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Introduction
In 2016, the U.S. Geological Survey (USGS), in coopera-

tion with the San Antonio Water System, began a study to refine 
previously derived estimates of groundwater outflows from 
Medina and Diversion Lakes in south-central Texas near San 
Antonio. When full, Medina and Diversion Lakes (hereinafter 
referred to as the Medina/Diversion Lake system) (fig. 1) 
impound approximately 255,000 acre-feet and 2,555 acre-feet 
of water, respectively. 

Most recharge to the Edwards aquifer occurs as seepage 
from streams as they cross the outcrop (recharge zone) of the 
aquifer (Slattery and Miller, 2017). Groundwater outflows from 
the Medina/Diversion Lake system have also long been recog-
nized as a potentially important additional source of recharge. 
Puente (1978) published methods for estimating monthly and 

annual estimates of the potential recharge to the Edwards 
aquifer from the Medina/Diversion Lake system. During 
October 1995–September 1996, the USGS conducted a study to 
better define short-term rates of recharge and to reduce the error 
and uncertainty associated with estimates of monthly recharge 
from the Medina/Diversion Lake system (Lambert and others, 
2000). As a followup to that study, Slattery and Miller (2017) 
published estimates of groundwater outflows from detailed 
water budgets for the Medina/Diversion Lake system during 
1955–1964, 1995–1996, and 2001–2002. The water budgets 
were compiled for selected periods during which time the water-
budget components were inferred to be relatively stable and the 
influence of precipitation, stormwater runoff, and changes in 
storage were presumably minimal. Linear regression analysis 
techniques were used by Slattery and Miller (2017) to assess 
the relation between the stage in Medina Lake and groundwater 
outflows from the Medina/Diversion Lake system. 

Statistical Reanalysis
A statistical reanalysis of the relation between Medina Lake 

stage and groundwater outflows from the Medina/Diversion 
Lake system was completed in 2016 to improve upon the linear 
regressions analysis techniques used in the past. The statistical 
reanalysis of Medina Lake stage and groundwater outflow data 
(Slattery and Miller, 2017, fig. 11 and table 5) was done by using 
the R statistical software (version R-3.3.2) (R Core Team, 2016). 
All of the data and R scripts are available online as digital files 
(Asquith and Slattery, 2016).

The results of this additional analysis culminated in a 
new log-log weighted least-squares regression equation with 
prediction intervals, referred to as the preferred regression 
equation (fig. 2). The development of this regression equation 
was published as an appendix to Slattery and Miller (2017). 
The preferred regression equation fits the average groundwater 
outflows and average Medina Lake stage data better than the 
previously published regression equation (Slattery and Miller, 
2017). When applying the preferred regression equation, it is 
important to consider the uncertainty associated with estimates 
of groundwater outflows for a given Medina Lake stage. Upper 
and lower bounds of 75- and 90-percent prediction intervals for 
the preferred regression equations (fig. 2) represent the upper 
and lower range or probable groundwater outflow values where 
the actual observed groundwater outflow is likely within the 
specified prediction interval either 75 or 90 percent of the time 
(Helsel and Hirsch, 2002). 
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Figure 1.  Locations of the study area and upper Medina River 
Basin, San Antonio area, Texas. 
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Figure 2.  Relation between average Medina Lake stage and average groundwater outflow (GWout) for water-budget periods 1955–1964, 
1995–1996, and 2001–2002 (table 5 in Slattery and Miller, 2017) with a log-log weighted least-squares (log-log WLS) regression equation, 
and prediction intervals for the preferred regression equation (from Slattery and Miller, 2017).
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