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The 1990-96 historical period was one of extremes with respect to fluctuations in 

pumpage, water levels, and springflows associated with the Edwards Aquifer. Coming out of a 

drought in the late 1980's which resulted in record high annual pumpage (543,000 acft) in 1989, 

the Edwards Aquifer rose to a record high level of about 703 ft-msl recorded at the Bexar County 

Monitoring Well (J-17) in June, 1992 when pumpage fell to the lowest annual rate (327 ,000 acft) 

since 1973. Then, another drought cycle ensued resulting in significantly reduced springflows 

and severe water use restrictions during the summer of 1996. In addition to improved estimates 

of pumpage, the extremes experienced by the aquifer make the first half of the 1990•s an 

excellent period for potential use in calibration of Edwards Aquifer models such as the GWSIM4 

model developed by the Texas Water Development Board (TWDB).1 

The TWDB staff is, in fact, engaged in recalibration and enhancement of the GWSIM4 

model which has been applied extensively in the Trans-Texas Water Program, Edwards Aquifer 

litigation, and numerous technical and planning studies. This recalibration effort has been 

prompted by the availability of improved geological mapping in Hays, Comal, and Bexar 

Counties, installation of a precipitation (and streamflow) gaging network in the Edwards outcrop 

area, completion of aquifer divide studies, and ongoing water balance studies for Medina Lake 

and the Guadalupe River. In addition, estimates of historical Edwards Aquifer recharge have 

been developed by HDR Engineering, Inc. (HDR) in the course of studies sponsored by the 

Edwards Underground Water District2 and Nueces River Authority.3 Based on the 1934-89 

historical period, HDR estimates differ significantly from those published by the U.S. Geological 

Survey4 (USGS) in terms of both geographical and temporal distribution. 

As the TWDB has expressed an interest in using the most recent historical data available 

in the recalibration effort and regional sponsors have expressed their concurrence, HDR has 

1 TWDB, "Ground-water Resources and Model Applications for the Edwards (Balcones Fault Zone) Aquifer in the 
San Antonio Region," Report 239, October, 1979. 
2 HDR. "Guadalupe- San Antonio River Basin Recharge Enhancement Study," Vol. 2, Edwards Underground 
Water District, September, 1993. 
3 HDR. "Nueces River Basin Regional Water Supply Planning Study, Phase I," Vol. 2, Nueces River Authority, et 
al., May, 1991. 
4 USGS, "Recharge to and Discharge from the Edwards Aquifer in the San Antonio Area, Texas, 1996," 
http://txwww .cr.usgs.gov/reports/info/97/recharge 1/index.hbnl, April, 1997. 
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updated its recharge estimates to include the 1990-96 historical period and will provide them to 

the TWDB for consideration as an alternative to published USGS estimates. Estimates of 

Edwards Aquifer recharge have been developed for four recharge basins in the Nueces River 

Basin (Figure 1.0-1) and five recharge basins in the Guadalupe - San Antonio River Basin 

(Figure 1.0-2) for the 1990-96 historical period. The following sections of this report detail the 

data collection and refinement efforts prerequisite to recharge calculation, summarize the 

resulting estimates of Edwards Aquifer recharge in both historical and geographical contexts, and 

provide comparisons to published USGS estimates. Recommendations regarding opportunities 

for improvement of recharge estimates are included in Section 4. 
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The first step in the process of Edwards Aquifer recharge calculation was the collection of 

pertinent monthly hydrologic data sets including precipitation, streamflow, reservoir contents, 

surface water use, treated effluent volumes, and net evaporation for the 1990-96 historical period. 

Pertinent hydrologic data sets collected and primary sources are summarized as follows: 

• Precipitation- National Weather Service, USGS, TWDB · 
• Streamflow- USGS 
• Reservoir Contents- USGS, Bexar-Medina-Atascosa Counties WCID#l (BMA), 

Blackwell, Carter & Associates, Inc. (BCA) 
• Surface Water Use- Texas Natural Resource Conservation Commission (TNRCC, 

Office of the Water Master), USGS, BMA, BCA 
• Treated Effluent Volumes - TNRCC 
• Net Evaporation- BCA 

Supplementary hydrologic data collected also includes monthly estimates of recharge for existing 

enhancement projects provided by the Edwards Aquifer Authority (EAA) and annual historical 

recharge by basin available from the USGS. 

Once all pertinent information was in hand and prior to initiating recharge calculations, 

data sets from various sources were assembled and refined through review for consistency, 

estimation of unavailable data, areal precipitation computation, streamflow naturalization, and 

potential runoff calculation. Only one concern was noted regarding consistency of data for the 

1990-96 period as compared with earlier years. This concern is associated with reported surface 

water use data provided by the TNRCC Water Master and its consistency with earlier data which 

was obtained from the TNRCC (prior to full implementation of the Water Master program). 

Figure 2.0-1 shows reported surface water use for four selected stream segments upstream of the 

Edwards Aquifer recharge zone for the 1980-96 period. While th~ apparent inconsistencies 

shown in Figure 2.0-1 may appear rather alarming, the potential effect on long-term average 

recharge estimates is minimal, so the surface water use data provided by the TNRCC Water 

Master was used directly. Areal precipitation computation, streamflow naturalization, and 

potehtial runoff calculation were all accomplished using techniques described in referenced 

studies. l.2 

1 HDR, Op. Cit., September, 1993. 
2 HDR, Op. Cit., May, 1991. 
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3.0 RECHARGE SUMMARY AND COMPARISONS 

Methodologies previously developed and applied by HDR in the computation of Edwards 

Aquifer recharge on a monthly timestep are described at length in studies prepared under the 

sponsorship of the Edwards Underground Water District1 and the Nueces River Authority? For 

consistency with these referenced studies, recharge estimates for the 1990-96 period have been 

computed using methodologies and assumptions identical to those previously applied. Resulting 

recharge estimates are summarized by major river basin in the following subsections and 

compared to those estimates prepared by the USGS. A comprehensive summary of historical 

Edwards Aquifer recharge estimates by river and recharge basin for the full 1934-96 historical 

period is included as Appendix A. 

3.1 Nueces River Basin 

The Nueces River Basin has been subdivided into four recharge basins identified in Figure 

1.0-1 as the Nueces I West Nueces, Frio I Dry Frio, Sabinal, and the Area Between Sabinal and 

Medina Basin (which includes Seco, Hondo, and Verde Creek as well as several smaller tributary 

streams). In addition to naturally occurring recharge in the Nueces River Basin, the EAA 

(formerly EUWD) has constructed projects located on Seco, Parkers, and Verde Creek which 

serve to enhance recharge. Recharge associated with these projects was provided by the EAA for 

inclusion in the recharge basin summaries presented herein. 

Figure 3.1-1 summarizes both HDR and USGS estimates of Edwards Aquifer recharge for 

each recharge basin within the Nueces River Basin for the 1990-96 historical period. Based on 

the full 1934-96 historical period, record high annual recharge volumes (432,412 acft) for the 

Sabinal River and the Seco, Hondo, and Verde Creek basins occurred in 1992 while a record low 

annual recharge volume of only 1,894 acft was computed for the Hondo Creek basin in 1996. It 

is readily apparently in Figure 3.1-1 that USGS recharge estimates in the wettest years are 

sometimes more than double those computed by HDR. There are several fundamental 

differences between certain recharge calculation procedures employed by the USGS and HDR, 

1 HDR, Op. Cit., September, 1993. 
2 HDR, Op. Cit., May, 1991. 
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such as areal precipitation calculation, potential runoff estimation, and accounting for reported 

water rights diversions. The extreme difference in wet year estimates, however, is believed to be 

associated with the USGS application of "base flow curves" relating base flow upstream of the 

Edwards Aquifer outcrop to storage in the Edwards Plateau Aquifer contributing to base flow.3 

3.2 Guadalupe - San Antonio River Basin 

The Guadalupe - San Antonio River Basin has been subdivided into five recharge basins 

identified in Figure 1.0-2 as the Medina River, Area Between Medina and Cibolo (which 

includes San Geronimo, Helotes, Leon, and Salado Creek as well as several smaller tributary 

streams), Cibolo and Dry Comal, Guadalupe, and Blanco. In addition to naturally occurring 

recharge in the Guadalupe - San Antonio River Basin, the EAA has constructed one recharge 

project located on San Geronimo Creek and the Natural Resources Conservation .Service 

(formerly Soil Conservation Service) has constructed numerous Flood Retardation Structures 

(FRS) in the Salado, Dry Comal, and Upper San Marcos basins which serve to enhance recharge. 

Recharge associated with the San Geronimo project was provided by the EAA for inclusion in 

the recharge basin summaries presented herein. Estimates of historical recharge enhancement 

associated with the FRS were computed by HDR using methodologies summarized in a previous 

study.4 

Figure 3.2-1 summarizes both HDR and USGS estimates of Edwards Aquifer recharge for 

each recharge basin within the Guadalupe - San Antonio River Basin for the 1990-96 historical 

period. Based on the full 1934-96 historical period, record high annual recharge amounts for the 

Upper San Marcos River, Salado Creek, and combined Cibolo and Dry Comal Creek basins 

occurred in 1992. With the exceptions of the Medina I Diversion Lake System and the 

Guadalupe Basin, it is apparent in Figure 3.2-1 that HDR recharge estimates generally exceed 

those prepared by the USGS. This is likely due to the selection of different partner areas for 

estimating potential runoff from the areas in which the Edwards formation outcrops. Again, the 

marked difference in Blanco River recharge estimates for 1992 (which was the wettest year 

3 USGS, "Method of Estimating Natural Recharge to the Edwards Aquifer in the San Antonio Area, Texas,'' Water 
Resources Investigations 78-10, April, 1978. 
4 HDR, Op. Cit., September, 1993. 
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Both the USGS and HDR estimates of annual recharge in the Medina I Diversion Lake 

System were computed using curves relating reservoir storage (or water surface elevation) to 

recharge rate. Applicable curves, however, were obtained from different sources. The USGS 

uses curves originally derived by Lowr/ and HDR uses curves developed by Espey Huston & 

Associates.6 It is likely that both sets of curves will soon be superseded by information in an 

upcoming USGS report on the Medina Lake Project which is presently under internal review. 7 

Also of note in Figure 3.2-1 is that HDR reports small annual estimates of Edwards 

Aquifer recharge occurring in the intervening Guadalupe River watershed between Canyon 

Reservoir and New Braunfels. The USGS reports that "the Guadalupe River crosses the 

infiltration area of the Edwards Aquifer, but does not contribute recharge in significant 

quantities."8 HDR estimates indicate that annual recharge occurring in this area was as great as 

20,363 acft during the 1990-96 period, but represents less than 2 percent of the long-term (1934-

96) average recharge for the Edwards Aquifer in the Nueces and Guadalupe - San Antonio River 

Basins. 

3.3 General Comparisons 

As indicated in Appendix A, Edwards Aquifer recharge averaged about 652,700 acftlyr 

during the 1934-96 historical period. This is comparable to the published USGS estimate of 

668,600 acftlyr which is about 2.4 percent greater. Table 3.3-1 and Figure 3.3-1 provide 

convenient summaries for geographical comparison of long-term average Edwards Aquifer 

recharge estimates developed by HDR and the USGS. Substantial differences, both in terms of 

volume and percentage, are readily apparent in specific recharge basins as only the Cibolo I Dry 

Comal recharge basin shows estimates within I 0 percent of one another. In order to understand 

the differences between the HDR and USGS recharge estimates, basic methodologies and 

5 Lowry, R.L., "Recharge to the Edwards Ground Water Reservoir," San Antonio City Water Board, 1955. 
6 Espey, Huston & Associates, Inc., "Medina Lake Hydrology Study," Edwards Underground Water District, 
March, 1989. 
7 Lambert, R., Personal Communication, USGS, December, 1997. 
1 USGS, Op. Cit., April, 1978. 
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assumptions must be considered in some detail. The principal differences in recharge calculation 

methodology and procedures are associated with: 

• Estimation of monthly potential runoff volumes for gaged and ungaged areas located 
atop the recharge zone (partner watershed, drainage area, areal precipitation, soil­
cover complex, etc.); 

• Base flow separation and accounting for storage in the Edwards Plateau Aquifer; 
• Utilization of differing curves relating storage and recharge for the Medina I 

Diversion Lake System; 
• Consideration of relatively small annual volumes of recharge for the Guadalupe River 

recharge basin; and 
• Accounting for relatively small reported historical surface water diversions and 

treated effiuent discharges. 
For more detailed information on these differences, the reader is directed to referenced reports 

prepared by HDR and the USGS. 

Table3.3-1 

Summary of Average Historical Edwards Aquifer Recharge by Basin (1934-96) 

HDR USGS 

Recharge Recharge 

River Estimate Estimate Difference Percent 

Basin Recharge Basin (Adt/Yr) (Adt/Yr) (Adt/Yr) Difference 

1. Nueces- W. Nueces 90,555 115,600 25,045 27.7% 

2. Frio - Dry Frio 114,824 131,900 17,076 14.9% 

3. Sabinal 33,201 41,400 8,199 24.7% 

4. Between Sabinal & Medina 95,818 105,500 9,682 10.1% 

Nueces SUBTOTAL 334,398 394,400 60,002 17.90AI 

5. Medina 42,393 61,000 18,607 43.90AI 

6. Between Medina & Cibolo 88,289 68,600 -19,689 -22.3% 

San 7. Cibolo - Dry Co mal 110,307 103,300 -7,007 -6.4% 

Antonio SUBTOTAL 240,989 232,900 -8,089 -3.4% 

8. Guadalupe 10,997 0 -10,997 -100.0% 

9. Blanco 66,322 41,300 -25,022 -37.7% 

Guadalupe SUBTOTAL 77,319 41,300 -36,019 -46.6% 

TOTAL 652,706 668,600 15,894 2.4% 

Figure 3.3-2 provides two comparisons of HDR and USGS recharge estimates on a year 

by year basis for the entire 1934-96 historical period. Note that Edwards Aquifer recharge in 

1992 was the greatest during the historical period (based on either HDR or USGS estimates) and 
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exceeded the next highest year by almost 20 percent. As is apparent in this figure, USGS 

recharge estimates are substantially greater than HDR estimates in the wettest years and 

somewhat less than HDR estimates in the driest years. 

A comparison of the geographical distribution of long-term average Edwards Aquifer 

recharge on a river basin scale is presented in Figure 3.3-3. Clearly, USGS estimates are greater 

in the Nueces River Basin and substantially less in the Guadalupe River Basin. This difference 

in geographical recharge distribution is quite significant with respect to both calibration and 

application of Edwards Aquifer models. For example, complete reliance on USGS recharge 

estimates could result in overestimation of aquifer storage in the western counties and 

underestimation of reductions in well levels in San Antonio and springflows in Coma! and Hays 

County. Similarly, complete reliance on USGS recharge estimates could result in overestimation 

of the effects of aquifer-wide pumpage on San Marcos Springs discharge due to underestimation 

locally occurring recharge in Hays County. Preliminary comparisons9 indicate that the GWSIM4 

model (originally calibrated using USGS recharge estimates) more accurately simulates historical 

springflows and Bexar County Monitoring Well levels when using HDR recharge estimates. 

9 HDR, Letter to Rick Illgner (EU WD), February, 28, 1994. 
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4.0 · RECOMMENDATIONS 

The hydrologic extremes experienced during the 1990-96 historical period serve to 

reemphasize the importance of hydrologic data collection and periodic reassessment of 

methodologies applied in estimation of Edwards Aquifer recharge. The following are several 

recommendations regarding opportunities for improvement of recharge estimates: 

• Data collection efforts implemented through the EAA precipitation and streamflow 
gaging network should be published on an annual basis as this data can contribute 
significantly to the accuracy of areal precipitation, potential runoff, and recharge 
estimates for all areas over the Edwards Aquifer recharge zone. 

• Results of the Medina Lake Project when completed by BMA, BCA, and the USGS 
should be used to revise recharge relationships presently used for the Medina I 
Diversion Lake System. 

• Results of a series of streamflow measurements on the Guadalupe River between 
Canyon Reservoir and New Braunfels conducted by the EAA, TWDB, and 
Guadalupe-Blanco River Authority should be analyzed and published, and recharge 
computation procedures revised accordingly. 

• USGS records should be researched to determine if estimates of surface runoff for the 
portion of Upper San Marcos watershed above the springflow/streamflow gaging 
station located on the San Marcos River (#08170000) can be developed. 

• Potential linkage of the EAA precipitation gaging network to advanced radar systems 
capable of measuring and recording the spatial distribution of precipitation intensity 
during storm events should be considered to improve estimates of areal precipitation. 

~ • An improved, unified methodology for recharge calculation incorporating the best 
features of HDR and USGS procedures should be developed considering appropriate 
information from other studies and especially the EAA' s ongoing data collection 
efforts. 

Development of the best possible recharge computation procedures and, in tum, the best 

estimates of historical recharge are logical prerequisites for calibration and application of the 

most accurate aquifer model(s) possible. Ultimately, the best practicable Edwards Aquifer model 

must be developed to provide a sound technical basis for regulatory applications by both the 

EAA and TNRCC. Such a model will also prove invaluable in the technical evaluation of 

potential water supply plans involving conjunctive water supply management for the San 

Antonio region. 
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February 28, 1994 

Mr. Rick Illgner 
General Manager 
Edwards Underground Water District 
1615 N. St. Mary's 
San Antonio, Texas 78212 

Dear Mr. Illgner: 

Pursuant to various discussions with you and members of your staff, we have enclosed a 
series of graphs which compare the springflows and aquifer levels from the Texas Water 
Development Board Edwards Aquifer model to historic observations using the USGS 
recharge estimates and the HDR recharge estimates. The plots compare the results of the 
TWDB model at Comal Springs, San Marcos Springs, and at the Bexar County Monitoring 
Well (J-17). This data was provided to us by the TWDB during our continuing discussions 
with the USGS and the TWDB regarding technical issues related to Edwards Aquifer 
recharge. It is important to note that the TWDB model has only been calibrated to the 
USGS recharge estimates. The calibration was performed with the emphasis on matching 
the drought conditions using the USGS recharge estimates. HDR recharge estimates were 
input into the model in place of the USGS recharge estimates, however, no recalibration of 
the model was performed when the HDR recharge estimates were simulated. 

Figure 1, Figure 2, and Figure 3 show time traces of Comal Springs discharge, San Marcos 
Springs discharge, and Bexar County Monitoring Well (I-17) level, respectively. These 
three plots show the simulated records from the TWDB model using the USGS and HDR 
recharge estimates in comparison with historical observations for the drought period (1947-
59) and for a more recent period (1978-89). Figure 4, Figure 5, and Figure 6 present a 
comparison of the simulated records using the USGS recharge estimates and HDR recharge 
estimates versus the historical observations at the three locations. If the results of the 
simulations exactly matched the historical observations, the data points would fall on the line 
shown on the individual graphs. Some general comments on each of figures are as follows: 

• Figure 1 - Comal Springs Time Trace 

Figure 1 shows the time traces of simulated and observed springflow for the 1947-59 
period and 1978-89 period. In general, the HDR recharge estimates provided a 
closer approximation of historical spring flows during the 194 7-59 period than did the 
USGS recharge estimates. Using the H~R recharge estimates, the model showed that 

HDR Engineering. Inc. Suite400 Telephone 
3000 South IH 35 
Austin. Texas 
78704-6536 

512 442-8501 
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Mr. Rick Illgner 
February 28, 1994 
Page 2 

• 

Comal Springs did not cease to flow in 1956 as occurred historically. This may be 
due to the fact that the TWDB model was not recalibrated using the HDR recharge 
estimates. A closer approximation of historical springflow using the HDR estimates 
was especially evident for the wet period following 1956. For the more recent period 
of 1978-89, the HDR recharge estimates provided a more accurate simulation of 
historical springflows for the higher flow periods, however when historical flows 
were in the range of 200 cfs to 300 cfs, the USGS recharge estimates appeared to 
produce improved results. 

Figure 2 - San Marcos Springs Time Trace 

Figure 2 shows the time traces of simulated and observed springflow for the 1947-59 
period and 1978-89 period. San Marcos Springs showed the most variability in the 
compar_isons of historical to simulated springflows using the HDR recharge estimates 
and USGS recharge estimates. For both periods, the HDR recharge estimates 
simulated historical springflows more accurately than did the USGS recharge 
estimates. The 1WDB model tends to support the belief that springflow at San 
Marcos Springs is heavily influenced by the recharge that occurs locally (i.e. Blanco 
River, Upper San Marcos River, Guadalupe River). 

• Figure 3- Bexar County Monitoring Well (J-17) Time Trace 

Figure 3 shows the time traces for the 1947-59 period and 1978-89 period for the 
well level at the Bexar County Monitoring Well J-17. The TWDB model results 
showed that HDR recharge estimates simulated historical levels more accurately than 
did the USGS recharge estimates during the depths of the drought (1952-56) and 
performed better overall for the 1947-59 period. For the 1978-89 period, both sets 
of recharge estimates produced simulated levels that are lower than the historical 
levels, although the USGS recharge estimates did tend to produce slightly better 
results during this period than the HDR recharge estimates. 

·• Figure 4 - Comal Springs 

Figure 4 shows the historical flows compared to the simulated flows obtained using 
the HDR and USGS recharge estimates for the periods of 1947-59 and 1978-89 for 
Comal Springs. As shown in the Figure 1 time trace, the HDR recharge estimates 
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provided a better match throughout the range of flows, although simulated 
springflows did not cease in 1956. For the same period, the USGS recharge 
estimates were consistently lower than historical conditions, except for occasionally 
high values. For the 1978-89 period, the HDR recharge estimates show a 
questionable fit in the 200 cfs to 300 cfs range. For the 1978-89 period, the USGS 
recharge estimates show a somewhat better fit when springflow is below 300 cfs. 
When historical flows exceeded 300 cfs, the USGS recharge estimates resulted in 
simulated flows that were significantly higher than historical flows. The HDR 
recharge estimates tended to provide better results for flow conditions above 300 cfs, 
although simulated flows were slightly higher than historical flows. 

• Figure S - San Marcos Springs 

Figure 5 shows the historical flows compared to the simulated flows obtained using 
HDR and USGS recharge estimates for the periods of 1947-59 and 1978-89 for San 
Marcos Springs. For the 1947-59 period, the HDR recharge estimates produced a 
better long-term volume match to historical flows than did those produced using the 
USGS estimates. The HDR recharge estimates did produce more variation in 
simulated flows than the USGS recharge estimates. Both sets of recharge estimates 
produced simulated flows which indicate a questionable calibration of the TWDB 
model. For the higher flow conditions, both sets of recharge estimates tended to 
simulate springflows which were less than historical flows. Similar observations are 
noted for the 1978-89 period. 

• Figure 6- Bexar County Monitoring Well (J-17) 

Figure 6 shows the historical well levels compared to the simulated levels obtained 
using the HDR and USGS recharge estimates for the periods of 1947-59 and 1978-89 
for the Bexar County Monitoring Well (J-17). For the 1947-59 period, the HDR 
recharge estimates provided results which more accurately simulated historical levels 
than did those produced using the USGS recharge estimates. The HDR recharge 
estimates tended to closely match historical levels below 650 ft-msl. However, for 
higher well levels, the levels calculated by the TWDB model using the HDR 
estimates tended to be lower than historical levels. For the 1947-59 period, the 
USGS recharge estimates produced levels which were consistently lower than 
historical levels throughout the range of well levels. For the 1978-89 period, both 
sets of recharge estimates produced levels which were consistently lower than 
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Mr. Rick lllgner 
February 28, 1994 
Page4 

historical levels, although the USGS recharge estimates were slightly better. The 
results for the 1947-59 period and 1978-89 period raise questions as to the adequate 
calibration of the TWDB model for aquifer levels above 650 ft-msl. As stated 
previously, the TWDB model was calibrated to most accurately simulate low aquifer 
levels and springflows. 

This letter is provided with the intent of providing a brief, general assessment of the ability 
of the TWDB Edwards Aquifer model to simulate key springflow and well levels using 
alternative recharge estimates developed by HDR and the USGS Overall, the TWDB 
Edwards Aquifer model seemed to more accurately simulate historical observations using the 
HDR recharge estimates. The TWDB model was calibrated to drought conditions, when the 
aquifer levels and springflows were low, using the USGS recharge estimates. It is possible 
that, if the model were recalibrated using the HDR recharge estimates, more accurate results 
could be obtained. Both sets of recharge estimates suggest that the TWDB model needs to 
be better calibrated in the San Marcos Springs area and for mid-range to higher aquifer level 
conditions. 

If you have any questions or comments, please contact any of us at your convenience. 

Sincerely, 

HDR Engineering, Inc. 

L-Jx.rJ.,; 
f Kenneth L. Choffel, P.E. 

Vice President 

~&-
Project Engineer 

cc: Steve Walthour. EUWD 
Greg Rothe, G.E. Rothe Co. 

W:\KAATZ\WAL1110UR.LTR 

;{_J;tt)~ 
Samuel K. Vaugh, P.E. 
Project Manager 
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Selected Key Issues and Short-Term Objectives for 
Recalibration of the 1WDB Edwards Aquifer Model (GWSIM4) 

HDR Engineering, Inc. and LBG-Guyton Associates 
February 14, 1995 

Following is a brief summary list of selected key issues and short-term objectives for 
recalibration and improvement of the Texas Water Development Board (TWDB) Edwards 
Aquifer Model (GWSIM4). Items comprising this list are either based on our own 
observations and experience or on our understanding of the observations and experience of 
others actively involved with the development and application of Edwards Aquifer models. 
It is recognized that simulation of the physical processes occurring in the Edwards Aquifer 
is an evolving science, hence both short-term and long-term objectives should be considered 
for the collection of basic data and development of model capabilities. The following list 
focuses on relatively short-term objectives which we believe can be reasonably achieved 
using data presently available and the existing model format 

Model Recalibration 

1. Modify recharge estimates to reflect results of recent aquifer divide study 
which indicates that recharge in the Onion Creek watershed contnoutes to the San 
Antonio portion of the Edwards Aquifer. This study was conducted by LBG-Guyton 
for the Edwards Underground Water District (EUWD) and is presently in draft form 
pending approval by EUWD staff and Board of Directors. Consideration of Onion 
Creek recharge could help resolve the fact that the GWSIM4 model significantly 
underestimates discharge from San Marcos Springs. 

2. Estimates of historical recharge of the Edwards Aquifer have been developed 
for the 1934-89 period by both the U.S. Geological Survey (USGS) and by HDR in 
the course of studies performed for the EUWD and others. Although GWSIM4 was 
calibrated using USGS estimates of historical recharge, the TWDB has performed 
numerous simulations with GWSIM4 using both USGS and HDR/EUWD recharge 
estimates during the past several years. In late 1993, compaiisons of GWSIM4 
results using both sets of recharge estimates were made. When these results were 
compared to actual historical springflows and well levels, it was found that results 
based on HDR/EUWD recharge estimates more closely approximated observed 
values {See Table 1). This finding is significant in that, even without recalibration 
of the model, the HDR/EUWD recharge estimates produced more accurate results. 

. Based on these comparisons and other considerations summarized in the following 
paragraph, all GWSIM4 simulations used in the Trans-Texas Water Program were 
performed using HDR/EUWD estimates of historical recharge. Therefore, we 
strongly recommend that HDR/EUWD estimates of historical Edwards Aquifer 
recharge (as modified in Item 1) be adopted for recalibration of GWSIM4. 

1 



Table 1 
Comparison ·or GWSIM4 Results 

Using HDR/Euwi:> and USGS Recharge Estimates 
To Historical Springfiows and Well Levels1 

Recharge Estimates wiU1 GWSIM4 Results Most Closely Approximating 
Historical Springfiow or Well Level2 

Location High Range Middle Range Low Range Lowest Range 

Coma! Springs HDR/EUWD HDR/EUWD HDR/EUWD USGS 

San Marcos Springs HDR/EUWD HDR/EUWD HDR/EUWD USGS 

J-17 HDR/EUWD HDR/EUWD HDR/EUWD HDR/EUWD 

1 Comparison based on 1947-59 calibration period selected by TWDB. 
2 TWDB GWSIM4 model has been calibrated only to USGS recharge estimates. 

HDR/EUWD recharge estimates use updated drainage areas in the Nueces 
River Basin, account for historical diversions, account for differences in soil cover 
complex between areas upstream of and directly over the outcrop, and use improved 
estimates of areal precipitation. HDR/EUWD estimates of historical recharge 
account for recharge in the Guadalupe River Basin above New Braufels and are 
significantly greater than U.S. Geological Survey (USGS) estimates in the Upper San 
Marcos River watershed. Application of the GWSIM4 model using HDR/EUWD 
recharge significantly improves simulation of discharge from San Marcos Springs. 
Although HDR/EUWD recharge estimates are by no means perfect, we feel that 
they represent significant improvement over USGS estimates (especially in the 
eastern portions of the recharge zone) and should be used until additional 
information becomes available from the EUWD gaging network, USGS/BMA 
Medina Lake studies, USGS/GBRA Guadalupe River studies, etc. 

3. Consider calibration to a variety of monitoring well levels and springs, rather 
than focusing on the period of zero flow at Coma! Springs. Although it correctly 
simulates the duration of flow cessation at Coma! Springs, the existing GWSIM4 
model underestimates both Carnal Springs discharge and J-17 levels throughout the 
remainder of the 1950's drought. Simulation of J-17levels for the 1952-56 period is 
improved using HDR/EUWD, rather than USGS, recharge estimates. 

4. Consider calibration to the 1978-89 period rather than the 1947-59 period used 
previously. Recharge and pumpage estimates should be better during the 1978-89 

. period and the Edwards Aquifer experienced a comparable range of water levels (as 
measured atJ-17). Alternatively, both the 1947-59 and 1978-89 periods (or the entire 
1934-89 period) could be used for calibration. 

2 



r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

5. Estimates of historical recharge which occurred in the Upper San Marcos 
River watershed could be improved by consideration of daily surface water runoff 
estimates which were manually· removed from gaged records on the San Marcos 
River during the annual processing of San Marcos springflows. It is our 
understanding that these records may exist in the USGS archives. 

Model Enhancements 

1. Incorporate program code to facilitate easy consideration of multiple drought 
management plan triggers or activities. Enhance capabilities to consider drought 
triggers keyed to monitoring wells in addition to J -17 or to Co mal and San Marcos 
Springs. Improve capabilities to simulate· activities such as irrigation purchase ("dry 
year option") or reduced pumpage in specific use categories / geographic areas. 
GWSIM4 should be capable of simulating redistribution and/or reduction of 
pumpage {by category of use and geographic region) on a monthly timestep based 
on springflow or well level triggers. 

2. Improve/automate geographic distribution of historical recharge. Consider 
that most upstream cells on streams crossing the outcrop will have greatest 
opportunity for recharge and transmit "rejected•• recharge (recharge in excess of cell 
storage capacity in a given month) to downstream cell(s). 

3. Improve ability to retrieve specific data of interest from output of GWSIM4 
model. 

4. Update head-discharge relationships for all springs in GWSIM4 model. 
Consider non-linear or piecewise linear relationships for estimation of spring 
discharge from head levels if appropriate based on observed data. Also, consider 
possibility of different head-discharge relationships for rising and falling aquifer 
conditions. Any updated relationships would be determined based on historical well 
level and springflow data and, if significantly different, would replace those presently 
inGWSIM4. 

5. Refine and/or incorporate relationships in the GWSIM4 model to simulate 
Edwards Aquifer flux at Hueco Springs and along the Guadalupe River between 
Canyon Dam and New Braunfels. 

6. Modify model grid to include cell(s) in the Onion Creek watershed based on 
. recent studies by LBG-Guyton for EUWD. 

3 
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7. Consider bad water line location modifications in Medina and/or Uvalde 
Counties in accordance with recent EUWD study. - It is suggested that such 
modifications only be considered at this time if they will result in noticeably 
improved simulation results and will not alter existing grid size and shape. 

8. Consider modifications (to the extent possible) to reflect improved geologic 
mapping being developed by the USGS for Hays, Comal, and Bexar Counties. 

9. Formalize carry-over storage f'rejected" recharge) in the simulation of 
enhancement projects to following month. Ultimately, this kind of information needs 
to· be tied back into surface water models. 

10. Confirm extended cessation of discharges from Leona Springs simulated by 
the GWSIM4 model for annual pumpage rates of 400,000 acft and 450,000 acft. 

11. Incorporate program code to facilitate simulation of surface water imports for 
recharge enhancement 

12. Consider modifications to account for various estimates of interformational 
flux from the Trinity Aquifer. 

13. If model recalibration and enhancements significantly improve performance, 
consider development of program code to facilitate automated computation of 
Edwards Aquifer "firm yield" subject to various springflow and/ or well level 
constraints. 

14. Consider new capability to initialize heads throughout the aquifer for any time 
during the historical record. In order to perform simulations to predict potential 
future water levels and springflows, an accurate set of initial heads for cells 
comprising the aquifer for a given starting time should be generated based on 
available data from observation wells. 

4 
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3.0 RECHARGE ENHANCEMENT PROGRAM DEVELOPMENT 

A range of storage capacities was examined for each proposed recharge enhancement 

project (except the Northern Bexar I Medina County projects) in order to determine an optimum 

size. In determining the range of storage capacities to evaluate, consideration was given to 

several factors including watershed area, site topography, and known site constraints that would 

increase project costs, such as major road relocations and inundation of structures. Five different 

storage capacities were evaluated for each of the four major recharge projects. For the five 

smaller projects in Northern Bexar and Medina County, the recharge pool volumes were set 

equal to the 1 00-year flood volume computed for each site. 

The optimum size storage capacity for each major project was selected on the basis of the 

minimum unit cost of recharge enhancement under long-term ( 1934-1989) average conditions. 

Applying this criteria, the smallest storage capacity evaluated at each of the major projects was 

determined to be the optimum size. 

During the individual project evaluations, it became apparent that the unit cost of recharge 

enhancement at the Upper Blanco site is considerably more expensive than that for the Lower 

Blanco site. Although the topography of the Upper Blanco site is very favorable for construction 

of a dam, the amount of water that could be recharged via releases across the downstream 

recharge zone and diversion from the reservoir to the Upper San Marcos watershed structures 

was significantly less than recharge enhancement at the Lower Blanco site. This resulted in unit 

costs for recharge enhancement, under both average and drought conditions, that were 

significantly higher than unit costs at the Lower Blanco site for all storage capacities evaluated. 

Given this, the Upper Blanco site was eliminated from consideration in the development of the 

recharge enhancement program for the Guadalupe - San Antonio River Basin. It should be 

noted, however, that the Upper Blanco project may have indirect water supply benefits such as 

more definitive control (with respect to timing) of the water to be used for recharge 

enhancement. 

3.1 Sizing of Projects in Guadalupe - San Antonio River Basin 

On the basis of this study, the Cibolo Creek, Lower Blanco, and San Geronimo Creek 

recharge enhancement projects are believed to be ready to move forward to a prelimi.nary design 
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and permitting phase at this time. The recommended size of each major project was determined 

by examining the unit cost of recharge enhancement under average conditions for each of the 

storage capacities evaluated. The sizing procedure began by selecting the storage capacity of 

each project having the lowest unit cost (i.e., optimum size) and continued by enlarging the 

projects up to the maximum storage capacity considered. 

Table 3.1-1 illustrates this process. The Cibolo Creek project at its optimum size 

represents the lowest unit cost of recharge enhancement of the three (Upper Blanco excluded) 

major projects. The next most cost effective quantity of recharge enhancement is obtained by 

developing the Lower Blanco project at its optimum size. The third most cost effective 

increment of recharge enhancement is obtained by enlarging the storage capacity of the Cibolo 

Creek project from 1,000 to 5,000 acft. The San Geronimo Creek project at its optimum 

(smallest) size enters the program ranked fourth. The program development continues by 

evaluating the incremental cost to enlarge each project up to the maximum storage capacity 

considered for each of the projects. 

Graphical presentations of the recharge program development are shown in Figures 3.1-1 

and 3.1-2. The points on the graphs correspond to the unit or incremental cost rankings as 

presented in Table 3.1-1. A fairly well defined break point occurs in the program development 

process at the 11th ranked project. This point represents the Lower Blanco project developed to 

its full potential storage capacity of 50,000 acft. Beyond this point, the unit cost of recharge 

enhancement begins to increase sharply, as relatively small amounts of additional recharge 

enhancement are added to the program. Figure 3.1-2 illustrates that virtually no additional 

recharge enhancement during the 10-year drought period (1947-1956) is added beyond the 11th 

ranked project. 

The 12th step in the program development represents enlarging the storage capacity at the 

Cibolo Creek project from 10,000 to 50,000 acft. Detailed geohydrological investigations will 

be necessary for this larger size to determine if the potential environmental. and socioeconomic 

impacts to Bracken Bat Cave and Natural Bridge Cavems1 are worth the relatively small 

1 Natural Bridge Caverns, Various letters to U.S. National Park Service and San Antonio River Authority, April4, 
1995 to April 2, 1996. 
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Table 3.1-1 
Guadalupe-San Antonio River Basin 

Recharge E nhancement Program Development 

Recharge Enhancement 
(acft/yr) 

O ptimum or 
Average Unit or Enlarged 

Cost Incremental Cost Storage Average Drought 
Ranking! to Enlarge Project Capacity Conditions Conditions 

($/acfUyr) (a eft) 
I 80 Cibolo Creek 1,000 3,787 382 

2 104 Lower Blanco 3,500 22,129 9,789 
Subtotals 4,500 25,9 16 10,171 

3 120 Cibolo Creek 5,000 4, 138 550 -Subtotals 8,500 30,054 10,72 1 
4 142 San Geronimo 350 2,375 528 

Subtotals 8,850 32,429 11 ,249 
5 193 San Geronimo 1,000 505 102 

Subtotals 9,500 32,934 11,351 

6 164 San Geronimo 3,500 248 15 
Subtotals 12,000 33, 182 11,366 

7 196 Lower Blanco 10,000 6,348 3,471 
Subtotals 18,500 39,530 14,837 

8 183 Lower Blanco 17,500 5,078 2,225 
Subtotals 26,000 44,608 17,062 

9 83 Lower B Janco 35,000 9,349 3,807 
Subtota ls 43,500 53,957 20,869 

10 20 1 Cibolo 10,000 1,808 553 
Subtotals 48,500 55,765 21,422 

II 230 Lower Blanco 50,000 6,862 3, 198 
Sqbtota ls 63,500 62,627 24,620 

12 288 Cibolo Creek 50,000 3,1 16 984 
Subtotals 103,500 65,734 25,604 

13 720 Bexar/Medina Sites 12,409 2,429 501 
Subtotals 115,909 68,172 26,105 

14 2,124 San Geronimo 7,000 75 6 - -
Subtotals 119,400 68,247 26,111 

15 3 1,897 San Geronimo 14,000 28 10 
Subtotals 126,409 68,275 26,121 

1Ranking is based on unit or incremental cost of recharge enhancement for average conditions. 
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amounts of additional average and drought recharge enhancement obtained by enlarging the 

project. Other potential benefits, although not addressed by this study, may exist for an enlarged 

project. These may include flood control and use of the enlarged recharge pool as a discharge 

location for imported water. 

The group of five smaller Northern Bexar I Medina County projects enters the program 

ranked 13th, with a unit cost for recharge enhancement of $720/acft/yr under average conditions, 

as shown in Table 3.1-1. Although the cost of recharge enhancement appears to be very high for 

these smaller projects, other benefits such as flood control, may be derived from the development 

of these projects in the growing northwestern suburbs of San Antonio. These projects may also 

be utilized as discharge locations for water imported to enhance recharge and/or recirculation of 

Edwards Aquifer springflow. 

3.2 Summary of Recommended Recharge Enhancement Program for Guadalupe - San 
Antonio River Basins (L-21) 

The recommended recharge enhancement program is comprised of the Cibolo Creek 

project sized at 10,000 acft, Lower Blanco at 50,000 acft with diversion to the Upper San Marcos 

watershed flood retardation structures, and San Geronimo Creek at 3,500 acft. A summary of the 

recommended program is presented in Table 3.2-1. Development of this program would provide 

62,627 acftlyr of recharge enhancement under average conditions at an average unit cost of 

$135/acft/yr ($0.41 per 1,000 gallons). Recharge enhancement under drought conditions would 

be 24,620 acftlyr at an average unit cost of $344/acft/yr ($1.06 per 1,000 gallons). The total 

capital cost of the recommended recharge enhancement program is estimated to be $81.8 million 

and the total annual cost for this program would be about $8.5 million. 

A graph showing how the annual recharge to the Edwards Aquifer occurring in the 

Guadalupe - San Antonio River Basin would be affected by implementation of the recommended 

program is presented in Figure 3 .2-1. This figure illustrates natural recharge to the Edwards 

Aquifer and recharge enhancement resulting from development of the recommended program. 

Recharge to the Guadalupe - San Antonio River Basin portion of the Edwards Aquifer would be 

increased by approximately 20 percent under average conditions and 16 percent under drought 

conditions with the implementation of the recommended recharge enhancement program. 
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Table3.2-1 

Summary of Recommended Recharge Enhancement Program for Guadalupe-San Antonio River Basin 

Average Conditions Drought Conditions 

Cost/Unit Cost/Unit 
Recharge Recharge Recharge Recharge 

Capacity Surface Annual Enhancement Enhancement Enhanceme Enhancement 
Rank* Project (acft) Area (ac) Cost (S) (acft/yr) (S/acft/yr) nt (acft/yr) (S/acftlyr) 

1 Cibolo Creek 10,000 476 1,165,724 9,733 120 1,485 785 

2 Lower Blanco 50,000 1,408 6,830,020 49,766 137 22,490 304 

3 San Geronimo 3,500 183 4751476 31128 152 645 737 

Total 63,500 2,067 8,471,220 62,627 24,620 

Average 135 344 

•Rank is based on cost/unit recharge enhancement for average conditions. 
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Cumulative downstream impacts associated with the. program are represented by changes 

in streamflow at the Saltwater Barrier, as presented in Figure 3.2-2. Based on the minimal 

reduction in estuarine inflow, potential impacts to fisheries harvest, salinity fluctuations, and 

nutrient/sediment loadings are likely to be insignificant as a result of development of the 

recommended recharge enhancement program in the Guadalupe - San Antonio River Basin. 

Long-term average annual streamflows at the Saltwater Barrier would decrease approximately 

2.5 percent from 1 ,625,115 acftlyr without recharge enhancement to 1 ,585,088 acftlyr with the 

three recommended projects. This represents a maximum upper limit of impact, since enhanced 

springflows resulting from the additional recharge will reduce these impacts. Median monthly 

flow changes with the projects range from a maximum decrease due to the projects of 4,855 acft 

per month (7 percent) in April to a minimum decrease of 272 acft per month (0.3 percent) in 

June. 

3.3 Combined Program for Nueces and Guadalupe- San Antonio River Basins (L-18A) 

A recharge enhancement study for the Nueces River Basin was completed by the EUWD 

in June, 1994.2 The recommended recharge enhancement program resulting from that study 

consisted of four projects, each constructed at its optimum size. These projects included, from 

east to west, the Lower Verde, Hondo, Sabinal, and Frio Projects. As discussed in Section 3.1 

for the Cibolo Creek and Bexar/Medina County projects in the Guadalupe - San Antonio Basin, 

the recharge projects in the Nueces River Basin could be enlarged to obtain additional flood 

control benefits and/or to facilitate recharge of imported water. For comparison purposes in this 

study, capital costs for the recommended Nueces River Basin projects were updated from mid-

1994 to the first quarter 1996level using U.S. Bureau of Reclamation Constructio11: Cost Indices 

(USBR CCI) for earth or concrete dams (as appropriate) and for secondary road relocations. 

Land acquisition costs were held constant and environmental mitigation costs were inflated by 

seven percent over the 21-month period. Total capital costs were· annualized using an interest 

rate · of eight percent for 25 years. The total capital cost of the Nueces River Basin 

2 HDR Engineering, Inc., "Nueces River Basin Edwards Aquifer Recharge Enhancement Project, Phase IV A," 
Edwards Underground Water District, June, 1994. 
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recharge enhancement program is estimated to be $60.0 million and the total annual cost for this 

program would be about $7.0 million. 

A summary of the recommended recharge enhancement program for the Nueces River 

Basin is presented in Table 3.3-1. Development of this program would provide 45,135 acft/yr of 

recharge enhancement under average conditions at an average unit cost of $156/acftlyr ($0.48 per 

1,000 gallons). Recharge enhancement under drought conditions would be 9,250 acftlyr at an 

average unit cost of $760/acft/yr ($2.33 per 1,000 gallons). Costs to mitigate impacts to the 

Choke Canyon Reservoir I Lake Corpus Christi System yield and reductions in fresh water 

inflows to the Nueces Estuary were included in the development of project costs. 

A combined recharge enhancement program for the Edwards Aquifer has been developed 

by ranking the recommended projects in the Nueces and Guadalupe - San Antonio River Basins 

based on the unit cost of recharge enhancement under average conditions. The combined 

recharge enhancement program is presented in Table 3.3-2. Graphical presentations of this 

program are shown in Figures 3.3-1 and 3.3-2. Development of this combined program could 

provide 107,762 acft/yr of recharge enhancement under average conditions at an average unit 

cost of $144/acft/yr ($0.44 per 1,000 gallons). Recharge enhancement under drought conditions 

would be 33,870 acft/yr at an average unit cost of $458/acft/yr ($1.41 per 1,000 gallons). The 

total capital cost of the combined Edwards Aquifer recharge enhancement program is estimated 

to be $141.8 million and the total annual cost for this program would be about $15.5 million. 

As shown in Table 3.3~2, the Lower Blanco project represents a significant portion of the 

recharge enhancement under both long-tenn and drought average conditions. The calculation of 

potential recharge enhancement and, therefore, the unit cost of enhancement is a function of the 

natural percolation rate used for the recharge p9ol in the model. Detailed geologic and 

hydrogeologic investigations of the Lower Blanco reservoir area will be necessary to determine 

natural and expected recharge rates and the subsequent movement of ground water from the site. 

A similar conclusion was reached for the proposed Indian Creek project on the Nueces River in 

the 1994 Nueces River Basin recharge enhancement study. 

Trans-TeJCIIS Water Program 
West Central Study Area 3-11 

Guadalupe- San Antonio River Basin 
Recharge Enhancement Study 

Feasibility Assessment 
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Table 3.3-1 

Summary of Recharge Enhancement Program for Nueces River Basin 

Average Conditions Drought Conditions 

Cost/Unit Cost/Unit 
Recharge Recharge Recharge Recharge 

Capacity Surface Annual Enhancement Enhancement Enhance~ent Enhancement 
Rank* Project (acft) Area (ac) Cost($) (acft/yr) (S/acft/yr) (acft/yr) (S/acft/yr) 

I Lower Sabinal 8,750 454 1,420,829 16,442 86 2,358 603 

2 Lower Verde 3,600 334 647,148 4,850 133 I, 719 376 

3 Lower Hondo 2,800 232 I ,335,515 6,779 197 I, 193 I, 119 

4 Lower Frio 17.500 1.099 3~628~170 17.064 213 3,980 912 

Total 32,650 2,119 7,031,662 45,135 9,250 

Average 156 760 

*Rank is based on cost/unit recharge enhancement for average conditions. 
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Table 3.3-2 

Combined Recharge Enhancement Program for Edwards Aquifer 

Average Conditions Drought Conditions 

Cost/Unit Cost/Unit 
Recharge Recharge Recharge Recharge 

Capacity Surface Annual Enhancement Enhancement Enhancement Enhancement 
·Rank* Project (acft) Area (ac) Cost($) (acft/yr) ($/acft/yr) (acft/yr) (S/acft/yr) 

1 Lower Sabinal 8,750 454 1,420,829 16,442 86 2,358 603 

2 Cibolo Creek 10,000 476 1,165,724 9,733 120 1,485 785 

3 Lower Verde 3,600 334 647,148 4,850 133 1,719 376 

4 Lower Blanco 50,000 1,408 6,830,020 49,766 137 22,490 304 

5 San Geronimo 3,500 183 475,476 3,128 152 645 737 

6 Lower Hondo 2,800 232 1,335,515 6,779 197 1,193 1,119 

7 Lower Frio 17.500 1.099 316281170 17.064 213 3.980 912 

Total 96,150 4,186 15,502,882 107,762 33,870 

Average 144 458 

*Rank is based on cost/unit recharge enhancement for average conditions. 
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Development of the Lower Blanco recharge project would likely result in sustained increases in 

flow from San Marcos Springs. These additional flows could be recaptured from the Guadalupe 

River below the San Marcos River confluence and diverted back to the Edwards Aquifer via a 

pipeline to the recharge zone. Conceptual studies on springflow recirculation (Alternatives L-22 

and L-23) indicate that water diverted below Comal and or San Marcos Springs and introduced 

to the aquifer in northern Bexar County significantly benefits Comal ·springs discharge thereby 

allowing more sustained pumpage during drought. Transferring water further west into Medina 

and/or Uvalde Counties could further elevate long-term storage levels in the aquifer, also 

increasing reliability of both pumpage and springflows during drought. Implementation of the 

recharge enhancement projects identified in this study is a key component in the overall 

management of the Edwards Aquifer. 

To fully evaluate the potential benefits of implementing the recommended recharge 

program, it is recommended that the TWDB's GWSIM4 Model be used to evaluate the effects on 

increased aquifer pumpage and/or springflows. A systematic incremental analysis in which the 

enhanced recharge volumes produced by each recharge structure are incorporated into the 

groundwater model would clearly demonstrate the beneficial effects of each structure on aquifer 

pumpage and/or springflows. Additionally, this analysis should consider the combined benefits 

of implementing the recommended recharge program in combination with springflow 

recirculation. 

Trans-Texas Water Program 
West Central Study Area 3-16 

Guadalupe- San Antonio River Basin 
Recharge Enhancement Study 

Feasibility Assessment 
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EDWARDS AQUIFER- SAN ANTONIO 

SPRINGFLOW RECIRCULATION AND RECHARGE ENHANCEMENT 
March 9, 1998 

What ha'!e we learned? 
• Springflow Recirculation 

1. Northwestern Bexar County 

• For a recirculation rate of up to 200 cfs, an average of about 116,000 

acftlyr would be available for recirculation; 

• About 75 percent of the recirculation (i.e., 87,000 ac-ftlyr) can be 

pumped from the aquifer and still sustain critical flows at Comal 

Springs; 

• Comal Springs begins to respond to recharge within a month or so and 

reaches a new equilibrium in about 1 0 years; and 

• Long-term Unit cost of water recharged to the aquifer is about 

$260/acft/yr. The cost for water available for pumping is$ 350/acftlyr. 

• For a "sustained yield" pumpage and 200 cfs recirculation to NW 

Bexar County, the average flow in the Guadalupe River decreased by 

97 cfs. However, the decrease in flows during the drought were 

considerably less. (See attached graphs) 

• Water rights at the Saltwater Barrier generally decreased about 6,000 

ac-ftlmo for the 200 cfs recirculation rate. (See Table) There is a very 

good potential of reducing or eliminating the impact by turning the 

recirculation 'OFF' during critical times. 

Page 1 
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2. Medina County 

• When operated. in conjunction with northwestern Bexar County, 

recharge increases by about a third; 

• Additional Long-term Recirculation Volume is 69,000 acft/yr; 

• Additional Drought (1947-1956) Recirc. Vol. is 21,500 acft/yr; 

and 

• Additional "Sustained Yield" Pumpage is 31,000 acft/yr. 

• (Note: 31,000 acft/yr is 45 percent of the long term 

recirculation volume and 144 percent of the drought 

recirculation volume.) 

• Comal Springs response is very delayed, taking several decades for a 

new equilibrium to be established; 

• Incremental Unit cost (long-term) is about than five times more 

expensive than recharge to northwestern Bexar County; and 

• Recharge projects are more economical way to enhance recharge in 

Medina County. 

• Recharge Enhancement 

See Table 
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Table 3.2-1. 
Summary of Water Rights Shortages and Canyon Reservoir 

Firm Yield for "Sustained Yield" Pullfpage 

: Shortage or Yield in ac-ftlyr . 
Total Water Baseline no Upto200crs Upto400cfs 

Location Rights (ac-ft) Recirculation Recirculation A Recirculation A 

Long-Term (1934-89) Average 

Guadalupe Riv.,Victoria 23,806 0 0 0 0 0 

~upe Riv., Saltwater Barrier 220,433 4,862 7,092 2,230 8,054 3,192 

San Antonio Riv .. Falls City 9,311 0 0 0 0 0 

Drought (1947-56) Average 

~upe Riv.,Victoria 23,806 0 0 0 0 0 

I<Juadalupe Riv., Saltwater Barrier 220,433 18,887 23,789 4,901 24,112 S,22S 

San Antonio Riv., Falls City 9,311 0 0 0 0 0 

jcanyon Lake firm yield 87,124 86,492 -632 86,253 -871 



Table3.3-2 

Combined Recharge Enhancement Program for Edwards Aqulfier 

Average Conditions Drought Conditions 

Cost/Unit Cost/Unit· 
Recharge Recharge Recharge Recharge 

Capacity Surface Annual Cost Enhancement Enhancement Enhancement Enhancement 
Rank A Project (acft) Area (ac) ($) (acft/yr) (S/acft/yr) (ac!t/yr) (S/acftlyr) 

I Lower Sabinal 8,750 454 1,420,829 16,442 86 2,358 603 

2 Cibolo Creek 10,000 476 I, 165,724 9,733 120 1,485 785 
3 Lower Verde 3,600 334 647,148 4,850 133 1,719 376 
4 Lower Blanco 50,000 1,408 6,830,020 49,766 137 22,490 304 
5 San Geronimo 3,500 183 475,476 3,128 152 645 737 

6 Lower Hondo 2,800 232 1,335,515 6,779 197 1,193 1,119 

7 Lower Frio 17.500 .lJl22 3.628.110 11.064 213 3.980 912 

Total 96,150 4,186 15,502,882 107,762 33,870 

Average 144 458 

• Rank is based on cost/unit recharge enhancement for average conditions. 
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Table 3.3-1 
'· I #t I 

Summary of Recharge Enhancement Program for Nueces River Basin 

Average Conditions 

Cost/Unit 
Recharge Recharge 

Capacity ·Surface · Annual Cost Enhancement Enhancement 
Rank A Project (acft) Area (ac) ($) (adt/yr) (S/acft/yr) 

I Lower Sabinal 8,750 454 1,420,829 16,442 86 

2 Lower Verde 3,600 334 647,148 4,850 133 

3 Lower Hondo 2,800 232 1,335,515 6,779 197 

4 Lower Frio 11.500 .1..222 l.628.1ZO 17.064 213 

Total 32,650 2,119 7,031,662 45,135 

Average 156 

• Rank is based on cost/unit recharge enhanc~ment for average conditions. 

No'\e.t : 1l. 45 /o o.f Tota.l 

~ 144 % 0.{.' Toi,( 

lL 
zo,3oo 

Drought Conditions 

Cost/Unit 
Recharge Recharge 

Enhancement Enhancement 
(acft/yr) (S/ac:ftlyr) 

2,358 603 

1,719 376 

I, 193 1,119 

~ 912 

9,250 

760 
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Where do we go from here? 

1. To more fully evaluate the potential benefits of springflow recirculation, it is 

recommended that the current version ofGWSIM4 be improved to more accurately 

evaluate potential and recommended springflow recirculation and recharge 

enhancement projects. These improvements should include: 

• the ability to easily modify starting head conditions within the model, 

• a reevaluation of the head-discharge relationships at each spring, especially at 

San Antonio, San Pedro, and Leona Springs, 

• a consideration of discharge from Hueco Springs and any recharge from the 

Guadalupe River, and 

• a consideration of recharge coming from Onion Creek which may improve 

simulations at San Marcos Springs. Consider GWSIM4 "improvement" of 

springflow discharge and water levels, especially in the San Antonio area. 

This would include: 

2. After GWSIM4 is improved, it is recommended that the following analysis be 

performed to fully evaluate the benefits of the recharge enhancement projects on the 

basis of 11Sustained yields" and unit cost of increased "sustained yields" both with and 

without springflow recirculation. 

• Use GWSIM4 to determine in a systematic manner "sustained yield" 

pumpage and associated unit costs for individual or groups of recommended 

recharge projects. This would be done initially without recirculation; 

• Use GWSIM4 to detemine optimum recirculation rate from Lake Dunlap with 

recommended recharge projects in place and determine "sustained yield11 and 

unit costs for a range of recirculation rates. Consider adding other water 

sources, i.e., unappropriated water, unutilized water rights, or purchased water 

rights at Lake Dunlap. Also, consider the water supply benefits and costs of 

extending the recirculation pipeline to Medina Lake on both aquifer yield and 

reservoir yield. (Note: This analysis is intended to determine the upper limit of 
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aquifer pumpage for the combined effects of multiple recharge projects and 

water sources.) 

• Determine optimum combination of recharge projects and recirculation rate by 

a systematic elimination of selected recharge projects to determine increased 

"sustained yield" and unit costs with recirculation in place; and 

• Recommend optimum system and consider institutional and permitting issues 

associated with implementation to allow for pumping and springflow benefits 

to be fully realized. 
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General Questions and Comments 

• Can surplus springflow recirculation be spilled into Medina Lake with credit for some 

of the water becoming recharge to the Edwards and some being withdrawn from 

Medina River? 

• Can recirculation be turned 'OFF' during critical times to meet downstream senior 

water rights in the Guadalupe River? 

• Can recirculated springflow in combination with other water sources be treated and 

delivered directly to municipal distribution system during high demand periods 

(summer) or when aquifer storage is 'full'? 

• What is the most efficient way to recharge the recirculated springflow? 

• Will injection wells be needed as a backup if target streams reject recharge? 

• What are some of the other beneficial uses of recharge facilities? 

• How can a recharge project in the Blanco River be used to benefit water users in the 

San Antonio area? For example, can enhanced springflow help ensure 100 cfs 

minimum at San Marcos Springs and/or potentially help mitigate reduced flows on 

the Guadalupe River caused by recirculation from Lake Dunlap? 
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