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EXECUTIVE SUMMARY 
 
 
INTRODUCTION AND PURPOSE 
 
The Lower Colorado River Basin Study was initiated to investigate the water related problems, 
needs, and opportunities of the basin, to develop and analyze an array of alternative solutions, 
and to recommend the best plan for implementation, if deemed warranted.  This paper presents 
the results of the initial phase of the study, Phase I, that investigated the water related 
problems, needs, and opportunities of the basin.  
 
The study area included 482 river miles from the Colorado River near San Saba, Texas, to 
Matagorda Bay, and 18,300 square miles of drainage area below O.H. Ivie Reservoir.  Specific 
products developed in Phase I of the feasibility study include: 
 
• An assessment of existing flood elevations for the major urbanized areas along the river.  

This includes detailed, regionally consistent existing conditions models for hydrology and 
hydraulics along the main stem of the Colorado River. 

• An assessment of existing economic flood damages along the river corridor for structural, 
vehicular, and agricultural losses.  This analysis not only calculated the damages for 
various frequency flood events, but also the expected annual average damages along the 
Colorado River. 

• An inventory of existing environmental resources (wildlife and aquatic habitat, land cover 
classification, and threatened and endangered species) throughout the basin and 
identification of potential ecosystem and natural resource restoration areas. 

• An assessment of recreational development and identification of recreational needs within 
the basin. 

• An assessment of future water supply needs and shortages within the region, as well as 
possible strategies and solutions for meeting those demands. 

• A hydrologic and hydraulic assessment of preliminary potential alternatives for reducing 
flood damages along the Colorado River.  These potential alternatives include modifications 
to the Lake Travis regulation plan, modifications to Lake Buchanan, and the construction of 
new reservoirs within the basin. 

 
FINDINGS 
 
Hydrology and Hydraulics 
 
Profiles for eight frequency storm events were computed for the entire 482 miles of the 
Colorado River study area.  For many areas, this was the first detailed identification and 
analysis of flooding problems ever conducted.  Several local studies have been conducted in 
the past, but this level of analysis has not been performed since construction of the Highland 
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Lakes dams.  For those areas with previously identified floodplains, the new study provided 
either lower or higher water surface elevations depending on the area.  A summary of 100-year 
frequency peak flood elevations at selected locations is shown in Table ES-1.  

Table ES-1. Summary of 100-Year Peak Flood Elevations 

Location on the Colorado River 
Current Study 

Computed  
100-year Elevation 

(Feet NAVD88) 

FEMA 100-year 
Elevation  

(Feet NAVD88) 
(3) 

Difference  
Current – 

FEMA (Feet) 
(2) 

Lake Buchanan (1) 1021.0 1021.2 -0.2 

Inks Lake (1) 901.7 901.9 -0.2 

Lake LBJ (1) 828.1 828.1 0.0 

Lake Marble Falls (1) 754.3 753.2 +1.1 

Lake Travis (1) 722.0 716.2 +5.8 

Lake Austin (1) 492.8 493.3 -0.5 

Town Lake (1) 438.6 439.8 -1.2 

Austin Gauge Upstream of U.S. 183 437.0 435.3 +1.7 

Bastrop Gauge at Loop 150 352.2 353.9 -1.7 

Columbus Gauge at U.S. 90 192.2 194.1 -1.9 

Wharton Gauge at U.S. 59 (Business) 102.4 103.3 -0.9 

(1) Flood Elevation computed at upstream face of the dam.  Flood elevations on each lake 
will rise along the river, upstream of the dam.  See flood profiles in Appendix A. 

(2) See Table A-10 for explanation of vertical datum differences. 
(3) Current effective FEMA 100-year elevations adjusted to NAVD88. 
 
Economics 
 
Existing economic flood damages were computed for structures, structural contents, vehicles, 
and agricultural crops.  Total damage for a 100-year (1% chance) flood event along the 
mainstem of the river approaches $390 million.  Ninety-seven percent of this damage total is 
associated with structures and vehicles.  The 100-year single occurrence damages are greatest 
for Travis County, especially the Lake Travis area during a 100-year storm, with losses 
exceeding $190 million for the county.  Wharton County experiences the highest number of 
affected structures (5,290) and the greatest agricultural loss ($4.9 million) during the 100-year 
flood event.  Table ES-2 provides a summary of county-wide damages associated with a 100-
year mainstem flood.  Due to the size of the basin and continued enforcement of floodplain 
regulations, future hydrologic conditions along the main stem were considered to be 
insignificantly increased due to future development. 
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Table ES- 2. Summary of 100-Year 1% Flood Damages 
(Damage Values in Millions of Dollars) 

County 
# of 

Structures 
Affected 

# of 
Vehicles 
Affected 

Structural 
& 

Vehicular 
Damages 

Agricultural 
Damages 

Total 
Damage 

Llano 1,265 489 $32,340 $20 $ 32,360 
Burnet 1,149 538 $38,190 $160 $ 38,350 
Travis 2,032 1,321 $192,240 $450 $ 192,650 
Bastrop/Colorado/Fayette 1,928 1,030 $36,150 $3,590 $ 39,740 
Wharton 5,290 68 $62,330 $4,920 $ 67,250 
Matagorda 736 319 $16,150 $1,550 $ 17,700 

TOTAL: 12,400 3,765 $377,400 $10,690 $388,150 
 
 
Environmental 
 
There are a wide range of environmental concerns within the basin including water quality, land 
use, air quality, and wildlife.  Over twenty-five Federally listed threatened and endangered 
species of plants and animals are present in the lower Colorado River basin.  Throughout its 
length, the lower Colorado River fish and wildlife habitat has been degraded.  Also, twenty-five 
potential sites were identified within the basin for potential ecosystem restoration along the 
mainstem of the river.  Categories considered for environmental restoration include: sand and 
gravel mines, abandoned oxbows, riparian habitat improvements, wetland creation, invasive 
species management, and bay and estuary ecosystem improvements.  Table ES-3 provides the 
number of potential restoration sites identified for this study by category and benefits associated 
with each type of project. 
 

Table ES- 3. Potential Ecosystem Restoration Sites 

Category # of Potential 
Sites Identified Benefits 

Sand & Gravel Mines 13 Fish & Wildlife Habitat 
Abandoned Oxbows 4 Fish Spawning, Bird Habitat 

Riparian Habitat Improvement 2 Fish & Wildlife Habitat, Water 
Quality, Erosion Control 

Wetland Creation 1 Aquatic & Bird Habitat 
Invasive Species Management 4 Fish & Wildlife Habitat 

Bay & Estuary Restoration 1 Bird Habitat, Seagrass Restoration, 
Oyster Habitat, Erosion Control 

 
 
Recreation 
 
As populations shift from rural settings to urban areas within the basin, the opportunity for small 
communities to develop recreational resources to augment income becomes increasingly 
important.   The growth of retirement communities and winter homes is also driving the need for 
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additional recreational opportunities along the Colorado River.  Increased access to water is a 
common demand of the entire region, as well as improved use of floodplains.  The basin 
provides a wide range of appealing recreational resources that can be developed and utilized 
including water resources, trails, state parks, wildlife refuges, wildlife management areas, 
camping sites, hunting and fishing areas, and picnic areas. 
 
Water Needs   
 
The basin is expected to experience a tremendous growth in population, especially in the Austin 
area.  This growth in population will further tax water supplies and resources within the basin.  
As a result of Texas Senate Bill 1, an in-depth inventory of current and future water supplies 
within the lower Colorado River basin was completed by individuals and consultants associated 
with the regional water planning groups (RWPGs) for Region K – Lower Colorado River Region 
and Region F – Midland/Odessa, Big Spring, and San Angelo Region.  Several municipalities 
are expected to face water deficits in the future if new sources of water are not obtained.  
Irrigation in the southern counties is also expected to face significant deficits in the future.  The 
estimated water need under drought-of-record conditions for the lower Colorado River basin is 
projected to be 391,000 acre-feet per year in 2030.  In response to these needs, several 
potential alternatives have been developed by the RWPGs to meet the water demands of the 
basin in the future.  Some of these plans may afford opportunities for multipurpose solutions 
with flood damage reduction and recreation during Phase II interim studies.   
 
Preliminary Alternatives  
 
Following the completion of the baseline hydrologic and hydraulic study, a preliminary 
assessment of potential alternatives to reduce flood elevations in the basin was performed.  The 
assessment included approximate analyses of the hydrologic and hydraulic effects of 
modifications to the Lake Travis regulation plan, construction of new reservoirs, and 
modifications to Lake Buchanan.  All of these alternatives appear to provide the ability to 
decrease flood elevations along the Colorado River.  A broader, more detailed analysis of 
potential alternatives will be undertaken during Phase II of this study. 
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I. Introduction 

A. General 
 

This Information Paper has been developed for the purpose of documenting the results 
of studies that were accomplished by an interagency and interdisciplinary team for the 
purpose of identifying problems, needs, and opportunities associated with the water 
resources of the lower Colorado River basin.   

 
The Lower Colorado River Basin Study is being conducted by the U.S. Army Corps of 
Engineers in response to direction by the Congress of the United States from which the 
Corps of Engineers derives Federal funding for the study.  The study is in response to 
requests for assistance from the City of Austin, Texas, and the Lower Colorado River 
Authority (LCRA).  The Lower Colorado River Authority acts as the cost sharing sponsor 
for the study with the Corps of Engineers, on behalf of other local entities that to date 
include the cities of Austin, Wharton, and Sunset Valley, and Travis County.  These later 
entities serve to champion interim feasibility studies that are focusing on their respective 
problem areas to reduce flood damages, restore and protect environmentally sensitive 
areas, improve water conservation, and provide recreational opportunities. These interim 
studies are focusing on known problem areas that were identified during past studies 
and confirmed during a preliminary reconnaissance study.  Interim feasibility studies are 
underway for Onion Creek in Austin, Sunset Valley and Travis County, and for Wharton, 
Texas.   Three additional interim feasibility studies will be forthcoming: one for the Lower 
Colorado River (from the Highland Lakes to Matagorda Bay) area that will be 
championed by the Lower Colorado River Authority, and one each for Walnut Creek and 
Shoal Creek watersheds in the City of Austin.  These interim feasibility studies constitute 
Phase II of the Lower Colorado River Basin Study.  If additional champions and cost 
sharing partners are identified as a result of these Phase I investigations, they will be 
pursued as individual studies under Phase II. 
 
During the initiation of the Lower Colorado River Basin Study, a group of local 
communities and interests came together to form the Texas Colorado River Floodplain 
Coalition (TCRFC).  This group of over 50 communities and counties within the lower 
Colorado River basin was formed to “encourage comprehensive consistent management 
of the floodplain along the Colorado River and its tributaries; provide a forum for data 
exchange and facilitate a structured approach to managing the complex issues related to 
floodplain management.”  The TCRFC has provided invaluable input to the study and 
support for budgetary and TWDB grant application requests by the study champion 
communities. 
 
Phase I investigations have focused on identifying existing conditions regarding flood 
damages to residential, commercial, industrial and public structures, environmental 
conditions and opportunities for enhancement of natural ecosystems, and recreational 
needs within the basin.  Previous studies conducted by the Corps of Engineers for the 
lower Colorado River concluded that significant flood risk existed along the mainstem of 
the river and some of its tributaries in the Austin area.  In view of these previous studies, 
the high cost of conducting these studies and the identification of cost sharing sponsors, 
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the Phase I study area was limited to the mainstem of the river.  Tributary areas will be 
addressed during their respective interim feasibility study or as other potential sponsors 
emerge. 

 
Concurrent with the Phase II interim feasibility studies, and prior to the completion of any 
one of them, the Phase III studies will be conducted to identify possible alternative 
implementation strategies that could result from the interim feasibility studies and their 
possible cumulative impacts.  The final product of Phase III will be a Programmatic 
Environmental Impact Statement (PEIS).  This document will serve as a springboard for 
any future environmental analysis of any recommended implementation plan that would 
result from the interim feasibility studies.  Each study will contain an analysis based on 
the cumulative impacts identified in the PEIS. 

B. Study Definition 

1. Authority 
Authority for the study of the lower Colorado River and tributaries is contained in the 
following Congressional authorizations: 

 
   Flood Control Act, approved June 22, 1936: 

  
“Section 6.  The Secretary of War is hereby authorized and directed to 
cause preliminary examinations and, surveys for flood control at the 
following named localities,..Colorado River, Texas, above the county 
line between Coke and Runnels Counties…..Lower Colorado River, 
Texas.” 

 
Resolution by the Committee on Commerce, United States Senate, adopted 
August 4, 1936: 

 
“Resolved by the Committee on Commerce of the United States 
Senate, That the board of Engineers for Rivers and Harbors created 
under Section 3 of the River and Harbor Act, approved June 13, 1902, 
be and is hereby, requested to review the reports on Colorado River, 
Texas, submitted in House Document Number 361, Seventy-first 
Congress, second session, and previous reports, with a view to 
determining if improvement in the interest of commerce and flood 
control is advisable at the present time.” 

 
   River and Harbor Act, approved August 26, 1937: 

 
“Section 4.  The Secretary of War is hereby authorized and directed to 
cause preliminary examinations and surveys to be made at the 
following named localities…..Colorado River, and its tributaries, 
Texas, with a view to its improvement in the interest of navigation and 
flood control.” 
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River and Harbor Act, approved March 2, 1945: 
 

“Section 6.  The Secretary of War is hereby authorized and directed to 
cause preliminary examinations and surveys to be made at the 
following named localities…..Colorado River, Texas.” 

 
A specific, recent  authority for the study of Onion Creek is contained in a resolution 
by the Committee on Transportation and Infrastructure, United States House of 
Representatives, adopted May 6, 1998, is quoted below: 

 
“Resolved by the Committee on Transportation and Infrastructure of 
the United States House of Representatives, That the Secretary of the 
Army is requested to review the report of the Chief of Engineers on 
the Colorado River, Texas, published as House Document 361, 71st 
Congress, 2nd Session, and other pertinent reports, with a view to 
determine if improvements to the Onion Creek watershed in the 
interest of flood damage reduction, environmental restoration and 
protection, and other related purposes are advisable at the present 
time.” 

2. Purpose 
The purpose of the Lower Colorado River Basin Study is to identify the problems, 
needs and opportunities related to the water resources of the basin and to develop 
alternative plans within the Corps of Engineers’ authorities to implement that are 
economically feasible, environmentally and socially acceptable, and that have a local 
sponsor to cost share their implementation. 
 
Phase I of the study determined the existing hydrologic, hydraulic and economic 
conditions for the mainstem of the Lower Colorado River basin, and an assessment 
of existing environmental, cultural, and recreational resources for those portions of 
the basin not included in the watersheds of tributaries already identified to be 
investigated in interim studies (Onion Creek, Shoal Creek, Walnut Creek).  A fully 
operational set of hydrologic/hydraulic (H&H) and economic models was developed 
to more accurately assess flood damages caused by the Colorado River.  Floodplain 
boundaries along the mainstem have been delineated and incorporated into the base 
Geographic Information System (GIS) database and an Information Paper is 
presented herein to present the findings of Phase I studies. 

3. Participants 
In order to effectively utilize existing regional expertise to identify the problems, 
needs, opportunities, and on-going efforts within the study area, coordination with 
state and local entities was pursued throughout Phase I study efforts.  This 
coordination effort included the Corps of Engineers’ Fort Worth, Galveston, Little 
Rock, Sacramento, and Tulsa Districts, the Lower Colorado River Authority, the City 
of Austin, the City of Wharton, Texas A&M University, and the University of Texas.  
In addition, coordination was also pursued with various Federal and State resource 
agencies, including the U.S. Fish and Wildlife Service (USFWS), U.S. Geological 
Service (USGS), and Texas Parks and Wildlife Department (TPWD). 
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C. Prior Studies, Reports, and Existing Water Projects 
Numerous technical reports have been published that document investigations in the 
lower Colorado River basin.  These reports are of both Federal and non-Federal origin.  
Many of the Federal reports pertain to projects that have been constructed and are 
currently operational.  These reports are presented as follows:  Corps of Engineers 
Reports, and Reports of Others. 

1. Corps of Engineers Reports 
 

1987 Status Report, Colorado River Basin, Texas.  This interim study, dated 
September 1987, identified water resource problems within the Colorado River 
Basin, Texas, and conducted preliminary reconnaissance-level investigations for 
flood prone communities within the Colorado River Basin.  This study recommended 
further reconnaissance-level studies for 11 other communities within the basin and 
three other separate projects for further study.  
 
Williamson and Onion Creeks, Austin, Texas.  This reconnaissance report, dated 
July 1987, recommended separate feasible plans for each of these creeks.  
 
Shoal Creek, Austin, Texas. This final interim report and environmental assessment, 
dated March 1992, identified several feasible plans for flood damage reduction along 
Hancock Branch and Shoal Creek within the Shoal Creek watershed.  A project 
along Hancock Branch was subsequently authorized for construction in Public Law 
102-580, approved October 31, 1992.  This project is presently awaiting such time 
when the City of Austin resumes sponsorship. 
 
Boggy Creek, Austin, Texas.  This interim report, dated September 1979, 
recommended construction of a 100-year flood control channel, and was authorized 
for construction in Public Law 99-88, approved August 15, 1985.  This project is 
currently operational. 
 
Walnut Creek Watershed, Austin, Texas.  This report, dated July 1985, identified 
feasible channel and levee improvement projects within three separate reaches of 
the watershed.  
 
Lower Walnut Creek, Austin, Texas.  This draft Section 205 Detailed Project Report, 
dated January 1987, determined that a grass-lined and concrete-lined channel was 
not economically feasible.  However, with a benefit-cost ratio of 0.99, current interest 
rates could provide opportunities for feasibility.  
 
Little Walnut Creek, Austin, Texas.  A Section 205 Detailed Project Report, dated 
December 1986, recommended construction of channel improvements between 
Peyton Gin Road and Rundberg Lane.  This project has not been constructed. 
 
Central Colorado River Basin, Colorado River, Texas.  This reconnaissance report, 
dated September 1989, presented preliminary results of investigations regarding 
flood damage reduction alternatives for the Highland Lakes area. 
 

4 
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The Texas Statewide Inventory of Flood Protection Needs, May 1990.  This study 
was developed to provide an up-to-date, community-specific inventory of flooding 
problems and solutions for 756 cities and towns in Texas that could be incorporated 
into the revised state water plan.  This inventory contains data from Corps of 
Engineers planning studies and National Flood Insurance Program (NFIP). 
 
Water Resources Development in Texas 1971, 1981, 1988, 1989, 1991, 1995.  
These reports, prepared by the Corps of Engineers, provide current information 
about water resource activities performed in Texas by the U.S. Army Corps.  They 
illustrate the role of the Corps in navigation, planning, construction, and operation of 
projects for flood control, hurricane flood protection, municipal and industrial water 
supply, recreation, and other beneficial uses.  The reports also describe projects that 
are complete, under construction, or in the planning stage, each of which has been 
initiated under specific authorization of Congress. 
 
Reconnaissance Report, San Bernard River Watershed, Texas. March 1991.  This 
report presented reconnaissance-level investigations of the feasibility of reducing 
flood damages in the San Bernard Watershed. 
 
Mouth of Colorado River, Texas, Phase I, General Design Memorandum and 
Environmental Impact Statement (Diversion Features), March 1981.  This report 
addresses the river diversion features of the Mouth of Colorado River project.  
Discussions include impacts on and interrelations with the navigation features which 
would result from construction of the diversion features. 
 
Final Draft Report – Numerical Model Study of Proposed Navigation Improvements 
at the Colorado River Intersection with the Gulf Intra-Coastal Waterway, TX, January 
2003.  This report details the development of a numerical model study of 
hydrodynamics, including currents, salinity, and sediment changes, associated with 
the different alternatives proposed to alleviate the navigation problems encountered 
in the intersection of the GIWW and the Colorado River. 
 
Status Report, Colorado River Basin, Texas, 1987.  This interim study, dated 
September 1987, identified water resource problems within the Colorado River basin, 
Texas, and conducted preliminary reconnaissance-level investigations for flood 
prone communities within the Colorado River basin.  This study recommended 
further reconnaissance-level studies for 11 other communities within the basin and 
three other separate projects for further study.  

 
Central Colorado River Basin, Colorado River, Texas.  This reconnaissance report, 
dated September 1989, presented preliminary results of investigations regarding 
flood damage reduction alternatives for the Highland Lakes area. 

 
The Texas Statewide Inventory of Flood Protection Needs, May 1990.  This study 
was developed to provide an up-to-date, community-specific inventory of flooding 
problems and solutions for 756 cities and towns in Texas that could be incorporated 
into the revised state water plan.  This inventory contains data from Corps of 
Engineers planning studies and the National Flood Insurance Program (NFIP). 
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2. Reports of Others 
United States Study Commission – Texas.  In August 1958, Congress established 
the United States Study Commission on the Neches, Trinity, Brazos, Colorado, 
Guadalupe, San Antonio, Nueces, and San Jacinto River basins and intervening 
areas within the state of Texas. The directive instructed the Commission to make an 
integrated and cooperative investigation, study, and survey in connection with and in 
promotion of the conservation, utilization, and development of the land and water 
resources of the area specified in order to formulate a comprehensive development 
plan for submission to and consideration by the President and the Congress. 

The Report of the U.S. Study Commission - Texas, Part III - The Eight Basins.  This 
report, dated March 1962, evaluated the water conservation requirements and 
means of satisfying needs to the year 2010. 

The Texas Water Plan.  This report, dated November 1968, prepared by the Texas 
Water Development Board outlines a flexible guide for the orderly development, 
conservation, and wise management of the State's water resources to meet the 
needs of the state to the year 2020.  The plan includes the possibility of the 
importation of large quantities of surplus water from the lower reaches of the 
Mississippi River to areas of greatest need in Texas. 

Water For Texas.  The Texas Water Development Board, Austin, Texas, prepared 
this report, dated January 2002.  This report updates and presents the 50-year plan 
for the state of Texas.  The document presents current and prospective water uses, 
identifies water supplies, and matches supplies to water uses.  The report also 
identifies water related management measures, facility needs and costs, addresses 
environmental concerns, and offers program and policy recommendations to better 
manage the State's water resources. 

Onion Creek Flood Control Study.  This study, dated September 1997 and 
conducted by Loomis & Moore, Inc., for the City of Austin, provided detailed analyses 
of several alternatives for flood damage reduction along Onion Creek. 

3. Existing Water Projects 

The Lower Colorado River Authority operates six dams with hydroelectric generating 
capacity.  Five of the dams (Buchanan, Inks, Alvin Wirtz, Max Starcke, and 
Mansfield) are owned by the LCRA, and a sixth (Tom Miller) is leased from the City 
of Austin.  These dams form six reservoirs known as the Highland Lakes, including 
Lakes Buchanan, Inks, Lyndon B. Johnson, Marble Falls, Travis, and Austin.  These 
lakes were built in pairs, and within each pair, a smaller lake is just downstream of a 
larger lake.  Lake Buchanan, at the upstream end of the Highland Lakes, is a large 
water storage lake.  As such, the LCRA operates the reservoirs during floods to allow 
Buchanan to refill to just below the spillway, then pass excess water downstream.  In 
the late 1980’s, however, the LCRA agreed with FEMA to keep Buchanan two feet 
lower than full elevation during the rainy months of May through October to reduce 
peak flood flows through the middle lakes and reduce potential adverse impacts to 
floodplains.  The middle lakes - Inks, LBJ, and Marble Falls - are categorized as 
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“pass through lakes” because they pass water from Lake Buchanan, the Llano River 
and Sandy Creek into Lake Travis.  

Lake Travis is the only reservoir specifically designed for flood control, and  
Mansfield Dam, at Lake Travis, is the only one of the six dams, which is governed by 
an operating plan approved by the Corps of Engineers.  This lake, constructed by the 
Bureau of Reclamation, comes under flood control operations by the Corps under 
Section 7 of the Flood Control Act of 1944.  Releases from the reservoir are 
determined by forecasted lake levels and flows in the river below Mansfield Dam.  
These releases enter Lake Austin, which is also considered a “pass-through” lake. 

The City of Austin owns and operates Town Lake, which is also considered a “pass-
through” lake, located just downstream of Lake Austin. 

7 
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II. Study Area 

A. Location and Limits of Study 
The Colorado River basin contains approximately 40,000 square miles of total drainage 
area, beginning in New Mexico and traversing Texas, from west to the southeast, to the 
Gulf of Mexico.  The lower Colorado River basin encompasses about 18,300 square 
miles of contributing drainage area.  The Colorado River basin is bounded on the north 
by the Brazos River basin, and on the south by the Rio Grande, Nueces, Guadalupe, 
and Lavaca River basins.  The Colorado River basin is approximately 80 miles wide in 
the upper reaches, 150 miles wide at its maximum in central Texas, and about 30 miles 
wide at the City of Austin.  The basin narrows to less than 8 miles wide near the Gulf of 
Mexico. 
 
The lower Colorado River basin study area addressed herein includes the watershed 
from O.H. Ivie Reservoir downstream through the Highland Lakes to the mouth of the 
river at the Gulf of Mexico.  The total length of Colorado River studied for this project is 
over 480 miles.  The lower portion of the basin contains several major tributaries to the 
Colorado River, most notably the Llano River, the Pedernales River, the San Saba 
River, Pecan Bayou, Sandy Creek, and Onion Creek. 

 
The only major metropolitan area in the lower Colorado River basin is Austin, Texas.  
Other cities along the mainstem of the river include Bastrop, Bay City, Columbus, 
LaGrange, Marble Falls, Smithville, and Wharton.  Figure 1 provides a basinwide study 
area map. 

B. Land Use 
The land around and adjacent to the Colorado River drainage basin is predominately 
rangeland and agricultural lands with most development occurring in and around 
surrounding cities along the river.  The land use classifications were determined by using 
Geographical Information Systems Technology and digital data provided by the Lower 
Colorado River Authority.  There are also several sand and gravel operations, both 
operational and non-operational, along the Colorado River below the City of Austin.  
Table 1 shows the percentages of land uses within the lower Colorado River watershed.  
A graphic of the land use distribution is shown in Appendix C (Environmental Appendix). 
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Figure 1 - Basinwide Map 
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Table 1 - Land Use Classification of Colorado River Watershed 

Land Use Percentage of Total Area (%) 
Agricultural 28.11 
Barren 0.46 
Forest 18.22 
Rangeland 48.13 
Urban 3.32 
Water 1.33 
Wetlands 0.43 

 

C. Physiography 
The lower Colorado River basin is located within several different physiographical 
provinces.  The North Central Plains, Central Texas Uplift, and Edwards Plateau 
comprise the upper limits with all three of the Gulf Coastal Plains subprovinces 
extending down to the Gulf of Mexico, including the Blackland Prairies, Interior Coastal 
Plains, and Coastal Prairies, respectively (Figure 2).  Brief descriptions of the 
physiographical provinces are described below. 

 
Gulf Coastal Plains – The Gulf Coastal Plains include three subprovinces named the 
Coastal Prairies, the Interior Coastal Plains, and the Blackland Prairies. The Coastal 
Prairies begin at the Gulf of Mexico shoreline. Young deltaic sands, silts, and clays 
erode to nearly flat grasslands that form almost imperceptible slopes to the southeast. 
Trees are uncommon except locally along streams and in oak mottes, growing on 
coarser underlying sediments of ancient streams. Minor steeper slopes, from 1 foot to as 
much as 9 feet high, result from subsidence of deltaic sediments along faults.  

The Interior Coastal Plains comprise alternating belts of resistant uncemented sands 
among weaker shales that erode into long, sandy ridges.  That region is characterized 
by pine and hardwood forests and numerous permanent streams. West and south, tree 
density continuously declines, pines disappear in Central Texas, and chaparral brush 
and sparse grasses dominate between San Antonio and Laredo.  

On the Blackland Prairies of the innermost Gulf Coastal Plains, chalks and marls 
weather to deep, black, fertile clay soils, in contrast with the thin red and tan sandy and 
clay soils of the Interior Gulf Coastal Plains. The blacklands have a gentle undulating 
surface, cleared of most natural vegetation and cultivated for crops.  

From sea level at the Gulf of Mexico, the elevation of the Gulf Coastal Plains increases 
northward and westward. In the Austin/San Antonio area, the average elevation is about 
800 feet. South of Del Rio, the western end of the Gulf Coastal Plains has an elevation 
of about 1,000 feet.  

Edwards Plateau – The Balcones Escarpment, superposed on a curved band of major 
normal faults, bounds the eastern and southern Edwards Plateau. Its principal area 
includes the Hill Country and a broad plateau. Stream erosion of the fault escarpment 
sculpts the Hill Country from Waco to Del Rio. Hard cretaceous limestones cap the 
Edwards Plateau. Local streams entrench the plateau as much as 1,800 feet in 15 miles. 
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The upper drainages of streams are waterless draws that open into box canyons where 
springs provide permanently flowing water. Sinkholes commonly dot the limestone 
terrain and connect with a network of caverns. Alternating hard and soft marly 
limestones form stair step topography in the central interior of the province.  

Central Texas Uplift – The most characteristic feature of this province is a central basin 
having a rolling floor studded with rounded granite hills 400 to 600 feet high. Enchanted 
Rock State Park is typical of this terrain. Rocks forming both basin floor and hills are 
among the oldest in Texas. A rim of resistant Lower Paleozoic rock surrounds the basin. 
Beyond the Paleozoic rim is a second ridge formed of limestone like those of the 
Edwards Plateau. Central live oak mesquite parks are surrounded by live oak ash 
juniper parks.  

North-Central Plains – An erosional surface that developed on upper Paleozoic 
formations forms the North-Central Plains. Where shale bedrock prevails, meandering 
rivers traverse stretches of local prairie. In areas of harder bedrock, hills and rolling 
plains dominate. Local areas of hard sandstones and limestones cap steep slopes 
severely dissected near rivers. Lengthy dip slopes of strongly fractured limestones 
display extensive rectangular patterns. Western rocks and soils are oxidized red or gray 
where gypsum dominates, whereas eastern rocks and soils weather tan to buff. Live oak 
ashe juniper parks grade westward into mesquite-lotebush brush community.  
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Figure 2. Physiographic Map of Texas 

Source: Texas (Bureau of Economic Geology, University of Texas, 1996) 
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D. Geology 
The Hill Country area of central Texas is a region of moderately rugged, rocky terrain 
founded on igneous and metamorphosed rocks of the Llano Uplift, and overlying 
cretaceous beds to the north and southeast.  The Llano Uplift is centered in Llano 
County and is a structural dome of igneous and metamorphic rocks of Precambrian and 
early Paleozoic age.  The uplift has pushed through the overlying Paleozoic and 
cretaceous rocks that dip away from the dome in all directions.  Although the uplift is 
structurally a dome, the strata overlying the dome have been eroded away and the uplift 
area is physiographically a basin.  All rocks in the center of the uplift exposed in Llano 
and surrounding counties are igneous or metamorphic in origin and are of Precambrian 
to Ordovician age.  The area is extremely faulted with the major trend in a northeast-
southwest direction.   

 
In Blanco County, igneous and metamorphic rocks outcrop along the valley formed by 
the Pedernales River, while cretaceous limestone beds form the uplands.  Similarly, in 
Burnet County, the Colorado River has stripped away the cretaceous limestone beds in 
the western half of the county, exposing the faulted metamorphic and igneous rocks 
beneath.  In the higher elevations to the east, the overlying cretaceous limestones dip to 
the east.  In Travis County, cretaceous beds outcrop and dip gently eastward from the 
basal Hensell Sand on the western edge of the county to the uppermost cretaceous 
beds, the Navarro Group, at the eastern edge of the county.  Travis County is diagonally 
traversed by the northeast-southwest trending Balcones Escarpment, also known as the 
Balcones fault zone.  The fault zone consists of numerous normal faults, downthrown to 
the south and east.  The total stratigraphic displacement is about 1,000 feet at Austin. 

 
Lake Buchanan, the largest surface area lake in the Highland Lakes system, is situated 
mostly in the broad outcrop area of the Town Mountain granite of Precambrian age.  
Faulted sandstones and limestones of Cambrian age occur in the upstream end of the 
Lake.  Downstream, Inks Lake and Lake L.B.J. are also located on the Burnet-Llano 
County line and are situated on Precambrian rocks.  Closer to Austin, the Colorado River 
follows a deeply incised meandering valley cut in flat-lying cretaceous limestone strata of 
the Comanche series.  The Colorado River leaves the Hill Country at the Balcones fault 
zone and emerges upon the western Gulf Coastal Plain at Austin. 

 
The Western Gulf Coastal Plain in the vicinity of the Colorado valley is 170 miles wide, 
and extends from the Balcones Escarpment to the Gulf of Mexico.  It is a belted coastal 
plain composed of alternating bands of hills and dip-plains with the interior portion 
moderately rolling, but virtually flat in the coastal portion.  In crossing the plain, the 
Colorado River follows sweeping meanders in a wide valley lined with step like terraces 
of alluvium.  Along its course on the coastal plain, the river cuts across a succession of 
Cenozoic rock formations composed of sandstone, clay stone, and similar sediments of 
continental and shallow marine origin that dip gently toward the Gulf.  The course of the 
Colorado River is normal to the strike of the formations, and it therefore crosses each in 
turn and cuts into progressively younger rocks as it approaches the Gulf of Mexico.  
Some of the river terraces along the valley merge downstream with the younger 
formations. 
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E. Climatology 
The climate of the lower Colorado River basin is generally mild and varies from semiarid 
in the upper reaches to sub-tropical along the Gulf Coast.  The topography is such that 
the transition from semiarid to subtropical is gradual and uniform.  Long, hot summers 
and mild winters characterize seasons within the basin.  

  
Average high temperatures occur between July and August and range from about 95° F 
in Austin to about 92° F in Matagorda.  The average low temperatures are coldest in 
January with average lows of 38° F in Austin and 40° F in Matagorda.   

 
The basin stretches from arid and rocky hill country counties that receive an average of 
24 inches of rainfall annually to the humid Coastal Plain, which receives an average of 
44 inches of rain per year.  Average annual stormwater runoff ranges from about 350 
acre-feet per square mile near the mouth of the Colorado River to less than 50 acre-feet 
per square mile in the western portion of the basin. 

 
The prevailing winds of the lower Colorado River basin are from south or southeast, 
except for portions of the winter months.  During this time, occasional high-pressure 
polar air masses from the northwest result in north winds over most of the basin. 

F. Population and Income 
The total population of the lower Colorado River basin is approximately 1,470,000 based 
on 2000 census data.  Over 1,000,000 of these residents live in counties along the 
mainstem of the Colorado River from Lake Buchanan to the Gulf of Mexico. This 
represented an increase of over 45% from 1990, indicating the tremendous growth the 
region is experiencing.  The majority of the population is centered in the Austin area 
(Travis County).  This county has a population of 812,280 according to the 2000 census.   
 
The per capita income of counties along the mainstem of the Colorado River, excluding 
Travis County, is $21,945 based on 2000 census data.  Travis County has the highest 
per capita income at $35,094.  Table 2 shows the population and income data for 
counties along the mainstem. 

Table 2. Population and Income by County – 2000 (Mainstem)  

County Population Per Capita Income 
Llano 17,044 $ 21,354 
Burnet 34,147 $ 22,244 
Travis 812,280 $ 35,094 
Bastrop 57,733 $ 20,934 
Colorado 20,390 $ 22,849 
Fayette 21,804 $ 23,539 
Wharton 41,188 $ 23,212 
Matagorda 37,957 $ 20,630 

Basinwide 1 042 543
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III. Hydrology and Hydraulics 

A. Introduction and Purpose 
The hydrologic and hydraulic study analysis utilized a thorough and in-depth, basin-wide 
approach for modeling, simulating, and computing frequency-based rainfall, runoff, 
reservoir elevations, and stream flood elevations along the entire Colorado River 
corridor. The analytical tools and engineering analyses prepared for this study include 
the most comprehensive and detailed examination of flooding issues in the Colorado 
River basin to date.  The use of extensive detailed topographic mapping along the river 
corridor, state-of-the art Geographical Information System (GIS) and statistically sound 
hydrologic modeling tools provide not only baseline conditions flood data, but will 
support future analysis and decisions related to solutions.   

 
In response to the June 1997 flood on the Highland Lakes, the LCRA initiated steps to 
review flood management of the Colorado River, including a critique of reservoir 
operations (December 1998) and the initiation of a Corps’ flood damage evaluation 
feasibility study.  The Fort Worth and Galveston Districts, U.S. Army Corps of Engineers, 
and the local sponsor, the Lower Colorado River Authority are developing as a 
cooperative effort this two-phase flood damage evaluation feasibility study.  

 
This study included detailed river corridor topographic mapping and flood elevation 
determinations for 482 river miles, along the main stem of the Colorado River.  The 
18,300 square mile basin was divided into 290 sub-basins with an average size of 
approximately 63 square miles.   

 
The stated purpose of this basin-wide feasibility study is to develop and evaluate 
alternatives for implementing solutions to water resource-related problems within the 
lower Colorado River basin.  The Hydrology and Hydraulics section of this paper will 
provide an assessment of existing conditions flood elevations for the major urbanized 
areas along the river.  This will include detailed, regionally consistent existing conditions 
models for hydrology and hydraulics analyses.  Furthermore, floodplain boundary 
delineations will be incorporated into the LCRA Geographic Information System (GIS) 
database.  The Hydrology and Hydraulics Appendix (Appendix A) will also: 

 
1. Provide the technical data to assist the U.S. Army Corps of Engineers and the Lower 

Colorado River Authority in minimizing basin-wide flooding in the Colorado River 
watershed. 

2. Develop the technical elements to enhance existing and future basin-wide, real-time 
flood forecasting and operation systems. 

3. Provide frequency-based flood profiles/elevations developed for application in the 
Corps’ Flood Damage Assessment (FDA) Program to estimate expected flood 
damages along the Colorado River. 

15 
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B. Study Procedures 
This study was developed by combining state-of-the-art Geographical Information 
System (GIS) mapping and hydrologic-hydraulic tools, updated topographic mapping, 
and significant historical flood records.  Major steps included: 

1. Detailed flood frequency analyses of historical stream gauge records for both pre- 
and post-reservoirs conditions, covering seventy years of record (1939-1999); 

2. Development of basin-wide hydrologic (rainfall-runoff) models, calibrated to the 
historical data; 

3. Preparation of hydraulic river models of the main stem Colorado River from 
Matagorda Bay upstream to near San Saba (Red Bluff River Gauge); 

4. Detailed reservoir operation modeling of the main stem lakes; and  
5. Delineation of the floodplains computed from this set of analyses.  

 
Figure 3 provides the organization and interaction of the tasks related to the hydrologic 
and hydraulic study.    
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Figure 3 - Hydrologic and Hydraulic Study Organization 

ppendix A includes detailed results presented in the form of tables, graphs, and flood 
rofiles.   
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C. Results 

1. General 
This hydrologic and hydraulic analysis of the lower Colorado River basin includes 
482 river miles of the Colorado River, covers 18,300 square miles of watershed, 
includes seventy years of historical flood data, and delineates floodplains for eight 
different flood events (2-year to 500-year floods and the Standard Project Flood).  
This summary contains primarily findings for the 100-year flood (Statistically, a one 
(1.0) percent chance of being equaled or exceeded in any given year) at key 
locations along the river corridor.  Detailed findings are found in Appendix A.   

2. Flood Peak Discharges 
A summary of 100-year frequency flood peak discharges at selected locations is 
shown in Table 3.  In general, the peak discharges computed for this study were 
lower than the published FEMA flood insurance study values.  In some cases, lower 
peak discharges do not always produce lower flood elevations, due to updated 
modeling data and techniques.  Earlier flood studies utilized steady-state hydraulic 
models while this study uses unsteady modeling along the Colorado River. The use 
of updated and detailed topographic mapping along the river corridor, state-of-the art 
Geographical Information System (GIS), and statistically sound hydrologic modeling 
tools also are factors in the differences. 
 
Table 3 - Summary and Comparison of 100-Year Flood Peak Discharges (cfs)  

Colorado River at Selected Points 
Location 
On the 

Colorado River 

Current Study 
Computed 

100-year Discharge (1) 

FEMA  
100-year  

Discharge 
Red Bluff Gauge Near San Saba 237,100 N/A 

Tom Miller Dam 90,100(2) 170,000 (3) 
Austin Gauge Upstream of 

U.S. 183 90,300(2) 170,000 (3) 
Below Mouth of  

Onion Creek 138,300 210,000 (4) 
Bastrop Gauge at  

Loop 150 142,000 149,300 
Columbus Gauge at 

U.S. 90 135,200 136,000 
Wharton Gauge at 
U.S. 59 (Business) 114,100 139,500 

(1) Computed values used to determine flood elevations.  
(2) Releases from Mansfield Dam. 
(3) Value in Published Flood Insurance Study is 170,000 cfs. Values in the effective FEMA 

models range from 90,000 to 100,000 cfs. 
(4) Value from Travis County FIS at Travis-Bastrop County Line. 
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3. 100-Year Flood Elevations 
A summary of 100-year frequency peak flood elevations at selected locations is 
shown in Table 4.  Note that the peak flood elevations computed for this study differ 
from earlier FEMA flood insurance study values. For the computed pool elevations at 
the upstream face of the dams, this study has equal or lower flood elevations at the 
upstream face of five dams (Buchanan, LBJ, Inks, Austin, and Town Lake); and 
higher elevations on two dams (Marble Falls and Travis). In the Austin gage area the 
current study elevations are slightly higher.  At Bastrop, the estimated flood elevation 
is lower and at Wharton the estimated flood level is below the earlier studies.  Some 
minor differences in the vertical elevation datum from the previous studies (NGVD29-
1929 mean sea level) to the current datum (NAVD88-1988) do occur as noted in 
Appendix A. 

Table 4 - Summary and Comparison of 100-Year Peak Flood Elevations 
Colorado River at Selected Points 

Location on the Colorado River 
Current Study 

Computed  
100-year Elevation 

(Feet NAVD88) 

FEMA 100-year 
Elevation  

(Feet NAVD88) 
(3) 

Difference  
Current – 

FEMA (Feet) 
(2) 

Lake Buchanan (1) 1021.0 1021.2 -0.2 

Inks Lake (1) 901.7 901.9 -0.2 

Lake LBJ (1) 828.1 828.1 0.0 

Lake Marble Falls (1) 754.3 753.2 +1.1 

Lake Travis (1) 722.0 716.2 +5.8 

Lake Austin (1) 492.8 493.3 -0.5 

Town Lake (1) 438.6 439.8 -1.2 

Austin Gauge Upstream of U.S. 183 437.0 435.3 +1.7 

Bastrop Gauge at Loop 150 352.2 353.9 -1.7 

Columbus Gauge at U.S. 90 192.2 194.1 -1.9 

Wharton Gauge at U.S. 59 (Business) 102.4 103.3 -0.9 

(1) Flood Elevation computed at upstream face of the dam.  Flood elevations on each lake 
will rise along the river, upstream of the dam.  See flood profiles in Appendix A. 

(2) See Table A-10 for explanation of vertical datum differences. 
(3) Current effective FEMA 100-year elevations adjusted to NAVD88. 
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There are several reasons that the 100-year flood elevations differ from earlier studies along the 
Colorado River and especially on the Highland Lakes: 

This is the first detailed, comprehensive, basin-wide approach for modeling, 
simulating, and computing frequency-based rainfall, runoff, reservoir elevations, 
and flood elevations along the entire river corridor. 

 
There is an additional 25 years of historical flood and rainfall records that have 
been collected since the previous flood studies of the mid to late 1970’s.  This 
provides a more comprehensive statistical database for developing flood 
frequency estimates. 

 
The calibration and verification of the flood models used in the study has been 
enhanced significantly by the additional historical rainfall and flood data and the 
computational power of large capacity computers.  The use of NEXRAD radar 
and GIS tools in the collection of data, development of computer models, and 
display of results has provided a greater degree of accuracy in the floodplain 
delineation and overall flood analysis process. 

 
A more realistic assumption of the long-range river flood forecasting abilities of 
reservoir operators has had an effect on predicted 100-year pool levels.  For 
example, in earlier flood studies to determine FEMA pool elevations on Lake 
Travis, an assumption of a reliable 36-hour forecast time was used.  Even with 
advanced NEXRAD radar and additional rainfall and stream gauges, a 12-hour 
flood forecast is considered by the LCRA and the Corps as the maximum time 
that can be safely used in flood gate operations. 

 
Within the historical period of record (1930-1999) used in this study, the 1938 
flood would have caused Lake Travis to reach approximately the projected 100-
year flood pool (722’) if the lakes had been in place.  This 1938 flood, which was 
a high volume event, is statistically considered to be approximately the 100-year 
flood.   In addition, the 1936, high volume flood, would have reached an 
estimated 719’ elevation on Lake Travis. 

 
As noted above, there are some minor vertical elevation datum differences 
throughout the study area as shown in Appendix A.  The changes in datum from 
the previous studies to this study vary from near zero in the lower basin to a 
maximum of 0.38 feet near Winchell. 

4.  Floodplains 
Based on the computed flood elevations from this study, the total 100-year floodplain 
for the Colorado River, from the mouth to the Red Bluff gauge, is about 449 square 
miles or 287,000 acres.  Since this is the first time much of the river has been studied 
in detail, there are no comparisons from previous studies. 
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IV. Economics 
A. Introduction and Purpose 

Existing flood damages analyses were conducted to quantify single event and average 
annual flood damages under without-project conditions within the study area.  Damages 
were computed for structural property, as well as motor vehicles and agricultural lands.  
Future increases in flood damages resulting from additional development within the 
watershed, manifesting itself either as an increase in precipitation run-off and increased 
flood depths, and/or an increase in the number of damageable properties, are not 
anticipated or accounted for in the analysis of flood damages. 
Economic damages along the mainstem of the Colorado River were computed 
throughout the study area.  Each county was divided into reaches based on similar 
hydraulic, economic, and physical characteristics.  A complete listing of the extents of 
these economic reaches is found in Appendix B.   

B. Methodology 
1. Structural Damages 

The computation of structural flood damages is based on the depth of flooding for 
various flood events (exceedence probabilities), and a relationship between the 
depth of flooding and the estimated damages based on a percentage of the structure 
and content, or vehicle value.  Damages to the various structures, accumulated by 
frequency, produce a frequency-damage function.  An integration process using this 
frequency-damage data calculates an estimate of expected annual damages.  This 
involves aggregating the multiplication of the mean damage between each pair of 
flood events by the difference in exceedence probabilities.  This is then repeated for 
the range of flood events in each damage category.  More detailed descriptions of 
the structural flood damage evaluation procedure used for this study are in Appendix 
B. 

2. Agricultural Damages 
The computation of the agricultural flood damages for the basin was based on 
assigning all agricultural acreage into six general categories:  fruits and nuts, field 
crops, pasture, hay, rice, and other.  Agricultural damages due to flooding for each 
acre of each crop are computed by adding four elements: 

The cumulative direct production or annual variable costs incurred prior to 
flooding 
The net value of the crop affected by the flood event 
Depreciated value of perennial crops lost as a direct result of flooding 
The land clean-up and rehabilitation resulting from flooding 

More detailed explanations of the agricultural flood damage procedure is provided in 
Appendix B.  

C. Results 
1. Structural and Vehicular Damages 
Table 5 provides the structural and vehicular flood damage assessment for each county 
along the mainstem.  More detailed descriptions and data are provided in Appendix B. 
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Table 5 – Structural and Vehicular Flood Damages (Monetary Values in Thousands of Dollars) 

County Reach 
# of 

Structures 
Affected by 
1% Flood 

# of Vehicles 
Affected by 
1% Flood 

Damages 
from 1% 

Flood 

Expected 
Annual 

Damages 

Llano Lake 
Buchanan 52 1 41 78 

Llano Inks Lake 105 40 1,953 153 
Llano Lake LBJ 1,108 448 30,349 2,111 

Llano Total:  1,265 489 32,343 2,342 

Burnet Above 
Burnet 4 3 103 4 

Burnet Upper 
Burnet 7 6 197 11 

Burnet Lake 
Buchanan 32 6 50 55 

Burnet Inks Lake 129 48 3,525 216 
Burnet Lake LBJ 462 175 12,990 1,121 

Burnet 
Lake 
Marble 
Falls 

333 197 16,143 776 

Burnet Lower 
Burnet 182 103 5,179 280 

Burnet Total:  1,149 538 38,187 2,463 
Travis Lake Travis 1,698 1168 175,425 8,799 

Travis Lake 
Austin 88 50 7,851 1,990 

Travis Town Lake 9 2 1,239 1,114 

Travis Lower 
Austin 50 14 6,059 647 

Travis Lower 
Travis 187 87 1,664 211 

Travis Total:  2,032 1,321 192,238 12,761 

Bastrop/Colorado/Fayette Upper 
Bastrop 77 47 483 50 

Bastrop/Colorado/Fayette Bastrop 127 94 2,991 239 

Bastrop/Colorado/Fayette Middle 
Bastrop 110 68 2,126 160 

Bastrop/Colorado/Fayette Smithville 36 15 633 57 

Bastrop/Colorado/Fayette Upper 
Fayette 112 51 2,459 198 

Bastrop/Colorado/Fayette LaGrange 379 319 18,324 876 

Bastrop/Colorado/Fayette Lower 
Fayette 144 20 1,498 112 

Bastrop/Colorado/Fayette Columbus 437 206 2,239 239 
Bastrop/Colorado/Fayette Eagle Lake 427 201 5,287 386 
Bastrop/Colorado/Fayette Garwood 79 9 113 13 

B/C/F Total:  1,928 1,030 36,153 2,330  
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Table 5 (Continued) 

County Reach 
# of Structures 
Affected by 1% 

Flood 

# of Vehicles 
Affected by 
1% Flood 

Damages 
from 1% 

Flood 

Expected 
Annual 

Damages 
Wharton Upper 

Wharton 224 0 1,462 114 

Wharton Glen Flora 742 28 7,274 624 
Wharton Wharton 3,818 30 51,227 2,957 

Wharton Lower 
Wharton 506 10 2,366 98 

Wharton Total:  5,290 68 62,329 3,793 

Matagorda Upper 
Matagorda 179 65 4,321 354 

Matagorda Matagorda 557 254 11,828 1,145 

Matagorda 
Total:  736 319 16,149 1,499 

      

Basin Total:  12,400 3,765 377,399 25,188 

 
Table 5 indicates that a 100-year (1%) flood along the mainstem of the Colorado 
River would impact 12,400 structures and approximately 3,765 vehicles.  Total 
damages from that flood would exceed $377 million in personal property (structures, 
contents, vehicles) losses. The expected annual damages total $25.2 million along 
the mainstem.   
 
The Lake Travis reach experiences the greatest economic impact of a 100-year flood 
and also has the highest annual expected damages.  A 100-year flood event along 
the Wharton reach impacts more structures than any other location along the 
mainstem of the Colorado River.     

2. Agricultural Damages 
Over 365,000 agriculturally based acres are included in the study area.  An 
estimated 162,000 acres are considered as total cropland which is actively managed 
by farmers and ranchers for the production of crops or forage.  Of these 162,000 
acres, an estimated 85,000 acres are harvested annually, either for hay or for crop 
production. The production of crops such as pecans, cotton, soybeans, sorghum, 
and rice is expected to be produced on almost 69,000 acres of the 85,000 total 
harvested acres within the study area.  Almost $18 million annually is produced from 
crops in the lower Colorado River basin, with Wharton County accounting for over 
$10.5 million alone. The average annual agricultural damages for the lower Colorado 
River basin are estimated at $1.36 million according to the data provided in Table 6.   
A breakdown of crop production and income by county is provided in Appendix B.  It 
should be recognized that this total does not include hay and pastureland that 
produces a significant amount of production that is fed to area livestock. 
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The counties in the southern most part of the study area incurred the majority of the 
agriculturally related flood damages.  Table 6 provides a breakdown of agricultural 
flood damages within the study area for various frequency storms. 
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Table 6 - Agricultural Flood Damages (Thousands of Dollars) 

FLOOD EVENT 
 

County 
 

.2% 1% 2% 4% 10% 20% 50% 

Llano 51.8 22.2 14.3 14.2 8.2 6.2 5.3 
Burnet 231.3 160.4 119.9 117.2 51.7 35.4 20.2 
Travis 883.5 453.4 425.2 418.0 122.6 82.9 44.2 
Bastrop 1,330.1 548.7 519.1 509.1 290.6 159.8 84.9 
Fayette 2,106.8 1,260.7 1,049.3 1,028.8 541.9 216.9 115.3 
Colorado 2,254.1 1,776.5 1,578.1 1,198.8 953.6 582.2 107.6 
Wharton 7,922.0 4,918.8 3,795.3 1,638.3 570.8 193.4 83.2 
Matagorda 3,504.8 1,554.0 993.2 974.1 471.6 338.3 156.7 
        

TOTAL 18,284.4 10,694.7 8,494.4 5,898.5 3,011.0 1,615.1 617.4 
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V. Environmental 

A. Introduction and General Description 
A general description of the environmental setting is provided below.  A more detailed 
discussion of environmental characteristics and concerns along the Colorado River is 
provided in Appendix C. 

 
A majority of the riparian habitat along the Colorado River between the cities of Austin 
and Wharton is characterized by sandstone and limestone outcrops, which tend to occur 
in narrow, isolated bands separated by long reaches of a typical gravel streambed.  As 
the Colorado River flows east towards Wharton the riverbed materials become smaller, 
with extensive reaches of sand and braided channel patterns.  The riparian community 
primarily consists of American sycamore and black willow, with the occasional green 
ash, bald cypress and cottonwoods.  Typically, box elder, Texas ash, dogwood, 
soapberry, hackberry, and small thickets of willows comprise the understory. There are 
also numerous pecans, cedar elms, hackberry, various oaks and yaupon, which 
dominate much of the upland communities.   Human-related activities include gravel 
mining, cattle grazing, and row cropping. 

 
The Colorado River eventually drains into Matagorda Bay at the Gulf of Mexico.  The 
Matagorda Bay System is the second largest estuary on the Texas Gulf Coast covering 
almost 352 square miles.  Matagorda Bay is also one of the most productive bays in 
Texas in terms of commercial and recreational fishing. 

B. Vegetational Areas and Soils 
The lower Colorado River basin falls within five different ecoregions.  It originates in the 
Cross Timbers and Prairies and Edwards Plateau, continues down through Blackland 
Prairies and Post Oak Savannah, and terminates in Gulf Prairies and Marshes.  
Descriptions and maps of the areas and soils information can be found in Appendix C. 

 
There is a plethora of different types of soils encountered in the entire study area.  A 
separate treatment of all the soil types would be exhaustive and is not appropriate for 
the level of detail presented in this report.  However, there are generalizations that may 
be made of the different soil types within the study area. 

 
Within the Hill Country, the soils on the uplands are residual in nature and are derived 
from the parent bedrock material.  Generally, the soils are thin or even absent in areas.  
On limestone, the soil may consist of dark clay soils that do not support luscious grass 
cover, but rather the hearty trees and shrubs that have become established over time 
within the Hill Country.  Soils encountered along the Colorado River and tributaries in the 
Hill Country are generally made up of alluvial materials with varying amounts of clay, silt, 
sand, and gravel.  The alluvial soils in the bottomlands are generally shallow until the 
Colorado River nears Austin and enters the Balcones Escarpment.  Here, the alluvial 
soils along the Colorado River and tributaries become deeper, and ancient gravel 
terrace deposits flank the river and tributaries due to the geologic influence of ancient 
faulting within the Balcones fault zone.  As the Colorado River enters the Gulf Coastal 
plain, the upland soils become thicker and have more fully developed over clayey, silty, 
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and sandy bedrock units.  The alluvial soils in the floodplain along the river and 
tributaries also become thicker and wider in extent due to the gentler gradient of the 
river, allowing development of deeper soils. 

C. Terrestrial Resources 

1. Riparian and Bottomland Vegetation 
Bottomlands occur in the transition zone between aquatic and upland ecosystems.  
Bottomland hardwood systems are considered to be Texas’ most diverse ecosystem.  
Prior to European settlement, Texas had approximately 16 million acres of 
bottomland hardwood riparian habitat.  Today, the state has less than 5.9 million 
acres.  There is expected to be a continual decrease of about 12% per decade due 
to future projections of pulpwood needs within the United States (Texas 
Environmental Almanac 2000). 

 
Bottomlands serve several important functions.  They contribute to the state’s 
biodiversity.  According to the Texas Environmental Almanac (2000), 189 species of 
trees and shrubs, 42 woody vines, 75 grasses, and 802 herbaceous plants occur in 
Texas’ bottomlands.  They are also known to support 116 species of fish, 31 species 
of amphibians, 54 species of reptiles, 273 bird species and 45 mammals.  At least 74 
species of threatened and endangered animals depend directly on bottomland 
hardwood systems and over 50 percent of Neotropical songbirds not listed as 
threatened and endangered species are associated with these systems.  Besides 
providing critical wildlife and bird habitat, bottomland hardwood systems 1) serve as 
catchments and water retention areas in times of flooding, 2) help control erosion, 3) 
contribute to the nutrient cycle, and 4) play a vital role in maintaining water quality by 
serving as a depository for sediments, wastes and pollutants from runoff.  Despite 
these important functions, bottomland hardwoods ecosystems are one of the most 
endangered ecosystems in the United States.  For all of these reasons, the 
bottomland vegetation system is of great environmental concern in the analysis of 
the proposed damage areas. 

 
Riparian woodland trees along the lower Colorado River generally consist of bald 
cypress, pecan, oaks, elm, cottonwood, and hackberry.  Most of these hardwoods 
are generally old growth trees between 50-100 years old that provide food and 
shelter for wildlife.  Since the Colorado River is in the Central Fly zone for migratory 
waterfowl and other birds, the riparian woodlands are of great significance to the 
area.  Riparian woodlands also serve as a travel route, nesting and rearing habitat, 
and food source for an abundant number of animals and rodents along the Colorado 
River. In addition, the riparian woodlands along the Colorado River have great 
significance to the terrestrial and aquatic ecosystems and improve habitat along the 
Colorado River by improving water quality.  They buffer against pollutants, lower 
water temperatures by shading, and provide organic nutrients to the water.  All of the 
above are also of national significance to the bays and estuaries in and around 
Matagorda Bay.  The Colorado River contributes well over half of the fresh water to 
Matagorda Bay.  Lastly, riparian woodlands not only serve buffer zones for water 
quality but also help protect crop and farmland from head cutting and eroding prime 
farmland and ranch land along the river.  In areas where the riparian buffer zone has 
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been removed along the Colorado River, there is substantially more head cutting and 
eroding taking place than in areas that have riparian buffer zones. 

2. Grasslands 
The lower Colorado River basin has a tremendous amount of grasslands.  The area 
starts at the Rolling Plains of mid-grasses in North Central Texas and extends 
through Blackland Prairie tallgrass prairies to the Gulf Coastal Prairie which consists 
of tallgrasses and mid-grasses.  Many of the original native prairie lands have been 
lost due to conversion of the land to farmland and cattle ranching.  The native 
vegetation of the grasslands include big bluestem, little bluestem, switchgrass, and 
sideoats grama.  However, many of these have been converted to coastal Bermuda, 
King Ranch Bluestem, Johnson grass, and other range grasses that support cattle 
grazing. 

D. Aquatic Resources 

1. Lakes 
A series of six reservoirs along the mainstem, known as the Highland Lakes, exists 
in the area upstream of the City of Austin.  These reservoirs provide water supply, 
flood control, recreation, irrigation, and hydropower.  Town Lake, owned and 
operated by the City of Austin, is located on the mainstem just below Lake Austin. 

 
Walter E. Long, Lake Bastrop, Cedar Creek Reservoir, Eagle Lake, and the South 
Texas Project are all on tributaries of the Colorado or are off-channel reservoirs 
below Austin that draw water from the Colorado River.   

2. Riverine 
The Colorado River provides quality habitat for many different species of game and 
non-game fish and wildlife species.  Some fish species include, but are not limited to 
bass, catfish, crappie, sunfish, darters, shiners, minnows, and the blue sucker (a 
threatened state species).  The reach of the river around the City of Bastrop in 
Bastrop County is of vital importance to the blue sucker.  The pools with boulders 
provide habitat needed by the fish. 

 
The Colorado River services several water supply needs downstream of Longhorn 
Dam in Austin.  There are three diversions (Travis, Bastrop, and Fayette Counties) 
that pump to cooling reservoirs for power plants.  There are also four irrigation 
districts (Lakeside, Garwood, Pierce, and Coastal) that divert water from the 
Colorado River in Colorado, Wharton, and Matagorda Counties.  During some 
summer months flows are reduced from the water being diverted. 

3. Wetlands 
According to the Texas Environmental Almanac (2000), interior wetlands which 
include bottomland hardwood forests, riparian vegetation, inland freshwater 
marshes, and the playa lakes of west Texas account for 80 percent of the total 
wetland acreage in Texas and the vast majority are located on private property.  In 
the last 200 years, Texas has lost over 60 percent of these inland wetlands due to 
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agriculture conversion, timber production, reservoir construction, and urban and 
industrial development. 

 
The lower Colorado River basin has two major types of wetlands, inland/terrestrial 
wetlands and coastal wetlands that makeup .43% of the watershed.  The coastal 
wetlands are described in the Bays and Estuaries section of this report.  There are 
two main types of wetland communities that makeup the inland/terrestrial wetlands. 
They include the riparian vegetated communities and freshwater marshes mainly 
comprised of abandoned gravel pits.   
 
The riparian vegetated communities are vegetated buffer strips along the river that 
are frequently flooded.  Some of these are bottomland hardwoods and the others are 
riparian woodland communities that do not necessarily contain bottomland 
hardwoods species, but due to their functional value and scarcity they are still 
considered wetlands in Texas.  These also include the forested wetlands created by 
oxbows that are cutoff when the river changes course, which has happened at 
numerous locations throughout the middle of the lower Colorado River basin. 
 
The freshwater marshes along the Colorado River are comprised mainly of 
abandoned gravel pits along the sides of the river.  This type of wetland is normally 
in a degraded state because the land was just abandoned and not revegetated after 
gravel-mining operations ceased.  Invasive or undesirable species such as hydrilla, 
Chinese tallow, mesquite, and salt cedar commonly invade these wetlands. 

4. Bays and Estuaries 
The Colorado River empties into the Matagorda Bay system near Matagorda, Texas.  
A study published in 1989 documented approximately 31,000 acres of salt and 
brackish water marsh fringing Matagorda Bay.  These marshes act as a natural filter 
for both human-made and naturally occurring contaminants, serving to protect 
estuarine systems.  Marshes aid in the control of excessive runoff to bays, protection 
of land from erosion, and protecting people and property from storm surges and 
floods by acting as a buffer between land and water.  They provide habitat for 
waterfowl, reptiles, mammals, fish, invertebrates, and other wildlife and provide 
nutrients to the bay ecosystem.  The marshes provide economic benefit in the form 
of commercial and recreational fishing, hunting, tourism, and bird-watching (Texas 
Environmental Almanac 2000).   

 
The Matagorda Bay system is the second largest estuary on the Texas Gulf Coast 
covering approximately 352 square miles.  It is separated from the Gulf of Mexico by 
the Matagorda Peninsula and parallels the coastline of the Coastal Bend region of 
Texas.  The bay system includes a series of smaller, shallow bays along the northern 
periphery.  A natural opening between Matagorda Peninsula and Matagorda Island, 
known as Pass Cavallo, and the Matagorda Ship Channel that is cut through the 
peninsula serve as the primary outlets of the bay system into the Gulf of Mexico.  
The bay system is characterized by extensive seagrass beds along the northern 
shoreline of Matagorda Peninsula, the northeastern end of Matagorda Island, and 
the east shoreline of Matagorda Bay including Keller Bay.  These seagrass beds are 
composed primarily of Halodule wrightii but also contain large stands of Ruppia 
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maritime and Thalassia testudinum.  Migratory waterfowl use much of this habitat 
during the winter and many commercial and recreational fisheries also use it 
extensively.  Approximately 1.1% of the bay system bottom is covered by 
seagrasses.  In 1999, Texas Parks and Wildlife estimated that approximately 3,830 
acres of seagrass meadows are present in both Matagorda and East Matagorda 
Bays.  Seagrass meadows serve as a critical nursery function for many fish species 
and are very important for wintering populations of redhead ducks. 

 
The marshes of the Matagorda Bay system support waterfowl and recreational and 
commercial fisheries resources. Commercially and recreationally important finfish 
and shellfish inhabit these marshes including brown shrimp, white shrimp, blue crab, 
spotted sea trout, southern flounder, redfish, and Atlantic croaker.  The net loss of 
marsh between 1856 and 1957 in Matagorda Bay was about 5,000 acres (U.S. EPA, 
1992).  Recent losses are not well documented, but include losses resulting from 
erosion and accretion, subsidence, and development. 

 
Oyster reefs occur in extensive beds, primarily in the northern and eastern portions 
of the system.  Oyster reefs clarify bay waters by ingesting and solidifying dissolved 
particulate matter and they provide excellent habitat for small prey organisms.  
Oyster reefs regularly harbor populations of finfish and shellfish at levels nearly as 
high as intertidal marsh and much greater on the average than open bay bottoms.  
Historically, Matagorda Bay was an important oyster producing area, yielding 
approximately half of the Texas oyster production in the 1930's.  Due to freshwater 
floods and alterations to the systems' hydrology, oyster reef health and productivity 
have declined in recent years.  Commercial oyster harvest in 1996 was 238,774 
pounds at $503,022 ex-vessel value.  Most of the commercial oyster harvest in the 
Matagorda Bay system comes from the three reef complexes near the Colorado 
River at the eastern end of Matagorda Bay.  

 
Open-water habitats of Matagorda Bay tend to lack substantial cover or physical 
diversity.  They are depositional environments where relatively featureless, silty 
substrates predominate.  Portions of the bay with lower turbidity tend to support 
planktonic production.  This production and the use of deposited nutrients (e.g., 
carbon) in the sediments supports a strong benthic food base which extracts food 
through a variety of feeding strategies from filter feeders through deposit feeders.  
The area supports large populations of polychaete worms, mollusks, crabs, and 
shrimp.  Crabs and shrimp prey upon the polychaetes and all are eaten by various 
fish species including spotted sea trout, flounder and redfish, supporting the second 
largest commercial fishery in Texas behind Galveston Bay. 

5. Groundwater 
Five major and five minor aquifers are within the lower Colorado River basin. The 
Edwards-Trinity (Plateau), Trinity Group, Edwards (Balcones Fault Zone), Carrizo-
Wilcox, and Gulf Coast aquifers all lie within the lower Colorado River basin.  A 
detailed description of groundwater resources is provided in Appendix C.   
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E. Air Quality 
All counties within the lower Colorado River basin are located within the Environmental 
Protection Agency (EPA) Air Quality Control Region (AQCR) 212 and 216 for the state of 
Texas. AQCR 212 consists of 13 counties including Bastrop, Burnet, Blanco, Fayette, 
Hays, Llano, and Travis Counties and 216 consists of 13 counties including Colorado, 
Matagorda, and Wharton Counties, Texas. The EPA uses six “criteria pollutants” as 
indicators of air quality and has established for each of them a maximum concentration 
above which adverse effects on human health may occur. These threshold 
concentrations are referred to as the National Ambient Air Quality Standards (NAAQS). 
The areas of the country where air pollution levels persistently exceed the standards 
may be designated as “Non-attainment” areas. Areas of the country where the air 
pollutant concentration meets the national primary air quality standard are designated as 
being in “Attainment”.  An “Unclassifiable” designation is ascribed to areas of the country 
that cannot be classified based on available information.  A subclassification may be 
ascribed by the EPA to areas that are currently in non-attainment. This classification 
describes the level of a particular air pollutant as being Severe 17, Severe 15, Serious, 
Moderate, Marginal, Submarginal, Section 185A, or Incomplete (no data). Criteria air 
pollutants, the existing air quality conditions, historical trends, and the relationship of 
these parameters to NAAQS and state standards are discussed in Appendix C.   

 
The City of Austin in Travis County and the surrounding counties are classified as near 
non-attainment for ozone.  The City has developed different strategies to overcome the 
problem.  They are described in Appendix C.  Wharton and Matagorda Counties are in 
attainment for all criteria pollutants, however, they are adjacent to counties that are not 
in attainment for ozone 

F. Water Quality 
Water quality in the lower Colorado River basin can be best examined in three different 
areas.  The Colorado River upstream of the Highland Lakes is high in total dissolved 
solids, especially chlorides and sulfates.  Although the upper drainage is naturally high in 
dissolved solids, levels have been increasing, presumably due to the ground water 
contamination from oil and gas operations.  Water quality generally improves below the 
San Saba River confluence presumably due to the freshwater inflows of the San Saba 
River. 

 
Water quality continues to improve downriver through the Highland Lakes chain.  Lake 
Buchanan is generally higher in dissolved solids than the downstream reservoirs.  Lake 
Lyndon B. Johnson impounds the confluences of the Llano River and Big Sandy Creek 
that contribute a substantial amount of water that is low in dissolved solids to the system.  
Lake Travis impounds the Pedernales River confluence, which is also lower in dissolved 
solids.  This progressive improvement in water quality typical of reservoir chains and the 
contributions of high quality water from several major tributaries combine to make Lake 
Travis one of the cleanest reservoirs in Texas. 
 
Water quality conditions in the Colorado River downstream of Austin are dominated by 
releases from the Highland Lakes, the discharge of treated sewage effluent from several 
City of Austin sewage treatment plants, and non-point source loadings during rainfall 
events.  During the normal irrigation season (mid-March to mid-October), the LCRA 

30 



Lower Colorado River Basin Study 
Phase I – Information Paper 

Environmental 
 
 

releases an average of 2000 cubic feet per second (cfs) of high quality water from the 
Highland Lakes to meet downstream demand.  Releases from Lake Travis are minimal 
from mid-October to mid-March and the Colorado River downstream of Austin is 
predominately composed of treated wastewater effluent. 
 
The amount of water flowing within the river channel supports the strengths and diversity 
of the aquatic life in the system. As flows decrease, the river ecosystem can be depleted 
and some species can be significantly impacted.  The Lower Colorado River Authority 
has water set aside to try and meet the instream flow requirements to maintain the 
environmental quality of the Colorado River and Matagorda Bay below Longhorn Dam.  
These flow requirements established by the LCRA are listed in Appendix C. 

G. Threatened and Endangered Species 
The lower Colorado River, as well as its many tributaries, provides wetland and riparian 
habitat for numerous species of fish and wildlife, including waterfowl and Federal and 
State listed threatened and endangered (T&E) species.  According to the 2002 list of 
T&E Species of Texas, prepared by the U.S. Fish and Wildlife Services, there are 
twenty-nine T&E Species that may occur or have critical habitat in counties located 
along the lower portions of the Colorado River.  There are not any Federally listed T&E 
plants that are likely to occur in the study area.  In addition to the twently-nine federal 
species, there are eleven state threatened and endangered species that could occur in 
the study area.  For a full list of federal and state threatened and endangered species 
and species of concern see Appendix C. 

H. Cultural Resources 
The potential impacts to cultural resources to be considered include structural and non-
structural flood control and relief systems, easements, pipelines, borrow and disposal 
areas, mitigation areas, creation of wetland areas, reforestation, and revegetation. Any 
of these undertakings would generate a requirement to consider potential impacts to a 
potentially broad range of cultural resources in areas selected for project locations. 
These considerations could include the completion of archaeological and architectural 
surveys of relevant parcels for properties eligible and potentially eligible to the National 
Register of Historic Places in consultation with the Texas State Historic Preservation 
Officer (SHPO). Additional consultations with other interested parties and Native 
American Indian tribal groups is probable regarding properties of traditional cultural 
significance and considerations of the potential for burials and cemeteries under the 
Native American Graves Protection and Repatriation Act of 1990 (PL 101-601).  

 
Given a potential proposed project area of the entire lower Colorado River, only blanket 
generalizations of cultural resources sites may be present. Numerous cultural resources 
sites and properties are currently known and recorded for this expansive area. Some of 
the areas under consideration have been surveyed for cultural resources properties. The 
recorded cultural resources sites include historic sites such as old mills, homesteads, 
missions, historic artifact scatters, standing historic structures, burials and cemeteries, 
and military sites, as well as prehistoric Native American sites such as lithic scatters, 
villages, burials and possible cemeteries, hunting and butchering sites, and alluvially 
buried archaeological deposits. The known cultural resources sites associated with the 
study area are limited by the amount of previous work and the full extent of cultural 
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resource sites for the entire area is unknown pending full archaeological surveys of this 
large area.  More information on cultural resources can be found in Appendix C. 

I. Problems and Opportunities 
Throughout almost the entire lower Colorado River basin there is degradation to the 
environment and the fish and wildlife habitat.  There has been a substantial amount of 
sand and gravel mining, farming and ranching, urban development, and instream 
channel modifications that have led to this decrease in environmental quality.  The 
riparian zone throughout the lower basin has been severely altered.  The Highland 
Lakes were built, which altered the original hydrology and hydraulics of the river and 
changed the habitat of the area.  The riparian woodland and grassland buffer zones 
along much of the lower basin have been destroyed, and coastal and tidal areas of 
Matagorda Bay have also been altered.  Many of these areas have the potential to be 
improved if current land use practices are changed and restoration occurs. 
 
In order to determine possible ecosystem restoration opportunities for the lower 
Colorado River basin, several methods were used.  These methods included: 
coordination between the Fort Worth and Galveston Districts, State and Federal public 
resource agencies, LCRA, conversations with knowledgeable persons, field site visits, 
and extrapolation from aerial photos and GIS based digital data.  Many of the sites found 
suitable for restoration were found from one-meter Digital Orthophoto Quadrangles 
(DOQ) from the Texas Natural Resources Information System (TNRIS) developed in 
1995-1996 and some being subsequently updated.   
 
Twenty-five preliminary sites were identified along the mainstem of the Colorado River 
for potential restoration sites.  In order to arrange the potential projects in a systematic 
manner, several sites were categorized and described according to the problems and 
opportunities at the site.  The categories include sand and gravel mining, abandoned 
oxbows, riparian habitat improvement, wetland creation, invasive species management, 
and bays and estuaries ecosystem restoration opportunities.    Appendix C of this 
document gives brief descriptions of the categories of potential ecosystem restoration 
projects that have been identified.  There were no determinations made during the first 
phase to see if any of the potential projects will be feasible.  Determinations will have to 
be made on potential outputs, land availability, potential impacts, and if there is a federal 
interest along with many other factors.  
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VI. Recreation 

A. Introduction and General Overview 
Over the past decade, recreation, which encompasses the large tourism industry as well 
as localized activities, has become a significant component of urban and land use 
planning.  Throughout the state both cities and private landowners have increased 
efforts to attract tourism-based businesses and development.  Coupled with the exodus 
of rural populations toward large urban centers, the local need for additional recreation in 
these areas has also increased.   

 
In economically stressed rural areas where tourism potential has been developed, small 
communities have stabilized and begun to increase growth and stability.  These isolated 
successes have spurred new interest in other small communities throughout the state to 
pursue recreation and tourism as a new economic resource, thus diversifying their 
traditionally agricultural/oil based economies. Tourism activities have a year round 
potential in most regions of the state, and have a very high potential for communities 
throughout the lower Colorado River basin. 

 
Statewide and within the Colorado River basin there is also growing interest in attracting 
wintering residents, known as “snow-birds”, to permanent retirement communities.  
Recreational opportunities have been identified as an important component to have in 
place to attract these groups.  These part-time residents often visit Texas in Recreational 
Vehicles (RVs) and travel throughout the state enjoying scenery, wildlife, festivals, 
sporting events, lake boating and fishing, coastal recreational activities, and diversified 
cultures.  They are particularly active in the central and southern portions of the state 
ranging from Houston, Galveston, Austin, San Antonio, Victoria, Laredo and the Rio 
Grande River Valley.  Small communities near these large urban centers and border 
areas are very active in developing recreational activities to entice and accommodate 
these travelers.  Recreational amenities sought after by these residents include 
lake/water based recreation, hike/bike trails, nature trails and learning centers, scenic 
vistas, outdoor recreational sporting activities, camping and RV park development, and 
organized outdoor recreational events. 

 
Retirement communities are increasing throughout the state and communities are active 
in providing places for members of this group to recreate.   Activities popular with this 
age group include golf, walking-trails, nature exploration, fishing, boating, and scenic 
drives.  Retirement populations are attracted by the state’s relatively mild climate, 
friendly people, diversified economies and landscape, and low cost of living, thus 
creating significant opportunities for small communities to attract these new residents. 

B. Planned Development and Conservation 
There is a shift in mentality regarding how floodways and water related development are 
managed, with an increasing emphasis on landscape and multiple-use planning of these 
resources.  Trees and wildlife habitat development of floodways is currently high in 
demand, with little support for the traditional grass-only floodway.  There is also little 
support for hard concrete approaches, which decrease both the visual and the 
recreational use of these areas.  Citizens are viewing their water resources differently 
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and as amenities to enhance quality of life and to attract new economic growth.  They no 
longer support use of these areas as dumping grounds and wastewater channels.   

 
With the advent of inner city redevelopment led by San Antonio’s model River Walk, 
communities throughout the state are jumping on board the redevelopment bandwagon 
and calling for new approaches to floodplain and storm water management, multi-use 
approaches, and citizen access to the water resources.  Wildlife habitat, which was once 
viewed as a nuisance and maintenance headache for cities is now sought after as a 
means to attract tourism and provide citizens with recreational opportunities, as well as a 
“low-maintenance” approach to open space management.   

 
Water development, particularly lake or reservoir storage, has created significant 
economic activity and new potentials for communities to diversify their economies.   
Benefits associated with reservoirs include water-based recreation and associated 
tourism, lake front development, drought insurance for cities and agricultural entities, 
and water marketing potentials.  Negatives include loss of free-flowing rivers and 
streams, which has decreased water-based recreation within these channels including 
canoeing, kayaking, tubing, swimming, and fishing.  Associated habitat losses due to 
decreased water flow is also considered negative. 
 
In response to the changing political climate and concern for water resources, the State 
of Texas recently passed its first statewide water plan to address both surface water and 
groundwater management and use.  This initiative required regional watershed 
approaches and the creation of regional governing entities such as River Authorities and 
Groundwater Districts.  These entities coordinate with communities and private 
landowners to create regional water plans and to provide direction for future use of their 
water resources.  These regional districts have the ability to study and garner support for 
development of water regulation, reservoirs, greenway development, public recreational 
amenities, and to partner with other local, state and national entities to finance such 
development.  Their boundaries often overlap other regional groups such as Councils of 
Governments (COGs) and regional marketing partnerships. 
 
Complexity of coordination of all entities involved in recreational and land use planning 
has greatly increased and is evident in the new focuses of state agencies, particularly 
Texas Parks and Wildlife, which is responsible for the development of planning aids 
such as the Texas Outdoor Recreational Plan (TORP).  Over the past decade, the 
TORP has shifted away from broad scale regional approaches to more focused local 
approaches to address individual community needs and to concentrate efforts in areas 
showing significant population growth.   
 
The Texas Parks and Wildlife Department is a major player in providing financial and 
planning assistance for communities throughout the state.  Efforts to coordinate the state 
and local objectives will create increased opportunity for grant assistance and funding 
acquisition to develop recreational amenities.  The department’s current thrust is to focus 
on new 5,000-acre blocks and greenway acquisition, protection and development, and 
promotion of off-stream reservoirs along the Interstate 10-35-45 triangle, which includes 
the lower Colorado River basin.  The departent is very interested in supporting more 
water-based recreational activities and increasing access to these resources. 
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C. Existing Conditions 
All of the above factors apply to the lower Colorado River basin and Corps of Engineers’ 
activities.  The basin serves one of the most visited regions of the state (Hill Country) 
and includes the capital city of Austin.  Recreational opportunities within the lower 
Colorado River basin are varied among the various sections, which for this study have 
been divided into four areas – Onion Creek (Austin and Travis County), Wharton 
(County of Wharton and south-eastern portion), Highland Lakes (upper Hill Country 
portion) and this generalized basin-wide study.  

 
Existing conditions and opportunities for additional recreation for this basin-wide study, 
contain a statewide and regional recreation overview and summarizes four major 
planning documents - 1990 TORP – Assessment and Policy Plan, 1995 TORP – 
Assessment and Policy Plan, 2002 Land and Water Resources, Conservation and 
Recreation Plan, and Region “K” Water Supply Plan for the Lower Colorado Regional 
Water Planning Group. Vol. I.  The summary also described the changing political and 
cultural climate as to how it relates to recreation and tourism development including 1) 
trends in state-wide recreation, 2) behavior and liability issues, 3) demographic factors, 
4) pollution and quality of life issues, 5) historical and cultural heritage, 6) conservation 
issues and recreational resources, 7) open-space resources, 8) trail based resources, 9) 
funding sources, 10) implementation issues, 11) operation and maintenance issues, 12) 
providers of open space – federal, state, regional and local, and 13) recreational 
resources in Texas.  Regional information included descriptions of 1) the Lower 
Colorado River Authority region and associated Councils of Governments, 2) population 
and economic trends in the region, and 3) existing public recreational amenities and 
resources.  Appendix D includes a checklist for recreational planners (statewide) and a 
listing of recreational activities in which the Corps of Engineers can participate. 

 
As described above, three additional documents were prepared regarding the status and 
needs of localized recreation.  These reports are not included in Appendix D, but will be 
included in subsequent Phase II interim studies.  An information paper for the Onion 
Creek Interim Feasibility Study has already been published, and includes existing 
recreational trends, amenities and goals of the City of Austin with some information 
regarding Travis County and City of Austin efforts.  The report also includes: 1) a brief 
description of the location of damage centers and the City of Austin, 2) Austin’s 
neighborhood planning sub regions, 3) Onion and Williamson Creek damage centers, 4) 
Austin’s demographics, 5) design considerations, 6) City of Austin’s Parks Master Plan 
summary, 7) coordination with other planning entities, and 8) Onion and Williamson 
Creeks’ existing and future needs. 

 
Upon publication of the Wharton Interim Feasibility Report, it will include recreational 
planning information pertaining to the City and County of Wharton with some information 
regarding activities in neighboring counties including basin areas adjacent to the Gulf of 
Mexico in Matagorda County.  The dominant metropolitan area affecting this section of 
the basin is the Houston-Galveston Metroplex.  The report will describe the 1) location of 
Wharton, 2) recreational activities within Wharton County including the strong marketing 
effort toward “heritage tourism”, 3) identified cultural sites within Wharton County and 
neighboring counties, 4) regional historical and cultural tourism initiatives, and 5) City of 
Wharton including existing recreational amenities, needs and opportunities as identified 
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in conversations with the Wharton Chamber of Commerce and a conclusion relating the 
document to the larger lower Colorado River basin study, and regional and state 
recreational efforts.  The report does not cover coastal recreation associated with 
Matagorda county. 

Documentation was received from the Wharton Chamber of Commerce describing 
amenities in detail.  Wharton and neighboring counties have earmarked heritage and 
nature tourism as major areas for potential economic diversification.  The residents are 
interested particularly in greenway development, additional, safe access for boats and 
rafts to the Colorado River, RV park development, and lake development.  Aside from 
recreation, the Lower Colorado River Authority (as reported in the Region “K” Report) is 
considering the potential for creation of four new lakes to serve as emergency water 
supply, reduce flood damages, and to provide an additional income source by marketing 
water to upstream cities, particularly Austin and San Antonio.  The City of Wharton has 
expressed interest in having one of these lakes in or near their area.  Locations for these 
lakes have not been identified. 

Upon publication, the Lower Colorado River Interim Feasibility Study (LCRIFS) Report 
will describe recreational amenities and needs addressing this portion of the basin.  This 
region is one of the most highly used tourist areas of the state due in part to its unique 
geology, landscape, and mixture of cultures.  The Highland Lake System plays a 
significant role in attracting both in-state and out-of-state tourists and has become a 
major center for retirement and vacation home development.  Water based recreation is 
very high.   

The region contains several state parks, some already reporting closings due to 
overcrowding.  Conflicts in the area are increasing among user groups, particularly 
between tourists and private property entities.  Private landowners  taken great strides in 
developing and marketing outdoor recreation to the public within the last few years and 
have awakened to the economic potential of recreational enterprises.  However, local 
residents are stressed with inadequate infrastructure, increased property values, 
increased taxes, and less access to traditional recreation on neighboring private 
property.  Tourism has become the major economic force in many of the counties and is 
one of the major employers; however, these are typically low paying service jobs.  Some 
communities are increasing efforts to attract high-tech industry and higher education 
facilities to improve this economic potential for residents. 

The LCRIFS report will describe the sub-region and tourism marketing initiatives 
affecting most of the counties.  Existing recreation in the sub-region can best be 
described on a county basis and will include Blanco, Burnet, Gillespie, Lampasas, Llano, 
Mills, and San Saba Counties.  Lampasas is not within the Lower Colorado River basin 
but is within other regional marketing efforts and will be included for this purpose.  
Information for the report came predominantly from web-based sites for the various 
Chambers of Commerce and City web sites.  Few of the contacted individuals could 
provide detailed information.   

Cities within the Highland Lakes sub-region are small, but are expecting significant 
growth.  There is an interest in providing public trail-based recreation, and greenways.  
Competition with private landowners for access to streams may be limiting overall public 
access to streams.  Trespassing has been a problem in this area for many landowners.  
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Several private enterprises are providing access to lakes and building lodges and ramps 
to meet the need for access to the lakes.   

This area is a priority area for Texas Parks and Wildlife and contains habitat important to 
several endangered species.  Private landowners are beginning to become aware of this 
habitat requirement and are now marketing tourism access to some areas and managing 
for endangered species.  Bird migration and endangered species, butterfly migration, 
hunting and wildflowers seasons are popular tourist attractions.  The dominant need in 
this area is for safe, low-cost access to trails and greenways and for trails within these 
greenways.  Various Volksmarch events are being conducted on rural roadsides, which 
are becoming more used and considerably more dangerous.  There is untapped 
potential in developing trail systems to accommodate bicycles/walkers and equestrians 
in the region; however, some private landowners are marketing this recreation activity. 

 
The four reports discussed above are designed to describe recreation within the lower 
Colorado River basin and initiatives currently affecting the development of outdoor 
recreation within the region.  The area surrounding Austin is expected to double its 
population within the next twenty years and will increase the need for additional 
recreational amenities and access.  Many of Austin’s citizens recreate within the city on 
a daily basis and regularly within the Highland Lakes region.  Houston residents are also 
common visitors and part-time residents to the Highland Lakes area.  Commuting to 
these metropolitan areas is increasing.  Wharton is positioning itself to serve as a 
bedroom community for the Houston and surrounding areas. 

D. Problems and Opportunities 
Benefits of this new recreational focus are many and apply to both residents and 
tourists; however, there are also associated negatives, such as increased sprawl, 
increased tax bases needed to supply and maintain recreational resources, increased 
conflicts among user groups, increased environmental stress, (particularly on water and 
wildlife resources), increased need for additional highways and access to new areas.  
Many communities are reporting increased concerns regarding urbanization and storm 
drainage.  Floodplain delineations are changing, and encompassing more area, thus 
affecting residents traditionally not affected by major storm events.  The demand for 
highways and alternative transportation networks is growing as the population moves to 
the urbanized areas.  Local and state entities are having difficulty in providing basic 
services as well as additional roads and recreational amenities. 

 
Competition with private landowners will increase and lower income residents will be 
stressed and in greater need of public recreational opportunities.  There are significant 
natural resources that need conserving within this basin, and many are desirable to the 
residents and tourists within the region.  Recreational efforts should be focused upon 
coordination with local, regional and state agencies and should help create partnerships 
to fund acquisition of land and development of new recreational amenities.  Sensitivity to 
state initiatives and cultural heritage throughout the region is very important, as is 
scenic, healthy, ecosystem-based recreational design.  Efforts should be made to create 
nature centers, involve educational systems, pioneer innovative approaches to design, 
reclaim polluted areas, and be compatible with the nature and heritage tourism initiatives 
already active in the area. Greenway acquisition and trail development is in high 
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demand.  Local bike and walking groups have indicated a desire for more trails and 
prefer loop systems that link to other systems.  These groups prefer natural surface trails 
with scenic vistas and shade.  There is increasing demand for safe access to schools 
and cultural areas and trails should be viewed and planned with this in mind, as well as 
other alternative transportation purposes.  

 
In high use areas, separate trails for bikers and other groups should be planned. Bicycle 
touring is a very popular but stressed activity in the Austin area.  Walking has been 
identified as the number one recreational activity among all citizens and wildlife viewing 
has shown the most growth of all statewide recreational activities.  Use of watercrafts 
such as canoes and kayaks is on the increase in the region.  Greenway activities need 
to consider these aspects in all designs to maximize use of financial resources. 

 
There is tremendous need and opportunity for recreation within the entire lower 
Colorado River basin.  This need varies among the regions and presents different 
opportunities for some areas.  Increased access to water is one of the common 
demands of the entire region.  Improved use of flood plains, recreation and ecosystem 
design, and inclusion of cultural aspects are in high demand throughout the basin. More 
detailed recreational resource information is provided in Appendix D. 
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VII. Water Needs 

A. Introduction and Background 
Following the extensive drought of 1995-96, the Texas Legislature passed Senate Bill 1 
(SB 1) mandating a comprehensive assessment of the State’s water supply system and 
its ability to meet future water supply needs for the next 50 years. SB 1 created a long-
range, bottom-up, water supply planning process in which 16 regional water planning 
groups (RWPGs) were responsible for assessing water needs in their regions during 
drought-of-record conditions, and developing conservation, management, and mitigation 
plans to meet those needs.  SB 1 directed the Texas Water Development Board (TWDB) 
to coordinate the regional water planning process, and to develop a state water plan that 
would incorporate the regional water plans, resolve interregional conflicts, provide 
additional analyses, and make policy recommendations.   
 
The TWDB delivered the new state water plan, Water for Texas-2002, to the Texas 
Legislature in January 2002.  All water needs information contained in this Information 
Paper has been extracted directly from the TWDB report.  Of particular note is that the 
TWDB report, while dated January 2002, utilized information that was compiled prior to 
the availability of Year 2000 census data.  As a result, some base population estimates 
for various counties were fairly inaccurate.  Additional water supply planning 
investigations will require an update of these estimates. 

 
The majority of the lower Colorado River basin study area lies within SB 1 Region K - 
Lower Colorado River Region, while a smaller portion lies within Region F - 
Midland/Odessa, Big Spring, and San Angelo Region.  See Figure 4 for a general 
location map.  The Lower Colorado Region (Region K) consists of all or parts of 14 
counties roughly consistent with the lower Colorado River basin.  This area relies 
primarily on the Colorado River; the Edwards, Trinity, Edwards-Trinity (Plateau), Carrizo-
Wilcox, and Gulf Coast aquifers; and several minor aquifers for its water supply.  In total, 
about 23 percent of dependable yield water supplies during drought-of-record conditions 
come from groundwater, while the remaining 77 percent are provided by surface water.   
In Region F, groundwater is the largest source of water in the area, accounting for 66 
percent of the total.  Reservoirs, which provide most of the municipal supplies, account 
for 21 percent of the supply.  Local supplies, which include river diversions, stock tanks, 
and wastewater reuse account for the remainder of the region’s water supply. A more 
detailed discussion of water needs can be found in Appendix E. 
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Figure 4 – Water Planning Groups within the Lower Colorado River basin 
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B. Water Needs and Potential Losses 
The region's population now consumes about 1.1 million acre-feet of water each year, 
with 62 percent used for agricultural and livestock purposes, 23 percent put to municipal 
use, 7 percent devoted to mining and manufacturing, and the remaining 8 percent to 
electric power generation. This pattern of use is expected to change over the planning 
period, such that the volume of irrigation use will decrease slightly, and the proportion of 
total use it represents will decline significantly. 

 
Currently developed groundwater, surface water, reclaimed water and other water 
supplies now provided through contractual agreements or operation of the existing 
system of reservoirs are not adequate to meet the projected needs in all parts of the 
region.  

 
The gross economic impacts of the worst-case shortage are estimated to be losses of 
$162 million in terms of regional income in year 2000, rising to $1.9 billion in 2030.  
Employment impacts in year 2000 are 7,719 jobs, rising to 62,270 jobs in 2030.   

 
These gross impacts have also been adjusted to reflect approximate net regional 
economic losses taking opportunity costs into account.  The net income loss to the 
region is approximately $50 million per year for each year in which conditions match 
those of the average drought of record for Region K.  Net employment declines amount 
to 2,100 jobs.  Population loss associated with the employment loss would amount to 
about 4,900 persons in 2030.  These losses would justify an investment of approximately 
$190 million today (net present value basis using a 6 percent discount rate).  

 
The adjusted economic losses to the region from a failure to resolve shortages, while 
relatively small in the aggregate, would be costly to particular groups.  The projected 
shortage in the year 2030, for example, would result in a 20 percent decline in rice 
production.  While the net farm income loss to the region would be much less than 20 
percent, the loss falls heavily on rice farmers and the economies of Colorado, 
Matagorda, and Wharton counties.  Likewise, the economic losses from failing to solve 
projected municipal shortage problems would fall most heavily on communities within 
Mills, Llano, Blanco, Hays, and Gillespie counties. 

C. Identified Shortages/Needs 
The Region K and Region F RWPG’s project teams compared water supplies and 
projected demands to determine where shortages, or “needs”, are expected to occur.   
The comparison identified 38 water user groups (WUGs) that would have projected 
water deficits by the year 2030 under drought-of-record conditions.   An additional 4 
WUGs are shown with projected water deficits arising between 2030 and 2050.  

 
The estimated water need under drought-of-record conditions for all of Region K is 
approximately 391,000 acre-feet per year (ac-ft/yr) in 2030 and 387,000 ac-ft/yr in 2050.  
The decrease in needs is related to a decrease in irrigation demands.  This identified 
shortage is based on availability estimates, which exclude water available from LCRA on 
an interruptible basis and water available as a result of Austin’s return flows to the 
Colorado River.  Water needs have been identified in five of the six water use 
categories, as shown in Figure 5, which illustrates the distribution of the number of 
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WUGs with identified water needs in the years 2030 and 2050.  Figure 6 shows the 
magnitude of the identified needs by water use category for the years 2030 and 2050. 
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Figure 5 - Number of LCR Water User Groups With Needs 
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Figure 6 – LCR Identified Water Needs by WUG 
 

Note in Figures 5 and 6 that the total regional shortage is greatest in the category of 
irrigation, while the largest number of user groups with potentially unmet needs are 
municipalities.   
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1. Water Purchases from LCRA and the City of Austin 

Half of the Water Users Groups (WUGs) for which the RWPG’s identified shortages 
hold current contracts with LCRA for the purchase of raw untreated water or with the 
City of Austin for the purchase of treated potable water. These contracts, almost all 
of which will expire during the planning period, total over 100,000 acre-feet provided 
by LCRA and almost 30,000 acre-feet provided by the City of Austin (including the 
Pflugerville contract). The total anticipated deficit for Municipal WUGs with 
contractual agreements with LCRA or the City of Austin is expected to be almost 
65,000 ac-ft/year by 2030. That deficit is expected to increase to almost 77,000 ac-
ft/year by 2050.   
Consultations with these contract holders about their future plans revealed that all of 
them planned to meet their future water needs by renewing their existing contracts, 
although almost all will need to contract for larger volumes of water to meet future 
needs. 
The City of Pflugerville (COP) has contracted for purchase of up to 10 million gallons 
per day (mgd) from the City of Austin to meet current and future needs. The COP 
has recently completed the installation of the necessary water delivery infrastructure 
and this water is now available for use by the COP. It should be noted however, that 
the COP is also continuing to evaluate other water supply options for meeting future 
needs.  
In addition, the City of Austin recently entered into a new contract with Mid-tex 
through 2030, to supply treated water to the Pfluger Ranch and Spillar Ranch 
developments. The details of this contract were not available when the demand 
projections were completed, so this demand will be included in the next planning 
cycle. 
The LCRA has two major surface water sources for its water supplies. These 
sources include the Highland Lakes System and run-of-river water rights in the lower 
portion of the basin. The LCRA has commitments to provide water to individual users 
and cities throughout the basin. In addition, the LCRA uses water at its electric 
generating facilities. Table 7 below contains a comparison of LCRA’s dependable 
water supplies to its water commitments. 

Table 7 - LCRA Water Supply/Commitment Comparison (ac-ft/yr) 

Water Supply 
Commitments 

Year 
2000 

Year 
2010 

Year 
2020 

Year 
2030 

Year 
2040 

Year 
2050 

Dependable 
Water Supplies 498,166 498,166 498,166 498,166 498,166 498,166 

Dependable 
Water 432,647 432,647 432,647 432,647 432,647 432,647 

Interruptible 
Water Demands 379,642 353,710 334,899 318,249 301,059 284,384 

Water 
Surplus/Deficit -314,123 -288,191 -269,380 -252,730 -235,540 -218,865 

Note:  The sum presented above represents all commitments, regardless of expiration since the LCRA plans to 
continue providing these services.  The total water commitment includes all rice irrigation demands.  Commitments also 
include the out-of-basin 25,000 ac-ft/yr demand from Region G in Williamson Co.  
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This table indicates that the LCRA does not have enough water to meet all of its 
water commitments, although it does have enough water to meet its dependable 
water commitments through the year 2050.  It is important to recognize that the 
analysis performed for Region K’s plan does not include the interruptible water 
supplies available through the implementation of the LCRA’s Water Management 
Plan or the City of Austin return flows.  The rice farmers at the southeastern end of 
the region rely on the LCRA’s interruptible water supplies for irrigation, which are not 
considered to be available during drought-of-record conditions.  In addition, a portion 
of the Colorado River’s instream flow requirements are currently being met using the 
City’s return flows.  

The City of Austin (COA) has two major sources for its water.  These sources include 
the run-of-river water rights and a contract with LCRA to receive water from the 
Highland Lakes during drought conditions.  These rights are separated by the use of 
the water.  The City of Austin has separate rights for municipal uses and steam 
electric generation.  Tables 8 and 9 contain comparisons of the City of Austin’s water 
supplies to its water commitments in these two areas. 

Table 8 - COA Municipal and Manufacturing Water Supply/Commitment Comparison (ac-ft/yr) 

COA Water 
Supply 

Year 
2000 

Year 
2010 

Year 
2020 

Year 
2030 

Year 
2040 

Year 
2050 

Municipal Water 
Supply 325,000 325,000 325,000 325,000 325,000 325,000 

Municipal Water 
Commitment 198,073 225,580 263,470 301,447 326,341 355,714 

Water 
Surplus/Need 126,927 99,420 61,530 23,553 -1,341 -30,714 

Note:  The sum presented above represents all commitments, regardless of expiration since the COA plans to continue providing 
these services, including 6,161 ac-ft/yr for Round Rock. 

This table indicates that the City of Austin has sufficient water to meet its municipal 
and manufacturing needs through the year 2030.  By the year 2050, it is anticipated 
that the City of Austin will have a deficit of approximately 31,000 ac-ft/yr, or 
approximately 9 percent of its demands. 

44 



Lower Colorado River Basin Study 
Phase I – Information Paper 

Water Needs 
 
 

Table 9 - COA Steam Electric Water Supply/Commitment Comparison (ac-ft/yr) 

COA Water 
Supply 

Year 
2000 

Year 
2010 

Year 
2020 

Year 
2030 

Year 
2040 

Year 
2050 

Stm. Elec. Water 
Supply 46,856 46,856 46,856 46,856 46,856 46,856 

Stm. Elec. Water 
Commitment 21,500 21,500 21,500 21,500 21,500 24,500 

Water Surplus 25,356 25,356 25,356 25,356 25,356 22,356 

Note:  The sum presented above represents all steam electric generating needs for Travis County plus  
8,000 ad-ft/yr at the Fayette Power Project. 

 
This table indicates that the City of Austin has a surplus of water for its steam electric 
generating needs as a whole.  The City has aggressive conservation and water 
reclamation programs under way and plans to recycle up to 100 percent of its 
wastewater flows if necessary to meet their projected demands that are in excess of 
325,000 acre-feet. 

2. Irrigation Shortages in Southern Counties 
 

The largest shortfall in water supply occurs in Colorado, Wharton, and Matagorda 
counties at the southeastern and downstream end of the region, where rice and 
other crops depend on reliable flows of water for irrigation.  This shortfall amounts to 
an estimated 86,000 acre-feet per year if the drought-of-record were to occur in the 
year 2000, rising to almost 165,000 acre-feet per year in 2050, despite previously 
anticipated efficiencies in farm conservation.   

 
This shortage would be even larger (about 284,000 ac-ft/yr in 2050) were it not for 
the interruptible water supply provided by storage in the Highland Lakes, other 
stormwater runoff, and run-of-the-river water LCRA is able to make available to 
farmers and the availability of the City of Austin’s return flows.  However, the 
interruptible supply has hidden costs, namely the negative impacts on the economy 
and quality of life in the area surrounding the Highland Lakes. 

45 



Lower Colorado River Basin Study 
Phase I – Information Paper 

Preliminary Alternatives 
 
 

VIII. Preliminary Alternatives 

A. Introduction and Purpose 
This preliminary study was prepared to assess several potential alternatives for reducing 
future flood elevations along the Colorado River in the Highland Lakes area and below.  
The study involved an approximate analysis of the hydrologic and hydraulic effects of 
four alternative regulating plans for Lake Travis, modifications to Lake Buchanan or the 
construction of a new reservoir just upstream, and the incorporation of three other new 
reservoirs in the basin.  The general locations of the proposed reservoirs are shown in 
Figure 7.  The analysis was based on a period-of-record simulation utilizing the 
computer program, “SUPER”.  Detailed plots and tables of the SUPER results are 
available electronically upon request. 

B. “SUPER” Run Comparison of Lake Travis Alternative Regulation Plans 
Table 10 provides run identification numbers and a description of each run required for 
evaluating the alternatives to the Lake Travis regulation plans.  It should be noted that 
run C02X02 is the identification number of the adopted existing conditions “SUPER” run 
utilizing the current Mansfield Dam Regulation Plan. 

Table 10 - Description of Alternative Lake Travis Regulation Plan Simulations 

Run ID Description 

C02X02 Existing regulation plan and basin conditions.  This run “flat lines” (all 
gates open) the Lake Travis induced surcharge curve at elevation 722. 

C02P01 Modify C02X02 to increase the Lake Travis mandatory release in the 
pool elevation zone 691-722 to 90,000 cfs. 

C02P02 Modify C02X02 to increase the Lake Travis mandatory release in the 
pool elevation zone 714-722 from 90,000 cfs to 120,000 cfs. 

C02P03 Modify C02X02 to lower the Lake Travis top of conservation pool from 
elevation 681 to 676. 

C02P04 
Modify C02X02 to lower the Lake Travis top of flood pool elevation from 
722 to 714.  This run “flat lines” (all gates open) the induced surcharge 
curve at elevation 714. 
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Table 11 compares the highest simulated period of record values for Lake Travis 
elevations and downstream flows for the five runs.  These highest period-of-record 
values provide some insight to the approximate change that might be expected in the 
100-year frequency values due to implementation of any of the alternative regulation 
plans.  

Table 11 - Comparison of Alternative Lake Travis Regulation Plan Results 

Run ID 
Lake 

Travis 
Elev. 
(feet) 

Lake 
Travis 

Outflow 
(cfs) 

Austin 
Peak  
Flow  
(cfs) 

Bastrop 
Peak 
Flow  
(cfs) 

Smithville 
Peak 
 Flow  
(cfs) 

Columbus 
Peak 
 Flow  
(cfs) 

Wharton 
Peak 
Flow 
(cfs) 

Bay City 
Peak  
Flow  
(cfs) 

C02X02 (1)  722.0 98,463 99,291 98,824 104,643 157,335 112,182 107,043 
C02P01 718.89 90,003 104,524 142,934 127,062 157,335 131,327 139,341 
C02P02 (2)  716.9 120,001 123,855 121,623 121,554 157,335 125,930 121,318 
C02P03 721.13 90,002 97,649 97,137 104,643 157,335 112,182 107,043 
C02P04 (3)  716.1 129,356 130,209 121,009 128,069 157,335 125,903 126,760 

Note: 
(1) The corresponding 100 year elevation from RESPROB is 721.7. 
(2) The corresponding 100 year elevation from RESPROB is 720.9. 
(3) The corresponding 100 year elevation from RESPROB is 718.5. 

Examination of Table 11 indicates that runs C02P02 and C02P04 are the most 
promising in their ability to lower the 100-year pool elevation at Lake Travis.  These 
plans were therefore selected for joint probability analysis using the computer program 
RESPROB to better define the frequency curve for larger storm events.  The Lake Travis 
induced surcharge curve and the elevation duration curve from runs C02P02 and 
C02P04 were used in this analysis.  The 100-year pool elevations at Lake Travis from 
RESPROB were 720.9’ and 718.5’, respectively, for plans C02P02 and C02P04.  Plan 
C02P04 was operated with the current Lake Travis Regulation Plan except for the 
definition of top of flood pool.   

C. “SUPER” Run Comparison of Alternative Flood Control Reservoirs 
Table 12 provides run identification numbers and a description of each run required for 
evaluating the alternatives of constructing new reservoirs.   

Table 12 - Description of Alternative Reservoir Simulations 

Run ID Description 

C02Z02 

Existing regulation plan and basin conditions.  This run “flat lines” (all 
gates open) the Lake Travis induced surcharge curve at elevation 722.  
This run is the same as run C02X02 except the expanded “SUPER” 
model is used with the added reservoirs inactive. 

C02Z03 Modify C02Z02 to activate Reservoir B. 
C02Z04 Modify C02Z02 to activate Reservoir C. 
C02Z05 Modify C02Z02 to activate Reservoir D. 

C02Z06 Modify C02Z02 to add 1,000,000 a-ft flood storage to Buchanan.  This 
run approximates the inclusion of Reservoir A. 
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Table 13 compares the highest simulated period of record values for Lake Travis 
elevations and downstream flows.   

Table 13 - Comparison of Alternative Reservoir Results 

Run ID 
Lake 

Travis 
Elev. 
(feet) 

Lake 
Travis 

Outflow 
(cfs) 

Austin 
Peak 
Flow 
(cfs) 

Bastrop 
Peak 
Flow 
(cfs) 

Smithville 
Peak  
Flow  
(cfs) 

Columbus 
Peak 
 Flow  
(cfs) 

Wharton 
Peak 
Flow  
(cfs) 

Bay City 
Peak 
Flow 
(cfs) 

C02X02 722.00 98,463 99,291 98,824 104,643 157,335 112,182 107,043 
C02Z02 722.00 93,062 96,955 97,137 104,643 157,335 112,182 107,043 
C02Z03 714.02 71,907 70,708 73,252 104,828 157,987 112,870 97,455 
C02Z04 718.24 90,001 96,202 97,137 104,664 157,570 112,416 107,042 
C02Z05 716.62 90,001 95,612 97,136 104,763 158,181 113,065 107,042 
C02Z06 714.28 90,000 90,000 90,972 104,895 159,175 114,084 98,895 
Note: Run C02X02 and C02Z02 are the same run but from different models. 

D. Potential Modifications to Lake Buchanan 
Table 14 described a run (C02Z06) that included the addition of 1,000,000 acre-feet of 
flood storage in Lake Buchanan to approximate the effect of the proposed Reservoir A 
project.  This also provides insight to a potential modification of the Lake Buchanan 
project.  An additional run (C02Z07) was made using the expanded model to evaluate 
the inclusion of 500,000 acre-feet of flood storage in Lake Buchanan.  This could be 
added to the Lake Buchanan project or included in the Reservoir A project.  Table 14 
summarizes the results of these two runs.   

Table 14 - Results of Potential Lake Buchanan Flood Control Pool Modifications 

 
 

Run ID 

Lake Buchanan 
Additional Flood Control  

Pool Volume 
(acre-feet) 

Maximum Period of 
Record Elevation 

at Lake Travis 
(feet) 

C02Z07 500,000 717.56 

C02Z06 1,000,000 714.28 

Note: The Lake Buchanan top of conservation pool was at elevation 1020.5 feet  
          (888,900 acre-feet reservoir capacity) for both runs. 

Two non-structural alternatives were also evaluated at Lake Buchanan.  These 
alternatives converted the Lake Buchanan storage zone from elevation 995.5’ to 1020.5’ 
to flood control storage.  The only difference in these two runs was the maximum 
allowed flood control release.  The smaller value was selected to approximate turbine 
discharge capacity to minimize “spills”. Table 15 summarizes the results of these two 
runs.  Run C02Z09 makes flood storage releases at a maximum rate of 4,500 cfs 
(turbine discharge capacity).  All controlled flood releases produce power for these 
simulations.  Run C02Z08 releases flood pool water at a maximum rate of 25,000 cfs 
(greatly exceeding turbine capacity).  Run C02Z02 has a regulating discharge at 
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Buchanan of 47,900 cfs.  Therefore, for these two simulations much of the controlled 
flood release is spilled without generating power.   

Table 15 - Results of Potential Lake Buchanan Power Pool Modifications 

 
Run ID 

 
Run Description 

Lake Travis 
Maximum Period 
of Record Elev. 

(feet) 

Lake Buchanan 
Average Annual 

Energy 
(mwh) 

C02Z02 Base Run  722.00 41,249 

C02Z08 

Convert power pool. 
Regulate Buchanan 
outflow to 25,000 
cfs. 

717.44 38,795 

C02Z09 
Convert power pool. 
Regulate Buchanan 
outflow to 4,500 cfs. 

717.71 54,224 

Note: The Lake Buchanan top of conservation pool was set at elevation 995.5 ‘ 
          (428,100 acre-feet reservoir capacity) for both runs.  The flood storage capacity  
           for both runs was 460,800 acre-feet. 

 
There is an inconsistency between runs C02Z07 and C02Z08 in Tables 14 and 15.  The 
460,800 acre-feet of flood storage in run C02Z08 produces a lower period-of-record 
peak Lake Travis elevation than does the 500,000 acre-feet of flood storage in run 
C02Z07.  It is believed that this is due to inconsistency in the induced surcharge curve 
since the flood storage was exceeded in both runs.  Obviously, 500,000 acre-feet of 
flood pool should provide slightly better results than does a 460,800 acre-feet flood pool. 
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IX. Summary of Findings 
 

Phase I of the Lower Colorado River Basin Study was conducted by a team of 
interdisciplinary professionals from the government, private, and academic sectors.  The 
government sector was represented by the Fort Worth District, the Galveston District, 
the Sacramento District, and the Hydraulic Engineering Center of the U.S. Army Corps 
of Engineers, the Lower Colorado River Authority, U.S. Fish & Wildlife Service, and the 
U.S. Geological Service.  The private sector consisted of Halff Associates, David Ford 
Consulting Engineers, Espey Consultants Inc., Surveying and Mapping, Inc., and 
Nexrain Corp.  Texas A&M University and the University of Texas at Austin represented 
the academic community with invaluable contributions to the study.   
 
Using previous studies by the U.S. Army Corps of Engineers, the Lower Colorado River 
Authority, and others, efforts during Phase I focused on the identification of the 
hydrologic and hydraulic, economic, and environmental characteristics of the lower 
Colorado River basin, especially the mainstem of the river.  These characteristics served 
to define the extent of flood risk throughout the basin and the needs and opportunities 
for flood damage reduction.  Additional studies were conducted to determine other 
problems, needs and opportunities associated with the water resources of the lower 
Colorado River, namely in the areas of water conservation and recreation.  Subsequent 
studies under this authority will serve to provide decision makers with justification for 
Federal actions, if warranted, to address the problems, needs and opportunities of the 
basin.  Consequently, Phase I studies also focused on water supply and recreation, 
since these are implementation missions of the U.S. Army Corps of Engineers when 
used in conjunction with flood damage reduction and ecosystem restoration objectives.  
In concluding Phase I studies, preliminary hydrologic and hydraulic analyses were 
conducted to determine the performance of some mainstem flood damage reduction 
alternatives. 

 
Hydrology and Hydraulics  

 
The hydrologic and hydraulic analyses of the lower Colorado River basin included 482 
river miles of the Colorado River covering 18,300 square miles of the watershed.  Using 
seventy years of historical flood data, floodplains for eight different frequencies of events 
were modeled and corresponding elevations along the river were predicted.  These new 
studies utilized new detailed topographic mapping, state-of-the-art Geographical 
Information System (GIS), and statistically sound hydrologic modeling tools.  This 
represented the first detailed identification and analysis of flood problems of many areas 
along the lower Colorado River.  Using the 100-year flood as the key point of reference 
and comparing the new computed information to that currently published by the Federal 
Emergency Management Agency (FEMA),  the new 100-year discharges were generally 
lower than the FEMA values.   

 
Due to updated modeling techniques and data, these reduced discharges did not always 
reflect a reduction in the 100-year water surface.  These anomalies occurred at the 
gauge at U.S. 183 in Austin, Lake Marble Falls near the dam, and on Lake Travis where 
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a 5.8-foot increase was predicted.  The later increase was mainly due to the differences 
in flood forecasting capability used in the older and newer models. 

 
Economics 

 
Economic studies focused on relating the new flood elevations and their respective 
probability or risk of flooding to the investment value of structural property (residential, 
commercial/industrial, agricultural and public structures), vehicles, and agricultural crops. 
Due to the size of the basin and continued enforcement of floodplain regulations, 
impacts of future development on increased runoff and on the number of damageable 
properties were not considered to be significant enough to warrant consideration in this 
economic analysis.   

  
The computed damage that would be expected to accompany a 100-year flood (1% 
chance of occurrence or exceedence in any given year) along the mainstem for various 
areas above Longhorn Dam in Austin, was the highest along Lake Travis ($175.4 
million), Lake LBJ ($43.3 million), and Lake Marble Falls ($16.1 million).  When a 100-
year flood occurs it is estimated that approximately $255 million in flood damages would 
be expected to the 4,200 structures and vehicles within the 100-year flood plain along 
the mainstem above Longhorn Dam.  See Table 5, page 21, for a summary of these 
estimated flood damages. 

  
Below the City of Austin, the flood threat is the greatest in LaGrange, Wharton, and 
lower Matagorda County with damages from a 100-year event expected to be $18.3 
million, $51.2 million, and $11.8 million, respectively.   

 
Based on EAD’s, the areas of the highest total flood threat were determined to be at 
Lake Travis ($8.8 million) and Lake LBJ ($3.2 million) above Longhorn Dam.  Specific 
communities with high EAD’s were Wharton ($2.96 million) and lower Matagorda County 
($1.1 million). 

 
Damages were also determined for agricultural crops.  The most significant areas of 
flood risk to crops were in the southern coastal plain where sorghum, rice, cotton, corn, 
wheat, and soybeans are the major crops.  Pastureland is also one of the important 
agricultural land uses.  Estimated annual damages to agricultural crops and lands are 
the highest in Bastrop, Fayette, Colorado, Wharton, and Matagorda counties.  Wharton 
County had by far the greatest potential flood losses resulting from a 100-year event with 
crop damages exceeding $4.9 million.  See Table 6, page 23, for a summary of these 
estimated agricultural flood damages. 

 
Environmental 

 
The study identified the terrestrial and aquatic resources of the lower Colorado basin.  A 
wide range of environmental concerns included water quality, land use, air quality, and 
wildlife.  Approximately thirty threatened and endangered species of plants and animals 
are present within the basin and contribute significantly to the concerns regarding the 
terrestrial and aquatic ecosystems there.  Throughout its length, the lower Colorado 
River fish and wildlife habitat has been degraded.  Twenty-five sites were identified 
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along the main stem of the river as providing an opportunity for ecosystem restoration.  
These include areas such as sand and gravel mining operations, abandoned oxbows, 
riparian habitat improvements, wetland creation, invasive species management, and 
bays and estuaries ecosystem restoration. 

 
Recreation  

  
There is tremendous need and opportunity for recreation development within the entire 
lower Colorado River basin.  These needs vary among regions and present differing 
opportunities depending on the area and location.  Increased access to water is one of 
the common demands for the entire region.  Improved use of flood plains, recreation and 
ecosystem design, and inclusion of cultural aspects are in high demand throughout the 
basin as well. 

 
Water Conservation 

 
The lower Colorado River basin has experienced tremendous growth in recent years, 
and this is projected to continue.  This growth will further tax existing water supplies 
within the basin.  As a result of Texas Senate Bill 1, an in-depth inventory of current and 
future water supplies was conducted by the RWPGs for the lower and upper Colorado 
River basins.  Several municipalities are expected to face water deficits in the future if 
new sources of water are not obtained.  Irrigation in the southern portion of the basin is 
also expected to face significant shortages in the future. The estimated water need 
under drought-of-record conditions for the lower Colorado River basin is approximately 
391,000 acre-feet per year in 2030 and 387,000 ac-ft/yr in 2050.  In response to these 
needs, RWPGs have suggested possible alternatives to meet the water demands of the 
future.  The lower Colorado River basin could serve as a possible avenue for alternative 
implementation.  

 
Preliminary Alternatives 

 
Realizing the flood risk occurring within the Highland Lakes, a very preliminary analysis 
was conducted to determine the effectiveness of certain previously studied alternatives 
for reducing flood levels along the lower Colorado River in the Highland Lakes area and 
below.  The study included approximate analyses of the hydraulic and hydrologic effects 
of varying lake regulation operations for Lake Travis, modifications to Lake Buchanan, 
and construction of a new reservoir at four different locations upstream.  The study 
concluded that while each of the alternatives studied decreased the flood risk along Lake 
Travis, a more detailed analysis of the alternatives and impacts to other areas 
throughout the basin is needed before any decisions related to flood control alternatives 
are made. 
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X. Conclusions 
 
The studies documented herein as part of Phase I of the Lower Colorado River Basin 
Study have been undertaken in an effort to identify problems, needs and opportunities 
associated with the water resources of the lower Colorado River basin.   These studies 
show that a significant flood risk to life and property exists along the river, from the 
Highland Lakes to Matagorda Bay on the Gulf of Mexico.  Additionally, with growing 
populations, municipal water supply needs will become critical in the future, especially in 
the upper Colorado River basin where aquifers are severely taxed by wells and surface 
water is limited by the arid climate, water quality, and invasive plant species.   

 
Areas have been identified along the mainstem of the river that afford opportunities for 
restoring ecosystem values to the region by creating and improving fish and wildlife 
habitat.  Recreation is in high demand throughout the State of Texas and the lower 
Colorado River basin.  Recreation improvements can be incorporated into plans that 
meet other water resources needs such as flood control reservoirs and environmental 
restoration areas.  Opportunities exist for comprehensive solutions that address one or 
more problems or needs at the same time. 
 
Five areas have been identified as having significant flood problems and possessing 
varying degree of environmental restoration potential.  A study partner has come forward 
for each of these areas to share the cost of subsequent interim feasibility studies to 
determine the engineering viability, economic justification, and environmental 
acceptability of multipurpose solutions.  Two of these studies, Onion Creek in the cities 
of Austin and Sunset Valley and Travis County, and the Colorado River and associated 
streams in the city of Wharton, have been scoped and are underway.  A study to look at 
the flood problems along the Highland Lakes and environmental restoration 
opportunities along the mainstem of the river is in the process of being scoped and a 
cost sharing agreement is being finalized.  Studies of Walnut Creek and Shoal Creek in 
the city of Austin are planned for the near future. 
 
Many additional water resources problems exist within the lower Colorado River and 
opportunities abound that could contribute to the economic and social welfare and 
environmental integrity of the basin.  Should additional sponsors be identified and a 
Federal interest can be demonstrated within the missions of the U.S. Army Corps of  
Engineers, additional studies may emerge in the future. 
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