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1.0 INTRODUCTION AND BACKGROUND 

As the summer of 1984 took its toll on the rivers and streams of south­

central Texas, the impact of a brief but intense drought was evident. The drought 

resulted from a two-year period of subnormal precipitation in the region. Stream 

flows in the Guadalupe and San Antonio river basins, while already suffering from 

the drought conditions, were further reduced by the diminution of springnow, 

especially from the Comal and San Marcos springs. The springflow reduction was a 

direct result of the heavy use of the Edwards Aquifer as a primary source for 

municipal, industrial and agricultural uses. 

While the 1984 drought was not the most severe by historical standards, 

it was a major concern to the people and businesses of the region. The Edwards 

Aquifer, the sole source of water for the cities of San Antonio, New Braunfels, San 

Marcos and others, was lowered significantly to 6Z4 ft mean sea level (MSL) from 

the 1973 record high level of 697 ft MSL as measured ·in the test well in Bexar 

County. The historic low level in the Aquifer occurred as a result of the drought 

ending in 1956 with the level in the Bexar test well recorded at 613 ft MSL. During 

the summer of 1984, the Comal Springs dischBl'ge was reduced to a now of Z6 cubic 

feet per second (cfs) compared to the historical average of ?99 cfs, and the San 

Marcos Springs dropped to a now of 56 cfs compared to the historical average of 

168 cfs. The now of the Guadalupe River at Victoria dropped to a monthly mean of 

105 cfs, barely adequate to meet the demands of existing water rights, and less than 

that required to sustain the productivity of the San Antonio Bay System. The San 

Antonio River maintained a monthly mean now of 145 cfs, largely due to the 

wastewater discharges from the City of San Antonio and surrounding communities. 

It is apparent that the relatively brief period of drought in 1984 

accompanied by heavy usage of the Edwards Aquifer posed a serious threat to the 

region. Jn response, a three point action program was undertaken by local political 

1 
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leaders and the regional water agencies. A water conservation program was devised 

under the joint sponsorship of the cities dependent upon the Edwards Aquifer and the 

Edwards Undergroun~ Water District. The program was strongly supported by the 

San Antonio River Authority and the Guadalupe-Blanco River Authority. Second, a 

major study was undertaken under the joint sponsorship of the City of San Antonio 

and the Edwards Underground Water District to quantify the water supply required 

to meet the long-range needs of the area served by the Edwards Aquifer and to 

determine the most effective alte:rnativerto meet the projected needs. The third 

response was the Water Availability Study for the Guadalupe and San Antonio River 

Basins sponsored by the San Antonio River Authority, the Guadalupe-Blanco River 

Authority and the City of San Antonio with financial assistance for the City 

provided by the Edwards Underground Water District. This study assesses the 

environmentally sound potential for surface-water :resource development in the San 

Antonio and Guadalupe river basins and updates the cost estimates for development 

and transmission of water supplies to meet the :requirements of the region. 

Planning to meet long-range water requirements in the Guadalupe and 

San Antonio river basins by Federal, State and regional agencies has been a 

recurring activity since the mid 1930s. Major industrial development was projected 

for the coastal region associated with the two river basins. Some irrigation 

potential was :recognized in the coastal plains. The growth of the San Antonio 

metropolitan area was recognized as a problem, especially following the most severe 

drought of :record which .occurred during the period from 1947 to 1957. Diminution 

of springflows in both river basins was recognized as having a significant impact on 

surface-water flows, especially in the Guadalupe Basin. 

The potential for development of additional surface-water supplies to 

serve the region of south-central Texas which encompasses the Guadalupe and San 

Antonio river basins is well known as a result of past studies. Little additional 

water can be made available from river systems lying west of the San Antonio River 

Basin. Surface water resources within the Guadalupe and San Antonio river basins, 
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if developed on a timely basis conjunctively with the groundwater, can meet the 

needs of the region for the forseeable future. The needs of the region include 

instream flow requirements to maintain a viable aquatic habitat and flows to the 

San Antonio Bay system necessary to protect the estuarine environment and 

maintain the productivity of the system. The major effort in the Water Availability 

Study was devoted to the Cuero I, Cuero ll and Cibolo Reservoir sites. The Goliad 

Reservoir site was also studied to a lesser degree. Yields were also computed for 

Canyon Reservoir and the Cloptin, Lockhart, and Applewhite sites. 

It became evident in the concerned discussions leading to the three point 

response to the drought of 1984 that little could be done to prevent serious 

economic disruption of the region if the drought was to continue and ultimately 

approach the severity of the 1950s drought. While some stored water was available 

from Canyon Reservoir in Comal County, it was inadequate to meet the apparent 

need to supplement the Edwards Aquifer and to meet the needs downstream in the 

Guadalupe Basin. Further, it was apparent that new transmission and· water 

treatment facilities could not be constructed fast enough to alleviate a crisis. 

It is imperative that the leadership and citizens in the affected region 

understand the critical nature of timely construction of reservoirs, water 

transmission lines and water treatment facilities to avoid serious disruption of the 

regional economy. The construction of water treatment and water transmission 

facilities will require two to three years dependillg upon the size and scope of the 

project. More important, however, is the time necessary to construct a major 

reservoir project which is estimated to be eight to nine years with an additional 

period of one to eight years to assure an initial filling of the reservoir. Initial filling 

is necessary before the full yield potential of the reservoirs can be relied upon. 

3 
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z.o SUMMARY AND CONCLUSIONS OF FINDINGS 

Z.l ENVIRONMENTAL 

Environmental analyses indicate no "fatal flaws" nor significant permit­

ting problems at any of the potential reservoir sites studied. Mitigation of impacts 

will be required at any of the sites, which can be provided at least, in part, by 

peripheral land usage around the proposed reservoirs. No threatened-er endangered 

vegetative, wildlife, or aquatic species are known to occur in any of the potential 

reservoir sites. 

z.z HYDROLOGY 

Hydrologic evaluations indicate that substantial firm yields can be 

developed from the potential reservoir sites. 

Existing water rights play an extremely important role in the future 

availability of water for development. Existing gaged fiows do not yet refiect the 

full development of the existing water rights. Thus, even without additional 

reservoir projects, it can be expected that future flows within the rivers would 

decline as these water rights are developed. 

Return flows by municipalities can play a dramatic role in the yield of 

any of the proposed reservoirs. The Goliad Reservoir benefits directly by having a 

dramatic increase in firm yield on virtually a one to one ratio for each gallon of 

water returned to the river by San Antonio. Less dramatic but equally important, 

return flows from San Antonio impact the ability of water-right holders below the 

confiuence of the San Antonio and Guadalupe rivers to obtain their water rights. 

Return flows also impact the ability to meet the demands of the bays and estuaries, 

4 
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which have been defined in these studies. Future policy decisions by the City of San 

Antonio regarding these return flows will have a dramatic impact on decision­

making regarding reservoir development. 

Reductions in springflows from the Comal and San Marcos springs would 

have a severe impact on the ability of existing water-right holders to obtain flows 

which they have historically used, and would also have a severe impact upon the 

flows into the bays and estuaries. Likewise, the yields of Canyon Reservoir and any 

proposed reservoir projects would be significantly reduced by this reduction in flow, 

should springflows continue to diminish. Future policy decisions by the City of San 

Antonio and others regarding withdrawals from the Edwards Aquifer will therefore 

significantly impact the development of future reservoir projects. 

Freshwater inflow requirements to the bays and estuaries required to 

maintain viable biological habitat have, for the first time, been applied to reservoir 

firm-yield c.alculations. Bay and estuary flow requirements to maintain a viable 

habitat can be met, and will be exceeded in most years due to uncontrolled drainage 

areas and flood spills. Even providing for these bay and estuary requirements, 

significant yields can be developed from any of the potential reservoir sites. 

Table 1 provides a brief summary of the firm yields which can be 

developed from each of the four reservoir sites considered in these studies. A more 

detailed summary o~ each of the scenarios presented in Table 1 is given in the main 

report of the Water Availability Study. 

Table Z provides a brief summary of existing and permitted reservoirs 

which were assumed to be in place and operating under their full water-right 

demand in all yield analyses. 

5 
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3.0 SECTION SUMMARY 

The following paragraphs summarize sections of the report. This 

summary should provide the reader with an overview of the evaluations performed in 

the detailed study, and with the conclusions that can be reached from those studies. 

Plate l provides an overall plan of the Guadalupe and San Antonio river 

basins. Plate Z describes the Cuero I project, Plate 3 describes the Cuero n project, 

Plate 4 describes the Cibolo project, Plate 5 describes the Goliad project, and 

Plate 6 describes the diversion and delivery systems considered. 

3.1 ENVIRONMENTAL ANALYSES 

Environmental analyses were performed at the Cuero I Reservoir site, 

the Cuero n Reservoir site, and the Cibolo Reservoir site. In addition, studies were 

performed regarding instream flow requirements below each of the reservoirs, and 

freshwater inflow requirements to the bays and estuaries. Specific major topics 

include: vegetation, terrestrial wildlife, aquatic communities, bays and estuaries, 

and cultural resources. There were no environmental analyses conducted at the 

Goliad site. 

3.1.1 Vegetation 

The three primary reservoir sites studied are located within the Post Oak 

Savannah Vegetational region, the Blackland Prairies Vegetational region, and the 

South Texas Plains Vegetational region. Vegetational community types contained 

within these areas and found within each of the three primary reservoir sites include 

upland forest, bottomland/riparian forest, brushland, grassland, cropland, and hydric 

habitats. 

6 
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No threatened or endangered plant species is known to occur in the 

vicinity of any of the three primary reservoir sites studied. Certain areas within 

each of the three primary reservoir sites should be considered ecologically sensitive, 

including hydric habitats and bottomland/riparian forest. Certain areas are likely to 

be classified as wetlands under Section 404 of the Clean Water Act; however, a 

precise determination of these areas has not yet been made. The primary impact on 

vegetation will be loss of existing terrestrial habitat resulting from inundation in the 

reservoir areas. The impact can be characterized by the surface area of each of the 

reservoirs, or approximately 41,500 acres for the Cuero I site, Z6,875 acres for the 

Cuero n site, and 16,700 acres for the Cibolo site. The net effect will be to replace 

terrestrial vegetation communities with aquatic habitat. 

Within the bottomland and wetland communities in the near reach 

downstream of the proposed dam sites, the alteration in the periodic flooding in 

these downstream areas could result in altered tree growth and a change in tree 

reproduction, and a tendency towards ~tered species diversity. 

3.1.2. Terrestrial Wildlife 

It is unlikely that a threatened or endangered species of terrestrial 

wildlife occurs within one of the three primary project areas. However, certain 

wildlife species which are considered to be threatened or endangered have a 

geographic range which include DeWitt, Gonzales, or Wilson counties. Many 

recreationally important species are known to occur in the areas, including the 

White-tail Deer, the Fox Squir~e1·, various rabbits, fur bearers, Northern Bobwhite 

Quail, Mourning Dove, Wild Turkey, and waterfowl. Impacts to wildlife will include 

loss of habitat and/or alterations in habitat caused by the projects. 

7 
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3.1.3 Aquatic Communities 

With respect to aquatic communities, the existing project areas are 

dominated by the Guadalupe River and major creeks. Sport fisheries include the 

spotted bass, channel catfish, and rough fish species such as gar, shad and buffalo. 

There are no Federally-listed threatened or endangered species which occur in any 

of the three reservoir project areas. The river darter and blue sucker are State­

protected non-game species. The river darter occurs in Cibolo Creek at the Cibolo 

project area and in the Guadalupe River at the Cuero I project area. The blue 

sucker could occur in the Cuero I project area, however it is highly unlikely, 

especially since the development of dams in the river. There is no commercial 

fishery in any of the project areas. 

Other important species include the freshwater prawn which was 

formerly commercially fished. Additionally, existing dams probably exclude the 

American eel from the Guadalupe River above the co~luence with the San Marcos 

River. The Cuero I project would exclude eels from the dam site upstream to the 

existing dams, and along the San Marcos River as well. The Cuero II project would 

only exclude the eel from the dam site upstream on Sandies Creek, which currently 

provides poor habitat at best. Cibolo Creek provides, at best, marginal habitat for 

the eel, even if present. 

The major effect of reservoir development on the aquatic resources of 

the three reservoir sites would be to alter the fishery from that occurring instream 

to a fishery typical of reservoirs. Spotted bass would be eliminated from reservoir 

areas, however largemouth bass would be greatly enhanced. Channel and Oathead 

catfish would also be enhanced and sunfish species would tend to be enhanced as 

would buffalo, shad, gar and carp. Several species of minnows would be eliminated, 

to be replaced by others, while darters would be precluded from the areas inundated. 

The historically diverse population of fresh water mussels would be reduced. 

Overall, because of the much increased aquatic area, the total aquatic production 

8 
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will increase enormously. Additionally, game species, such as white bass and striped 

bass, will likely be stocked. Thus, the recreational fishery would be substantially 

increased. 

3.1.4 Bays and Estuaries 

With respect to the impact of potential reservoir development on the 

bays and estuaries, detailed analyses were performed. In general, reservoir 

development would result in reduced freshwater inflow to the estuaries. Extensive 

unpublished data from the Texas Parks and Wildlife Department and other agencies 

were gather~d regarding salinity and biological sampling results. Detailed evalua­

tions of salinity versus inflow were performed which, when compared to biological 

needs, resulted in the determination of high and low desirable salinity values. 

Recommended monthly freshwater inflows were established for each month of the 

year at levels which would maintain a viable biological habitat. These monthly 

requirements were then honored in the hydrologic model used to determine potent~al 

reservoir yields. 

3.1.S Cultural Resources 

With respect to cultural resources, studies were performed using the 

existing literature of the Paleo-Indian, Archaic, Neo-american, protohistoric, and 

historic resources of Wilson, Gonzales and DeWitt counties. The Cuero I Reservoir 

site has been subjected to an intensive cultural resources investigation conducted by 

the Texas Historic Commission and the Texas Water Development Board in 1974. 

Portions of the Cibolo Reservoir site were studied in 1967, however no detailed 

studies have been conducted within the Cuero 11 Reservoir site. Many cultural 

resource sites would be impacted directly as a result of dam construction, relocation 

of roads, and reservoir filling. Other secondary impacts are also likely to occur. 

Any reservoir site selected for additional permitting and/or project development 

9 
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will require an intensive cultural resources survey covering 100% of all areas to be 

flooded or disturbed by any proposed project. Upon completion of the survey, the 

normal process of testing and possible subsequent avoidance, protection, or recovery 

of significant sites would be required. The exception could be the Cuero I Reservoir 

site, which is unlikely to have to be resurveyed, except for those areas not surveyed 

in the prior studies. It is also. likely that the pipeline corridor for transporting water 

from any proposed reservoir to the users would also have to be surveyed for cultural 

resources. 

3.Z HYDROLOGY 

A detailed hydrologic analysis has been performed in these studies. 

Beginning with site selection analyses based upon prior studies and upon topographic 

maps of the river basins, the hydrologic analyses considered water rights, stream­

flows, evaporation, elevation-area-capacity data, sediment, return flows, existing 

and permitted reservoirs and requirements of the bays and estuaries. A very 

complex and detailed computer model was developed which combined both the San 

Antonio and Guadalupe river basins into one operating system. Corrections to 

streamflow were made for historical water rights diversions, after which all existing 

water rights were assumed to withdraw their full permitted amounts if available. 

Bay and estuary flow requirements necessary to maintain a viable habitat were fully 

honored. Other considerations included variations in return flows by the City of San 

Antonio and others, reductions in springflow as may be caused by future pumping of 

the Edwards Aquifer, and subordination/movement of existing water rights to 

further increase water availability. All four major reservoir sites considered in this 

study were utilized within the firm yield analysis, i.e., Cuero I, Cuero n, Cibolo, and 

Goliad reservoirs. In addition, the impacts of other projected future reservoirs, such 

as Cloptin Crossing and Lockhart, were taken into account. 

10 
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Current pumpage of groundwater from the Edwards Aquifer is approx­

imately 450,000 ac-ft/yr, and increasing. Table 3 provides a summary of Comal and 

San Marcos springflows under historical and future conditions for various scenarios. 

The Texas Department of Water Resources (TDWR) computer model of the Edwards 

Aquifer was used to evaluate the alternatives shown. As can be seen in the table, 

continued pumpage at current heavy levels, or even at reduced levels of 

400,000 ac-ft/yr or even 350,000 ac-ft/yr, can be expected to significantly diminish 

springflows, especially when considering that extended drought periods which have 

historically occurred can be expected to recur in the future. Assuming a repeat of 

the 41-year period of record from 1940 through 1980,. and assuming pumpage was 

reduced to 400,000 ac-ft/yr, the combined springflows would vary from 67,600 ac-ft 

in 1956 to 390, 172. ac-ft in 1979. Compared to historical springflows, which varied 

from 7 5, 561 ac-ft in 1956 to 462.,82.0 ac-ft in 197 5, even reduced pumpage levels 

would result in significant periods of time of zero flow, and would result in 

additional years when flow would be so low as to render significant damage to 

recreation, downstream water rights, and the aquatic environment. 

None of the reservoirs evaluated within this study are contemplated to 

impound any water solely for flood control due to a change in national emphasis 

from structural flood control to non-structural preventative measures. However, 

preliminary analyses indicate that the combination of storage within the 

conservation pool, plus spillway attenuation, will to varying degrees, reduce flood 

peaks downstream of any of the reservoirs which may be built. 

3.3 DESIGN 

The dams and spillways were designed to safely pass the probable 

maximum flood. Gated spillways are contemplated for Cuero I, Cibolo, and Goliad 

reservoirs, while ~ uncontrolled concrete ogee overflow spillway is contemplated 

for Cuero n Reservoir. 

11 
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Detailed engineering analyses were performed for the dam design, the 

diversion and delivery system design, and the relocations requirements for each of 

the three primary dam sites. A more general evaluation of the same factors was 

performed for the Goliad Dam site, excluding the diversion and delivery system and 

relocations. Plates Z through 5 provide the pertinent data for each reservoir 

considered. 

A diversion and delivery system for Cuero I and Cuero D reservoirs was 

also evaluated. This system was assumed to deliver water to the approximate 

location of the Cibolo Reservoir, there to be re-pumped to San Antonio. Plate 6 

shows the layout of the systems required for each reservoir. 

3.4 CONSTRUCTION 

3.4.1 Permits 

Table 4 provides a listing of Federal, State, and County 

permits/approvals which would be required to complete any of the potential 

reservoir projects. Significant additional environmental and engineering studies 

would be required in order to obtain these permits. 

3.4.Z Scheduling 

The scheduling requirements for construction of the three primary 

reservoir projects would vary somewhat. Approximately eight to nine years would 

be required from initiation towards development of permitting through final 

construction. Approximately eight additional years for any of Cuero I, Cuero D or 

Goliad reservoirs, and approximately ZO additional years for Cibolo Reservoir, would 

be required under nworst casen drought conditions for initial filling of the reservoir 

to occur. Should flows closer to average conditions or fiood fiows occur, the 

reservoirs could fill in as little as one year. 

l? 
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3.4.3 Costs 

Tables 5 through 8 provide cost estimates for construction of each of the 

four potential reservoir projects considered. These costs are comprehensive in that 

they take into account right-of-way, recreational facilities, operating expenses, 

relocations, construction, permitting, engineering design, financing, and legal costs 

associated with such projects. 

3.4.4 Recreation Benefits 

The three primary reservoir sites were evaluated to estimate visitation 

rates and recreation activity patterns. It is projected that using 1980 populations, 

annual visitation to Cuero I Reservoir would be 1,52.2.,673 persons per year, annual 

visitation to Cuero n Reservoir would be 1,715,191 persons per year, and annual 

visitation to Cibolo Reservoir would be 1,651,876 persons per year. It is expected 

that, as the region's population increases above 1980 levels, the annual visitation 

would increase in propc;>rtion to the population increase. Thus, reservoir visitations· 

could be expected to be higher than the figures given above, depending upon when a 

reservoir would be completed. 

Annual visitation is expected to vary depending upon the season, 

weekend versus weekday, and the type of activity. Summer month visitations are 

expected to comprise 45% of annual visitation at Cuero I or Cuero n reservoirs, and 

50% at Cibolo Reservoir. Weekend users are expected to comprise 2.7% of annual 

visitation at Cuero I or Cuero n reservoirs, and 30% at Cibolo Reservoir. Design 

day loads for peak day visitation would be 15,812. persons per day at Cuero I 

Reservoir, 17,812. persons per day at Cuero n Reservoir and 19,060 persons per day 

at Cibolo Reservoir. Types of users would vary, including overnight campers, 

picnickers,. swimmers, boaters, fishermen and water skiers. 

13 



TABLE 1 

SUMMARY OF RESERVOIR FIRM YIELDS 

Scenario Firm Yield of Reservoir or Reservoirs in Scenario (ac-ft/yr) 

Canyon!) Cuero I Cuero D Cibolo Goliad Lockhart Cloptin 
Crossing 

1. "Future Baseline" 1) 37,500 

z. Cuero I alone i) 37, 500 188,000 

3. Cuero D alone 
Z) 

37, 500 107,000 

4. Cibolo alone Z) 37,500 30,000 

5. Goliad alone Z) 37,500 115,000 

6. Lockhart alone Z) 37,500 7,700 

7. Cloptin Crossing alone Z) 37,500 35,000 

8. Com bin~)Cuero I and 
Cuero Il 37,500 219,000 Incl. in 

Cuero I 

9. Combined ~uero I 
and Cibolo 37, 500 185,000 30,000 

10. Combine Cue~r I 
and Lockhart 37,500 186,000 7,700 
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TABhE 1 (Cont'd) 

SUMMARY OF RESERVOIR FIRM YIELDS 

Scenario Firm Yield of Reservoir or Reservoirs in Scenario (ac-ft/yr) 

Canyon I) Cuero I Cuero D Cibolo Goliad Lockhart Clop tin 
Crossing 

11. Combine Cuero I z 
and Cloptin Crossing ) 37,500 173, 000 35,000 

lZ. All reservoirs, i.e.'Z) 
"full development" 37,500 159,000 35,000 30,000 54,000 7,700 34,600 

13. Subordinate GBRA 
hydro rights 61,000 

14. Subordinate GBRA hydro 
rights and reduce spring-
flows to zero 30,000 

15. Subordinate 50% of Calhoun 
Canal System ·Rights 37,500 Z41,000 

16. "Present Policies"3) 15,900 

17. Alternative I4) Z4,000 151,000 30,000 34,000 

18. Alternative tt5) Z6,000 



19. 

. 1) 

Z) 

3) 

4) 

5) 

6) 

Scenario 

Alternative m6) 

TABLE 1 lconcluded) 

SUMMARY OF RESERVOIR FIRM YIELDS 

Firm Yield of Reservoir or Reservoirs in Scenario (ac-ft/yr) 

Canyonl) Cuero I Cuero Il Cibolo Goliad Lockhart 

Z7,000 Z.07,000 Incl. in 30,000 
Cuero I 

Cloptin 
·Crossing 

Only Canyon Reservoir operates under a firm yield concept. However, "Future Baseline" run includes Canyon Reservoir, 
Coleta Creek Reservoir, Victor Braunig Reservoir, Calaveras Creek Reservoir, Mitchell Reservoir, and Applewhite 
Reservoir up to their full pe»mitted water rights. Medina Reservoir was assumed to operate in the future as it had in the 
past. All subsequent scenarios were run with full protection of the amounts of water obtained from each of these 
reservoirs under the "Future Baseline" scenario. 

Scenarios Z through 12, above, assume hi11torical springflows and a continuation of San Antonio return flows at their 
present level of 135,000 ac-ft/yr. 

"Present Policies" means Comal and San Marcos springflows would be reduced to zero by continued groundwater pumpage 
at existing or higher levels, San Antonio return flows to the San Antonio River would be 270,000 ac-ft/yr plus 60,000 ac­
ft/yr for Calaveras Creek and Victor Braunig reservoirs, and 'no additional reservoirs would be built. 

Alternative I means groundwater pumpage would be reduced and limited to 400,000 ac-ft/yr, San Antonio return flows to 
the San Antonio River would be 170,000 ac-ft/yr plus 60,000 ac-ft/yr for Calaveras Creek and Victor Braunig reservoirs, 
and Applewhite, Cibolo, Cloptin Crossing, and Cuero I reservoirs would be built. 

Alternative Il means groundwater pumpage would continue at existing or higher levels, Comal and San Marcos 
springflows would be artifically maintained at 80,000 ac-ft/yr at each spring by wells at the spring sites, and no 
additional reservoirs would be built. 

Alternative m means groundwater pumpage would be reduced and limited to 350,000 ac-ft/yr, San Antonio return flow to 
the San Antonio River wpuld be 170,000 ac-ft/yr plus 60,000 ac-ft/yr for Calaveras Creek and Victor Braunig reservoirs, 
and Applewhite, Cibolo, Cuero I and Cuero ll reservoirs would be built. 
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TABLE Z 

EXISTING AND PERMITTED RESERVOIRS OPERATED 

IN THE "FUTURE BASEUNE" SCENARIOl) 

Normal 
Operating Surface 

Level Capacity Area 
Reservoirs (ft, MSL) {ac-ft) (acres) 

DemandZ) 
(ac-ft/yr) 

Canyon 909.0 369,507 8, 240 37,500 

Coleta Creek 98.0 31,040 3,100 lZ,500 

Victor Braunig 507.0 26,500 1,350 lZ,000 

Calaveras Creek 485.0 63,ZOO 3,624 36,900 

Mitchell N/A 2,640 875 er> 

Applewhite 536.0 45,250 Z,500 10,0004) 

1) 

Z) 

3) 

4) 

"Future Baseline" is defined as the condition of the Guadalupe and San Antonio 
river basins assuming all existing water rights obtain, to the maximum extent 
possible, their full amounts, assuming Applewhite Reservoir is constructed and 
operated in an overdraft mode, and assuming the other reservoirs shown on 
this table are operated with the demands shown met each year. 

"Demand" means demand placed on the reservoir in the computer model, 
whether or not it is obtained. Note that demand is obtained in all years for all 
reservoirs except Applewhite. 

Assumed met with San Antonio return flows. 

Includes 12,300 ac-ft/yr demand at the Leon Creek diversion point. Average 
annual amount obtained is approximately 54,000 ac-ft/yr. 



TAlll.t: l 

COMAi. ANIJ SAN MAllCOS SPlllNl~S 
lllSTOIUCAI. ANI> FUTUIU: CONDITION FLOWS 

11:1.ows IN AC-Fn 

Year tllstorkal 
Contlnuat Ion ol Z 

"Present Policies• I Alternative 131 Alternative u"1 Alternative 111 51 

Comal S.m Marcos Comal San Marcoa Comal San Marco• Comal San Marcos Comal San Marcos 

19 .. 0 Z08,430 76,989 0 0 ZIJ,ll6 139,962 80,000 80,000 ZZ2,4l3 H0, .. 51 

1941 260,7ZO 132, 776 0 0 217,130 135,335 80,000 80,000 ZZ9,77Z 136, JR-I 

194Z Z65, l40 111,900 0 0 192,478 133, IOO 80,000 80,000 Zll ,294 I H, 645 

1943 247,490 96,332 0 0 ll9,246 IZ2,439 80,000 80,000 165,423 IZ.a, 778 

1944 254,940 134,096 0 0 l.a4,J86 122,960 80,000 80,000 171,155 IZ5,581 

1945 Z70,8"0 138,043 0 0 150 1 Z49 IZ6,287 80,000 80,000 182,958 IZ.9,270 

1946 276,3ZO 150,511 0 0 I.al, 187 129,622 80,000 80,000 174,288 132,959 

1947 257,900 125,416 0 0 IZJ, 188 126,860 80,000 80,000 156,191 130, 169 

1948 ZOl,070 76,250 0 0 71, 727 117 ,675 80,000 80,000 105,467 120,991 

1949 212,020 86,461 0 0 38,291 109,062 80,000 80,000 7Z,891 112,401 

1950 189,700 76,492 0 0 17, 100 103,634 80,000 80,000 51,376 106,984 

1951 148,860 68,618 0 0 8)5 97 ,842 80,000 80,000 28,010 101,975 

1952 164,400 75, IOZ 0 0 6,172 96,686 80,000 80,000 41,993 101,SZI 

1953 142,670 97 ,859 0 0 2,726 99,657 80,000 80,000 37, llZ IOl,485 

1954 98,360 75,449 0 0 --0- 92,157 80,000 80,000 11,369 99,207 

1955 66,820 61, 148 0 0 --0- 79,569 80,000 80,000 43 92,366 

1956 21,99761 47 ,564 0 0 --0- 67,600 80,000 80,000 -0- 83,734 

1957 138, 740 110,270 0 0 79,652 91,496 80,000 80,000 128,489 IOl,858 

1958 234,080 153,440 0 0 190,989 125,994 80,000 80,000 234,416 Ill ,962 

1959 229,240 116,050 0 0 163,921 121,878 80,000 80,000 201, 275 132, 217 

1960 241,690 141,410 0 0 161,089 126,077 80,000 80,000 196,733 129,879 

1961 2·17,960 138,260 0 0 156,167 127,313 80,000 80,000 191,694 131,014 

1962 193,380 95,850 • 0 0 103,580 119,093 80,000 80,000 136,452 12Z.,61l 

1963 150,800 78, 710 0 0 5Z.,576 108,380 80,000 80,000 86,50 111,669 



T ABU: l ICuncludedl 

Year lllsturical 
Conllnuallon ol l.) 

"Present Polh:lea• Alternative 111 Alternative 1141 

Comal Sim Marcos Comal San Marcoa Comal 

1964 138,560 70, 180 0 0 38,19l. 

1965 l.09,ZlO IZl,OZO 0 0 68,548 

1966 191,430 111,160 0 0 66,574 

1967 116,450 77,650 0 0 51,SZl. 

1968 246, 750 143,060 0 0 81,147 

1969 2ll.,380 117,820 0 0 101, 508 

1970 226,650 144 '570 0 0 110,335 

1971 159,810 91,850 0 0 111,541 

1972 264, 550 116,650 0 0 125,829 

1973 294,010 158,ZOO 0 0 206,668 

1974 283,820 Ill, 770 0 0 Zl0,467 

1975 Z95,4l0 167,390 0 0 233,096 

1976 ZB0, 110 153,140 0 0 Z04,Z08 

1977 289,690 161,550 0 0 l.26,579 

1978 239,880 87,410 0 0 205,822 

1979 Z9Z,730 144,950 0 0 l.51,508 

1980 207,240 95,950 0 0 208,97Z 

AVERAGE 212,153 111,305 0 0 118, 744 

TOTAL AVERAGE J2l,458 0 
I Both Sprlns•I 

Historical pumpoge varied. Current pumpase la approximately 450,000 ac-ft/yr. 

Continued total reliance on groundwater with 2040 demands. 

Son Marcoa Comal 

103,355 80,000 

109,l.Sl. 80,000 

111,771 80,000 

107,87Z 80,000 

110,373 80,000 

115,468 80,000 

116,867 80,000 

115,490 80,000 

115,665 80,000 

IZ7,351 80,000 

llZ,10 80,000 

137, 158 80,000 

138,157 80,000 

ll7 ,586 80,000 

134,659 80,000 

138,664 80,000 

137, 263 80,000 

117,328 80,000 

l.36,072 

I) 

21 

3) 

4) 

5) 

61 

Alternative I auumed pumpase was reduced to 400,000 ac-rt/yr, with a rereat of historical recharse assumed. 

Alternative 0 similar to continuation of Present Pollclea, ellcept spriasflows artificially malntalned by pumplns. 

Alternative m aaaumed pumpage was reduced to 350,000 ac-ft/yr, wltb a repeat of hlatorlcal recharse assumed. 

No flow from June 13 tu November 3. 

San Marcus 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

160,000 

Alternative 111 51 

Comal San Morcos 

74, lll. I06,8l.l 

105,l.54 lli,849 

104,67Z 115, 534 

89,l.76 111,619 

118, 500 114, 146 

137,995 119, 155 

147, 598 IZ0,610 

1'119,349 119,27l. 

161,10 119,477 

217,999 130, 979 

23Z,411 135,541 

l.53,537 139,473 

Zl.4,980 140,l.50 

247, Z65 139,68Z 

224,664 136,615 

l.68,ZOO 140,505 

226, 128 139,016 

147,l9Z IZl,504 

268,896 



Environmental Factor 

Environmental Protection 
( multldlsclpllnaryl 

Historical and Archeoloslcnl 
Sites 
""!Federally funded or 

permitted project or on 
Federal land) 

Wetlands Protection and 
Floodplaln Manasement 

Fish and Wlldllfe 

Endanuered Species Protection 

Wild and Scenic Rivers 

TABl.E 4 

REQUIRED FEl>ERAL AHD STATE COMPLIANCES ASSOCIATEU 

WITll rROPOSEI> PROJECT PERMITS/APPlt0VALS1 

Required Approval or Compliance/ Authority 

National Environmental Polley Act (NEPA). 

National Historic Prellervatlon Act of 1966, 89 amended1 
Archeoloalcal and Historic Preaer9atlon Act of 19741 
Reservoir Salvage Act of 19601 
EKecutlve Order 11593 - Protection and Enhancement of the Cultural Environment; 
Historic Sites Act of 19151 
Archeoloalcal Resources Protection Act of 19791 
Protection of Historic and Cultural Properties Crlterlu1 
Antiquities Act of 19061 
Antiquities Code of TeKas. 

Ellecutln Order 11990 - Protection of Wetlanda1 
Ellecutlve Order 11988 - Floodplaln Management1 
EPA's Statement of Procedures on Floodplain Manaaement and Wetland Protection 

(5 Jan. I 979)J 
Flood Insurance Act of 19681 
Flood Control Act of 19701 
National Flood Disaster Protection Act of 19731 
River and Harbor Act of 1899, as amended; 
Clean Water Act of 1977, u amended; 
Watershed Protection and Flood Prevention Act, as amended. 

Fish and Wlldllfe Coordination Act of 19581 
Coastal Zone Manaaement Act of 1972, as amended1 
Estuary Protection Act1 
Marine Protection Research, and Sanctuaries Act of 1972, as amended. 

Endangered Species Act of 1973, as amended. 

Wild and Scenic Rivers Act of 1968. 
Ellecutlve Order 11514 - Avoid or Mitigate Ad•erst' Effects on Rl•C?rs In the 

Natlrmw Ide ln•entory. 

Agenc/ 

USEPA, other Federal 
and State agenciC?s 

snro, ACHP, Nrs, TH<.; 

TAC 

USEPA, USCE, FEMA 

USFWS, TPWO 

USFWS, TPWD 

NPS 



Envlron1nental Factor 

Agricultural Lands 

Other Concerns 

TABl.E 4 (Concludr.dl 

Required Approval nr Compliance/ Authority 

EPA's Policy to Protect Environmentally Sensitive Agricultural Lands 
(8 Sept. 197 81. 

Land and Water Conservation Fund Act o( 1965, as amended; 
Noise Control Act o( 19721 
Clean Air Act, as amended1 
Resource Conservation and ltecovery Act; 
Sale Drinking \Valer Act; 
Secretary's Memorandum No. 182.7 Revised: Statement o( Land Use Policy1 
Rural ElectrHlcatlon Act o( 1936; 
Requirements for Construction, Maintenance, Operation, and Sa(ety1 
Approval o( Public Drinking Water Supply Systems (Texas Sanitation and Health 

Protection Act; TOH Rules and Regulations for Public Water Systems; TOH 
Drinking Water Standards); 

National Energy Act o( 19781 
Oil and Gas Pipeline Relocations. 

Federal and State permits/approvals !Table 12..1-11 require compliance with regulations listed herein for approval. 

2. See Table 12..1-1 for abbreviations. 

US~i'A,SCS 

NPS, Tl'WlJ, Ef>A 
EPA 

USEPA 
USEPA, TlJll 
USDA 
REA 
Tl>WR, Oam 
TOH 

State and/or County 
Individual Companies 
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Dam & Reservoir Description 

Dam and Reservoir 
Mitigation 
Land& ;md Rights-of-Way 
Permitting 
Eartlien Embankments 
Spillway and Outlet Works 
Administration Facilities 

Recreation Facilities 
Lands and Rights-of-Way 
Facilities 

Relocation 1 

Roads and Bridie• 
Utilities and Pipeline 
Rail Roads 
Cemeteries 

Subtotal 

Contingency and Engineering 

Financing 

Legal 

Permitting 

Financing 

ROW Acquisition 

Total Costs 

O&M 
Labor, Materials, Service, Equipment 
Power : Delivery to Cibolo Sitel 

Tow .A-1 OlcM 

TABLES 

COST ESTIMATES 

CUERO I RESERVOIR 

Cost 

$ 17, 157 ,352 
81,411,185 

1,005,000 
42,396,975 
50,393,925 

370,000 

1, 053 ,675 
20,383,031 

30 ,087,960 
3,377,000 
3,402,000 

600,000 

$251,638,103 

50 ,327 ,621 

8,756,2.50 

1,200,000 

2.43. 750 
5,350,850 

$317,516,574 

$ 1,682,773 

$ 1,682,773 

Diversion a. Delivery 
Description 

Diversion and Delivery 
Intake Stnu::ture System 
Pumping Station 
!ransmiasion Pipelines 
Outlet Structure 
Landa and Rights-of-Way 

Land and ROW costs for Relocation ve included in described costs. 

Cost 

$ 5,017,400 
5,486,600 

81,62.5,000 
311,400 
570,911 

$ 93,011,311 

18,602.,2.62 

4,381,125 

200,000 

118,875 
373,700 

$116,687,273 

s 2.35,586 
8,005,000 

$ 8,2.40,586 
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:::>aQ & Reservoir Description 

Dae and Reservoir 
:\litigation 
Lands and Risbia-of-Way 
Permittins 
Earthen Embankments 
Spillway and Outlet Works 

Administration Facilities 

Recreation Facilities 
Lands and Risbla-of-Way 
Faciliues 

Supplement Pumpins to Cuero D 
!from Guadalupe River) 

Intake Structure 
Pumpins Station 
Transmisaion Pipeline 
Outlet Structure 1 Lands and Risbts-of-Way 

Relocation;?. 
Roads and Bridges 
Utilities and Pipeline 

Flood Protection 
Protection Le•ee 
Pump Station 

Subtotal 

Contingency and Engineering 

Financing 

Legal 

Permitting 

Financing 

ROW Acquiaition 

O&M 
l.abor, Materials, Service, Equipment 
Power ( Deli•ery to Cibolo Sitel 
Power (Delivery from Guadalupe River) 
Power (Flood Protection) 

Includes Acquialtion costs. 

TABLE 6 

COST ESTIMATES 

CUERO n !UNDENAUI 

Cost 

s 10,572, 776 
60,089,895 

483,000 
19,648,800 
13,489,100 

370,000 

837 ,000 
ZZ,245,176 

5,017,400 
18,992,093 
8,424,000 

311,400 
65,909 

24,319,265 
2,826,259 

450,000 
5,000,000 

$193,142,073 

38,628,415 

6,808,000 

1, 000,000 

19Z,OOO 

4,910,750 

S244,681 1Z38 

s 1, 756,193 

1,173,000 
2140Z 

$ 2,931.595 

Diversion & Delivery 
Description 

Diversimi Uld OeU.ery 
Intake Suuctwe System 
Pumpms Station 
Trammia1i1111 Pipelines 
Outlet Structure 
Lands and Righta-of-Way 

i..and and ROW costs for Relocation are included in de1cribed cosu. 

Cost 

s 5,017,400 
3,lZJ,000 

47,026,000 
311,400 
480,386 

S SS, 958, 186 

11,191,637 

2,920,500 

200,000 

79,500 

311°1900 

s 70166l17Zl 

s 184,524 
5,067 ,000 

s s 12s1 1 s24 



r 
r 
r 
r 
r 
lF1 
L 

r 
r 
" l 

r 
r 

r 
r 

r 
r 
r 

Dam & Reservoir Description 

Dam and Reservoir 
MitigatiOJ1 
Lands and Rights-of-Way 
Permitting 
Earthen Embankments 
Spillway and Outlet Works 
Administration Facilities 

Recreation F acllities 
Lands and Rights-of-Way 
Facilities 

Relocation 1 

Roads and Bridges 
Utilities and Pipeline 

Flood Protection 
Protection Levee/Drainqe 
Pump Station 

Subtotal 

Contingency and Engineering 

Financing 

Legal 

Permitting 

Financing 

ROW Acquisition 

Total Costa 

O&M 
l.abor, Materials, Service, Equipment 
Power (Flood Protection) 

Total A-1 Ol&M 

TABLE 7 

COST ESTIMATES 

CIBOLO (LOWER) · 

Land and ROW costs for Relocation are included.in described costs. 

Cost 

s 3,447,2.90 
33,301,62.9 

865,000 
32,lU,200 
33,857,000 

370,000 

841, 750 
2.1,422,532 

22,460,910 
1,456,331 

2.,945,000 
5,000,000 

Sl58,079,M2. 

31,615,92.8 

5,351,875 

1,000,000 

148, 12.5 

4,261!500 

$200 g 457 r 070 

s 1, 639, 791 
2,402 

s 1,642.,193 
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Dam & Reservoir ::>escriptiOJI 

Dam and Resyvoir­
~iti.gation 
Lands and Rights-of-Way 
Perminina 
.Earthen Embankmenu 
SpiUwa)· and Outlet Works 
Administration Facilities 

Relocation3 

A9ads and Bridges 
Utilities and Pipeline 

Subtotal 

Contingency and Engineer_inai 

Financln& 

Legal 

Permitting 

Financing 

ROW Acquisition 4 

Total Coats 

06cM 
Labor, Materials, Service, Equipment 

Total Amnl&l O&M 

TABLE 8 

COST ESTIMATES 

GOUAD1 

Coat 

Unkno'll7D 
s 54,600,000 

8u.,soo 
17 ,504, 750 
49,168,250 

370,000 

10,152,825 
2,315,751 

$134 1994 t 076 

26,998,815 

4,866,500 

1,000,000 

133,500 

4,431,000 

$172,423,891 

s 4,2n,ooo 

s 4,2n,ooo 

Coau for the Goliad Reservoir are bued upOD a prellminary coat ,,_ reaenoiJ' level for tllree altenaative 
elevations. 

z 
) 

" 

Mitigation cosu are beyond the scope of tllia project. 

Land and ROW cosu for Relocation are included in described coats. 

ROW Acquisition coats are estimates only. 
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Plate 

1 

3 

4 

5 

6 

ESPEY. HUSTON & ASSOCIATES. INC. 

LIST OF PLATES 

Guadalupe and San Antonio Rivers Basin Plan 

Cuero 1 Reservoir Topography 

Cuero n Reservoir Topography 

Cibolo Reservoir Topography 

Goliad Reservoir Topography 

Diversion and Delivery System -
Transmission Pipeline Plan 
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