 
per second (cfs) at the end of the last summer season of the model period in the “base case” 
scenario compared to 2.7 cfs under the “projection” scenario with increased pumping at the PDS 
wells.  This difference is a decrease of 13.5% (Table 1).   
 
 
 
 
 
 



Baseflow Depletion 
 End of “Winter” Season End of “Summer” Season 

Upstream of Lewis Springs -12.4% -38.4% 
Downstream of Lewis Springs -7.2% -13.6% 

Charleston -7.3% -13.5% 
Table 1. Percentage baseflow is decreased between “base case” and “projection” scenario 
 
The modeled baseflow of the San Pedro River decreases throughout the entire model period at 
every gaining reach for both the “base case” and projection scenarios.  However, the modeled 
San Pedro River baseflow decreases at an average rate of 2.7 times faster in the “projection” 
scenario (Figure 1).  This top layer includes the majority of the San Pedro River streambed with 
the most notable exception being the river reaches near the Charleston Gage, which is in the 
bottom, fifth layer of the model. 
 
The model indicated that the number of cells representative of flowing stream reaches of the San 
Pedro River is 8.2% percent less during the winter and 8.8% less in the summer in the scenario 
where PDS pumping is expanded to 4870.39 acre-feet per year (Figure 2). 
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Figure 1.  Modeled streamflow at the end of the river segment 3.75 miles downstream from Lewis Springs for last 
13 years of model run (this river segment includes the simulated location of the Lewis Springs gage) 
 



 
Figure 2.  Number of cells designated as reaches of the San Pedro River where the modeled stream stage is greater 
than the elevation of the bottom of the channel in layer 1 

 
Discussion 
 
While the simulation consistently exhibited that the baseflow of the San Pedro River decreases 
when the extraction of groundwater by PDS wells is increased to 4870.39 AF/yr, the relation 
between the severity of the modeled impact versus the potential impact in reality retains some 
uncertainties.  The most arguably problematic source of uncertainty is the difference in modeled 
baseflow versus measured baseflow at the USGS gages along the San Pedro River.  For example, 
the model predicted an absolute minimum baseflow of 3.2 cfs in the “base case” and 2.7 cfs in 
the “projection” scenario at the Charleston gage over the entire 128 year simulation.  In reality, 
the minimum measured summer baseflow has been less than 1 cfs for over a decade, including in 
July of 2005 where the stream was completely dry at the Charleston gage, the most consistently 
gaining reach of the San Pedro River.  This discrepancy is a likely indication of an 
overestimation of stream baseflow in the 2007 model and the updated projection and an 
underestimation of the severity of the impact of increased groundwater pumping towards 
baseflow. 
 
A possible source behind the incongruity between measured versus modeled minimum baseflow 
may stem from the directional gradient of groundwater within the model.  The model operates 
through an assumption of a high quantity of recharge over cells where solely vertical 
groundwater flow is permitted at the peripheries of the domain, mostly over the modeled location 
of the Huachuca Mountains.  Horizontal movement of groundwater does not occur at peripheries 
within the model until the bottom fourth and fifth layers of the model.  Groundwater moves 
laterally towards the center of the domain to the region beneath the San Pedro River stream 



reaches. At this point, the fourth and fifth layers are modeled as far thinner, causing the cells to 
flood, which forces modeled groundwater to flow vertically upwards towards the upper layers 
and the stream reaches.  The overall groundwater gradient within the model is somewhat U-
shaped, with right angles due to the square cell dimensions of MODFLOW.  This arrangement 
differs from the Dupuit assumption of mostly horizontal flow, common to most groundwater 
flow models. 
 
The upward gradient of groundwater beneath the stream reaches provides another possibility for 
underestimation of baseflow at the Charleston reach of the model.  In order to represent the low 
hydraulic conductivity bedrock that provides the streambed near the Charleston reach, the model 
contains this reach of the San Pedro River in layer 5.  Three of the four PDS wells extract 
groundwater from solely layer 4, above the layer of the Charleston reach. Consequently, the 
wells’ impact on baseflow is minimized, evoking the potential for an underestimation of impact 
on baseflow. 
 
In addition to discrepancies with baseflow, the model also provides a source of confusion in 
seasonality.  While the two-season cycle creates an annual 365 day period, the period does not 
align with the calendar year.  Deciduous riparian trees are dormant in January and remain 
dormant to approximately March, which would make this time frame part of the 148 day winter 
season.  However, the model begins the 365 day time frame with the 217 day “summer” season 
where evapotranspiration is active.  Consequently, tying a day in the model to a day of a calendar 
year becomes somewhat subjective.  For the analysis of the updated model, the model day of 
minimum baseflow was tied to June 30th, when evapotranspiration is near a maximum rate and 
monsoonal runoff and recharge are absent (Figure 2).  Maximum baseflow was tied to the 
calendar day 149 days after the period of minimum baseflow.  This arbitrary setup proves to be 
somewhat problematic when coupled with the input pumping values of the wells, which are 
based on the conventional calendar year.  However, when the model is run for a 128 year period, 
the pertinence of seasonal discrepancies in regards to the regional aquifer and baseflow becomes 
negligible since the simulated seasonal pumping withdrawals are held to a constant value each 
year after 2013.  If the total withdrawal volume from the past model year is identical to the 
present and following years, the time gap between the end of each model year and the end of 
each calendar year is irrelevant.  
 
Conclusion 
 
The model indicates that when groundwater extraction at the four PDS wells is increased to a 
total of 4870.39 AF/yr, the baseflow at every gaining reach of the San Pedro River is less than 
the baseflow in the “base case” scenario.  The updated model also predicts that the San Pedro 
River’s baseflow is continuously decreasing every year under current pumping conditions 
without any further expansion.  However, when pumping is increased at the PDS wells, the 
model indicates that the rate of decreasing baseflow in the San Pedro River is accelerated at 
every gaining reach.  
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