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EXECUTIVE SUMMARY
PROJECT BACKGROUND
Within downtown San Antonio, the San Antonio River
continues to thrive as the famous River Walk, or Paseo
del Rio. However, an additional 13 miles of urban river
exist beyond downtown: upstream to the headwaters at
the University of the Incarnate Word and downstream
to the Espada Mission. The possibilities for these
river reaches have not yet been charted.
Bexar County, the City of San Antonio, and the San
Antonio River Authority formed the San Antonio
River Oversight Committee (SAROC), comprised of a
diverse group of citizens, in 1998. These four entities
have joined for a major undertaking, the preservation
and restoration of the San Antonio River. Under their
leadership, the north and south reaches will be master
planned for future enhancement of San Antonio
citizens and visitors lives.

PROJECT AREA
The San Antonio River Improvements Project
includes two reaches. The Museum (Northern) Reach
begins at Lexington Street and runs north about four
miles to E. Hildebrand Avenue at Brackenridge Park.
Due to two distinct areas within this reach, it has been
further subdivided in the Museum (Northern)
Urban Reach from Lexington to Josephine and the
Museum (Northern) Park Reach from Josephine to
Hildebrand.
The Historical Mission (Southern) Reach extends
southward from S. Alamo Street to the Espada
Mission just below Interstate Loop 410. This reach
measures approximately nine miles, for an entire
project length of about 13 linear miles.
6 SAN ANTONIO RIVER DESIGN GUIDELINES

MASTER PLANNING PROCESS
SWA Group was retained in April 2000 to provide
Master Planning services for the San Antonio River
Improvements Project. Their charge was:
 to create a vision for the project area that would
enhance the river and the citizens lives
 confirm that the hydraulic capabilities are not
compromised
 evaluate future land uses
 test the cost analysis to confirm the projects
affordability
 prepare a Design Guidelines document to guide
the future design teams work
 participate in a public participation process to
solicit consensus
The work was undertaken in a series of efforts that
each culminated in a Community Work Session.
These phases included:
1. Development of an Approach Statement
2. Undertaking Background Studies
3. Undertaking a Site Analysis and Evaluation
4. Program Testing
5. Preparation of Concept Alternatives
6. Documentation of the River Design Concept
7. Preparation of a Design Guidelines document
8. Attendance at coordination and presentation
meetings

ECONOMIC DEVELOPMENT OPPORTUNITIES
A brief economics evaluation was undertaken of San
Antonios current market condition and projected land
uses were projected for the next ten years.

The Museum (Northern) Reach offers great
opportunity for high-density, multi-family residential
development supported with commercial services and
entertainment uses. The market is not currently strong
for speculative office building development but
limited hotel development may be possible.
The Historical Mission (Southern) Reach impacts will
be on a broader scale as the vast majority of
developable land lies a significant distance from the
river itself and it currently obscured by steep banks.
The primary economic stimulus will be through the
provision of the recreational and cultural
opportunities for the San Antonio community.
The Master Plan vision has been developed with these
future land uses in mind.

MASTER PLAN VISION
SWAs design vision is to restore the Historic Mission
(Southern) Reach to a more natural river (while
maintaining floodwater capacity), set the framework
for an urban context in the Museum (Northern) Reach
that will provide for new, urban neighborhoods, and
provide a continuous pedestrian linkage from one end
of the river to the other.
The approach for the Historic Mission (Southern)
Reach is the application of fluvial geomorphology that
will restore the river to a more natural condition and
create a more stable river. The Museum (Northern)
Urban Reach has had bioengineering approaches
applied to create a linear park that has greater habitat
than currently exists and also provides a new front

yard for future development. The Park segment of
the Museum Reach will be preserved and very little
work is proposed other than erosion control, removal
of invasive plant species, and continuation of the hike
and bike pathway.

HYDRAULIC MODEL
A key goal of the Master Plan is to not compromise
the current floodwater capacity of the river and to
increase it, if possible.
The master plan team modeled the proposed channel
modifications using the U.S. Army Corps of
Engineers, Hydrologic Engineering Center, River
Analysis System (HEC-RAS) computer program. This
model was not yet completed during the planning
phase of this project and a draft was utilized.
The HEC-RAS Output Table and Summary Report is
included in the Appendix. The table indicates
differences between the existing and proposed river
conditions for total energy as well as water surface
elevations. The final model demonstrates that the
concept reduces the energy profile of the entire river
and reduces the existing water surface elevation in all
but a few isolated areas. In these few locations, the
proposed condition slows the channel velocity and
provides a more stable flow condition compared to
existing conditions. In all of the location except one,
proposed water surface elevations are confined within
the main flood control channel. In the lone location
where proposed water levels are not confined in the
main channel, the existing water levels also extend out
onto the main channel. Each future design team will

be required to run a new model based upon their
design development.
A flooding problem in the Symphony Lane
neighborhood has generated a proposal for the
modification of the Davis Lake area (refer page 41 for
further information). The HEC-RAS model has
assumed that the Espada Dam will be removed and
replaced with a series of lakes and grade control
structures that are excavated. A separate engineering
study is being undertaken to study this issue and
provide a final recommendation or alternative
options/solutions in the fall of 2001.

COST ESTIMATE
SWA used the 1997 Freese & Nichols cost estimate of
$100,000,000 as their basis in confirming the project
budget and utilized to Bexar County, the City of San
Antonio, and the Private Foundations. The final SWA
cost analysis is higher than the original Freese &
Nichols estimate and is included as an Appendix along
with a Gant Chart.

real possibility exists that a portion of the cut material
can be spoiled on an adjacent site(s) without causing
adverse impacts to surrounding areas. Also, an
adjacent site could be purchased for spoils and cost
less than hauling the material away, and/or that
another agency, such as TxDOT may want the soil and
will remove it cost free. These approaches should be
investigated by each future design team. In addition,
Federal River Restoration and Recreational Project
funding is available through the U. S. Army Corps of
Engineers and the project will be pursuing that
funding.
In order to apply some of the fluvial geomorphologic
principles, additional river right-of-way is required in
certain locations. SWA has utilized publicly held
property to accomplish most of the land but a small
amount of private land is needed. The cost of this
acquisition has been included in the overall project
cost analysis but it is preferred that public/private
partnerships will be developed with the property
owners and that the land will be donated or easements
will be granted free of charge.

meeting and two Community Work Sessions. In
conditions, constraints, and opportunities
addition to these meetings, the design team also met
3. Vision for the Historical Mission (Southern) Reach
with twelve other local agencies, groups or
including design approach and prototypes for the
stakeholders. Refer to the Appendix for a community
major project components.
participation summary.
4. Vision for the Museum (Northern) Reach including
design approach and prototypes for the major
PROJECT APPROVAL
project components
The Master Plan was presented to the Bexar County
Commissioners Court, the San Antonio City Council,
The Guidelines have been developed so that they will
the San Antonio River Authority Board, and the San
ensure that the Master Plan vision is not compromised
Antonio River Oversight Committee through the
but will allow flexibility for application to each of the
months of March and April 2001. The plan was
river reaches. They also include performance based
unanimously approved by all groups.
maintenance requirements so that the future design
teams develop details that are maintainable by the
PROJECT IMPLEMENTATION
County, City, and SARA, where necessary.
The Master Plan implementation strategy is to:
1. Build the project over the next 10 years.
The Master Plan and Guidelines have been carefully
2. Construct a north reach and south reach
coordinated with several other important projects:
concurrently during each phase.
 Unified Development Code Revisions
3. Begin at the downtown area and work outward, in
 Mission Trails Project
both southward and northward directions, as
 Eagleland Project
possible. The areas of highest concern in the
 The Downtown Reach
Historical Mission Reach, such as Espada Dam, will
be addressed as quickly as possible, coordinated
Future design teams must comply with all City, State,
with the availability of project funds, and may
and Federal requirements including the Texas
Accessibility Standards (TAS) of the Architectural
require hop-scotching in that reach.
Barriers Act, and Crime Prevention through
Environmental Design (CPTED) by the National
Crime Prevention Institute.

The majority of the cost increase occurs in the County
flood control components. This increase is a result of DESIGN GUIDELINES
The following Design Guidelines have been prepared
the fluvial geomorphology approach that was applied
to direct the design process of all future design teams
to the South Reach and the resulting earth cut that is
and to protect the SWA design vision. The manual
required through application of fluvial
has been divided into the Museum (Northern)
geomorphology principles. This is the optimum
Urban Reach, the Museum (Northern) Park
approach to increase floodwater capacity. A total of
COMMUNITY WORK SESSIONS
Reach, and the Historical Mission (Southern) Reach
approximately four million cubic yards of earth must
A series of public meetings was held at each of the
and provides the following information:
be removed and the cost analysis has made a
three major project milestones that consisted of an
1. Project Background and Purpose of the Guidelines
conservative assumption that it will be hauled off-site
expanded San Antonio River Oversight Committee
2. Overview of the Project including existing
to an environmentally approved spoil site. However, a
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INTRODUCTION AND PURPOSE

INTRODUCTION AND PURPOSE

Bexar County, the City of San Antonio, and the
San Antonio River Authority (SARA) formed the
San Antonio River Oversight Committee (SAROC) in
1998 to:
 identify concepts for river improvements
 advise the County, City and River Authority on the

PROJECT BACKGROUND
The San Antonio River is the historic lifeline of San

planning, design, and construction of the river
improvements

Antonio. It is the origin of the city.

 provide a public forum during the process
 encourage and promote community involvement

Within downtown San Antonio, the river continues to
thrive as the famous River Walk, or Paseo del Rio.

and consensus
 meet with the citizens, neighborhoods and

However, an additional 13 miles of urban river exist
beyond downtown: upstream to the headwaters at the

stakeholders.
These four entities have joined for a major

University of the Incarnate Word and downstream to
the Espada Mission. The collective vision and work

undertaking, the preservation and restoration of the
San Antonio River. Under their leadership, the north

of community leaders through the centuries has
preserved the charm of the San Antonio River. This

and south reaches will be master planned for future
enhancement of San Antonio citizens lives.

concept design and Master Plan support the continued
charting of possibilities for the historic river reaches.

These public improvements will restore the Historic
Mission (Southern) Reach to a more natural river, set
the framework for an urban context in the Museum
Historic Plan of River

(Northern) Reach that will provide for new, urban
neighborhoods, and provide a continuous linear park
and pedestrian linkage from one end to the other.

A San Antonio River acequia
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Photo 2 - #63A
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INTRODUCTION AND PURPOSE

PURPOSE OF THE DESIGN GUIDELINES
The San Antonio River Design Guidelines set the
design vision for the river that will be implemented
over the first decade of the 21st century. These
guidelines establish the major framework in which
future design consultants work will be undertaken.
Each project reach will be designed with the intent of
these guidelines to ensure that the visions concepts
are being realized in the vocabulary that has been
established. When completed, the river improvements
will be a consistent and coherent system.
The Design Guidelines also provide visions for the
next 50+ years that can be undertaken beyond this
project and its current budget.

PROJECT AREA
The San Antonio River Improvements Project
includes two reaches. The Museum (Northern) Reach

Tunnel outlet structure

A Glossary of Terms has been included as an
Appendix to assist with the many technical terms that
will be used throughout this document.

begins at Lexington Street and runs north about four
miles to E. Hildebrand Avenue at Brackenridge Park.
Although the actual river headwaters are north of
Hildebrand Avenue on the University of the Incarnate
Word campus, the University is private property and
the acknowledgement of the rivers origin will occur
on the Brackenridge Park land.
The Historical Mission (Southern) Reach extends
southward from S. Alamo Street to the Espada
Mission just below Interstate Loop 410. This reach
measures approximately nine miles, for an entire
project length of about 13 linear miles.
River behind King William District
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FUTURE DESIGN REVIEW PROCESS
The Adoption of these Design Guidelines by the

All projects will require HEC-RAS modeling, approval

Bexar County Commissioners Court, San Antonio City
Council, and SARA Board of Directors and

of the hydraulics, a flood plain development permit,
and full review by all major City and County

supercedes all previous related documents. Each
design team that undertakes design of a San Antonio

Departments. Approvals will be required before each
subsequent phase is undertaken.

River reach will be responsible for submitting progress
plans per the Bexar County, City of San Antonio, and

Future design teams must comply with all City, State,

SARA requirements. The process includes:
1. SARA/consultant coordinated design through

and Federal requirements including the Texas
Accessibility Standards (TAS) of the Architectural

periodic design meetings with the City and County
staff and SAROC

Historic acequia

2. Preliminary Design Phase submittals at 65% and
95% complete

HOW TO USE THE DESIGN GUIDELINES

Barriers Act, and also Crime Prevention through
Environmental Design (CPTED) by the National
Crime Prevention Institute.

3. Final Design Phase submittals at 65% and 95%
complete

As evident in the Overview of the Project, the existing
character of the project reaches divides them into

4. Updates and approvals by the County, City Council,
SARA Board, SAROC, and private sector donors.

three distinct project areas:
1. Museum (Northern) Park Reach  U.S. Highway
281 north to Hildebrand Avenue including the
Brackenridge Golf Course and Brackenridge Park.
2. Museum (Northern) Urban Reach  U.S.
Highway 281 south to Lexington Avenue.
3. Historical Mission (Southern) Reach  S. Alamo
Street south to the limits of work at Espada
Mission.
The following Design Guidelines will be organized
according to these three diverse project areas for easy
reference by future consulting design teams.
The decisions documented in the Design Guidelines
were thoroughly researched and coordinated, and

Rodriguez Bridge

significant changes are not recommended.
Low water crossing
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OVERVIEW OF THE PROJECT

GOALS
The Design Guidelines have been derived from the
San Antonio River Planning Document prepared by
SAROC and published in February 2000.

SAROCs Guiding Principle is:
As representatives of the community of San Antonio and
advocates for the San Antonio River, we will strive to reach
consensus among ourselves and within the community in support
of a program of improvements to the San Antonio River that
are consistent with the highest standards of technical and design
criteria, respect and address the needs of all segments of the
river, and improve the quality of life for all its citizens.

The SAROC Planning Document includes broad
visions for:
1. Access needs for the southern reach.
2. Uses of the river
3. Water quality and quantity issues
4. Safety and maintenance
5. Special concerns
An overriding design goal of SAROC is that the river
never be typical in character but always changing,
providing unexpected surprises to residents and
visitors alike. The Design Guidelines expand these
visions into proposals for physical design solutions.

Asylum Creek outfall
Opposite: Big Tex Grain site
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PROJECT OVERVIEW

The existing conditions of the Museum (Northern)
Reach and Historical Mission (Southern) Reaches

flood zone due to the Tunnel Structure. It is a
somewhat meandering river although it runs through

differ greatly. From Lexington Avenue north to
Josephine Street the river is slightly meandering

an engineered trapezoidal channel that is not a natural
condition and has a limited flow capacity.

through a narrow channel and has vegetation growing
along much of its banks. The land uses are generally

As it moves further south, the San Antonio River

light industrial and commercial and none of them
acknowledge the rivers splendor. The average width

converges with the San Pedro Creek and, as a result,
the river conveys three times as much water

of the river right-of-way in this reach is 80 feet, which
limits river restoration and dictates the type of channel

downstream as upstream during flood events. The
river flood control channel becomes much wider and

banks that can be developed.

does not have extensive adjacent development along it.

River near Brooklyn

EXISTING CONDITIONS
The existing San Antonio River channel was designed
and constructed by the U. S. Army Corps of Engineers
to effectively and efficiently control flood events. For
several decades it has been a sterile, flood control
channel that is visually unappealing although an
effective flood control instrument. In addition, it
offers great opportunity to become a revitalized urban
spine through the city.

Brackenridge Park

This reach of the river is protected by the Tunnel
Structure that was completed in 1998. Floodwaters

improve flood control. The plan includes diversion of
some floodwaters into an improved Catalpa-Pershing

In recent years, the City has utilized concrete rubble
rip-rap to stabilize eroding banks. This rip-rap extends

are taken in at the Tunnel Inlet Structure on Josephine
Street and pass underneath downtown until they

channel to reduce the limits of the floodplain in the
River Road neighborhood. Removal of this

along much of the river to the Espada Mission. The
public has expressed a negative reaction to this

outfall at the Tunnel Outlet Structure on Lone Star
Drive. An increased interest in development along the

community from the floodplain remains a priority of
several agencies and several opportunities exist that

application, and it should be reused and the banks
remedied according to recommendations that follow.

main channel of the river exists through this reach. It
is essential that any river improvements incorporate

can be pursued in the future.

flood control as a high priority.

The Historical Mission (Southern) Reach, from
S. Alamo to Lone Star, is still a part of the protected

Much of the existing land use is non-taxed, public

From Josephine Street to Hildebrand Avenue, the river
has a lovely, natural setting as a part of Brackenridge

The appearance of the river is one of a heavily

Golf Course and Park. The major issues in this reach
include erosion control and management of invasive

engineered trapezoidal channel, devoid of trees or
understory plantings, and lined with concrete rubble.

plant materials. However, little improvement is
required for this reach. In addition, a Brackenridge

It is not currently a place where most people find
recreational opportunity. However, the potential for a

Park Master Plan has been prepared by the City of San
Antonio that will address the major improvements to

largely restored river is very strong in this reach and
the Design Guidelines will provide the direction for

be made in coordination with the Design Guidelines.

restoration.

In 1999, the City of San Antonio prepared an
improvements plan for Brackenridge Golf Course to
Tunnel outlet structure
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property such as parks, as indicated on the Ownership
Map (refer pages 18  19).

River confluence with San Pedro Creek

Local storm water is the second water quality issue and
can be somewhat addressed in this project. The local
storm water runoff makes its way into the river either
as direct runoff or through the tributary outfall
structures. The redesign of the outfall structures will
help in filtering that water and also in aerating it.
Private developers are encouraged to include natural
buffer zones between their property and the river

In addition, a memorandum was prepared by a local

that will polish water and help support this goal.

archaeologist and is included in the Appendix.
However, this information is very general in nature
Tributary outfall structure

Existing concrete rubble rip-rap

RIVER WATER SOURCES
A goal of the San Antonio River Improvements
Project is to create new and increased habitat for
riparian plants and animals. In order for this to occur,
the water quality must be improved. Better water
quality must be addressed on two levels. The regional
watershed, which collects all of the water that drains
into the San Antonio River, is the bigger issue. The
City, County, and SARA must address this issue in
their broader storm water management policies.

source, a water feature at the Convention Center, will
provide between one and four cfs when it is

sites and responded to them. It will be the
responsibility of the individual design teams to

completed. This verbal agreement of SAWS will
require a formal agreement in the near future.

undertake a more detailed study of the reaches to
verify if and where any significant historic sites exist.

ARCHAEOLOGY
Discharge point at Brackenridge Park

The San Antonio River is now supplied with recycled
water from the Water Recycling Center near South
Interstate Loop 410 to reduce pumping of water from
the Edwards Aquifer. If it were not for this

and does not pinpoint exact locations. The Master
Plan has acknowledged the existence of these general

ENVIRONMENTAL CHALLENGES

A number of archaeological sites and site of historic
importance exist along the river. The major sites have

Several sites exist that may require environmental
assessment before they can be improved. The greatest

been identified per the City of San Antonio
Comprehensive Planning Division Community

area of concern is between Mitchell Street and Lone
Star Boulevard adjacent to the CPS and SAWS

Development Office Archeological Site Map, Map 4.

properties. Other sites of concern are near Lone Star
Boulevard. Future design teams will need to address
these issues at the onset of the design process.

continuous water supply, the river would normally be
dry. San Antonio Water System (SAWS) has verbally
agreed to supply a total of 10 cfs (cubic feet per
second) of water as measured at the Tunnel Outlet
Structure with and additional two cfs added at the
confluence with Salado Creek. Two of the discharge
points are located north of downtown San Antonio in
Brackenridge Park near the Witte Museum, and further
Existing south channel

south at the Tunnel Inlet Structure. A third water

Tunnel inlet structure
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PROJECT OVERVIEW

The Historical Mission (Southern) Reach impacts will be on a broader
scale as the vast majority of developable land lies a significant distance
from the river itself and it currently obscured by steep banks. The
primary economic stimulus will be through the provision of the
recreational and cultural opportunities for the San Antonio community.
Recreation should include pathways, watercraft opportunities, and a
greater linkage to and interpretation of the Missions. The economic
development stimulus will be cast broadly over the whole south area
creating a more desirable living and working environment and enhancing
the quality of life.
Museum (Northern) Urban Reach, before and after

While development of a corporate campus complex or similar type of
facility has its own particular dynamics that does not allow its inclusion in
a generalized economic assessment, there is ample land in both the
northern and southern reaches that would permit such a use.

ECONOMIC DEVELOPMENT AND LAND USE
A peripheral goal of the San Antonio River Improvements Project is
to stimulate development and redevelopment of the properties along
the river. The SWA Master Plan teams economist prepared a
memorandum outlining the market conditions and likely development
opportunities for each reach. The memorandum is included as an
Appendix.
The Museum (Northern) Reach offers great opportunity for highdensity multi-family residential development supported with
commercial services and entertainment uses. The market is not
currently strong for speculative office building development but
limited hotel development may be possible. The introduction of the
passenger barges north of Lexington Street is expected to open up
greater pedestrian accessibility for development parcels and the
existence of a continuous pathway is very important.

16 SAN ANTONIO RIVER DESIGN GUIDELINES

Historical Mission (Southern) Reach, before and after

GUIDING DESIGN PRINCIPLES
Based upon SAROCs Guiding Principle and the

Nature
1. River channel solutions with a more natural

Planning Document, Guiding Design Principles have
been developed to guide the planning and design

appearance will take precedence over
architectural solutions wherever possible and will

direction. These include three major components in
support of SAROCs goals:

have sinuous edges to minimize the artificial
channel appearance.
2. Design solutions will utilize a variety of low flow
conditions such as riffles/pools to increase habitat
diversity and maximize fish and wildlife habitat
value.
3. Fish and wildlife habitats are desired and will be
balanced with other needs of the river.
4. Planting solutions will emphasize native and/or
naturalized species and will reduce long-term

Existing North Channel

Hydrology
1. Design solutions will utilize the natural principles
of fluvial geomorphology whenever possible,

mowing requirements to the extent possible.
5. Tree plantings will be maximized, as possible and
coordinated with the appropriate river hydraulic
capacity, to provide a variety of scales of spaces
and ecotones, from dense coppices to open areas.

especially associated with the pilot channel.
2. Design solutions will not increase flooding

(Southern) Reach improvements will receive
balanced attention.

potential and all design solutions will attempt to
reduce flooding potential.

2. Design solutions will be responsive to the specific
context and will never be typical, providing a

3. Design solutions will not increase river
maintenance and will attempt to reduce

variety of experiences for different uses.
3. Design solutions will enhance the appreciation of

maintenance requirements.
4. No design solution will reduce water quality, and all

the rivers historic significance in the life and
development of San Antonio.

solutions will attempt to enhance water quality.
5. Adequate base flow will be maintained along with

4. Pathways will be continuous along the river, along
both sides as appropriate, and will interface with

the impounding of water.
6. Recycled water will take precedence over the
pumping of aquifer water.
7. Public land acquisition will occur, as possible, to
provide greater flood control and river flood
carrying capacity.

People
1. Museum (Northern) Reach and Historical Mission

New habitat is a priority

other systems as possible, such as Mission Trails.
5. Safe nighttime use of the river will be
accommodated but will not compromise the
integrity of adjacent neighborhoods.

The improved river will provide recreational uses for people

6. Future land uses along the river will reinforce a
sense of community and respect the human scale,
provide variety and focus intense use in nodes, and
encourage the economic viability of the area.
7. Passive recreational uses (i.e. picnicking) will take
precedence over active recreational uses (i.e.
frisbee). Active recreational uses will occur only
where they are compatible with the context.
8. Design solutions will not increase current trash
accumulation, graffiti, and other maintenance
problems and will attempt to reduce long-term
landscape maintenance requirements.
Wherever possible, the river right-of-way should be
expanded as much as possible to increase flood water
capacity, enable tree planting, and provide a more
useable environment for people.

SAN ANTONIO RIVER DESIGN GUIDELINES 17

PROJECT OVERVIEW

Hike and bike pathways are a priority

PROGRAM
The SAROC Planning Document outlines an extensive
program of elements desired in the Museum
(Northern) and Historical Mission (Southern) Reaches
in no prioritized order, as follows.

Element

Element

HISTORICAL MISSION (SOUTHERN) REACH
Continuous Pathway

MUSEUM (NORTHERN) REACH
Maintenance Access

Maintenance Access
Canoeing

Maintenance by Barges
Variable Pathways

Passive Recreation
Active Recreation Pathway Connections

Paddleboat Use
Public Access @ Bank Height

Linkages with Mission Trails
Wildlife Habitat

Continuous Pathways
Retail @ Brooklyn, Jones, & Pearl Brewery

Enhanced Water Quality
Constructed Wetlands

Park Ranger Access
Nodal Commercial Development

Bike Police
Lighting

Linear Parkway
Natural River Sections

Plants along Pilot Channel
Espada Dam Improvements

Signage @ Street Level
Improved Water Quality

Asymmetrical Banks
Storm Outfalls below Water

Plant, Insect, & Fish Habitats
Fish Ponds

Textured Concrete Dams
Wider Pilot Channel

Brooklyn Avenue Dam
Dam Locks & Floodgates

Minimized Hard Bottom
Separate Maintenance Path

Native/adapted Plantings
Fish & Wildlife Beaches

Maximum 24-36 Pilot Channel Edges
Trees

Perceived Safety
One Pathway @ San Antonio Museum of Art

No Mow Zones
Wildlife Beaches

Linkages with Brackenridge Park.
Linkages with the Greenway Plan.

Enhanced Existing Meanders
Concrete Rubble Removal/Reuse

Handcrafted Elements

Boating will be an opportunity

Enhanced recreation is the opportunity in the South Reach

The Master Planning process addressed each of these
elements and determined which were feasible. The
Design Guidelines address the feasible elements and
provides directions for inclusion of each in the future
design process.

Fish and aquatic habitat will be enhanced
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INTEGRATION WITH OTHER PROJECTS

Mission Trails
The City of San Antonio has been working on the

Unified Development Code
In May 2001, the City of San Antonio completed a

Mission Trails Project since 1992. The first phase of
improvements has been implemented and the second

revised Unified Development Code (UDC). In
August 2001, San Antonio City Council is expected to

phase is anticipated to begin in late 2000. This Design
Guidelines manual has been carefully coordinated with

consider an additional component to the UDC that
outlines a River Overlay District for the entire river,

that plan to integrate pathway systems and minimize
duplicated work.

called the River Zone Districts. The districts will
preserve the character of the San Antonio River and

It is also a goal of the River Improvements Project to

ensure public access to the river from the roadways
and commercial/residential facilities. The San

link the river with important destination points. This
includes the Missions and other historic destinations in

Antonio River Improvements Master Plan is intended
to work hand-in-hand with the development

the south and the San Antonio Museum of Art and
other cultural institutions in the north. The design

opportunities outlined by the UDC. The major
requirements outlined in the UDC include:

teams should consider these opportunities when
preparing the final design solutions.

1. Standards for Landscape Design at the Street Level
2. Standards for Landscape Design at the River Level

The City, in coordination with neighborhood groups

3. Building Design Standards
4. Awnings and Canopies

and other citizen groups, has also developed a plan for
an on-street bicycle pathway through downtown to

5. Mechanical Equipment and Service Utilities
6. Portable Carts

connect the two Reaches. A Hike and Bike Pathway
Diagram is included as an Appendix. It describes the

7. Boats, Barges and Water Taxis
8. Parking

entire pathway system for the project, which will be
approximately 15 miles long in its entirety.

9. Signs
Additional linkages from the river and into the
surrounding city are very important for the long-term
viability of the river. In the north, the most important
connections are east to Broadway Street and west to
St. Marys Street. These connections must be
considered when addressing the bridge crossings and
access from the street to the river. The Historical
Mission (Southern) Reach linkages include those to the
Missions, existing parks, and adjacent neighborhoods.

Existing Mission Trails Bridge

Typical south channel

Eagleland Project
The Eagleland Reach, between Guenther Street and

Downtown Reach
The Downtown Reach between Houston Street and

Lone Star Boulevard, will be one of the first projects
to be implemented. This project is a venture between

Lexington Avenue is currently undergoing restoration
and the pathway systems north and south of that reach

the US Army Corps of Engineers, Bexar County, the
City of San Antonio, and the San Antonio River

have been designed to connect to it.

Authority. The concepts presented in this Design
Guidelines manual have been carefully coordinated

Symphony Lane Study
The Design Guidelines include a recommended

with them, as well.

solution to the flooding problem at the Symphony Lane
neighborhood. However, an engineering study will be
completed in the fall of 2001 that will make a final
recommendation based upon the Master Plan goals.
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PROJECT OVERVIEW

INVENTORY PROCESS
An extensive inventory and analysis process was
undertaken as the basis of the Design Process. It
consisted of:
1. Site visits and photographic inventory
2. Meetings with the County, City, SARA, and
SAROC
3. Research

OWNERSHIP MAP

The findings of this process were documented on two
extensive project documents; the Constraints Map and
the Ownership Map. These documents identify the
major issues that guided the design phase of work.
SARA has established an archive of the relevant
project documents that may be needed by the future
design teams. This information can be obtained from
SARA for project use.

DESIGN PROCESS
A series of community and staff meetings was held at
each of the three major project milestones that
consisted of an expanded San Antonio River
Oversight Committee meeting and two Community
Work Sessions. Refer to the Appendix for further
information about the Work Sessions.
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CONSTRAINTS MAP

In addition to the regularly scheduled meetings, the
SWA design team also met with:
1. SAROC Design Sub-Committee
2. Bexar County
3. CoSA Department of Public Works
4. CoSA Planning Department
5. CoSA Parks & Recreation Department
6. CoSA Historical Development Review Committee
7. Pastquest, archaeological consultants
8. US Army Corps of Engineers
9. Mission Trails and Eagleland design team
10.Brackenridge Park Master Plan design team
11.Texas Department of Transportation
12.Various private property owners and neighborhood
stakeholder groups
In order to provide the greatest public access to the
project documents, a web site was established at the
onset of the design process. The address is
www.sanantonioriver.org. Updated drawings were
posted at the conclusion of each Community Work
Session and the public was reminded of the site
address. During the nine-month process, over 4,600
visits and almost 14,000 hits were documented. The
completed site is available for review.
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HISTORICAL MISSION (SOUTHERN) REACH

H ISTORICAL M ISSION ( SOUTHERN) R EACH

The SWA design team approached the south reach planning process with restoration, renovation, and preserving
and enhancing flood control as key to creating a beautiful, useable river that will enhance the quality of life for the
citizens of San Antonio. The science of fluvial geomorphology was investigated to accomplish this goal.

Opposite: The Roosevelt Bridge
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FLUVIAL GEOMORPHOLOGY

their overall shape (i.e. cross section, sinuosity, etc.)
remains the same (equilibrium).

it is possible to determine stable and unstable
combinations of these morphologic features by

rivers and the processes that form them. The shape
of a river is an integration of geology, climate and

When the geology, climate, or land use changes, the

measuring stable and unstable channels. Stable
measurements can be later utilized to design a stable,

land use. The main function of a river channel is to
transport the water and sediment supplied to it as

river must adjust its channel to compensate for the
change. The adjustment takes place in the form of

more natural channel in place of an unstable and
changing channel.

efficiently as possible. This means that natural
channels become sized to carry frequent, small storm

either erosion or deposition of silt. During this
adjustment period, the channel becomes unstable and

The fluvial geomorphology calculations, assumptions,

events and the large, infrequent storm events overflow
the channel and inundate the floodplain area. Stable

is in a state of dis-equilibrium. Most unstable
channels are adjusting to land use changes created by

rivers are in a state of dynamic equilibrium  that is,
while they change from storm to storm (dynamic)

development. Because morphologic features of
channels are measurable (e.g. width, depth, slope, etc.)

The science of fluvial geomorphology is the study of

SECTION - PROPOSED CHANNEL AT HISTORIC MISSION (SOUTH) REACH

NOT TO SCALE
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and measurements are included in the Appendix.

Existing South Reach

PLAN

EXISTING CONDITIONS

SECTION

NOT TO SCALE
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ALTERNATIVE A  RIVER IMPROVEMENTS WITHIN THE EXISTING RIVER CHANNEL
This approach included minor river channel realignment but limited to the area within the existing
flood channel right-of-way.
Component

Pro

Con

Flooding Potential

None

Some out-of-bank flow during 100-year
storm (existing).
Design could raise 100-year water surface
elevation where channel has capacity.

Pilot Channel

None

Size limited to base flow (10 cfs).
Bankfull event not accommodated.

River Meanders

A goal in the Master Plan process was to test the application of fluvial geomorphology principles and determine its

Pilot channel can be curved for aesthetic

Sinuosity does not meet fluvial

purposes.

geomorphologic principals and is limited to

appropriateness for the San Antonio River. This investigation began with the testing of three conceptual
approaches to a segment of the Historical Mission (Southern) Reach. These alternative approaches included:

area between flood control banks.
Riffles and Pools

Can be created.

None

Plant and Animal Habitat

Allows vegetation and habitat

None

improvement but minimizes trees.
Channel Stability

None

Low stability- required maintenance not
reduced. Much armoring required.

Aesthetics

Somewhat improved.

Decorated trapezoidal channel.

Canoeing

Can be accommodated.

May require some portaging.

Water Quality

Not improved significantly.

Land Acquisition

None required.

None

Other program elements

Simplest pilot channel trail crossings.

None

Budget

$100M overall budget can be

None

accommodated.
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PLAN

ALTERNATIVE A

SECTION

NOT TO SCALE
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Component

Pro

Con

Flooding Potential

Reduces 100-year water surface elevation

None

especially where new bends and widened
cross sections are large enough
Pilot Channel

None

Limited to 50% of bankfull flow (4,500 cfs).

River Meanders

Closer to natural.

None

Riffles and Pools

More than Alt. A can be created.

None

Plant and Animal Habitat

Adds vegetation and habitat, and also

None

allows trees.
Channel Stability

Improved stability and reduced operational

Not completely stable and some armoring

maintenance.

required. Size limitations of flood control
channel inhibits using totally adequate
bankfull channel.

ALTERNATIVE B  EXPANDED RIVER CHANNEL
This approach included acquiring a small amount of land outside of the existing flood control channel right-of-way
so that the river meanders could be closer to a natural form.

Aesthetics

More natural  integrated into larger

None

landscape.
Canoeing

Can be accommodated

None

Water Quality

Greater sediment transfer than Alt. A,

None

improved quality.
Land Acquisition

None

Some required, generally (if not
exclusively) on public lands.

Other program elements

None

More difficult trail crossings. Possible
disturbance of archaeological sites.

Budget

None

Likely more than $100M required for entire
project (right-of-way and excavation).
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PLAN

ALTERNATIVE B

SECTION

NOT TO SCALE
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Component

Pro

Con

Flooding Potential

Potential for significant reduction in 100-

None

year water surface elevations. Could
accommodate additional capacity.
Pilot Channel

Carries full bankfull flow (9,000 cfs).

None

River Meanders

As natural as possible.

None

Riffles and Pools

Can be maximized.

None

Plant and Animal Habitat

Adds vegetation and habitat in the optimum None
locations and maximizes trees.

ALTERNATIVE C  FULLY RESTORED RIVER CHANNEL (APPLIED FLUVIAL GEOMORPHOLOGY PRINCIPLES)
This approach included a complete fluvial geomorphology application where the river is restored to a
natural condition.

Channel Stability

Stable with minimal on-going maintenance

None

required.
Aesthetics

Very natural appearance.

None

Canoeing

Can be accommodated.

None

Water Quality

Greatest improvement possible.

None

Land Acquisition

None

Greatest amount required (400 wide flood
control channel bottom width required
below the confluence with San Pedro
Creek). Would require some private
property acquisition.

Other program elements

Upon review of the alternatives, it was determined that the appropriate approach to the
Historical Mission (Southern) Reach is a combination of Alternative A and Alternative B, the
deciding factors being overall cost and the existing river right-of-way for any particular
segment. A true geomorphology application would require extensively more land area than is
available without purchase of land. While this approach will not result in a complete fluvial
geomorphology application in all respects, the river will be significantly improved in both
function and appearance.
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Represents true application of fluvial

Difficult to cross wide bank full channel

geomorphologic science to the

with trails. Possible disturbance of

San Antonio River.

archaeological sites. Potential for
extremely difficult permitting.

Budget

None

Much more than $100M required for entire
project (right-of-way and excavation).

PLAN

ALTERNATIVE C

SECTION

NOT TO SCALE
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FLOOD CONTROL - HYDRAULIC MODEL
A key goal of the plan is the preserving and

bridge data and other data/information. Manning
roughness factors for existing conditions were

enhancing, if possible, flood control aspects. To
ensure this, the master plan team modeled existing

obtained from a previous 1997 study performed by
Freese and Nichols, Inc. entitled San Antonio River

water areas will be developed by excavating below
the existing channel bottom so small dams above

conditions as well as the proposed channel
modifications using the U.S. Army Corps of

Flood Control Channel Modifications  Preliminary
Engineering Analysis Report. Consistent with this

the existing grade will not be required to create the
water bodies. The small rock dams proposed will

Engineers, Hydrologic Engineering Center, River
Analysis System (HEC-RAS) computer program.

previous work, Manning n factors of 0.03 for the
main river channel and 0.07 for the overbank areas

be consistent with the existing bottom profile.
4. As mentioned above, cross sections were added to

2339 entitled Guide for Selecting Manningss
Roughness Coefficients for Natural Channels and

This model computes water surface elevations based
on channel conditions (e.g., size, shape, vegetation,

were adopted for existing conditions. According to
the U. S. Geological Survey, Mannings roughness

the original model to enable results to reflect the
varying vegetation conditions. Adjustments to the

Flood Plains was used to develop Mannings n
factors for the varying vegetation conditions

etc.) and a storm discharge.

coefficient, n, commonly is used to represent flow
resistance for hydraulic computations of water flow in

vegetation limits (i.e. vegetation moved away from
the channel center) were made in several instances

planned for proposed conditions. The method
used basically allows for the development of an

The overall modeling objective has been to develop
reasonably accurate models for existing and proposed

open channels. Expansion and contraction
coefficients were reviewed and changed where needed

to prevent vegetation near the channel from
increasing water levels and water energy grade

n factor for a cross section or reach of channel
based on the combined effects of:

conditions and to use the modeling to help guide
efforts to develop a river restoration scenario (i.e.,

to reflect standard modeling guidelines. Certain nonessential cross sections in the Corps preliminary

elevations adversely.

proposed conditions) that will not increase flooding
conditions along the study reach of the river. In

existing condition model were removed from this
studys planning level analysis to simplify the

many respects, the modeling was aimed at balancing
the amount of additional cross sectional area required

comparative analysis without sacrificing significant
accuracy. The basic model setup also includes 15

to offset the added vegetation (e.g., trees, underbrush
and natives grasses) proposed for the river corridor.

bridges and two inline weirs, one of which is the
Espada Dam.

The modeling performed at this concept design level
is primarily intended to be a comparative evaluation

The proposed condition model was created from the

between existing and proposed conditions and it
should be recognized that additional and more

existing condition model but includes the following
differences:

detailed modeling will be required when the project
moves to preliminary and final design.

1. Cross sections in numerous locations along the
river were enlarged to generally incorporate fluvial

Development of the existing and proposed HEC-

geomorphological concepts. Generally, the rivers
existing meanders were increased or lengthened by

RAS models was generally based on the utilization of
a preliminary existing condition model of the San

widening the rivers cross section on the channels
outer side.

Antonio River obtained from the Corps of Engineers.
The Corps constructed the model from recent aerial
topographic data, preliminary flow estimates, local
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2. Removal of Espada Dam as an approach to
decreasing/eliminating the flooding at the
Symphony Lane neighborhood.

3. Incorporation of big water areas that are being
planned as below (existing) grade features. These

5. An expanded opening aligned with the old river
remnant was added to the Ashley Road bridge to
allow a portion of the low flows and moderately
high flows to pass through the old river channel
downstream of the bridge.
6. The U.S. Geological Survey Water-Supply Paper

EXISTING RIGHT OF WAY

CL
TOP OF BANK

NO VEGETATION
WITHIN CHANNEL

SIDE SLOPE
TOE OF SLOPE

EXISTING

ADDITIONAL
RIGHT OF WAY

EXISTING PILOT CHANNEL

5:1 MAX SLOPE
MAINTENANCE BENCH
NEW MEANDER

1% SLOPE
PROPOSED

SECTION - SOUTH CHANNEL
NOT TO SCALE

 A base n factor for a straight, smooth, uniform
channel in natural materials;

When the proposed modifications are actually
designed for each reach, final design teams must re-

Pattern Geometry
Meanders are features that allow a river to dissipate

Based upon existing storm discharges, the meander
wavelength of this reach of the river should be about

 Surface irregularities;
 Variations in cross sections;

run the model using more precise channel geometry
and vegetation densities to again ensure that the

and distribute storm flow energy. In developing the
current pilot channel, the U.S. Army Corps of

1,200  1,500 feet and this length has been expressed
in the Master Plan. The meandering pilot channel will

 Obstructions;
 Vegetation; and

design does not increase the existing 100-year water
surface elevations. The HEC-RAS model and

Engineers, in order to design an efficient flood control
channel, removed most of the meandering from the

not only appear more natural but it will also reduce the
potential for bank erosion. Final design teams will

 Channel meandering.

supporting information is available through SARA.

existing south reach of the San Antonio River. The
higher energies associated with the straightened river

ultimately need to verify the exact alignment but it
must remain within this meander wavelength range.

Several components must be addressed in the

are evidenced by the continual maintenance
requirements of the channel after storm events. Due

Cross Section Geometry

Historical Mission (Southern) Reach design to
accomplish the intended river restoration. The Master

to property constraints, it is not possible to totally
restore the meanders in this reach of the river.

The existing river channel is a typical engineered
trapezoidal channel, lined with grass, which conveys

Plan has addressed these issues in general terms.

However, the existing pilot channel can be realigned to
create a meander pattern that more closely resembles a

floodwater very efficiently but has no other benefits
of a natural river corridor. The Master Plan proposes

natural system.

to widen the channel primarily along the outer side at

Utilizing this method, composite n factors were
developed for the following river vegetation
conditions:
 505 trees/acre (~ 10 ft. o.c. out of channel in overbank)
n=0.07
 225 trees/acre (~ 15 ft. o.c. with shrub understory)
n=0.065
 225 trees/acre (~ 15 ft. o.c. with grass understory)
n=0.057; and
 56 trees/acre (~ 30 ft. o.c. groups near channel bottom)

RIVER CHANNEL RESTORATION

ADDITIONAL RIGHT OF WAY
AS NEEDED

TOP OF BANK

n=0.045.

R.O.W.
SIDE SLOPE

7. The cross sections associated with the bridges were
modified to accommodate recreational trails

TOE OF SLOPE

planned along the river (refer to the Appendix).
The basic procedure was to incorporate a 20-foot

NO VEGETATION
WITHIN CHANNEL

NEW MEANDER

NO ADDITIONAL FILL
WITHIN CHANNEL

wide section cut into both bridge abutments (e.g.,
sides of the bridge opening) except at South Cross

EXISTING PILOT CHANNEL

Avenue where the trail is only planned on the east
side.

CHANNEL BOTTOM

Summaries of existing and proposed conditions
modeling output are also included in the Appendix.

NEW MEANDER

SIDE SLOPE

The basic conclusion that can be drawn from the
HEC-RAS modeling comparison is that the proposed
conditions will provide improved 100-year flooding
conditions compared to existing flooding conditions.

R.O.W.

PLAN - SOUTH CHANNEL
NOT TO SCALE

MEANDER WAVELENGTH
1000 - 1500
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existing bends and lay back the banks and recontour
them where adequate land area is available. The intended

can be carved back into the adjacent property and
flattened out to approximately a 1:5 or 1:6 slope.

result is a more natural, meandering river corridor that
will also continue to provide effective flood control.

Each final design team must investigate ways to spoil

The cross sectional area of the flood channel shall

the earth cut on adjacent properties, acquire adjacent
property as a spoil site, and/or identify agencies/

never be reduced but will, in fact, be enlarged in
several locations. The meandering pilot channel and

groups that need soil and will remove it. The goal is
to reduce the amount of soil that is hauled off to a

widening of the channel cross section will allow for
the construction of point bars and terraces within the

distant spoil site and therefore greatly reduce the
impact to the construction budget.

channel. However, the toe of the channel bank shall
never move further into the channel but may be
moved back as possible and as is necessary.

Pilot Channel
Profile Geometry
The San Antonio River has a very flat longitudinal
slope of about 0.2% in general but a greater slope

The river edges must be protected in locations where
storm flows have the potential to erode the banks. The

does exist in the northern extent of the Historical
Mission (Southern) Reach from Lone Star Boulevard

outside of the meanders will experience the highest
energy during storm flows and therefore are the most

to the San Pedro Creek confluence. In this area, grade
control structures are needed to inhibit scouring of

likely locations for this erosion to occur. Erosion
control can be done with vegetation, soil bioengineering

the river bottom. The existing corrugated metal dams
will be replaced with stone grade control structures to

methods that include the use of natural materials to
create an erosion control mat and natural rock

accomplish the same goal.

configured in as straight of an alignment as possible in
order to move storm water quickly. However, this
configuration is not a natural one and the river, during
flood conditions and trying to reclaim a more natural
alignment, will erode its banks. The city has placed
broken concrete rubble rip-rap along the channel
edges south of the San Pedro Creek confluence in an
effort to reduce the erosion. When the channel is
S. E. Military Drive Bridge

for channel bend armoring.
Base Flow Channel Grade Control Structures
A series of grade control structures exist in the

A few locations will require retaining walls using natural
materials where the rivers edge is tucked up against the
channel bank. These locations have been minimized and

Historical Mission (Southern) Reach that consists of
corrugated sheet metal dams. They are in the

only occur where adequate right-of-way does not exist
and the channel side slopes would exceed a 3:1 slope.
South Reach Pilot Channel

RIVER INFRASTRUCTURE

control channel, additional floodwater capacity must
be added. This has been proposed in areas where

The Historical Mission (Southern) Reach has, or will
need, several systems of infrastructure to serve its

adjacent land is owned by public entities. The Master
Plan indicates in several areas where the channel banks

many purposes. A description of these systems
follows.
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Tributary outfall structure

The pilot channel is the relatively narrow depression
that carries the river base flow water. Currently, it is

realigned in accordance with the Master Plan, the riprap can be removed and will be used as sub-structure

formations. The natural rock would be placed at the toe
of slopes where the highest shear stresses occur.

In order to plant additional trees within the flood

Grade control structure

relatively steep sloped areas of the river to prevent
scour and incision of the channel bed. These existing
structures should be removed and relocated as shown
on the Master Plan, and be reconstructed with
indigenous materials. The new grade control
structures should be taller (2.5 to 3 feet tall) and
therefore fewer structures will be required.

S. E. Military Drive Bridge supports create an obstruction

In addition to controlling scouring, several of them will
also be used to impound water. These impoundments,

1. Espada Dam  the Master Plan proposes that this
dam be removed and replaced with a series of

or big water, will occur behind the grade control
structures and have been located near bridge crossings

three stone grade control structures and the
impoundments be excavated from grade. However,

to allow enjoyment by the user as well as the driver
overhead. Impoundments will be at or near existing

this design work is being engineered by others and
a final report and recommendations will be made in

grade and excavated a minimum of six feet below grade.
Each final design team should evaluate the need to

fall of 2001 which may confirm this approach or
recommend another one. The Master Plan

over-excavate impoundments to minimize future desilting requirements utilizing the bedload and

recommendation should be viewed as a temporary
recommendation until the report is issued.

Historic Espada Dam

information that must be gathered or estimated.

San Juan Dam foundations

replaced with a vertical wall to allow a minimum 20 foot

2. Historic Espada Dam  this dam will remain
unchanged.

Tributary Outfall Structures
The tributary outfall structures consist of storm water

wide area for the pathways where necessary. Removal
of this fill will also provide positive flood control

3. San Juan Pump Station Impoundment this
dam will remain as it exists.

pipes and surface water flumes that deliver water to
the river. A series of these exist, mostly south of

benefits by reducing bridge opening constrictions.

4. San Juan Dam foundations  this dam failed in
1977, is in a state of disrepair, and will be removed.

Lone Star Boulevard, and range from small to large in
size and they are visually obtrusive. The goal is that

The S. E. Military Drive Bridge contains multiple
support columns below it that extend into the river.

5. Historic San Juan Dam  this historic dam is a
cut-off meander and will remain as it exists.

they are modified to not only provide storm water
outfall, but to also polish the water, to a small

These multiple supports have been found to create an
obstruction to flood waters and should eventually be

6. Historic San Jose Dam  this historic cut-off
meander near Concepcion Park will not be affected.

degree, through wetland plantings and to be an
aesthetically pleasing contribution.

replaced with a new bridge that has a clearer span
across the river. A separate, detailed engineering study

Vehicular Bridges and Abutments

of the Symphony Lane vicinity will make
recommendations regarding this bridge.

The vehicular bridges crossing the San Antonio River
in the southern reach are in relatively good condition

The existing railroad bridge near Mitchell Street will

and no plans for replacement by the City, County, or
Texas Department of Transportation are documented.

require modification of the supports in order to allow
the hike and bike pathway to traverse under it. The

Therefore, they are viewed as fixed elements that must
be worked with in designing the river improvements.

cost of this modification has been included in the
Master Plans Construction Budget.

Water Quality

The existing bridge lengths will dictate the width of

Dams

The base flow channel grade control structures and
the tributary outfall structures will provide aeration to

the river channel crossing beneath it. Accordingly, the
river is proposed to remain at its existing width at

Several dams or dam-like structures exist along the
Historical Mission (Southern) Reach and require action

the river water. This will improve the water quality
and encourage development of habitat. Where

bridge locations. The sloped fill adjacent to the
abutments beneath should, however, be removed and

as follows:

RIVER ECOLOGY
An important goal of the San Antonio River
Improvements Project is to improve the rivers ecology:
its water quality, its fish and wildlife habitat, and its
vegetation. This goal will be accomplished in several
ways in the Historical Mission (Southern) Reach.

Water aeration will be added

Espada Dam

possible, in-channel vegetation will be added to shade
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the surface of the water, lowering average water
temperatures. This enables the water to maintain

New pedestrian and bicycle bridge crossings will be
required at certain locations as shown on the Master

higher oxygen content and improve habitat and
vegetation growth.

Plan. Bridges crossing the river will be designed and
implemented as part of the Mission Trails project. In

Habitat

addition, pathway trailheads are not a part of this
project budget but are long-term opportunities that

Fish and wildlife habitats will be encouraged and
maintained through several measures. The river

will be funded through other sources.

meanders discussed above will naturally create deeper
ponds at the outside edges where fish can thrive. With

Secondary pathway system

the addition of tree canopies and shade, as further
discussed in the following section, the river meanders
can become healthy fish environments. A list of fish
species that will likely repopulate is included in the
Appendix. The river edges will also promote a
population of waterfowl.
With preservation of existing tree masses and planting
of new ones, wildlife can be drawn back to the river.
Understory plantings in the appropriate locations will
provide food and shelter for creatures such as
raccoons, fox squirrels, and birds such as the greater
roadrunner, northern cardinal, and the northern
mockingbird, among many others. This will be
discussed in greater detail in the Planting Concepts
section that follows.

Misssion Trails Bridge
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1. Existing tree masses will be preserved wherever
possible.

Pathway Systems
Another major goal of the San Antonio River
Improvements Project is to create a continuous

2. New tree masses will include native and indigenous
species.

pathway that connects Brackenridge Park to the south
limits of the project at Espada Mission. This pathway
is intended to be a multi-use system that will be used
by pedestrians and cyclists. It will occur near, or at the

3. All planting areas will initially be seeded with native
grasses. Areas under tree masses will be allowed to
Pathway system in some areas will meander through trees

top of, the flood control bank in most locations but
may meander down the channel banks for short

A secondary pathway system is also envisioned that
will take pedestrians nearer to the rivers edge. These

distances. Pathways should not be located in the flood
channel in order to reduce flood damage.

pathways will be compacted earth trails that will be
6-8 feet wide and meander near the water. This

The pathway system has been designed to integrate

secondary level of pathways has not been indicated
on the Master Plan but will be designed by future

with the Mission Trails project and portions of it will
be funded by that project. The proposed pathways

design teams.

will:
1. supplement what has already been proposed by

Overlooks and picnicking areas should be included
along the pathways in special locations that offer an

Mission Trails.
2. realign the Mission Trails pathways to respond to

interesting view or a special environment.

the proposed river channel realignment.
3. replace a portion of what has already been built by
Better water quality will enable better habitat

General Design Principles

Mission Trails before the implementation of this
Master Plan.

evolve native understory as trees mature.
4. Open meadow areas will be maintained as native
grasses.
Historical Mission (Southern) Reach Design Principles
1. Tree masses will be organized to create rooms so
that views along the river are controlled. These
rooms will consist of an open, grassed meadow.

PLANTING CONCEPTS
The planting philosophy for the Historical Mission
(Southern) Reach is based upon a set of Planting
Design Principles:

New tree plantings of native species

 provision of fish cover
 provision of stream bank stability
 regulation of stream temperatures
 input of nutrients to the system via organic
material
 direct input of invertebrates as food.
Varying tree and understory densities

Four categories of tree planting densities will be used
in specific areas as follows:
1. Category A  505 trees/acre, trees spaced at 10
Native grass stand

2. Wherever channel flood flow capacity is available,
trees will be brought down toward the rivers edge
along the outside meander bends to enable river
habitat to develop.
3. Areas at bridge crossings will be left open for views
to the river.
4. Maintenance will be reduced through the use of
native grasses that are mowed infrequently and at
the height of 18 inches to encourage medium
height native grasses.
The Historical Mission (Southern) Reach will be
approached at a larger scale with tree massings creating

o.c.+/-, with shrub understory, and planted only at
tops of banks and above the 100-year floodplain.
2. Category B  225 trees/acre, trees spaced at 15
o.c.+/-, with shrub understory, and planted down
the slope of the banks as allowed by the rivers
hydraulic requirements.
3. Category C - 225 trees/acre, trees spaced at 15
o.c.+/-, with native grass understory, and planted
down the slope of the banks as allowed by the
rivers hydraulic requirements.
4. Category D  56 trees/acre, trees spaced at 30
o.c., with native grass understory, and planted in the
flood channel adjacent to the rivers edge as
allowed by the rivers hydraulic requirements.

rooms and controlling long views. The open areas
or rooms will be planted in native grasses. This

Planting areas and tree densities will be coordinated

planting approach will create a series of varying spaces
that users move in and out of as they travel along the

with channel excavation such that channel flood flow
capacity along the river is not reduced.

river. The concept will provide shaded areas as well as
open, sunny areas.

Another result of the planting approach will be the

Plantings should move down the bank slope and up

creation of wildlife habitat. Trees such as pecan and
black walnut provide food for wildlife. These types of

against the rivers edge as riparian plantings on the
outside of the river meanders. The value of riparian

dense plantings must be proposed in locations where
channel flood capacity, visibility, and safety are not

plantings includes:

compromised.

Existing woods should be preserved when they
include high-value, native hardwood trees such as
cedar elm, escarpment live oak, and pecan.
Successional trees, such as mesquite, hackberry, green
ash, and huisache, have moderate value and should be
preserved when possible but not at the expense of
other improvements. In areas where the riverbanks are

The existing and new tree and understory plantings
also provide opportunities for birding and wildlife
observation.
Environmental design principles, including CPTED,
must be applied in the planting design approaches so
that shrub understory plantings do not create unsafe
conditions.

being re-graded and laid back, the existing trees and
vegetation will require removal and new tree plantings
should be installed per the Master Plan concepts and
the Plant List included in the Appendix.

RECREATIONAL OPPORTUNITIES
The Historical Mission (Southern) Reach offers several
recreational opportunities including the hike and bike
pathway previously described. In addition, it offers
opportunities for water sports such as canoeing and

Hiking will be a recreational option

sailing in its impounded lakes. Canoeists should be
able to move down the river from S. Alamo Street to
the end of the project and beyond without requiring
portage except at the Tunnel Outlet Structure and the
low water crossing between Theo Street and Mission
Road. Grade control structures, as discussed above,
must have a minimum of six inches of water coverage
so that a canoe can move over them.

Bird habitat will be enhanced

SAN ANTONIO RIVER DESIGN GUIDELINES 37

HISTORICAL MISSION (SOUTHERN) REACH

VISIONS FOR THE HISTORICAL MISSION (SOUTHERN) REACH
The Master Plan demonstrates the intended improvements for each segment of the
Reach and how they can be accomplished. The following is a general description of
each individual segment moving from the south to north:

1. ESPADA MISSION TO S. INTERSTATE LOOP 410
 River realigned with new meanders
 Banks laid-back near the S. Interstate Loop 410 bridge
 River impounded at the S. Interstate Loop 410 bridge
 Mission Trails supplemented with a pathway on the
east side moving north
 Possible park on east side of river if Villa Main Road
properties are acquired.
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2. S. INTERSTATE LOOP 410 TO ASHLEY ROAD
 River realigned with new meanders
 Banks laid-back near the Ashley Road bridge
 Mission Trails supplemented with a pathway on
the east side
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3. ASHLEY ROAD TO MISSION ROAD
 River realigned with new meanders
 New grade control structures added north of
Ashley Road and at the Mission San Juan River
remnant confluence

 River impounded at the Ashley Road bridge and
connected to the Mission San Juan River remnant
at the Old Ashley Road bridge
 Banks laid-back south of Ashley Road
 Mission Trails supplemented with a pathway on
the east side
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4. MISSION ROAD TO S. E. MILITARY DRIVE
 Espada Dam removed. This reach to be
coordinated with the Symphony Lane study.
More information on the Espada Dam option found on
page 33 and 101
 River excavated and impounded in two water
bodies south of S. E. Military Drive
 New grade control structures added at the
impoundments
 Banks laid-back at the impoundments east side
 Mission Trails supplemented with a pathway on
the east side
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5. S. E. MILITARY DRIVE TO WHITE AVENUE
 River impounded on the north side of S. E.
Military Drive and south side of White Avenue
 Historic San Antonio River remnant connected to
the river at the San Juan Dam to provide water
downstream at the historic Espada Dam
 New grade control strucures added at the
impoundments
 Banks laid-back at the impoundments east side at
Hot Wells
 Mission Trails supplemented with a connection on
east to White Avenue
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6. WHITE AVENUE TO SOUTHCROSS AVENUE
 River realigned slightly at north end
 Banks laid-back on west side
 Mission Parkway realigned to new top of bank on
west side
 Mission Trails supplemented with a pathway on
the east side
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7. SOUTHCROSS AVENUE TO ROOSEVELT STREET
 River realigned slightly
 Banks laid-back on west side
 Mission Parkway realigned to new top of bank on
west side
 Mission Trails supplemented with a pathway on
the east side
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8 ROOSEVELT STREET TO MISSION ROAD
 River realigned with new meanders
 Banks laid-back on west side
 Mission Parkway realigned to new top of bank on
west side and tied into existing alignment
 Mission Trails supplemented with a pathway on
the east side
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9. MISSION ROAD TO THEO AVENUE
 River realigned with new meanders
 Banks laid-back on east side at Concepcion Park
and on the west side
 Pathway crosses river with new pedestrian bridge
by Mission Trails project
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10. THEO AVENUE TO MITCHELL STREET
 River realigned slightly
 Banks laid-back on west side
 Grade control structure and special improvements
added at San Pedro Creek confluence
 Pathways added on both sides of river
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11. MITCHELL STREET TO STEVES AVENUE
 River realigned slightly
 Banks laid-back on west side
 Pathways added on both sides of river
 Potential for bicycle trailhead under IH-10
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12. STEVES AVENUE TO LONE STAR BOULEVARD
 River realigned with new meanders
 Banks laid-back on east and west sides
 Pathways added on both sides of river
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13. LONE STAR BOULEVARD TO S. ALAMO STREET
(PART OF THE EAGLELAND PROJECT)
 This reach to be coordinated with the Eagleland
Project
 River realigned with new meanders
 Banks laid-back on east side at Brackenridge
High School
 Pathways consistent with Eagleland Project

0
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NOT TO SCALE

LAND ACQUISITIONS
The Master Plan indicates areas where either land
acquisition or a use easement will be required in order
to lay back slopes and/or impound water. This
acquisition process must be initiated at the onset of
the design phase. The majority of these properties are
publicly owned but several will require agreement
from private owners. These properties are shown on
the following maps.

54 SAN ANTONIO RIVER DESIGN GUIDELINES

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE

SAN ANTONIO RIVER DESIGN GUIDELINES 55

HISTORICAL MISSION (SOUTHERN) REACH

APPLY 3 DEPTH OF TOPSOIL TO SLOPE
SURFACE PROR TO SEEDING AND
INSTALLATION OF STABILIZATION MATTING

KEY IN STABILIZATION
MATTING MIN. 1-0

LIVE BRANCH
SHALLOW CHANNEL SECTION

THALWEG

2/3 OF CHANNEL WIDTH
12 MIN
24 MAX

1/3 OF CHANNEL WIDTH
6 MIN
12 MAX

SEED AND COVER WITH STABILIZATION
MATTING BETWEEN EACH LAYER
TOP OF WALL SHALL BE 6 ABOVE
BANKFUL ELEVATION
PLANTING
COMPACTED BACKFILL
TAMP IN 12 LAYERS

3 - 4 DEPTH

SECTION - RIVER CHANNEL BOTTOM

UNMORTARED ANGULAR BANK
ROCKS 3X4X5

NOT TO SCALE

TOP OF ROCK SET AT
CHANNEL INVERT

DESIGN COMPONENT PROTOTYPES

SECTION - LIVE BRANCH LAYERING WITH SLOPE STABILIZATION
NOT TO SCALE

The concept design philosophy for project
components consists of three major elements:

EROSION CONTROL
BLANKET (BON TERRA C2
MAT OR EQUAL)

1. The design is to be natural in character.
2. Materials are to be indigenous and of the place.
3. Artists are to be included in the design process.

3-4 MOIST SOIL BACKFILL

LIVE STAKE

EXISTING GROUND

DEAD STAKE

This philosophy has been translated into a series of

FASCINE BUNDLE

design component prototypes for the major river
components.

DEAD STAKE

TWINE

3 - 0

PLAN
3 - 0

River Channel and Edges

LIVE CUTTING

1. River Channel Bottom
2. Channel Slope Stabilization (slopes greater than

(DEAD MATERIAL ALLOWED
IN 4 DIA. CORE)

3:1)
3. Channel Bend Armoring (at outsides of river

3 - 4
LIVE CUTTING

meanders)
4. Retaining Walls (slopes greater than 3:1)
5. Grade Control Structures
6. Tributary Outfall Structures
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LIVE STAKE

SECTION - LIVE FASCINES SLOPE STABILIZATION
NOT TO SCALE

8

LIVE FASCINES BUNDLE SLOPE STABILIZATION
NOT TO SCALE

SECTION

BANK FULL CHANNEL
FINISHED GRADE
AS SHOWN ON
GRADING PLAN

CANOE AND KAYAK FLUE

5 - 0 MIN

TOP OF WALL
SHALL BE 5-6 HT.

CANOE
COMPACTED BACKFILL
TAMP IN 12 LAYERS

ROCK TERRACING

KAYAK

UNMORTARED BANK
BOULDERS
_ MIN. DIA.
TOP OF ROCK SET
AT CHANNEL INVERT

SECTION - CHANNEL BEND ARMORING

6 MINIMUM DRAFT REQUIRED

ELEVATION - GRADE CONTROL STRUCTURE

NOT TO SCALE

NOT TO SCALE

LIVE CUTTING
1/2 TO 1-1/2 INCHES
IN DIAMETER

GRADE CONTROL STRUCTURE AND
WATER CRAFT FLUE

PROPOSED GRADE

STRUCTURE EXTENDS INTO SIDE SLOPE

0

90
1/3
2/3

S
RIE
VA
TH 4
NG 2 LE

18

SECTION - LIVE STAKE SLOPE STABILIZATION
NOT TO SCALE

BASAL END CUT AT
AN ANGLE FOR EASY
INSERTION INTO SOIL

NATIVE LIMESTONE BOULDERS

AXONOMETRIC SKETCH - GRADE CONTROL STRUCTURE
NOT TO SCALE
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BOULDER WALLS
LIMESTONE STEPS

GRAVEL BASIN

RIVER EDGE
BIOENGINEERED SLOPE
STABILIZATION
NATIVE TREE PLANTING

TRIBUTARY OUTFALL STRUCTURE - SMALL
NOT TO SCALE

WETLAND MARGIN

STONE BOULDER WALL
BOULDER TERRACING
WETLAND POCKETS

TRIBUTARY OUTFALL STRUCTURE - LARGE
NOT TO SCALE

Pathway Systems
GRAVEL AND BOULDER
STABILIZED APRON

TRIBUTARY OUTFALL STRUCTURE - MEDIUM
NOT TO SCALE

1. Pedestrian/Bike Pathways
Pathways shall be 12 feet wide preferred, but can be reduced to 10 feet in width minimum if the specific context requires.
The pathway alignment will include long, gentle curves that can be easily negotiated by cyclists. The gradient of the path
should be at 5% or less and the cross section should be adequate to support maintenance vehicles. The path will be
constructed of concrete where inundated by flood waters but can otherwise be constructed of asphalt or decomposed
granite. A system of two materials must be carefully designed so that it does not appear to be a patchwork. Periodic ramps
should be provided to the waters edge for maintenance equipment access.
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8

8 WIDE MOWED GRASS ZONE

such as bollard lights. The lamps must be metal halide for true color rendition that will also assist in perceived
safety and light must not spill onto adjacent properties. Selection of lamp and fixtures must be coordinated with
CPS who will install, operate, and maintain the light standards.

POTENTIAL ARTISTS INSERT
12

Existing Mission Trails is not lighted nor is it anticipated that the future Mission Trails will be lighted. Careful
design attention must be given to how the two systems integrate.

CONCRETE PATHWAY WITHIN
FLOOD PLAIN

5. Emergency Call Boxes

8

8 WIDE MOWED GRASS ZONE

A system of call boxes must be included along the pathways for emergency assistance. They should be located
on a regular spacing and clearly visible and accessible from the pathway.
PLAN

8 WIDE MOW ZONE

12 WIDE PATHWAY

8 WIDE MOW ZONE

LIGHTING SOURCE

HIKE AND BIKE PATHWAY

CONCRETE ABUTMENT

NOT TO SCALE

CROWN TO
DRAIN
SWALE

STONE OR CONCRETE
FINISH ON NEW WALL
SECTION
OPEN SIGHTLINES
UNDER BRIDGE

2. Bridge Abutment Sloped Fill Modification
Current bridge underpasses are dreary and potentially unsafe places. The sloped fill at the abutments beneath
each bridge should be removed and a vertical wall constructed in their place. The wall can potentially be a
canvas for art or an artistic application and the underpasses will also be lighted. A fence configuration should be

EXISTING SOIL FILL PROFILE

included at the bridge underpasses to collect floating debris.
3. Directional and Interpretive Signage

EXISTING BRIDGE COLUMNS

All signage must be designed as a family so that they are perceived as a system. The system should include
directional signs that provide instructions to locations, informational signs, and interpretive signs that provide

CONCRETE PATHWAY
WITHIN FLOOD PLAIN
NATIVE GRASS PLANTING

information about a site or an element of interest. Future signs along Mission Trails must match the existing
signs.
4. Lighting Concepts
All lighting along the new pathways must be carefully studied to determine the appropriate application for the
specific area. Light fixtures can potentially be mounted on a pole, or low-level pathway lighting can be utilized,

BRIDGE ABUTMENT
NOT TO SCALE

SAN ANTONIO RIVER DESIGN GUIDELINES 59

HISTORICAL MISSION (SOUTHERN) REACH

PLANTING TYPE A
TREES PLANTED 10 ON AVERAGE
OR LESS WITH UNDERSTORY
SHRUBS ALLOWED

Planting
1. The planting types A, B, C and D must be utilized
in specific locations to not impede floodwater
conveyance beyond allowable tolerances, as

PLANTING TYPE B
TREES PLANTED 15 O.C. ON
AVERAGE WITH UNDERSTORY
SHRUBS ALLOWED

described in the Master Plan.
2. A Recommended Plant List is included in the
Appendix. These are the materials that are native
or indigenous to the San Antonio River and will

PLANTING TYPE C
TREES PLANTED 15 O.C. ON
AVERAGE, UNDERSTORY
SHRUBS NOT ALLOWED

survive with little or no maintenance.

PLANTING TYPE D
TREES PLANTED 15 O.C. ON
AVERAGE, UNDERSTORY
SHRUBS NOT ALLOWED
NATIVE GRASS
MANAGE TO 18-24 HEIGHT.
WOODY VEGETATIVE GROWTH
ARE NOT ALLOWED

3. Soil structure rehabilitation must include:
 Removing existing turf grass

The contractor for each segment of the Historical
Mission (Southern) Reach will be required to provide an

 Application of Round-up
 Application of two inches of sterilized topsoil

extended warranty of two to three years for plant
materials so that all trees, understory, and grasses are

that is tilled into the existing soil to a depth of six
inches.
4. Drill seeding of grass seed.
5. A temporary irrigation system must be

well established at the time the City accepts the planting.
Future final design teams should investigate the possibility
of establishing a nursery to contract grow plant materials,

implemented with the planting and be maintained
for the first two years of growth. After the plants

especially the more rare species. Many of the plants
included on the Recommended Plant List are not readily

are established, the system can either be removed
or abandoned.

available, especially in the quantities that will be required.

OUTSIDE OF MEANDER ARMORED
WITH BOULDER WALLS

HIKE AND BIKE PATHWAY
POINT BAR
STONE BOULDER WALL ARMORING
AT OUTSIDE BEND
FILL WILL NOT BE ALLOWED WITHIN
EXISTING FLOOD CONTROL CHANNEL
PATHWAY GRADES SHALL NOT EXCEED 5%
SLOPES IN EXCESS OF 3:1 TO BE STABILIZED
WITH BIOENGINEERING METHODS

PLANTING TYPE C

ARMOR BEND MEANDERS AS NEEDED
TO PREVENT NICK POINTS

PLANTING TYPE B

TOE OE EXISTING CHANNEL SLOPE

PLANTING TYPE A

PLAN - PLANTING CONCEPT
NOT TO SCALE
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PLAN - GRADING CONCEPT
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2. Pedestrian Bridges
New pedestrian bridges are recommended in

Picnic facilities

OTHER ELEMENTS
1. Overlooks and Picnic Areas
River overlooks are to be located at key places with
a special view, such as a dam location or a beautiful
vista. The space should include paving and seating
opportunities and elements within flood prone
areas must be anchored to the paving.
A special overlook is proposed at the confluence
of San Pedro Creek with the San Antonio River.
This location is conceived to include three major

On-going operational maintenance will be required to

several locations. Bridges should be designed so
that they blend into the natural environment and

keep the river and its improvements in a healthy,
functional condition. Refer to the Appendix for

can withstand a 100-year flood event. New bridges
along Mission Trails must match the originally

further information.
All components should be designed to minimize the

approved design and not the existing Mission Trails
bridge.

required maintenance. The major maintenance tasks
include:

3. Public Art
San Antonio has a history of handcrafted art being

Scenic overlook

MAINTENANCE

included in much of the public improvements.
The River Walk is a wealth of examples of how

1. Silt removal  the removal of soil depositions,
usually located where water is not moving such as

this can be done on a variety of scales. The project
budget includes a 0.75% allowance for art and

behind a dam or in an impounded condition.
2. Repair of channel bend armoring  repair of

artists to be included in the design process of each
reach. The key to success of this concept is that

damage to a structural wall along the waters edge
after a major storm event.

the secured artists be involved from the onset of
the design process. In this way, the art becomes

3. Repair of bioengineering  repair and/or
replacement of natural erosion control materials

integrated, not applied, and the cost increase will be
minimized. Artists involvement can occur in

after a major storm event.
4. Trash removal  removal of trash collected at

design of paving, walls, railings, steps, signage, and
lighting (see page 90).

bridges and dams, on an on-going basis. It is
recommended that neighborhood groups be

4. Accessibility
As much of the river improvements as possible are

mobilized to adopt portions of the river and
contribute to the trash removal effort.

to be accessible by persons who are mobility
challenged. All Americans with Disabilities Act

5. Woody debris removal  removal of trees and
limbs that collect behind structures or in

requirements are to be met.

vegetation.
6. Point bar debris removal  removal of debris mats

signature features at the y of the confluence, at
the terminus of E. Theo Avenue, and at the

by a front-end loader.

terminus of Glenn Avenue.
Landscape Maintenance
1. Mowing  mechanical mowing of native grasses to

Picnic areas are to be located at key places with
ample shade and interesting surroundings. The
space should include a paved surface, picnic tables,
and trash receptacles, at a minimum.

a height of 18 inches once per year and the
removal of grass that is growing against existing
Public art inset

Erosion problems will be reduced

River Maintenance

fences.

2. Overseeding  adding additional grass seed to areas
that may not completely take in the first year or
two, by the contractor as part of the two-year
warranty.
3. Clearing understory  removal of shrubs and
higher growing plant materials beneath trees when
it grows too tall for viewing over it.
4. More intense grass maintenance will likely be
required in the first two years to control Johnson
Grass and Bloodweed. This will likely include
herbicide application.
Landscape maintenance will be undertaken by the City
of San Antonio Parks and Recreation Department.
Park Maintenance
1. Graffiti removal  on-going removal of text and
graphics applied to walls and abutments. All
surfaces must have anti-graffiti sealant applied.
2. Trash removal  removal of trash collected in trash
receptacles or on the ground that has been placed
there by people using the park.
3. Painting  re-painting of painted elements.
4. Lighting  replacement of lamps.
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Riverside Golf Course
Riverside Golf Course currently has
very valuable pecan tree coverage.
However, in the future, these trees will
decline and die, and the golf course
will also require upgrading and

COST ESTIMATE AND FUNDING SOURCES
The San Antonio River Improvements Project is scheduled for completion in phases by 2010 and funded by four
sources. A budget has been allocated to the project and a Cost Analysis has been prepared to project the costs for
each reach. The Cost Analysis information and corresponding Gant Chart are included as an Appendix.
This budget includes funding to realign portions of the existing Mission Trails that must be alterned to follow the
new river alignment. However, the cost of new Mission Trails will be funded by that project and are not included

EXISTING HIGH VALUE TREES
REGRADE GOLF COURSE TO
NEW DESIGN CRITERIA

improvements. At that time of major
renovation, consideration should be

EXISTING GRADE TO REMAIN

given to over-excavating the golf
course to provide floodwater

EXCAVATE EXISTING GRADE
TO +8

detention during major storm events.

PERSPECTIVE - EXCAVATION TO CREATE GREATER STORM WATER CAPACITY
NOT TO SCALE

here.
The implementation strategy is to:
1. Build the entire project over the next 10 years.
2. Construct a north reach and south reach concurrently during each phase.
3. Begin at the downtown area and work outward, in both southward and northward directions, as possible. The
areas of highest concern in the Historical Mission Reach, such as Espada Dam, will be addressed as quickly as
possible, coordinated with the availability of project funds, and may require hop-scotching in that reach.

LONG TERM OPPORTUNITIES
The SWA design team looked beyond the river right-of-way for opportunities to provide additional flood control,
detention, and economic development. Several sites presented themselves and are opportunities for the future
when the conditions are favorable for such improvements. These improvements are beyond the scope of the
project budget and will require funding from other sources. The opportunity sites follow:

NOT TO SCALE
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Padre Park
Padre Park offers the opportunity for major
stormwater detention, similar to the proposal for
Riverside Golf Course. This should be considered in
the future when upgrades are made.

NOT TO SCALE

Concepcion Park
A large parcel of land owned by the Archdiocese of
San Antonio exists east of the river at Concepcion
Park. A long-term opportunity exists for this land to
be excavated for flood detention, and planted as park
space. Consideration should be given to overexcavating the basin to a depth of 18 to 20 feet so that
it would hold water at all times. This effort would not
only help mitigate potential flooding but also increase
the value of the surrounding property.

NOT TO SCALE
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MUSEUM (NORTHERN) URBAN REACH
RIVER CHANNEL RESTORATION

The Museum (Northern) Urban Reach will require a different approach to the banks and river bottom to accomplish its goal of becoming a
green, linear park. Because it is an urban river reach with very limited right-of-way, more architectural approaches will be required to create a
pedestrian and bicycle-accessible environment. In addition, all improvements within in the channel will be subject to flooding during peak
flood events. Therefore, they must be designed to withstand the associated forces. These components will include:
1. Armored edges  Because the Museum (Northern) Urban Reach will include passenger barge traffic, the edges must be armored to
protect from wakes and barge impacts. This will not preclude plantings to also be integrated at many of these locations.
2. Hard edges  In limited locations, the pathway will run along the rivers edge and will require a hard edge.
3. Soft edges  In limited locations, the river edges can be soft, or a natural slope planted with trees and understory. These locations occur
only upstream from Josephine Street where no barge traffic will occur.
4. Channel Bottom  The river channel bottom must accomplish two goals; riparian habitat and maintenance access for cleaning/de-silting.
5. Retaining Walls  Where required, retaining walls should be stepped so that they are reduced in height. They should be built of
limestone or a combination of keystone blocks and limestone ledge stone and planted, as possible.
BRUSH MATTRESSES

CONCRETE PATHWAY

LIVE FASCINES

CONCRETE BAND

NATURAL BOULDER WALLS

VEGETATED GEOGRID

CONCRETE PATHWAY

COCONUT FIBER ROLL

NATURAL BOULDER WALLS
WITH JOINT PLANTINGS

LIVE CRIBWALL
(STONE FILL BELOW
WATER LINE)
COBBLE BOTTOM

CONCRETE FOOTING

PROPOSED WATER SURFACE

STONE GABION

VEGETATED GEOGRIDS
NATURAL BOULDER WALLS

CONCRETE CELLULAR MAT
MAINTENANCE PATH

4-0 MINIMUM DEPTH

EXISTING SUBGRADE

EXISTING SUBGRADE

CONCRETE FOOTING

100 R.O.W.

SECTION - BIO-ENGINEERED STREAM BANK RESTORATION
NOT TO SCALE
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MASONRY SEATWALL

Photo __
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RIVER INFRASTRUCTURE
The Museum (Northern) Urban Reach has, or will

The existing bridge length will dictate the width of the

need, systems of infrastructure to serve its many
purposes. A description of these systems and their

river channel crossing beneath it. Therefore, the river
is proposed to remain as its existing width at bridge

requirements follow.

locations. The soil fill at the abutments beneath
should, however, be removed and replaced with a

Tunnel Inlet and Outlet Structures
Sponsored by the U. S. Army Corps of Engineers and

vertical wall for pathway underpasses.

the San Antonio River Authority, the City of San
Antonio completed construction of a flood control

Access to street level will be provided at many of the
bridge crossings by ramps or stairways, per the

tunnel in 1998. The tunnel inlet structure is located at
Josephine Street and the 24-foot tunnel runs below the

Master Plan.

city to an outlet structure north of Lone Star
Boulevard. The tunnel is largely credited with averting
a storm water disaster to downtown during the 100year flood of 1998. These structures and their

Tunnel inlet structure

associated improvements must remain intact and be
respected during all future design phases.
Vehicular Bridges and Abutments
The vehicular bridges crossing the Museum
(Northern) Urban Reach are in relatively good
condition and no plans for replacement are
documented. However, the bridge at 9th Street does
not have adequate clearance for future passenger
barges and will require reconstruction. The cost for
this reconstruction has been included in the Master
Plans Construction Budget. Other bridges are viewed
as fixed elements that must be acknowledged in
designing the river improvements.
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Existing conditions in North Urban Reach

Dams
Two dams or dam-like structures require action as
follows:
1. Drop structure north of Lexington Street  this
existing structure will be removed in order to
construct the Brooklyn Avenue Dam. A new water
feature should be added to re-create the sound and
image of the old structure.
2. Brooklyn Avenue Dam  A dam is proposed,
north of Brooklyn Avenue, to allow passenger
barge traffic to extend up river to Grayson Street.
In addition to its functional requirements, it is also
anticipated to be a gathering place for people to
watch the barges move up and down the river. The

Drop structure north of Lexington

dam will be either one lock, a combination of two
locks that will also serve as floodgates, or a dam
without any locks. Further discussion of the dam
can be found on pages 89  90.
The Master Plan includes a two-lock system because it
reflects the optimum construction expense scenario
for project budgeting purposes. However, the final
design team must evaluate the dam options and
recommend the final dam configuration. An
Appendix is included that outlines the pros and cons
of each configuration.

International prototypes for the Brooklyn Dam
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RIVER ECOLOGY
An important goal of the San Antonio River
Improvements Project is to improve the rivers
ecology: its water quality, its fish and wildlife habitat,
and its vegetation. This goal will be accomplished in
several ways in the Museum (Northern) Urban
Reach.
Water Quality
The new river channel bottom will, in its ability to
support fish and aquatic life, also improve the water
quality through aeration.
Habitat
Fish and wildlife habitats can be encouraged and
maintained through several measures. With the
addition of tree overhangs along the river, fish
environments will be created. A list of recommended
fish species, which will likely reoccur, is included in
the Appendix. Low, fish ponding areas, will be created
so that the fish have refuge when de-silting efforts are
being undertaken.
The proposed river bottom and channel wall sections
will provide for aerated spaces for fish and benthic
organisms to live and thrive. This condition will consist
of large boulders that will provide accessible spaces.
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High value trees should be preserved

PATHWAY SYSTEMS
Another major goal of the San Antonio River
Improvements Project is to create a continuous
pathway that connects the north end of the river to
the south end of the project at Mission Espada. This
pathway is intended to be a multi-use system that will
be used by both pedestrians and cyclists. It will occur
along the river on either one or both sides and will be
variable in width. Although not AASHTO compliant,
it will be useable by cyclists. Refer to the Appendix
for more detailed description of the pathway
alignment, funding sources, and locations.

PLANTING CONCEPTS
The planting philosophy for the Museum (Northern)
Urban Reach is based upon a set of Planting Design
Principles:
1. Plantings will vary in relationship to the river 
sometimes adjacent and sometimes removed.
2. Understory plantings will include tropical and
ornamental species, similar to the River Walk.
3. Trees will be used as individual specimens and not
necessarily in masses.
In the Museum (Northern) Urban Reach, planting
areas will be smaller in scale and more detailed in
design. The plant species will include native and
cultivated/tropical plants. Trees will be planted as
specimens near the water to provide the shading and
the ground plane will include shrubs, ground covers,
and flowering plants. The plantings will be irrigated
with a permanent automatic irrigation system.

Ornamental planting along the Downtown Reach
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VISIONS FOR THE MUSEUM (NORTHERN) URBAN REACH
The Master Plan demonstrates the intended improvements for each segment of the Reach and how they can be
accomplished. The following is a general description of each individual segment moving from the south to north:
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1. LEXINGTON STREET TO MCCULLOUGH AVENUE
 Channel width to average 30 feet
 Multi-use pathway on the east
 Other pathways on the west
 River edge to vary from armored/planted to hard

0

100
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8 PATHWAY

+16

+ 64 PROPOSED CHANNEL WIDTH

8 PATHWAY

+ 34 EXIST.
ACCESSIBLE
RAMP

CHANNEL WIDTH
EXIST. WS ELEV.

PROP. WS ELEV.

+ 100 EXIST. R.O.W.

SECTION - STA 1043+00 - SBC CAMPUS
NOT TO SCALE
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+ 60 ADDITIONAL R.O.W.

2. MCCULLOUGH AVENUE TO BROOKLYN AVENUE
 Channel width to average 32 feet
 Multi-use pathway on the east
 Passenger barge pull-over provided to allow passing
 River edge to vary from armored/planted to hard

0
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GUIDELINES 100
73

MUSEUM (NORTHERN) URBAN REACH

3. BROOKLYN AVENUE TO 9TH STREET
 Channel width to average 34 feet
 Multi-use pathway on the east
 Dam located midway between Brooklyn Avenue and
8th Street adjacent to the San Antonio Housing
Authority redevelopment and SARA property.
More information on dam options found on pages 65 and 134.
 Pedestrian bridge at 8th Street
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0

100

4. 9TH STREET TO JONES AVENUE
 Channel width to average 35 feet
 Multi-use pathway on the east
 Continuous green edge to be incorporated

0
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10 WIDE
MULTI-USE
PATHWAY

655 TB

+20 WIDTH

+20
SAN ANTONIO
MUSEUM OF ART
HOPPS HOUSE

+ 6
PATHWAY

ADVENTURE WALK
PROP. WS
VEGETATED GEOGRID

BIOENGINEERED EDGE
RESTORATION
PROP. CL

EXIST. WS

SECTION - STA 1068+70 - SAN ANTONIO MUSEUM OF ART
NOT TO SCALE
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EXIST. CL
+68 R.O.W.

LUNKER STRUCTURE

IH-35 OVERPASS
EXISTING TREE GROUP

EVENT BANNERS

10 WIDE
MULTI-USE
PATHWAY

ACCESSIBLE PATHWAY

+ 8

UNDERSTORY HABITAT
NATURAL BOULDER WALLS
8 WALK

RETAINING WALLS

CONSTRUCTED WETLAND

WETLAND EDGE
BIO-ENGINEERED
RIVER EDGE
EXIST. WS ELEV.

CHANNEL BOTTOM
+ 210 R.O.W.

SECTION - STA 1076+40 - INTERSTATE 35 OVERPASS
NOT TO SCALE
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3:1 SLOPE

10 WALK/BIKE PATH

+ 30 WIDTH

EXIST. WS ELEV.

PROP. WS ELEV.

+ 110 R.O.W.

SECTION - STA 1080+50 - CAMDEN STREET BRIDGE
NOT TO SCALE
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+ 8

+ 3 PATHWAY

2:1 SLOPE

5. JONES AVENUE TO I-35
 Channel width to average 30 feet
 Multi-use pathway crosses from east to west
 Armored/planted edges both sides
 Recreation of an historic island to provide habitat
 Barge landing at San Antonio Museum of Art
 Pedestrian/bicycle bridge at 13th Street

SAN ANTONIO RIVER 0
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6. I-35 TO GRAYSON STREET
 Channel width to average 35 feet
 Multi-use pathway on the west
 A turning basin/siltation basin as a terminus at Grayson Street
 A pedestrian bridge and maintenance path at the turning basin

EXISTING TREE

BOAT LANDING
EXISTING TREE

EXIST. ELEV.
PEDESTRIAN PATHWAY

8
655 ELEV.

BIO-ENGINEERED
RIVER EDGE

PEDESTRIAN PATHWAY

PROP. WS

PEDESTRIAN BRIDGE

12 MAINTENANCE PATH

STREAM CHANNEL

PROPOSED
CHANNEL BOTTOM
+ 85 R.O.W.

SECTION - STA 1065+70 - SAN ANTONIO MUSEUM OF ART
NOT TO SCALE
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ADDITIONAL + 20 R.O.W.
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7. GRAYSON STREET TO JOSEPHINE STREET
 Channel a more natural and meandering
configuration, approximately 10 feet wide
 Multi-use pathway on the west
 Pedestrian pathway on the east
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0

100

8. JOSEPHINE STREET TO U. S. HIGHWAY 281
 Multi-use pathway on the west
 Existing river channel to remain
 Access steps to grade at Josephine Street

0
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LAND ACQUISITIONS
The Master Plan indicates areas where either land
acquisition or a use easement will be required to allow
a pathway. This process must be initiated at the onset
of the design phase. The majority of these properties
are publicly owned but several will require agreements
from private owners. These properties are shown on
the following maps.

NOT TO SCALE

NOT TO SCALE
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NOT TO SCALE

NOT TO SCALE
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The design philosophy for project components
consists of three major elements:
1. The design is to be in character with but not
copying Hugman  variable and changing.
2. Materials are to be indigenous and of the
place.
3. Artists are to be included in the design process.

NATIVE TREE AND GRASS PLANTING

NATIVE AND EXOTIC PLANT MIX

TOPSOIL

NATURAL BOULDER WALLS
MAX SLOPE 1:5

FILTER FABRIC

COMPACTED BACKFILL

COMPACTED FILL

UNDISTURBED SUBGRADE

BOULDER WALLS WITH PLANTING
CONCRETE RUBBLE BEHIND STONE
GRAVEL BASE COURSE

This philosophy has been translated into a series of
design component prototypes for the major river
components.
River Channel and Edges
1. River Channel Bottom
2. River Channel Slope Stabilization
3. Retaining Walls

SECTION - CHANNEL SLOPE STABILIZATION

SECTION - CHANNEL SLOPE STABILIZATION

NOT TO SCALE

NOT TO SCALE

4. Planted Edges (Crib Walls)

STONE WALL CAP

CONCRETE PATHWAY

DRAIN LINE

LIVE CUTTING

CAST IN PLACE CONCRETE
RETAINING WALL AND FOOTING

VEGETATED GEOGRID

FILTER FABRIC

CONTINUOUS CONCRETE
CRIBWALL, STONE FILL
CUT SLOPE TO 4:1

COMPACTED BACKFILL

COMPACTED FILL

SECTION - RETAINING WALL
NOT TO SCALE
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DRAINAGE MEDIUM

CONCRETE RETAINING WALL

8

LIMESTONE VENEER
RAKE MORTAR BACK 4 MIN.

2 MIN.

CONCRETE PATHWAY

STONE VENEER
4-0 MIN. DEPTH

MUSEUM (NORTHERN) URBAN REACH

DESIGN COMPONENT PROTOTYPES

UNDISTURBED SUBGRADE
COBBLE BOTTOM

1
4

COMPACTED GRAVEL
FOOTING

SECTION - CONCRETE CRIBWALL RIVER EDGE
NOT TO SCALE

STONE BUTTRESS

DRAIN LINE OUTFALL

SECTION - RETAINING WALL
NOT TO SCALE

1
5

EROSION CONTROL
BLANKET (BON TERRA C2
MAT OR EQUAL)

NATURAL BOULDER WALLS

3-4 MOIST SOIL BACKFILL

DEAD STAKE

2

FASCINE BUNDLE

COMPACTED FILL
GEOGRID SLOPE FACE
MAX 1:1
STAKE GEOGRID INTO
UNDISTURBED SUBGRADE
CUT SLOPE MAX 2:1

UNDISTURBED SUBGRADE

10 MAX.

EXISTING GROUND

NATIVE PLANTING

LIVE CUTTINGS

GEOGRID ROLL WITH
AMMENDED PLANTING MIX
COMPACTED SELECT FILL
STONE TOE
CONCRETE PATHWAY

3 - 4

LIVE STAKE

SECTION - VEGETATED GEOGRID SLOPE STABILIZATION

SECTION - LIVE FASCINES SLOPE STABILIZATION

SECTION - CHANNEL SLOPE STABILIZATION

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE

LIVE STAKE

PROPOSED RIVER CHANNEL

DEAD STAKE

TWINE

3 - 0

10

LIVE PLANTINGS
DRY STACK BOULDERS @ 1:3 BATTER

3 - 0
PLAN

LIVE CUTTING

GEOTEXTILE REINFORCING

(DEAD MATERIAL ALLOWED
IN 4 DIA. CORE)

CONCRETE CELLULAR MAT

LIVE CUTTING
SECTION

CONCRETE CRIBWALL
COCONUT FIBER ROLLS
CONT. @ WATER SURFACE
COBBLES MINIMALLY
GRADED TO PROVIDE
INTERSTICES FOR
MICRO-ORGANISMS
BUT SIZED TO NOT BE
WASHED

8

LIVE FASCINES BUNDLE SLOPE STABILIZATION
NOT TO SCALE

VEGETATED GEOGRID

SECTION - RIVER CHANNEL BOTTOM
NOT TO SCALE
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CONCRETE
ABUTMENT

10 MIN. WIDTH
EXISTING SLOPED FILL

PUBLIC ART OPPORTUNITY
ON NEW WALL

10 PATHWAY

SIDE SLOPE

EXISTING BRIDGE
COLUMN

PLAN

BRIDGE ABUTMENT
NOT TO SCALE

Pathway Systems
1. Multi-Use Pathway

SECTION

HIKE AND BIKE PATHWAY
NOT TO SCALE
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The pathway and the alignment will be variable in
location and configuration. The condition should

The path will be constructed of concrete, ten feet
wide, and shall vary in alignment. The multi-use

change every 150 to 200+/- maximum to assure
variability in the experience. The gradient of the

pathway will be located on the east side of the river
from Lexington Street to 13th Street where it will

paths should be at 5% or less, wherever possible.

cross over to the west side.

Final design teams must include ramps to the
siltation basin and at other key locations for
maintenance vehicle access.
2. Pedestrian Pathways
Additional pathway alignments will be variable in
location and configuration. The condition will

include directional signs that provide instructions
to locations, informational signs, and interpretive
signs that provide information about a site or an
element of interest. Future signs must be
integrated into the planting areas or walls.
5. Lighting Concepts

change every 150 to 200+/- to assure variability in
experience. The gradient of the paths should be at

All lighting along the new pathways must be
carefully studied to determine the appropriate

5% or less, wherever possible. The path will be
constructed of concrete and will vary in width,

application. Light must not spill over onto adjacent
property. Light fixtures can potentially be mounted

approximately six feet wide minimum and eight
feet wide maximum.

on a pole, an adjacent wall, or the wall of the
private property owner, with permission. Low-level

3. Bridge Abutment Sloped Fill Modification
Current bridge underpasses are dreary and

pathway lighting can also be utilized, such as
bollard lights. The lamps must be metal halide for

potentially unsafe places. The soil fill at the
abutments beneath should be removed and a

true color rendition that will also assist in perceived
safety. Selection of lamp and fixtures must be

vertical wall constructed in their place, where
necessary. The wall can be a canvas for art or an

coordinated with CPS who will install, operate, and
maintain the light standards.

artistic application. The underpasses will also be
lighted.

Existing Mission Trails is not lighted nor is it

4. Directional and Interpretive Signage
All signage must be designed as a family so that
they are perceived as a system. The system should

anticipated that it the future Mission Trails will be
lighted. Careful design attention must be given to
how the two systems integrate.

Signage example

Ornamental plantings
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PROPOSED
SAN ANTONIO
MUSEUM OF ART
PROJECT

LANDSCAPED RIVER BANKS
LANDSCAPED RIVER BANKS
TOP OF BANK
WATER FEATURE
BIOENGINEERED
RIVER EDGE
LIMESTONE WALLS
STONE BANDING

WS UPPER
BOTTOM ELEV.

COBBLE BOTTOM
WS LOWER

COBBLE BOTTOM

LONGITUDINAL SECTION - BROOKLYN AVENUE DAM AND LOCKS
NOT TO SCALE
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LOCK CHAMBER BOTTOM

Planting

PEDESTRIAN
PLAZA

1. All planting is to occur in a prepared planting bed
with two inches of organic mulch on top.

SAN ANTONIO RIVER ATUHORITY SITE
TUNNEL MAINTENANCE SHAFT
ACCESSIBLE PATHWAY

2. The Recommended Plant List is included in the
Appendix.
3. Irrigation is to include an automatic irrigation
system designed and implemented with the river

UPPER TURNING BASIN

improvements.

WATER FEATURE
EAST CHAMBER

Other Elements
1. Brooklyn Avenue Dam

SPIRAL STAIR

WATER FEATURE
WATER FEATURE

The new dam at Brooklyn Avenue will be
constructed so that passenger barge traffic can

BIOENGINEERED
RIVER EDGE

WEST CHAMBER

continue upstream to Josephine Street. It will
consist of no locks, one lock, or two locks that also

STAIR

LOWER TURNING BASIN

serve as floodgates that will be operated by a
mechanical operating system. The final design

OVERLOOK

team must evaluate the options and provide a final
recommendation. Refer to the Appendix for

BIOENGINEERED
RIVER EDGE

further information.
The aesthetic of the dam is to be low profile and
simple. It will include a water feature between the
locks that will carry the river base flow of 21 cfs.
In addition, the dam will include overflow culverts

SAN ANTONIO
MUSEUM OF ART

on both sides that will carry the one- to ten-year
flood events. When a flood event of greater than

STAIR AND
WATER FEATURE

LANDSCAPED RIVER BANKS
WATER FEATURE

ten years occurs, the locks will be used as flood
gates and opened.
The Brooklyn Avenue dam is intended to also be a
community gathering area around which people
will sit and view locks operating. Therefore,
seating opportunities should be provided.

PLAN - BROOKLYN AVENUE DAM AND LOCKS
NOT TO SCALE
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Handicap access will be provided by ramp systems
at all possible locations. All Americans with

+ 110 R.O.W.

Disabilities Act requirements are to be met
throughout the project.
ACCESSIBLE PATHWAY
LANDSCAPED
RIVER BANKS
CURVED STAIR
LOCK GATES

ACCESSIBLE PATHWAY

MAINTENANCE
On-going operational maintenance will be required to

WATER FEATURE

keep the river and its improvements in a healthy,
functional condition. All components should be

SPIRAL STAIR
LOCK GATES

15-0 GATE

designed to minimize the amount of maintenance that
will be required in the future.

WS UPPER

River Maintenance
1. Silt removal  the removal of soil depositions,
usually where water is not moving such as the
LIMESTONE WALLS
BIO-ENGINEERED EDGE

FRONT ELEVATION - STA 1046+00 - BROOKLYN AVENUE DAM AND LOCKS

turning basin at Grayson Street. This turning basin
should be designed as a siltation basin so that the

WS LOWER
COBBLE BOTTOM

majority of silt removal occurs in this one location.
2. Repair of channel bend armoring  repair of

MAINTENANCE PATH

NOT TO SCALE

2. Overlooks
River overlooks are to be located at key places with
a special view, such as the dam location or a
beautiful vista. The space should include paving

be minimized.

and seating opportunities.

Artists involvement can occur in design of paving,
walls, railings, steps, site furniture, signage, and

3. Public Art
San Antonio has a history of handcrafted art being
included in much of the public improvements.
The River Walk is a wealth of examples of how

Public art can reflect the community
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the design process. In this way, the art becomes
integrated, not applied, and the cost increases will

hardscape damage after a major storm event.
3. Trash removal  removal of trash collected at
bridges and dams, on an on-going basis.

lighting.
4. Accessibility
It is the intent that as much of the river

this can be done on a variety of scales. The project
budget includes a 0.75% allowance for art and

improvements are accessible by persons with
handicaps as possible. In the North Urban Reach,

artists to be included in the design process of each
reach. The key to success of this concept is that

not all pathways will be able to be handicap
accessible, but in all cases, access is to be provided

the secured artists be involved from the onset of

on at least one side of the river.

Erosion control is needed

Landscape Maintenance
The planting plans should be designed to minimize
the following maintenance requirements:
1. Pruning  limbing up or thinning of trees and
clipping hedges.
2. Weeding  removal of invasive plants in planting
beds.
3. Herbicide application  removal of weeds and
invasive materials.
4. Fertilizing  feeding of plant materials.
5. Replacement  replacing damaged plant materials
after a flood event.
Landscape maintenance will be undertaken from

San Antonio Museum of Art, before and after

COST ESTIMATE AND FUNDING SOURCES

passenger barges by the City of San Antonio Parks &
Recreation Department.

The San Antonio River Improvements Project is

Park Maintenance

to the project and a Cost Analysis has been prepared
to project the costs for each reach. The Cost Analysis

1. Graffiti removal  on-going removal of text and
graphics applied to walls and abutments. All
surfaces must have anti-graffiti sealant applied.
2. Trash removal  removal of trash collected in trash
receptacles or on the ground that has been
discarded by users.
3. Painting  periodic repainting of elements such as
light poles, benches and other furniture.
4. Lighting  periodic replacement of lamps and
repair of ballast or electrical systems.

scheduled for completion in phases by 2010 and
funded by four sources. A budget has been allocated

information and a corresponding Gant Chart are
included as an Appendix.

LONG TERM OPPORTUNITIES
The implementation strategy is to:

The SWA design team also looked beyond the river

1. Build the entire project over the next 10 years.
2. Construct a north reach and south reach

right-of-way for opportunities to provide additional
redevelopment opportunities. Two sites in particular

concurrently during each phase.
3. Begin at the downtown area and work outward, in

presented themselves and are opportunities for the
future when the conditions are favorable for such

Street and Jones Avenue to create a secondary route for
the passenger barges. This river loop could be protected
from flooding with the use of existing floodgates at the
river confluences. It would provide another experience
to those riding the river barges and would also create
additional riverfront real estate for the community.

both southward and northward directions, as
possible. The areas of highest concern in the

improvements. These improvements are beyond the
scope of the project budget and will require funding

Historical Mission Reach, such as Espada Dam, will
be addressed as quickly as possible, coordinated

from other sources. The North Urban Reach
opportunity sites follow:

Pearl Brewery

with the availability of project funding, and may
require hop-scotching in that reach.

San Antonio Museum of Art Loop

Its river location provides extensive river frontage. In
addition, it is large enough that another river loop

An opportunity for another river loop exists in the San
Antonio Museum of Art (SAMoA) area. A new loop
could follow the old river meander near N. St. Marys

The Pearl Brewery site, consisting of approximately 15
acres, offers a significant redevelopment opportunity.

could be extended through the site for access and to
offer another river experience.
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These actions include:
1. Erosion Control  Isolated areas occur along the
river within the Park that require protection from
erosion and that are currently eroding.
2. Management of Invasive Plant Materials  The
plant materials should be native or naturalized
species rather than exotic or cultivated species.
Some undesirable plant material has encroached
onto the riverbanks and this material should be
removed and replaced. These locations occur only
upstream from Josephine Street where no barge
traffic will occur.

Brackenridge Park is a lovely environment

These alternatives are shown on the Hike and Bike

RIVER INFRASTRUCTURE
The Museum (Northern) Park Reach will not
require any infrastructure to be constructed as a part

Pathways Diagram included in the Appendix. The
final design team must evaluate all of the options and
determine the final recommendation.

of this project.

PATHWAY SYSTEMS
Another major goal of the San Antonio River
Preservation is the goal

Improvements Project is to create a continuous
pathway that connects the north end of the river to
the south end of the project at Mission Espada. This
pathway is intended to be a multi-use system that will

RIVER CHANNEL RESTORATION
The Museum (Northern) Park Reach includes
Brackenridge Park and the Brackenridge Golf Course
Invasive plants should be removed

that are both lovely, historic environments. Therefore,
this reach will require a minimal amount of work and
should be preserved. A Brackenridge Park Master
Plan has recently been prepared by the City of San
Antonio and this project intends only to supplement
their work, as needed.
Erosion problems will be corrected
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be used by pedestrians and cyclists. The Master Plan
shows the pathway continuing from Mulberry Street
east of the golf course, to Avenue B where it will
follow the restored Catalpa-Pershing creek. However,
other alignment options exist including an alignment
along Avenue A, an alignment following west along
U.S. Highway 281 to W. Craig Street where it crosses
the river at the existing low-water crossing, and a
route from Josephine to St. Marys to Mulberry.

The Audubon Society has indicated that several bird
nesting areas exist within this reach. The final design
team must investigate the exact locations of these
areas and include them in their evaluation of the
pathway alignments.

PLANTING CONCEPTS
The planting approach for the Museum (Northern)
Park Reach will be simply to recommend removal
of invasive species, such as ligustrum, so that the
existing woods are indigenous. These plants should
be removed and the areas replanted, if necessary, with
native and/or indigenous plants per the
Recommended Plant List included in the Appendix.

Photo 125a
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MUSEUM (NORTHERN) PARK REACH

VISIONS FOR THE MUSEUM (NORTHERN) PARK REACH
The Master Plan demonstrates the intended improvements for each segment of the Reach
and how they can be accomplished. The following is a general description of the segment:

1. U. S. HIGHWAY 281 TO MULBERRY STREET
 Channel to remain as exists
 Catalpa-Pershing creek to be restored using fluvial
geomorphology principles
(for the Avenue B option only  more information
found in the Hike and Bike Pathways Appendix)
 Pathway to extend to Avenue B and follow the
restored Catalpa-Pershing creek
(three other optional alignments to also be
evaulated  more information found in the Hike
and Bike Pathways Appendix)
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MUSEUM (NORTHERN) PARK REACH

2. MULBERRY STREET TO E. HILDEBRAND STREET
 Channel to remain as exists
 Catalpa-Pershing creek to be restored using fluvial
geomorphology principles
(for the Avenue B option only)
 Pathway to follow the restored Catalpa-Pershing
creek to the Witte Museum. More information on
the pathway options found in the Hike and Bike
Pathways Appendix.
 Pathways to follow existing roadways within
the park
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8 WIDE MOWED GRASS ZONE

8

MUSEUM (NORTHERN) PARK REACH

PATHWAY SYSTEMS
The pathway alignment will include long, gentle curves that can be easily negotiated by cyclists. The gradient of
the paths should be at 5% or less, wherever possible. The path will be constructed of concrete, asphalt or

POTENTIAL ARTISTS INSERT
12

CONCRETE PATHWAY WITHIN
FLOOD PLANE

PLAN

8 WIDE MOW ZONE

12 WIDE PATHWAY

decomposed granite and will be 12 feet in width preferred but may be 10 feet wide when specific context
requires. Careful design attention must be given to a system of two materials so that it does not appear as a
patchwork.
2. Lighting Concepts

8

8 WIDE MOWED GRASS ZONE

1. Pedestrian/Bike Pathway

All lighting along the new pathways must be carefully studied to determine the appropriate application. Light
must not spill over onto adjacent property. Light fixtures can potentially be mounted on a pole, an adjacent wall,
or the wall of the private property owner, with permission. Low-level pathway lighting can also be utilized, such
as bollard lights. The lamps must be metal halide for true color rendition that will also assist in perceived safety.
Selection of lamp and fixtures must be coordinated with CPS who will install, operate, and maintain the light
standards.

8 WIDE MOW ZONE

OTHER ELEMENTS
A. Accessibility
It is the intent that as much of the river improvements are accessible by persons with handicaps as possible. In
the Museum (Northern) Park Reach, all pathways will be handicap accessible. All Americans with Disabilities
Act requirements are to be met throughout the project.

CROWN TO
DRAIN
SWALE

MAINTENANCE
On-going maintenance will be provided by the City of San Antonio Parks & Recreation Department.
HIKE AND BIKE PATHWAY

SECTION

NOT TO SCALE

DESIGN COMPONENT PROTOTYPES

COST ESTIMATE AND FUNDING SOURCES
The San Antonio River Improvements Project is scheduled for completion in phases by 2010 and funded by four
sources. A budget has been allocated to the project and a Cost Analysis has been prepared to project the costs for
each reach. The Cost Analysis information and a Gant Chart are included as an Appendix.

The design philosophy for project components consists of three major elements:
The implementation strategy is to:
1. The design is to be similar but not copying the Hugman design  variable and changing.
2. Materials are to be indigenous and of the place.

1. Build the entire project over the next 10 years.
2. Construct a north reach and south reach concurrently during each phase.

3. Artists are to be included in the design process.

3. Begin at the downtown area and work outward, in both southward and northward directions, as possible. The
areas of highest concern in the Historical Mission Reach, such as Espada Dam, will be addressed as quickly as

This philosophy has been translated into a series of design component prototypes for the major river components.
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possible, coordinated with the availability of project funds, and may require hop-scotching in that reach.

LONG TERM OPPORTUNITIES
The master planning team looked beyond the river
right-of-way for opportunities to provide additional
flood control and detention. Several sites presented
themselves and are opportunities for the future when
the conditions are favorable for such improvements.
These improvements are beyond the scope of the
project budget and will require funding from other
sources. The opportunity sites follow:
View of the North Reach

NOT TO SCALE

Brackenridge Golf Course
The Brackenridge Golf Course will require a major

Celebration of the San Antonio River Headwaters
As mentioned in the Introduction, the actual river

renovation at some time in the future. At that time,
consideration should be given to over-excavation to

headwaters exist on University of the Incarnate Word
property. The rivers origin is a special place that

provide floodwater detention during major storm
events. The detention areas can be sculpted to create a

should be celebrated by San Antonio citizens.
However, the University is a private institution and so

beautiful and challenging golf course. In the shorter
term, the existing driving range could be excavated to

it is suggested that a surrogate location become the
celebratory place. The recommended location is the

provide floodwater detention.

existing lagoon immediately south of the Hildebrand
Avenue Bridge.

Another less extensive opportunity for the golf course
exists at the south end near W. Craig Street. A

This space could become a gathering place where the

realignment of the existing river and a reconfiguration
of the existing holes that play over the river would

citizens of San Antonio can learn more about the
rivers history and the important role that the river still

result in the elimination of cross-play over the river
and also assist in eliminating bank failure along the river.

plays in the city. A special water fountain or feature
is recommended.

NOT TO SCALE
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The flow that shapes the geometry of a natural channel.
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Bankfull Channel:
The channel from the streambed to the elevation on the
stream bank where the floodplain begins.

the US Army Corps of Engineers to minimize flood
damages to existing buildings along the river by being
able to carry within its banks all the rainwater runoff
from the San Antonio River Watershed during a major
storm event. Because Army Corps projects compete for
federal dollars with projects all across the country, the
design has to be as efficient as possible and the channel is
designed with almost no extra water carrying capacity
beyond its original objectives. To best move water, the
channel is designed to be a smooth as possible and as
straight as possible, resulting in a big open cut in the
ground that is good for one thing: moving water. In the
thirty to forty years that have passed since the original
project was designed, the San Antonio River watershed
has seen much additional development, and now the
amount of storm water in a big storm can exceed the
capacity of the main channel.

Base Flow
The base flow of the river is the water that flows during
the dry periods between rainstorms. The San Antonio
River had historic base flows fed by artesian springs, but
because the Edwards Aquifer has been drawn down by
urban well water use, the San Antonio River currently
has no natural base flow water source. Todays base flow
is provided primarily by recycled water that is pumped
Floodplain:
into the river in Brackenridge Park near the Witte
The area on either side of the bankfull channel that
Museum. Generally speaking, SAWS pumps six cfs
carries the flows greater than the bankfull flow, that is, all
(cubic feet per second) into the river in the park, two cfs
storms greater than the one-to-two-year storm. In
at the tunnel inlet structure, and two cfs in the downtown
natural areas the floodplain might be miles wide; in urban
area. All of these amounts can vary to same degree, as
areas communities usually try to confine the floodplain
long as there is always sat least 10 cfs as measured at the
to as narrow an area as possible.
Tunnel Outlet site and 12 cfs at the Salado Creek
confluence.
Fluvial geomorphology
The study of urban rivers and streams and the processes
Base Flow Channel
that form them.
The small channel at the bottom of a river that carries
the base flow, the water that runs in the river between
OTHER TERMS
rainfall events. The engineered pilot channel in the center
of the existing channel will be converted to a more river- Acequia
like base flow channel. The base flow channel will
Irrigation channels constructed during the period of
meander across the main channel bottom and will have
Spanish Colonial Mission settlement. An extensive
pools and riffles. The pools are deeper water areas along
network of acequias irrigated the agricultural lands
the outside bends of the river and the riffles are short
surrounding the San Antonio area missions, some of
sections of rapids that connect the pools. The deeper
which are still in existence and operation currently. The
pools provide shelter for aquatic life while the riffles add
U.S. National Park Service protects the Mission acequias,
oxygen to the water. The inside edge of the bends will
which still provide water to some private land owners in
have naturally forming sand and cobble bars, or beaches,
the area.
that attract wading birds. The base flow channel may vary
from as little as seven or eight feet wide in the riffle areas Armored Channel
to as much as twenty to thirty feet wide in the pools areas.
A river channel that is unstable and therefore subject to
erosion and has been reinforced with natural or
Channel Capacity
manmade elements (walls, rip-rap, gabion baskets,
The existing main channel of the San Antonio River
concrete, etc.). Armoring does address erosion problems
south of the Alamo Street bridge is what is known as an
locally but does not address the issue of sediment
open trapezoidal channel. This channel was designed by
transport, therefore does not completely solve the problem.

Big Water
Many people have expressed a desire to be able to see
more than a narrow stream when they look down at the
San Antonio River. The amount of water carried by the
base flow is not by itself enough to create a broad
expanse of open water, so the master plan call for the
creation of wider stretches of water, especially where the
river is crossed by freeway or arterial street bridges. To
avoid reducing channel capacity, the plan call for these
areas to be excavated just upstream of a grade control
structure in places where the overall main channel can be
widened. Big Water might create a body of water that
could vary from just two or three times the width of the
base flow channel to one or two hundred feet wide,
depending on available land and the ability to widen the
main channel at that point. Water impounded behind any
kind of structure will tend to collect silt as storm flows
slow down and drop suspended solids. Periodic dredging
will be necessary to keep these areas open, although the
need for dredging may be as little as every twenty to forty
years (as with Lake Davis, impounded by the large
Espada Dam).

natural areas the floodplain might be miles wide; in urban Point Bar
The shallow, inside portion of a meander where
areas communities usually try to confine the floodplain
sediment is deposited.
to as narrow an area as possible.
Grade Control Structure
A low (2 ½ - 3 feet high) structure in the bottom of the
river channel used to prevent down cutting (vertical
erosion) of the channel. Grade control structures will be
covered with stone and may be made to look like natural
stone outcrops. Grade control structures will include,
where feasible, a flume for kayak or canoe passage.
HEC Model
Hydrologic Engineering Center, part of the U. S. Army
Corps of Engineers that produces hydraulic and
hydrology models to study river dynamics.
Hydraulics
The affects of the river based upon geologic factors.
Hydrology
The affects of the river based upon climatic factors.

Cubic Feet per Second
A measure of the amount of water passing a given point
in the river expressed as cfs. (1 cfs = 7.5 gallons per
second or 450 gallons per minute).

Indigenous Plants
Plants that have been growing in a region long enough
that they have adapted well to the conditions and can
thrive.

Deposition/Aggradation
The phenomenon where transported sediment exceeds
the carrying capacity of the river. The sediment drops
out of the stream flow during low velocities in
conjunction with shallow flow depths.

Meander
Curves in the stream channel where the stream dissipates
energy.
Mowing (landscape maintenance)
A maintenance task required when turf grasses are used
as ground cover and must be cut down on a regular basis
to keep under control.

Detention Basin/Offline Storage
A land area designed to collect and temporarily store a
percentage of storm water and slowly release it after a
storm event has passed theoretically reducing the severity Native Plants
Plants that originated in a particular region.
of a storm event. May be wet or dry bottom.
Erosion
The wearing away of a riverbank caused by continuous
movement of the water and wind.

100-year Flood
A storm of such a significant rainfall that it has only a
1% chance of occurring in any given year.

FEMA
The Federal Emergency Management Agency that is
responsible for dealing with emergency flood conditions
and flood insurance.

Peak Flow
The maximum volume of water that is carried in the
river over a certain period of time, expressed in cfs.
Peak flows are described in terms of rainfall event
frequencies. For example, the 100-year peak flow has
a 1% chance of occurring in any given year.

Floodplain
The area on either side of the bankfull channel that
carries the flows greater than the bankfull flow, that is, all
storms greater than the one-to-two-year storm. In

Riffles & Pools
Riffles are the steeper portions of stream channels,
typically where water flows quickly and shallow. Usually
located between meander bends. Pools are the near-flat
reaches of streams where the water flows slow, deep, and
calm. Usually located in the meander bend.

Scour
Process of water eroding material through high velocities
in conjunction with moving sediment.
Siltation
The deposition of soil particles moved by the river
caused by an obstruction to the rivers flow or lower flow
velocity.
Stable River
A dynamic river with morphologic characteristics that are
in natural balance.

Riparian Forest
Historically, river corridors in Texas supported some of
our best forests, as the flood plain watered and nourished Symphony Lane and Espada Dam
This Conceptual Master Plan shows one potential
the forest environment. As we build cities along the
solution to the overbank flooding in the Symphony Lane
edges of some of our rivers, we were no longer willing
neighborhood. SARA has just retained an engineering
to tolerate periodic flooding, and we built levees and
firm to work along with the River Master Planning Team
channelized the rivers to contain the flood plain within
to investigate feasible alternatives for this area; the
the banks of the new channel. To maximize the channel
solution shown on the current plan may or may not be
capacity, the new channels were kept entirely free of any
the solution chosen by the upcoming investigations.
trees, and the grasses are cut as close to the ground as
maintenance departments can afford.
The approach used in the current plan calls for the
removal of the large Espada Dam and replacing it with a
The San Antonio River project proposes to replant a
low, grade control structure. The area behind the grade
forest along the river corridor, as many native riparian
control structure would be excavated to provide open
forest trees as would have been along the original river
water similar to the existing Davis Lake. The Military
and as many as can be planted and still maintain the
Drive Bridge should be reconstructed with fewer
flood control storm water carrying capacity of the river.
columns and longer spans. A new acequia is created to
The high banks will be planted to create an almost
connect the impounded water above the New San Juan
continuous tall shade canopy, with openings for view
dam to the upstream end of the Symphony Lane river
corridors and street crossings and access for either trails
remnant, providing constant flow into the old river
or maintenance pathways. The side slopes of the channel
channel. At the downstream end of the Symphony Lane
will be planted with groupings of trees to break up the
river remnant, a new acequia carries the water to the river
linear monotony of the existing channel and to enhance
remnant that feeds the Historic Espada Dam and
the limited sinuosity, or curvature, of the channel. Trees
acequia. Both north and south new acequias will
will extend to the base flow channel on the outside of
follow the hydraulic gradient from the San Juan
river bends, where tall canopy trees can shade the pool
impoundment to the Historic Espada Dam.
areas of the base flow channel.
River Maintenance
The repair required because of erosion and/or scour or
sediment deposition caused downstream due to the
erosion. This type of maintenance will continue as long
as the river is not in its natural configuration.
Roughness Coefficient
A number representing the roughness of riverbed
surface used in the HEC model to represent the
resistance to the rivers flow. Engineers often use the
term Mannings n value to describe the roughness.

U. S. Army Corps of Engineers
The Federal agency that is responsible for oversight,
protection and maintenance all U. S. waterways.
Watershed
The geographic area that drains into a particular river.
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Memorandum
Date:
To:
From:
RE:

August 10, 2000
Nancy L. Fleming, SWA Group
Economics Research Associates
Economic and Market Overview, including comments received during Client Meeting
No. 4

INTRODUCTION
The purpose of this memorandum is to present ERAs economic and market overview for San
Antonio to help inform the context for planning improvements to the San Antonio River. In
addition, ERA has toured the project area, and has formulated some preliminary conclusions and
recommendations for both the northern reach and the southern reach of the San Antonio River.

San Antonios history has been more stable; while the growth periods have been somewhat less
dramatic than in other Texas cities, San Antonios recessions have also been milder. The
unemployment rate has declined to less than four percent in recent years, an indication of a vibrant
and fully employed economy.
The San Antonio metropolitan area is one of the most affordable in the country. This is an
advantage for economic development in that affordability of housing, commercial space, and labor
are all factors that attract businesses and business expansion.
San Antonio is also a majority/minority economy with over half of the population of Hispanic
origin.
REAL ESTATE MARKETS

Land  Land values are always difficult to pinpoint due to the inherent uniqueness of different
locations of properties, along with their sizes, exposures, and current levels of improvement.
ECONOMIC CRITERIA
Even so, much can be revealed about the market economics for real estate development by
observing ranges in land values for different types of properties. Land values estimates, based
In order to assist the SWA team in conceptualizing and evaluating different plans for the River,
upon ERAs interviews with real estate developers and brokers, are as follows. The highest values
ERA has prepared the following list of economic criteria and considerations for planning:
in San Antonio have been generated by hotel development on the River Bend portion of the San
· Enhancement of land values, including growth in property taxes and property tax increments. Antonio River with its famous Riverwalk. Recent hotel development projects have generated land
· Stimulation of real estate development.
values in the range of $80 to $120 a square foot, with some reported as high as $150 per square
· Stimulation of economic development through attraction of businesses (especially corporate
foot. Values drop off quickly, however, with properties only a block off the River Bend trading in
campus locations).
the range of $50 to $70 per square foot. As one travels north along the San Antonio River, but
· Expansion of the tourism offering, creating additional attractions within San Antonio.
beyond the River Bend portion, land values are still relatively high for the metro area, but decrease
· Development of additional recreational opportunities for visitors and residents alike.
fairly rapidly as one moves further north (from $40 - $60 just north of the River Bend to $20 - $25
· Enhancement of neighborhood vitality, safety, quality of life, and livability.
beyond the developed part of the river) or away from the river (down to $7 - $20 per foot a couple
blocks off of the river). The steep gradient in land values moving north along the river
CURRENT MARKET CONDITIONS
demonstrates that there is potential for significant positive impact on surrounding land values if the
river is improved.
The San Antonio economy has been growing over the past few years, in spite of military base
In contrast to the downtown areas, suburban land to the north is still very affordable. Values for
closures. The real estate markets in San Antonio are generally healthy. This is a good time for the
development sites range from $6 to $11 per square foot. Note that the availability of large
San Antonio community to be making a major capital investment in improving its beloved river.
amounts of easily developable land in the northern suburban areas depresses the ability to generate
Population growth over the last decade has been at a healthy two to two and a half percent per year high land values for development in the downtown area. Values in South San Antonio, even near
rate, with the City of San Antonio growing faster than the metropolitan area as a whole. Much has the river, are more similar to suburban values, generally well under $10 per square foot.
been made of the City of San Antonio being the eighth largest city in the country. However, from Residential  Current multi-family housing market conditions, applicable for the downtown area,
an economic standpoint, the size of the political jurisdiction of the city is not particularly relevant. are quite favorable for new development. There has been a recent surge in the number of multifamily building permits issued within the City of San Antonio. Monthly rents have been increasing,
What is more important is the size of the regional economy, defined as the San Antonio
metropolitan area (MSA). The metropolitan area is the 35th largest in the United States. In essence, throughout the last decade and averaged approximately $0.75 per square foot throughout the City.
San Antonio is a mid-sized economy.
In the downtown area, rents were somewhat higher, in the range of $0.80 to $0.90 per square foot.
Jobs have been growing faster than population over the past decade. The major industries for the
Overall, the downtown housing market is currently strong, and rents are continuing to rise. Rents
San Antonio economy are:
in new projects within the zone of influence of the river would no doubt exceed $1.00 per square
· Telecommunications,
foot.
Office  The San Antonio office market currently contains over 21 million square feet of space.
· Tourism and conventions,
· Military, and
Vacancy rates have been declining dramatically through the last decade, but are still somewhat high
(in excess of ten percent). Downtown rents have tended to be very close to those in suburban
· Back office services for a broad range of industries.
San Antonio has avoided some of the boom and bust cycles characteristic of other Texas cities.
locations, but are still somewhat lower. Vacancies have dropped significantly in the last few years in

the downtown area, primarily due to the leasing of additional space by Southwestern Bell (SBC). SBC is by far the most
dominant influence on the downtown office market, extending beyond their corporate campus along the northern stretch of
the San Antonio River into existing older buildings throughout the downtown area.
Hotel/Tourism Uses  The tourism industry drives other land uses in San Antonio, especially hotel development. Of the
attractions that influenced peoples reasons for visiting San Antonio, the Riverwalk is by far the most important influence.
Conventions are also a significant attraction for San Antonio, and as a result, the City has just expanded the Henry B.
Gonzales Convention Center to a 1.3 million square foot facility with 440,000 square feet of contiguous exhibit space, a
42,000 square foot ballroom, up to 63 individual meeting rooms, and a 2,500-seat theater for the performing arts. San
Antonio has been hosting between six to seven million overnight visitors annually in recent years. This overnight visitation
drives a thriving hotel market.
There are eight to nine thousand hotel rooms in the downtown area, and over 26,000 in the metro area. Occupancy rates
throughout the last decade have remained somewhat soft, however, generally well below the industry standard of 72 percent
required for healthy hotel operations. While San Antonio enjoys occupancy throughout the year, there is still an annual
peaking in the vacation month of July, and in the strong convention month of March.
Market Demographics  ERA used its in-house geographic information system (GIS) to analyze demographic data for
the northern reach and southern reach of the San Antonio River, roughly defining the neighborhoods surrounding each
area. Both areas are relatively low income. As with the rest of the City, the majority of the population is of Hispanic origin,
although in the south this majority is very high at over 88 percent. It is interesting to note that there is a very high incidence
of owner occupation in the housing in the south portion of the project area. This is an indication that a stable thriving
community exists in the south.
FINDINGS AND CONCLUSIONS FOR THE RIVER IMPROVEMENT PROJECT
Strong Economic Development Potential  The northern and southern reaches of the river in the project area have very
different market potentials associated with them. In both cases, however, ERA strongly feels that river improvements will
enhance the economic development potential and the real estate values in the respective areas.
Continuous Paths  In both areas, the improvements should have a continuous path accessible to pedestrians creating
connectivity for the entire length of the river (including through the River Bend). In the southern reach of the river, this
path or another path system should be available for bicyclists. Given the greater distances between the interesting nodes and
attractions in the south, bicycles will form a practical means of transportation. While bicycle paths associated with the rivers
course in the northern reach would also be an asset, due to the more narrow river right-of-way it may not be possible to have
a separate bike route and pedestrian path within the river channel itself.
Visible Water  In order to maximize real estate values and economic development potential, there must be visible water
in both stretches of the river. This does not mean that the water need be constantly flowing, nor that it be in wide lakes, but
there should be no sections where the water is allowed to disappear entirely leaving only a dry riverbed.
Watercraft  It would be desirable to have some form of public conveyance on the water in the northern reach (e.g., the
existing barge system, or some other form of smaller craft water taxi). In the south, it would be desirable to have the ability
to paddle canoes and kayaks up and down the river. With such small craft, provisions could be made to portage over or
around low dams using only people power. In general, the more recreation and human activity that can be accommodated
on the water in both stretches, the greater will be the attraction to the river and the consequent stimulus to nearby real estate
development.
ECONOMIC DEVELOPMENT STIMULUS ON THE NORTHERN REACH
An improved river, including greatly enhanced access for people via walkways and connectivity, will have a significant
development stimulus for the northern reach of the river. The most significant impetus will be for residential development
at relatively high urban densities. These could be both rental apartments and for-sale condominium units. The most
attractive development opportunities will be directly fronting the river at first, but in time will extend to the blocks behind
the river corridor.

Along with residential development along the river, there will be demand for a modest level of commercial development.
This will be primarily affordable restaurants, coffee houses, and drinking establishments serving as amenities for residents of
San Antonio. Although some of the tourists visiting San Antonio will find their way to these establishments, the primary
source of support will remain residents.
It is possible that some hotel development will also occur along the northern reach of the river. The hotel market in San
Antonio is not particularly strong, however, and the highest demand is within convenient distance of the convention center,
primarily along the existing developed River Bend. The ability to extend the existing barge system beyond its current
northern terminus, via locks or other mechanisms, will make a significant difference for potential hotel development beyond
Lexington.
There is existing office development on the river north of the River Bend, most significantly the corporate campus of SBC.
It is also possible that an additional company will choose to relocate its headquarters to downtown San Antonio, in which
event a corporate campus location along the northern reach might be desirable. Such a corporate headquarters decision,
however, depends on a myriad of factors and is so fickle that such decisions should not be counted on in the planning for
the northern reach. Given current and anticipated near-term market conditions, it is also highly unlikely that major new
speculative office buildings will be developed in the northern river corridor. Economic conditions are not sufficient to
warrant the development of new multi-tenant downtown urban office buildings at this time beyond a small scale.
ECONOMIC DEVELOPMENT STIMULUS ON THE SOUTHERN REACH
Whereas the northern reach of the project area is conducive to continuous development of residential and commercial real
estate along both sides of the river going northward, the southern reach has an entirely different character. In the northern
reach, new development will be looking down into a newly landscaped river channel, with water, walkways and people
activity visible from apartment and condominium balconies, café terraces, etc. In the southern reach, the vast majority of
developable land lays a significant distance beyond the water, and hidden from the river bottom by raised levees required for
flood control.
The primary economic stimulus provided by the southern reach of the river will be through the provision of recreational
and cultural opportunities for the broader San Antonio community. Recreation should include pedestrian pathways, bicycle
trails, watercraft opportunities on the river and in impounded bodies of water, and a greater linkage and interpretation of the
historic assets created by the chain of Missions along the river. As an example of the latter form of cultural edutainment
some form of automated interpretive program using low power radio transmitters could provide interpretation of the
culture and history of the Missions and system of ascequias that could be experienced by visitors and residents alike using
trams and buses or private automobiles traversing through the entire stretch of the river.
For the most part, the river improvements will not be stimulating specific residential apartment construction along the
riverbanks, as is the case in the north. In the south, the economic development stimulus will be much broader over the
whole southern region, creating a more desirable living and working environment, and enhancing the quality of life through
recreational opportunities. In the long-run, this should have a generalized affect on raising property values as one gets closer
to the river and increasing demand for new and revitalized real estate development. In addition, a significant mechanism for
increasing these values is the enhanced investor confidence that comes from observing the broader communitys
commitment to investing significant capital funds in the southern reach of the river.
There are also a number of significant opportunity sites for redevelopment of former uses on specific parcels adjacent to
the southern reach of the river. These include the Hot Wells site, the Big Tex site, the former Lone Star Brewery, and a few
others. This handful of specific redevelopment sites is likely to be the most immediately affected by the investment in river
improvements. As with the north, the first demand may be for residential development, but perhaps including garden
apartments or larger units with loft-style spaces and more lavish landscaping that opens up into the river. As in the north,
there is currently insufficient demand (and rental income) to support speculative office development. However, it is always
possible that the vagaries of the corporate headquarters decision-making could entice a company or a public utility to
develop an office campus on one of these opportunity sites.
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Recommended Plant List for Restoration of Riparian Corridors
on the San Antonio River
prepared by PBS&J
Recommendations for planting incorporate the native species that already thrive at or near the
site because their presence in that location confirms their suitability to the local physical
environment. Additional plant species were included in the list because they are native to the
region and have physiological requirements similar to the resident species. Bexar County
includes three of the ten vegetational areas in Texas: Edwards Plateau, Blackland Prairie and
South Texas Plains, so a diversity of species are native and appropriate for the area. The sitespecific plant communities were described in a previous document, the Technical
Memorandum on Baseline Habitat Conditions and Recommendations for Increasing Habitat
Value along the San Antonio River, San Antonio, Texas.
Although Chinese tallow (Sapium sebiferum), Chinaberry (Melia azedarach), Japanese
ligustrum (Ligustrum sp.) and privet (Ligustrum sinense) thrive in the project area, they are
introduced species. Tallow and privet are nuisance species and should be eradicated where
possible because they, especially tallow, commonly displace native species.
As was also stated in the previous document, the preservation and/or planting of native mast,
seed and fruit producing species (e.g., oaks, pecan, walnut) will encourage wildlife to forage
within these areas. In addition, the planting of native understory species (i.e., small trees and
shrubs) will provide stratification, which is an important element in a healthy and diverse
community. This stratification will attract species that would otherwise not utilize the area if
only overstory canopy species were present.
The following table includes a general list of plants species that are suitable for the restoration
of riparian habitats within the project area, habit (tree, shrub, herbaceous), canopy level
information (overstory, understory, groundcover, or aquatic), and additional notes about
habitat requirements. These species are generally available throughout Central and South
Texas nurseries and seed companies. The Lady Bird Johnson Wildflower Center, Austin, Texas,
provides extensive regional lists of local sources (with contact information) for native plants
and seeds. Many species will naturally recruit and are generally not available through nurseries.
For that reason, they are not on this list. They include mesquite (Prosopis glandulosa), retama
(Parkinsonia aculeata), huisache (Acacia smallii), hackberry (Celtis laevigata), and black willow
(Salix nigra). Also, sedges, rushes and other species typical of depressional and fringing
(streamside) wetlands were not included in the list because they generally are not available
through nurseries and will naturally colonize sites with the appropriate hydrogeomorphic
characteristics (i.e., shallow water with low flow regime). If broad, shallow, streamside areas
are created these wetland species will volunteer. They will not be recruited to areas with steep
slopes where water depths exceed their tolerance.
Recommendations for planting in this area
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GENERAL SEEDING RECOMMENDATIONS FOR SUN AND SHADE
Planting Recommendations:
 soil preparation; harrowing, raking or disking
 seeding at the rate of 6 pounds per acre
 light compaction of seeding area after planting
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* This species currently part of existing plant community on or near the site.
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San Antonio River Fish Species
The Technical Memorandum discussed various methods to improve the fish community, basically by
improving and increasing the available habitat (including water quality). Fish stocking was not
recommended. The ultimate goal is to recreate, as much as possible, native fish communities, by
creating a more natural environment, which will in turn attract desirable fish species. Desirable native
species include largemouth bass, Guadalupe bass, channel catfish, and blue gill. Examples of exotics
that most likely will continue to thrive are carp, sunfish, and shad. Other tolerant species such as
mosquitofish and red shiners will most likely continue to be prevalent. The fish species listed below
may potentially occur or increase after some of the habitat is changed as a result of the restoration.
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PLANT LIST FOR USE ON THE SAN ANTONIO RIVER
January 2001
Prepared by Rufus Stephens, Urban Biologist, Texas Parks and Wildlife Department, Urban Program.
Most of these plants are readily available commercially.

 Plant List for Use on the San Antonio River
 A Brief Study of Archaeologically Sensitive Areas

Exotics that should be discouraged or controlled: Giant Reed, Johnsongrass, K R Bluestem,
Bermuda Grass, Pyracantha, and Nandina.
Disable Native species to be encouraged during maintenance: Box Elder (Acer negundo), Spiny
Hackberry (Celtis pallida), Guayacan (Guaiacum angustifolia), Coma (Bumelia lanuginosa), Blackbrush
Acacia (Acacia redigula), and Dewberry (Rubus spp).
NATIVE PLANTS FOR EROSION CONTROL
Suggestions by John M. Koros, PWS
Harris County Flood Control District, Houston, Texas

 HEC-RAS Model
 Hike and Bike Pathways
 Fluvial Geomorphology Design Criteria

Vegetation is one of the most important elements for controlling erosion. Plants function in two
primary ways in this battle. First is the root system that innervates the subsurface to help hold the
soils in place. Second is the ability of the foliage to intercept and dissipate the energy of the rain
before it strikes the soil. Most of the suggested plants have desirable root architecture for stabilizing
the soil. The remaining plants on the list are suggested for their ability to grow in difficult conditions
such as dense shade or saturated soils.

 Master Cost Analysis and Gant Chart
 Naming and Dedication Rights
 Summary of Community Participation
 Brooklyn Avenue Dam
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TREES and SHRUBS
River Birch Betula nigra
One of the best choices especially in difficult sandy soils and streamside conditions. Will tolerate sun
or shade.
Green Ash Fraxinus pennsylvanica
The other top choice, along with River Birch, Green Ash has been determined to have the best root
architecture for erosion control. They are long-lived and tolerate of a wide range of soils.
Gulf Black Willow Salix nigra
Although disliked by many because of its tendency to spread widely from seed, it provides excellent
soil holding ability and grows extremely fast. Those who are concerned about the conveyance
capacity of streams and channels feel this rapid addition of biomass obstructs flow excessively and
can become a problem.
The ability for this species to root readily from cuttings makes it a favorite of soil bioengineering
applications such as those of Robbin Sotir and Associates
Bald Cypress Taxodium distichum
One of the longest lived of all trees, Bald Cypress has the ability to grow in wet or dry soils such as
can occur in streamside conditions. The root system does an excellent job of stabilizing saturated
soils and resists blowing over even in strong winds.

Woodland Areas: include at least 5 species in overstory, 4 species of understory, 5 species of shrubs,
and 5  10 species for the herbaceous layer.
Upland Woodland Areas: include at least 5 species in overstory, 5 species of shrubs, 10  15 species
for the herbaceous layer.
Grassland Areas: 15  20 species for the herbaceous layer.
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Rough-leaf Dogwood Cornus drummondii
Quite different from its more well known cousin Flowering Dogwood Cornus florida, Rough-leaf
Dogwood tolerates full sun and a much wider range of soils and tends to thicket with an
interconnected root system which gives great soil stabilization.
Elderberry Sambucus canadensis
Some may consider Elderberry a semi-woody shrub, it frequently will form a small short lived tree.
Its soil stabilizing ability results from its propensity to spread by underground stems forming large
colonies.

Florida Anise Illicium floridanum
An underused native evergreen shrub with unusual red
flowers. It will tolerate dense shade and prefers saturated
soils.
Coral Berry Symphoricarpos orbiculatus
This loose deciduous shrub will tolerate a wide range of soils
and exposures. It will tolerate considerable shade. It tends to
colonize by underground stems which is a characteristic
favorable for erosion control.
Florida Leucothoe Leucothoe populifolia
A beautiful evergreen that may reach ten feet that is extremely
shade tolerant and tolerates wet soils. Its dense growth and
spread from underground stems makes it useful for soil
stabilization that most difficult combination of dense shade
and wet soils. It is sometimes referred to as Agarista
populifolia and deserves more use in bayou landscapes.
Virginia Sweetspire Itea virginica
A highly desirable tardily deciduous shrub that often gets
beautiful red coloration in the fall. The fragrant tassels of
white flowers are an added bonus in this native that adapts
well in moist soils. Like many shrubs that perform well for
soil stabilization, it colonizes well by underground stems.
Southern Dewberry Rubus trivialis
Although not usually considered in this capacity, Dewberry
forms extremely dense mats of tangled stems and foliage that
both shield the soil from hard rains and hold highly erodible
soils such as pure streamside sands. The delicious berries for
humans and wildlife alike are an added bonus.
HERBACEOUS PERENNIALS AND GRASSES
Texas Betony Stachys coccinea
A little known gem from west Texas that forms low mats that
hold soils well while providing a profusion of coral red
flowers from spring to fall and drive hummingbirds crazy.
Obedient Plant Physostegia spp.
There are several species of these beauties that bloom at
various times of the year. Physostegia angustifolia is in bloom
in April, while the better known Physostegia virginiana is an
early fall bloomer. The indigenous Physostegia praemorsa is
native here in Harris County, but rapidly dissapearing from
our native local populations due to urbanization. All of the
species provide good soil holding ability due to their dense

spreading habits that go through the winter as evergreen
ground hugging rosettes.

best plants for the toe of slopes at the waters edge in flowing
channels.

overcome. Cherokee Sedge is ubiquitous throughout the
county and tolerates a wide range of soils.

False Petunia Ruellia brittoniana
Although actually a Mexican species, this is a superior
perennial for erosion control.
Its dwarf form Katie has gained much favor in the
landscape. Quite quickly however, one discovers how invasive
it can be. While that tendency may be frustrating while
maintaining a tidy landscape, it is exactly the trait that makes it
excellent for erosion control. Spreading both by seed and
underground runners, the root systems is so interconnected
that it makes a living erosion control mat. The regular sized
species is also useful in areas where large amounts of silt
might bury other plant, Ruellia brittoniana has the ability to
just root up the stem and keep right on stabilizing the silt.

GRASSES AND SEDGES

Little Sedge Carex leavenworthii
A smaller version of Cherokee Sedge. Both are evergreen
and shade tolerant.

Pigeonberry Rivina humilis
Related to Poke Salad Phytolacca americana, this is a great
groundcover for part sun to shade with fluffy bloom spikes
that turn rapidly into attractive berries that bird adore. In
sunnier positions, the foliage gets an attractive red tint.
Frog Fruit Physla incisa
This amazing plant will grow almost anywhere, from standing
water to crawling out over asphalt. It is a mat forming
evergreen in the Verbena family that is starting to get the
recognition it deserves.
Tube tongue Siphonoglossa pilosella
This almost unknown plant is a great Hill Country native that
performs well in Houston. It stays extremely low, spreading
underground which by now, may be becoming obvious as a
recurrent motif in the vegetation effective for soil
stabilization. A member of the Acanthaceae, it produces
interesting blue flowers reminiscent of Lobelia erinius.
Mallows Hibiscus spp.
Several of the native species of Hibiscus have extensive fleshy
root systems that are effective in soil stabilization. Suggested
species include Hibiscus coccineus, H. moscheutos, H.
militaris, H. aculeatus, Kosteletzkya virginica
Horsetail Equisetum hymale
Also known as scouring Rush, this is a very primitive plant
and one of the only plants able to assimilate silica, giving it
the abrasiveness that pioneers used for cleaning. It tolerates
considerable deposition of silts and sands and is one of the

Inland Sea Oats Chasmanthium latifolia
Attractive seed heads and extreme shade tolerance make this
one of the most useful grasses for erosion control under the
canopy of trees. Although a commercial seed source is not
yet available, the Harris County Flood Control District is
working with the United States Department of Agriculture
for a seed increase program.
Small Flowered Chasmanthium Chasmanthium
sessiliflora
A close relative of Inland Sea Oats, it shares the same benefit
of shade tolerance, but the seed head is less attractive on very
similar foliage.
Eastern Gama Grass Tripsacum dactyloides
One of the most valuable grasses for wildlife food value,
Gama Grass has extremely stout rhizomes and tolerance of a
wide range of moisture regimes. It is attractive and soon to
be commercially available.
Side Oats Gramma Bouteloua curtipendula
The state grass of Texas, it is very attractive and several
varieties are commercially available. It is extremely drought
tolerant and the limited experience with it in Houston appears
very promising.
Echinochloa spp.
Extremely high wildlife food value and seed availability makes
this a desirable grass option. Several species are available.
Long-spike Tridens Tridens stricta
Attractive and easily grown for seed, this grass deserves more
seed source development.
Gulf Muhly Muhlenbergia capillaris
This drought tolerant grass has fine textured foliage and a
beautiful inflorescence. It is the grass that produces the pink
cloudy appearance on fall dew laden mornings.

Blue Sedge Carex flaccosperma
An attractive blue cast to the foliage, and good shade
tolerance are this sedges attributes. It is less robust than the
above Carex species, making it less effective for erosion
control
FERNS
Common Wood Fern Dryopteris marginalis
A good, tough fern that tolerates a wide variety of soils,
moisture regimes, and
exposures. Its strong rhizotamous root system spreads
rapidly and does an admirable job of soil stabilization.
Sensitive Fern Onoclea sensibilis
A very nice fern that is really not sensitive at all. Although
not quite as vigorous as Wood Fern, it still has stout rhizomes
that are effective at soil stabilization.
Chain Fern Lorinseria areolata
A slightly smaller fern with beautiful fronds and good
landscape characteristics. It also is rhizotamous and therefore
holds the soil well.
Additional Native Grasses for the San Antonio River
by Jim Herrington, U. S. Corps of Engineers, Fort Worth,
Texas
Big Bluestem (Andropogon gerardii)
Indiangrass (Sorghastrum nutans)
Sideoats grama (Bouteloua curtipendula)
Illinois budleflower (Desmanthus illinoensis)
Roundseed (Dichantehlium spaerocarpon)

Cherokee Sedge Carex cherokeensis
The sedges are very attractive and many are shade tolerant.
There are some obstacles to seed germination that John
Greenlee, well-known grass authority, is actively working to
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INTRODUCTION
The purpose of this study is to identify those areas of the San Antonio River scheduled for
improvement along the north and south extremities. The section from Hildebrand to Lexington, the
north reach, is primarily unimproved, natural river frontage altered mainly by urban and commercial
development over the past century. A large portion of this tract is encompassed by the citys
Brackenridge Park and its amenities. While the parkland improvements are largely controlled by the
master plan for that facility, a few unique features will be addressed within this report. Another
consideration within this area is the possibility of unreported prehistoric resources. Since the San
Antonio valley has been occupied for at least 10,000 years, the existence of unidentified evidence of
early occupation could exist must be considered (Hester and Birmingham 1976, Fox 1975). Several
such sites have already been identified within the park boundaries (Katz and Fox 1979). Therefore, all
areas of this portion of the unaltered river frontage that have not been previously investigated should
be considered for study by survey and testing conducted by a qualified an archaeological agency.
The southern reach, South Alamo to Espada Mission, presents an entirely different concern.
The majority of this area has already been vastly altered by the extensive alteration of the channel as
a result of the 1921 flooding. In the period beginning in the mid-1920s until the mid-1950s, the river
channel was extensively redirected and widened to allow excess floodwaters to exit the lower valley
and prevent extensive flooding to the downtown area of the city. This effort, although largely
effective, has already obliterated many cultural and historic features. These will be addressed in this
report to alleviate concern in some cases and to indicate area for further consideration in others.
THE NORTH REACH
The area immediately south of Hildebrand (Concept 1N-1b) is within the scope of the citys
master plan for Brackenridge Park, but it also contains features of interest that may be threatened by
present plans to divert the flow of aquifer water from the pump below the head of the river. At the
base of the pool formed by the present flow is the location of the dam for the last of the Spanish
acequias, the Upper Labor, constructed between 1776-1777. This structure was further altered in
1875 to serve as the diverting structure for the Alazan acequia, primarily a flood control measure to
combat flooding of the city by the waters of Olmos Creek. This structure, a weir rather that a full
impoundment dam, was investigated in 1996 and found to be virtually intact less than a meter below
the present surface of the small park area near the headquarters building (Cox, Johnson and
Bousman 1999). This area also contains a recent (WPA era) stone lined channel featuring the channel
and headgate of the Alazan that flows under the Rodriguez Bridge and further serves as a portion of
the water fowl area of the zoo. This area could be developed into an extremely effective interpretive
park to relate to the public the acequia system with a minimum of construction or excavation.
A short distance below this area, at the first sharp bend of the river, is the location of the
Alamo acequia dam and headgate. Although there is no visual evidence of their existence, the
drainage ditch from the river to Broadway to the north of the Witte Museum is the stone lined trace
of the path of this oldest of San Antonios acequias, begun in approximately 1719.
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The area toward the southern portion of the park contains a large area of undeveloped river
that should be carefully surveyed and tested for prehistoric sites. The west bank of the river also
follows the River Road Neighborhood. This development contains a number of older homes that
will require investigation before any development is considered. (Concept 1N-2).
At the river on Jones Avenue is the old Lone Star Brewery complex, A San Antonio Historic
District. Constructed in 1884 by John H. Kampmann, it operated as the Lone Star Brewing
Company until 1892. At that time, it was purchased by Adolphus A. Busch, the St.Louis brewery. The
facility operated under various owners until 1925 when they were vacated. The structures were
renovated in 1981 to serve as the San Antonio Museum of Art (Jennings 1998, p. 261).
Below the museum, in the 1200 block of N. St. Marys street near the Ninth Street crossing, is
the location of the old Molina Blanco, an early Spanish grist mill, that served as the starting point for
the Texan forces siege of Bexar in 1835 (Buck 1980, p. 171; Barr 1990, p. 45). Although destroyed a
number of years ago, and well removed from the river, there are possibly traces of the old desagues, or
return channels, from the mill to the river that may exist below the surface.
Immediately above the Lexington Street bridge is the dam-like structure referred to as the
Hugman Dam. There is considerable evidence that this structure, in fact, dates to a later phase of
the river development and may fall beyond historic consideration, but this requires further research
to determine the exact date of construction.
THE SOUTH REACH
As previously stated the southern channel of the San Antonio River has been extensively
altered by the flood control measures during the past eight decades, therefore many historical sites
have been affected or destroyed. There has also been some misinformation published about the
location of some sites that have recently been corrected by more extensive research and
archaeological investigations; these will be noted where applicable. Because of the channelization of
the river, few prehistoric sites within the project areas can be expected to remain.
Within the vicinity of the Yturri-Edmunds complex, owned by the San Antonio Conservation
Society, was the course of the old Pajalache/Conception as well as the return channels for the grist
mill that is a significant portion of that complex (Jennings 1998, p. 262). Further down the river
below IH 10, is the site of the Spanish grist mill for Mission Concepción. That site was destroyed
many years ago and was later the site of a Fairground, subsequently disturbed by a city maintenance
facility (Ivey and Fox 1999, p. 5). (Concept 1S-2)
Near the site of the present Concepción Park is the location of the battle of Concepción, the
first conflict in the siege of Bexar fought between the Texan and Mexican forces in October of 1835.
The Texans selected a defensive position at a large bend I the river formed a cul-de-sac approximately
one hundred yards across, with natural embankment above the river. The Mexican forces attempted
to encircle this from positions on the west bank and below the Texans (Hardin 1994, pp. 29-30). The
bend in the river was obliterated by channelization and filled in to comprise the present park
locations.
The Poor Family Cemetery (41 BX 264) is located west of Mission Road and north of Hart
Avenue near a small portion remaining of the old San Antonio River channel. It is approximately 50
feet above the bank in a wooded area near a portion of the old San Jose acequia. Near the acequia
stands a large cypress tree that has served as a witness tree in the deed records and marks
approximately the center of the cemetery. The reported dates for burials are from 1865 to 1920
(Scurlock et al. 1976, p. 158). (Concept 1S-3)

Near the Mission Road bridge are the locations of two
dams for the San Jose acequia. The first dam, near the
intersection of Lorraine Avenue and the river channel, would
have been constructed shortly after the relocation of Mission
San Jose y San Miguel de Aguayo sometime between 1722 and
1727 (Ivey and Fox 1999, p. 45; Habig 1968, p. 86). The dam
was described as a wing dam, 100 feet wide at its lower end,
five fee wide at the base, and extended for 400 feet upstream
(Harston 1935). If suffered from frequent failures and
repaired or replaced on several occasions. In 1894, when the
acequia was reopened under the Texas Water Act of 1889, the
dam was relocated further south on the river near the Mission
Road bridge (Cox 1988, p. 2). (Concept 1S-4ab)
On the east side of Mission Road across from the
Blessed Sacrament Academy is a State Historical Marker
commemorating the possible site of Mission San Francisco de
Najera. THis was a Mission proposed by the marques de
Aguayo at the request of his guide Chief Rodriguez for the
Indians of Rancheria Grande. In 1772, the chief returned to
the area but due to a lack of interest on the part of the
Indians the mission never fully developed. Current research
had shown that the site was on the area now occupied by
Mission Concepción, as was the first site of the Mission San
Jose (Ivey and Fox 1999, pp. 45-46).
Further down the river, at the site of Mission County
Park, it has been suggested that this site could have ben the
second site of Mission San Jose after it was relocated from
the present site of Mission Concepción. This theory was
tested by excavation prior to the construciton of the new
ballpark, but the depth of deposits from the river
channelization made confirmation impossible (Cox 1989).
Near the end of Padre Drive, near the old river
channel, is the return channel for the Acequia Media which
still exists as the dry draining ditch on the west side of the
road. This small acequia system was actually a branch of the
San Jose acequia that sprang from the acequia madre near
East Sayers Avenue and watered the upper fields of the
mission. The upper portion of this ditch is known only from
the records of the Huizar family recorded in 1882, in the field
notes of the county surveyor (Almaraz 1989, p. 43: Bexar
County Deed Records Volume 22:242).
On the east bank of the river is the location of the San
Juan dam and acequia. This low weir structure followed the
west bank of the old river channel for some 180 feet to divert
the waters into the old headgate approximately 500 feet down

the old ditch. Constructed shortly after the relocation of
Mission San Juan Capistrano from East Texas in 1731, it
served the area until the river was channelized in the 1950s, at
that time a new concrete dam was constructed to divert water
into the channel. The modern dam was destroyed by a flood
in September of 1977, and a lengthy court suit followed and
was settled in favor of the land owners in 1967. Since that
time continuing efforts to restore the water to the acequia
have been ongoing. (Hafernik, Cox and Fox 1989; Rivera
2000). (Concept 1S-5).
At the intersection of S. E. Military Highway (Loop
13) and Mission Road was the location of the Pyron
homestead. Purchased by Colonel Charles Pyron (CSA) ca.
1848, it was probably constructed in the 1830s and is reputed
by some as having been owned by the Veramendi family, and
occupied for a short time by James Bowie and his bride,
Ursala Vermanedi. Heavily damaged by a hurricane in 1942, it
was converted to a tire store and razed in the late 1980s.
However, the foundations remain at ground level and should
be preserved or investigated (Cox 1992).
Further north on Mission Road, beside a newly
constructed rental storage unit facility is a section of the
original San Jose acequia. This was the path of the acequia
until the mill was constructed behind the mission in 1790. It
has been heavily altered by several construction and clearing
projects over the past several years so that little remains of its
original structure, only its location is of interest.
The Espada Dam and ditch complex is the only
surviving example of the Spanish acequia system in operation
at the present time. This complex along with the aqueduct at
Six Mile (Piedras) Creek is an invaluable asset to both research
and the tourist trade. It should in no way be altered or
encroached upon. (Concept 1S-6)
The San Juan acequia, at present, is non-functional but
water should be restored to the channel in the near future to
supply water for the demonstration farms planned for
Mission San Juan by the National Park Service. While much
of the channel remains open and is easily located the ditches
below the mission still need much archaeological and archival
investigation to reestablish their original locations. Any work
near San Juan Mission should take this need into
considerations.
The Bergs Mill complex needs considerable
investigation and research prior to any major alternation of
the site. While the stone structure located to the north of

Ashley Road is generally referred to as the Bergs Mill the
exact nature and date of construction is not known. In fact,
the community of Berg Mills, at and near this location,
contained a number of structures, including at least three
mills and a cotton gin (Scurlock et al 1976, pp. 13-14). This
site reqiures a great deal of investigation before any major
alternation is undertaken. (Concept 1S-7)
At Mission Espada, along the old remaining river bend,
are located three lime kilns constructed into the bank of the
river on the northeast corner of the complex. They have
eroded so that only the lower portions of the structure still
exists. These were previously investigated and filled to protect
them (personal communication A. A. Fox). They are
presently in no danger, but should any alternation to the old
channel in this area be considered, they should be addressed
and protected. (Concept 1S-9).
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This hydraulic summary presents the HEC-RAS modeling performed in support of the subject project to develop a concept
design for restoration of the southern reach of the San Antonio River from South Alamo Street to approximately 4,500 feet
below Loop 410 which is just over nine miles in length. The design concept has been developed that incorporates fluvial
geomorphologic principals, environmental considerations, water quality enhancement features, park and green space areas as well
as recreational trails. This proposed design concept calls for a river corridor that incorporates a wider flood control channel in
selected places, a meandering base flow channel within the flood control channel, tree and brush plantings at various densities,
grade control structures, and armoring along the base flow channel where required.

 A Brief Study of Archaeologically Sensitive Areas
 HEC-RAS Model
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 Fluvial Geomorphology Design Criteria
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This project was performed by a Project Team led by the SWA Group with the hydraulic modeling being performed by
Biohabitats and PBS&J. In addition to providing the fluvial geomorphological concepts needed, Biohabitats role has also
included development of the basic HEC-RAS models for existing and proposed conditions. As well as providing environmental
consulting on the project, PBS&Js role has included providing HEC-RAS modeling guidance, making limited modifications to
the models as required and approving the modeling work at this concept level.

 Summary of Community Participation
 Brooklyn Avenue Dam
 Operations and Maintenance Requirements

HYDRAULICS SUMMARY
SAN ANTONIO RIVER IMPROVEMENTS  CONCEPT DESIGN
Prepared by:
PBS&J
206 Wild Basin Road, Suite 300
Austin, Texas 78746-3343
in corporation with
Biohabitats, Inc.
15 West Aylesbury Road
Timonium, Maryland 21093
Approval Statement: The HEC-RAS modeling of existing and proposed conditions reveals that it is feasible to establish a river
restoration plan while maintaining existing flood protection levels for the studied southern reach of the San Antonio River that
extends from South Alamo Street to below Loop 410. Modeling indicates that if the concept design guidelines and features are
followed during final design, the present
level of flood protection will be improved or, at least, maintained.
I have reviewed the HEC-RAS modeling and herewith approve it for this concept level of evaluation. Original versions of this
document that are identical to this one, except for my signature and professional engineers seal affixed thereon, have been sent
to the San Antonio River Authority as well as the SWA Group.
Duke G. Altman, P.E.
Texas P.E. No. 44081
9 April 2001
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The overall modeling objective has been to develop reasonably accurate models for existing and proposed conditions and to use
the modeling to help guide SWA in their efforts to develop a concept-level river restoration scenario (i.e. proposed conditions).
Using the guidance provided by the modeling effort, this river restoration concept design was developed such that it improves or,
at a minimum, maintains existing flood protection levels. The modeling performed assisted in balancing the amount of additional
cross sectional area required to offset the added vegetation (trees, underbrush and native grasses) proposed for the river corridor.
The modeling performed at this concept design level is primarily intended to be a comparative evaluation between existing and
proposed conditions and it should be recognized that additional and more detailed modeling will be required during the projects
final design phase(s).
The following sections summarize the hydraulic modeling effort.
Data, Information and Basic Model Setup
Development of the existing and proposed HEC-RAS models was based on the utilization of a preliminary existing condition
model obtained from the Corps of Engineers. The model was developed for the Corps by Freese and Nichols, Inc., utilizing
recent aerial topographic data, preliminary flow estimates, local bridge data and other data/information. The preliminary Corps
of Engineers study encompassed 201 cross sections plus 15 bridge routines and one inline weir routine within these limits. To
reduce the effort of modifying stream geometry for 201 cross sections, SWA and Biohabitats selected 60 cross sections for
hydraulic modeling and earthwork considerations.
To better model expansion and contraction losses near bridges and to more accurately model vegetation conditions (especially
for proposed conditions), 27 cross sections were subsequently added to the basic model setup used for existing and proposed
conditions. All 15 bridge routines/locations depicted in the original Corps model were also used in the present modeling. Cross
sections were reviewed for flow conveyance conditions that led to incorporating ineffective flow areas into the basic modeling
setup in overbank areas at 26 cross sections. These ineffective flow areas are primarily associated with tributaries that flow parallel
to the river for a distance but are separated from the rivers 100-year flows by high ground.

To support the selection of a reduced number of cross
sections, Biohabitats compared results using the preliminary
Corps of Engineers model with results using the model
developed with the fewer cross sections. To accomplish this,
the reduced number of cross sections were established in the
model and all downstream reach lengths were adjusted
accordingly. Additionally, the same preliminary Corps 100-year
flow profile representing flow rates throughout the study
area was analyzed such that the two model setups (i.e. full
number of cross sections versus reduced number of cross
sections) were compared. On average, the modified model
was 0.04 feet higher than the Corps model. Since the present
modeling effort was at the concept level with a primary goal
of comparing existing and proposed conditions, this modified
model was judged sufficient for the present analyses.
The Espada Dam was added to the modified model in
existing conditions. It was included in the original 1997
Freese and Nichols study of the river but was not included in
the Corps of Engineers model provided to SWA, Biohabitats
and PBS&J. The San Antonio River Authority provided
tabular design data for the Espada Dam. It was inserted
approximately 2,200 feet below S.E. Military Drive as an inline
weir. Since the dam is proposed to be removed, the geometry
was removed for the proposed conditions model. The San
Juan Dam data was also requested, but was later determined
to have limited effect on river hydraulics and not included.
Consideration to include the San Juan Dam should be given
during final design.
Biohabitats initiated an investigation of Manning coefficients
for this modeling effort. Proposed enhancements to the San
Antonio River include vegetating the riverbanks and portions
of the channel with grasses, shrubs and some woody
vegetation. Determinations of roughness coefficients for
vegetated flood channels is not an exact science and
experience and judgement are required in these
determinations. Dr. Craig Fischenich of the Corps of
Engineers Waterways Experiment Station was consulted and
he suggested that conventional publications and
methodologies that estimate roughness for vegetation in
partially and totally submerged conditions need improvement.
In Resistance Due to Vegetation (USAE WES Technical
Note EMRRP SR-07), Fischenich states that velocity profiles
in natural channels and canals have a logarithmic distribution.

However, vegetated flood channels have high and low velocity
gradients depending on vegetation canopy cover, height of
vegetation, and stiffness of vegetation trunk or stem, among
other variables. In a phone conversation between Biohabitats
and Dr. Fischenich, he speculated that channel roughness
coefficients for this project could possibly be as low as 0.02
within certain portions of the channel. This statement implies
that the roughness would be higher in other locations.

Existing Conditions HEC-RAS Model

Because the Corps had not yet determined roughness
coefficients, existing conditions Manning roughness factors
for this new modeling effort were obtained from a previous
1997 study performed by Freese and Nichols, Inc. entitled
San Antonio River Flood Control Channel Modifications 
Preliminary Engineering Analysis Report. Consistent with
this previous work, Manning n factors of 0.03 for the main
river channel and 0.07 for overbank areas were adopted for
existing conditions. Expansion and contraction coefficients
were reviewed and changed where needed to reflect standard
modeling guidelines. Considering this and other information
including the concept-level of this modeling effort, the U.S.
Geological Survey Water-Supply Paper 2339, Guide for
Selecting Mannings Roughness Coefficients for Natural
Channels and Floodplains was used for determination of
coefficients for the channel and its side slopes. A summary of
the values used follows subsequently in descriptions for
existing and proposed conditions.

A comparative summary of existing versus proposed
conditions model output is attached.

The method for computing losses through bridges
preliminarily specified by the Corps in their basic model was
the energy equation or standard step method. This
method was maintained for all of the bridges modeled except
for the Ashley Road Bridge. At this bridge, the pressure and
weir flow method was used as it gave more stable and
consistent water surface and energy grade elevations. Due to
the piers that cause turbulence within the bridge structures, a
Manning n value of 0.045 was used through the bridge
structures in the existing and proposed models.
Finally, two very similar 100-year flow profiles (varying
flowrates along the river) were obtained from the Corps
model. To simplify our modeling, the flow profile (see
attached modeling summary) that generally had the higher
flowrates was used for this comparative evaluation.

The existing condition model was developed utilizing the
basic setup described above. One condition that is different
between existing and proposed conditions is that the existing
condition model includes the Espada Dam whereas the
proposed condition model assumes that the dam will be
removed.

Proposed Conditions HEC-RAS Model
The proposed condition model was created from the existing
condition model but includes the following differences:
1) Cross sections in numerous locations along the river were
enlarged in order to generally incorporate fluvial
geomorphological concepts. Generally, the radii of existing
river meanders were increased by widening the rivers cross
section on the channels outer side. Proposed geometry for
the 60 river cross sections was developed by SWA and input
into HEC-RAS by Biohabitats. Once all geometry was
depicted within the proposed conditions HEC-RAS model,
digital files were sent to SWA for review to insure that
Biohabitats had accurately transferred the geometry
information into the model.
2) Removal of Espada Dam.
3) Incorporation of big water areas that are being planned
as below (existing) grade features. These water areas will be
developed by excavating below the existing channel bottom
so that small dams above the existing grade will not be
required to create the waterbodies. Tops of these small rock
dams proposed will be consistent with the existing bottom
profile. Several of these relatively wide water areas are being
proposed near bridges which increase expansion and
contraction head losses.
4) As mentioned above, 15 cross sections were added to the
original model setup to better model bridge expansion and
contraction head losses, while 13 cross sections were added
to better reflect the varying vegetation locations and

densities. Adjustments to the vegetation limits (i.e.
vegetation moved away from the channel center) were made
in several instances to prevent vegetation near the channel
from increasing water levels and water energy grade
elevations adversely.
5) An expanded opening aligned with the old river remnant
was added to the Ashley Road bridge to allow a portion of
the low flows and moderately high flows to pass through
the old river channel downstream of the bridge. The
opening area of this culvert was set at 260 square feet. This
size was selected to generally match the flow area of the
river remnant downstream of Ashley Road.
6) The U.S. Geological Survey Water-Supply Paper 2339
entitled Guide for Selecting Mannings Roughness
Coefficients for Natural Channels and Flood Plains was
used to develop Mannings n factors for the varying
vegetation conditions planned for proposed conditions.
The method used basically allows for the development for
an n factor for a cross section or reach of channel based
on the combined effects of:
 a base n factor for a straight, smooth, uniform channel
in natural materials;
 surface irregularities;
 variations in cross sections;
 obstructions;
 vegetation; and
 channel meandering.
Utilizing this method, composite n factors were developed
for the following river vegetation
 505 trees/acre (~ 10 ft. o.c. out of channel in overbank)n = 0.07;
 225 trees/acre (~ 15 ft. o.c. with shrub understory)n = 0.065;
 225 trees/acre (~ 15 ft. o.c. with grass understory)n = 0.057; and
 56 trees/acre (~ 30 ft. o.c. groups near channel bottom)n = 0.045.
7) Finally, the cross sections associated with the bridges listed
below were modified to accommodate recreational trails
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planned along the river. The basic procedure was to
incorporate a 20-foot wide section cut into both bridge
abutments (sides of the bridge opening) except at South
Cross Avenue where the trail is only being planned on the
east side. Elevations of the trail through the bridges were
set between 5 and 10 feet above the river flowline elevations
depending on conditions at the respective bridges and it
was assumed that vertical walls adjacent to the trail would
be constructed to stabilize the abutments through the
selected bridge structures.










CPS Utility
CPS Vehicle
MKT & Southern Pacific Railroad
Steves Avenue
East Mitchell Street
East Theo Avenue
Mission Road
South Cross Avenue
White Avenue

As stated above, a summary of existing versus proposed
conditions modeling output is attached.
Comparison of Existing and Proposed Conditions
A comparison of results obtained from the HEC-RAS
existing and proposed modeling is provided in the attached
modeling summary and the items described below:
1) Modeling indicates that in all locations the energy grade line
elevations for proposed conditions are below those for
existing conditions. Energy grade line elevations for
proposed conditions average about 2.2 feet below those for
existing conditions.
2) Proposed condition water surface elevations are, on
average, 1.7 feet below those for existing conditions.
3) Modeled water surface elevations for proposed conditions
are below those for existing conditions at all but 10 cross
sections out of the 124 cross section used in the modeling.
It is important to understand the reasons and/or situations
associated with these 10 instances before judging if they
represent problems or not.
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First, six of the cross section locations where this occurs
have constricted cross sections in existing conditions where
flows are accelerated such that water elevations are at
undesirable conditions. Hydraulic conditions at these cross
sections are unstable with high velocities and significant
erosion potential. Additionally, the high velocities also
enable existing conditions at these locations to have a very
low water surface elevation that is impractical for
comparing to proposed conditions that has a more stable
flow profile. It is undesirable and unneeded to expect (or
require) proposed conditions to be at (or below) these
particular existing condition levels.
Second, the remaining four locations are upstream of
Ashley Road and are influenced by a somewhat undersized
bridge. At these four sections, proposed conditions call for
a significantly widened channel that introduces contraction
and expansion losses that have an affect on proposed water
surface elevations. However, proposed elevations are within
the channel for two of the four locations. It is also pointed
out again that the proposed energy grade line is below that
for existing conditions at all cross sections. In final design
modeling, it is suggested that detail evaluations be made in
the big water areas to better define the true limits of flow
conveyance in these areas. Expansion and contraction
losses may be too high if effective widths of the modeled
cross sections are hydraulically overstated. Overstated
widths result in excessively low velocities which, in turn,
increase expansion/contraction losses as flows are modeled
through these areas.
4) The maximum amount that the proposed energy grade
elevation and water surface elevation are below that for
existing conditions is about 6.7 feet and 7.8 feet,
respectively. This occurs just upstream of the Espada
Dams present location and is the result of the dam being
removed in proposed conditions. Much of this difference
that is due to removing the dam is lost as you move to the
upstream side of the S.E. Military Drive Bridge where the
energy grade and water surface elevation differences are
reduced to as low as 2.5 feet and 1.0 feet, respectively.

Conclusions
The basic conclusion that can be drawn from the HEC-RAS
modeling comparison is that proposed conditions would
provide improved 100-year flooding conditions compared to
existing flooding conditions. Further, the HEC-RAS modeling
of existing and proposed conditions reveals that it is feasible
to establish a river restoration plan by utilizing the selected
concept design that has been established for the studied
southern reach of the San Antonio River that extends from
South Alamo Street to Mission Espada. The HEC-RAS
modeling performed strongly suggests that if the concept
design guidelines and features are followed during final design,
the present level of flood protection in the study reach will be
improved or, at least, maintained.
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HIKE & BIKE PATHWAYS
By SWA Group
January 2001
A very important component of the Master Plan is the continuous hike & bike pathway that
will connect Brackenridge Park to Espada Mission. The proposed alignment has been
coordinated with other existing and proposed projects to provide an efficient system that is
not duplicated. San Antonio River Improvements Project pathway will be part of a larger
system of paths that includes the following:
1. Mission Trails :
 existing pathways to remain
 existing pathways to be relocated due to proposed changes in river alignment and
grading
 proposed pathways to be built as proposed
 proposed pathways to be relocated when built due to proposed changes in river
alignment and grading
2. City of San Antonio:
 existing on-street pathways to remain
 proposed on-street pathways to be built as proposed
 Downtown Bike Pathway Gap
 Eagleland/River Walk Link from S. Alamo to Guenther
 Eagleland Project from Eagleland Street to S. Alamo
The San Antonio River Improvements Project pathway system is located along the river
wherever possible and on both sides of the river, as possible. However, due to several
issues, the pathway alignment deviates from the rivers edge as follows:

As an alternative to the Avenue B alignment in the Museum Park Reach, the pathway may
cross under U. S. 281, around the west side of the golf course, up E. Craig Street, and cross
the river to Avenue A. Another alternative is to continue along the river from U. S. 281
along Avenue A. The final alignment is to be determined during Preliminary Engineering.
In either case, the Catalpa-Pershing ditch will be restored as a more natural creek.
The proposed San Antonio River Improvements Project pathway is, in some instances, a part
of an existing roadway. Those locations are as follows:

The San Antonio River Improvements Project hike and bike pathways are proposed to be 12
feet wide in the Historical Mission Reach and 10 feet wide in the Museum Reach (referred to
as the multi-use pathway in the north reach). This will be possible in all locations and has
been documented accordingly in the Master Plan drawings. Some flexibility should be
granted to future design teams as they explore the scale of the pathway through the Museum
Reach. There may be short, isolated segments where the pathway width reduces to eight feet
to properly fit within a tight right-of-way condition.
The Eagleland Project pathway will be 3 meters wide (10 feet +/-) and therefore the San
Antonio River Improvements Project pathway will intersect this pathway at Eagleland Street
where it will change from 12 feet wide to 10 feet wide. In addition, the Mission Trails are or
will be 10 feet wide so the design teams must carefully determine transitions from them to
the new pathways.
A portion of the pathway along the river will be funded by other entities. Such is the case in
the Eagleland Project where the pathway from Eagleland Street to S. Alamo will be funded
by the Texas Department of Transportation. The pathway alignment has been coordinated
with the San Antonio River Improvements Project but is not a part of the project.
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HIKE & BIKE PATHWAY DIAGRAM OPTION 2
SCALE: 1=2000

HIKE & BIKE PATHWAY DIAGRAM OPTION 3
SCALE: 1=2000

HIKE & BIKE PATHWAY DIAGRAM OPTION 4
SCALE:
1=2000
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FLUVIAL GEOMORPHOLOGY DESIGN CRITERIA
Prepared by Biohabitats, Inc.
January 2001
The two primary functions of a stream or river are to convey the water and sediment
supplied to it by its drainage basin. Because water is usually the dominant factor of the two
and because water discharge is easier and more accurate to measure than sediment
discharge, most of our knowledge of fluvial systems deals with water discharge. (A good
way to point-out this fact is that whenever we talk about discharge of a stream it is always
implied that it is water discharge.) Many investigators have shown that most natural
channels are sized to carry a discharge associated with frequent, relatively small storm
events rather than large, infrequent storm flows. These frequent, channel-forming
discharges are often referred to as the bankfull discharge because the water surface elevation
at this discharge is at the top of bank. The importance of the bankfull discharge was
expressed by Dunne and Leopold (1978): The bankfull stage corresponds to the discharge
at which channel maintenance is the most effective, that is, the discharge at which moving
sediment, forming or removing bars, forming or changing bends and meanders, and
generally doing work that results in the average morphologic characteristics of channels.
On average, bankfull discharge has a recurrence interval of 1.0 - 1.5 years on a flood
frequency analysis. Because the bankfull discharge is associated with channel formation/
channel maintenance, many morphological parameters and channel stability indices are
expressed as a function of bankfull width.
Therefore, the first step in testing the applicability of creating a stable, natural channel in
the San Antonio River Corps of Engineers flood control channel, using fluvial
geomorphological principles, was to determine the bankfull discharge. On a natural channel,
one of the first means of determining bankfull discharge would be to measure the bankfull
cross section and slope in the field and compute the bankfull discharge utilizing Mannings
Equation. Because the San Antonio River had been modified for flood control, this process
was not possible. Without an existing bankfull channel to indicate bankfull stage, the next
best approximation would be to use the 1.5 year discharge. The 1.5 year discharges were
obtained utilizing the Army Corps of Engineers, preliminary hydrology model for the San
Antonio River Basin, dated May 29, 1997. Downstream of the confluence with San Pedro
Creek, the 1.5 year peak discharge was computed at 12,700 cfs.
Before this bankfull discharge can be utilized to compute stable geometry and pattern, the
stream type must first be determined. From historic photographs, field investigation of the
natural channel upstream and downstream of the flood control channel, and existing
channel slope measurements the San Antonio River should be restored to a C type stream
according to the Rosgen Stream Classification System. Type C streams have low slopes
(.001 - .02), (The flood control channel downstream of the confluence with San Pedro
Creek has a slope of .002.) high sinuosity (>1.2), moderate to high width/depth ratio (>12)
and are only slightly entrenched (entrenchment ratio >2.2).
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The high entrenchment ratio (floodprone width/bankfull width) is probably the most
important parameter to achieve for a C channel and the least probable for the San
Antonio River flood control channel. This is because a C stream requires a broad
floodplain while a flood control channel eliminates the need for a floodplain. To create a
C stream with the minimum requirements (which would then call into question the
stability of the channel) below the confluence with San Pedro Creek, would require a
bankfull width of 150 feet and a floodprone width of 340 feet. This is wider than the
existing flood control channel in this area and would only convey the 25-year storm.
Therefore the channel would have to be even wider to convey the 100-year discharge.
Also, restoring natural meanders in the flood control channel would be difficult. Not only
would the meanders require more space than the straight channel, they would also require a
larger channel. This is because meanders reduce flow velocities. The lower velocities mean
more area is needed to convey the same discharge.
Due to the extensive amount of land needed outside the existing right-of-way and the large
quantity of excavation, it was apparent that fully restoring the San Antonio River flood
control channel to a stable, natural river was not feasible. The question then became, what
can be done to partially restore the flood control channel to enhance stability, habitat, and
aesthetics?
The immediate response to this question is to add vegetation to the system. Native
vegetation that is adapted to growing along river banks provides erosion protection through
root system which binds and reinforces the soil and through leaf and stem system which
reduces velocities and provides a physical barrier to water erosion. Vegetation enhances
habitat by shading the water, providing aquatic and riparian refugia, and supplying food
sources to both aquatic and riparian wildlife. The appearance of the river will change
dramatically simply by the addition of woody vegetation on the banks. Streams and rivers
naturally maintain a vegetated riparian zone that people associate with streams. Just as the
vegetation along the River Walk is essential to its popularity, so too will a vegetated riparian
zone within the flood control channel immediately transform it into a river.
The problem with adding woody vegetation to a flood control channel is that the vegetation
increases roughness, which increases storm flow water surface elevations. In order to
maintain existing water surface elevations and add vegetation the cross sectional area of the
channel would have to be increased. It was decided that any modifications to the flood
control channel should be designed utilizing two different scenarios. The first  keep all
modifications within the existing right-of-way. The second  modifications can be outside
of the existing right-of-way only where feasible and reasonable.
Because the right-of-way is very close to the top of bank of the flood control channel, only
minimal changes to the channel could be made and therefore only minimal amounts of
vegetation could be used. Vegetation would have to be limited to native grasses and shrubs.

Trees would increase the roughness beyond what could
be compensated for in the cross section modifications.
Cross section modifications would be limited to creating
floodprone terraces (which could double as equipment
access) and meandering the base flow pilot channel
within the flood control channel. The outside of the
meanders would be stabilized with 5  6 tall boulder
revetments which would also allow the meanders to be
graded into the channel banks rather than just to the toe
of slope.
A property ownership search indicated that a lot of land
along the San Antonio River was publicly owned. This
meant that it should be feasible to grade outside of the
existing right-of-way in many locations along the river.
Although it appeared that there was ample opportunity
to widen the existing channel, a natural channel based
on bankfull discharge was still not feasible. But could
some intermediate size channel be constructed in the
widened flood control channel. Due to the large storm
flows experienced by the San Antonio River, especially
downstream of the confluence with San Pedro Creek, it
was decided that any channel smaller than a bankfull
channel would not be stable. Therefore it would be
best, in terms of stability and maintenance, to design
only for the base flow pilot channel, but to design a plan
form for the base flow channel that would mimic the
natural bankfull channel. Also, the flood control
channel should be widened as much as reasonable to
allow for the establishment of a more natural vegetated
riparian buffer along the base flow channel.
The numerous, tight meanders of the old San Antonio
River would not be stable under the current, highly
urbanized storm flows (as indicated by the meander
cutoffs taking place in the channel downstream of the
flood control channel). Without a good reference reach
in the area it was decided that the geometry would be
based on empirical formulas generated from various
studies of streams and rivers around the country.
Specifically, the meander radius should be 2.3 times the
bankfull width and the meander wavelength should be
11 times the bankfull width. With a computed

minimum bankfull width of 150 feet, the range for
meander radii was computed as 400 to 700 feet and the
range for meander wavelength was 1500 to 2000 feet.

No sinuosity range was used to design the baseflow
channel; however, the sinuosity range works out to be
1.2  1.4.

Existing grades and alignments at bridges will be
maintained to keep flow through these structures as
efficient as possible.

While none of the streams and rivers in the area were
deemed suitable for reference reaches (Salado Creek,
Cibilo Creek, Guadalupe River, San Antonio River), they
did provide insight into the type of features which
should be designed into the improved flood control
channel. Many of the outside meanders were stabilized
by bedrock outcrops, therefore it would be appropriate
to stabilize the base flow channel meanders with boulder
revetments. The pools were very long, often running
through two or three meander wavelengths. The riffles
were very short, often created by bedrock outcrops.
The base flow channel should have very long pools with
boulder/concrete drop structures to lose grade and
provide bed control. These long pools can be widened
in places to provide the large water effect and the
drop structures can be designed as canoe chutes. The
inside meanders had no or only small point bars and
were well vegetated. The inside meanders appeared to
be an integral part of the floodprone area rather than a
depositional feature. This should work well with the
enhanced flood control channel because while the base
flow channel will meander the storm flows will still have
a fairly straight flow path through the existing flood
control channel alignment. This means the inside
meanders should be well vegetated (even if it is only
native grasses to keep roughness low) to provide a stable
floodprone area. The banks and floodplains of these
streams were also well vegetated. The banks usually
contained species such as willows, sycamores, and
cedars.

Bed material of the existing channel was not measured.
This would be difficult with all the stabilization material
lining the pilot channel. The majority of the material
observed in the channel was sand sized, although some
gravel and cobble exists downstream of the project area.
With a width/depth ratio of 25, an entrenchment ratio
of 1.3, a slope of 0.2%, and a sand substrate the
channel would classify as an F. This makes sense
because the flood control channel is over-widened and
entrenched by design to carry the 100-year discharge.

The velocities and shear stresses to design bank
armoring should be decided by SARA. If the armoring
must withstand 100-year velocities and shear stresses
then those are the shear stresses that should be used by
the design team. If SARA decides that the 25-year
velocities and shear stresses are all they want to design
to then those are the shear stresses that should be used
by the design team. Whichever year is designed to,
those velocities and shear stresses can be computed
using the HEC-RAS model, designing to the 100-year
forces.

The width/depth ratio will be the same as the existing
flood control channel, except in a few locations where
the channel will be widened. In those areas the width/
depth ratio will be larger. A cross section between
Mission Road and S. Roosevelt Street was used to
calculate width/depth ratio. Using a bankfull discharge
of 12,700cfs the width/depth ratio is about 25 and the
entrenchment ratio is about 1.3.

The base flow meander wavelength was computed using
a national average of 11 times bankfull width. The
range of meander wavelengths for the baseflow channel
is 1000  1500 feet.
Channel slope vs. valley slope will be the same as the
existing flood control channel. Because the flood
control channel is fairly straight the channel slope must
be very close to the valley slope. The channel slope used
for computations (which was measured from the HECRAS geometry below the confluence with San Pedro
Creek) is 0.2%.
No belt width was used for the baseflow channel except
to fit it into the space available. In most areas the belt
width is about 300 feet but it is as large as 500 feet in a
few areas. The radius of curvature used to design the
baseflow channel ranges from 400 feet to 700 feet. This
range was obtained from using a national average of 2.3
times the bankfull width.
My recommendation for where to monitor bedload
would be as many locations as possible; however, a
compromise to this would be to monitor at Alamo
Street, Lone Star Boulevard, E. Theo Boulevard, S.
Roosevelt Street, SE Military Drive, and Ashley Road.
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NAMING AND DEDICATION RIGHTS
By SWA Group
January 2001
The private sector has reserved naming and dedication rights for a number
of upgraded amenities. These include:
1. Naming of the hike and bike pathway
2. Plaza (location to be determined)
3. Fountain (location to be determined)
4. Mural (location to be determined)
5. Sculpture (location to be determined)
6. Gazebo (location to be determined)
7. Cascade (location to be determined)
The locations and design of these elements will be determined during the
Preliminary Design Phase and will be reviewed and approved by the
participating private sector project partners.
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SUMMARY OF THE COMMUNITY PARTICIPATION ACTIVITIES AND RESPONSES
RELATED TO THE OVERALL DESIGN OF THE RIVER IMPROVEMENTS
February  December 2000
By Ximenes & Associates
Background on San Antonio River Improvements
The San Antonio River has been the stimulus for people to populate the San Antonio area since its earliest
inhabitants established themselves close enough to be able to use the water from the river and its
tributaries. Although flooding had always occurred, as San Antonio grew and flourished in the 1800s and
1900s flooding became a problem for the townspeople who built their homes and businesses in close
proximity to the river. In the 1950s the Corps of Engineers directed flood control efforts that
channelized the San Antonio River south of downtown, straightening it and introducing trapezoidal
channels that allowed the water to move more quickly, reducing the flooding. While the channelization
reduced the flooding, it created an unattractive river without many of the charms of a natural river.
In 1998, Bexar County, the City of San Antonio and the San Antonio River Authority (SARA), initiated a
process to correct the unattractive situations created by the channelization, repair portions of the
downtown Hugman River Walk, and make other improvements to the river. A requirement of the
improvements was that they could not reduce the flood control capacity of the river.
In order to establish community oversight and input into the planning and design of the improvements,
the County, the City and SARA jointly appointed a twenty-two-person committee with representation
from the major stakeholder groups along the river. The San Antonio River Oversight Committee (ROC),
co-chaired by Lila Cockrell and Irby Hightower, is responsible for advising staff on the planning, design,
funding and construction of the improvements to the San Antonio River. The committee is also
responsible for assuring that the community has an opportunity to give input and feedback on the
improvements.
In their role as providers of community guidance on the planning, design, funding and construction of the
improvements, the River Oversight Committee produced The Planning Document. This document
included guidance to the consultants for the development of the improvements including the hike and
bike trails, the need for fluvial geomorphology in the design considerations, access issues, uses for the river,
and other elements of the design. Four community meetings were held in April 2000 to get feedback on
the concepts presented, and the ROC co-chairs did countless presentations to community groups around
the city explaining the concepts included in the document.
A separate design, construction and public participation process was implemented for the repairs to the
Downtown Section of the river, from Lexington Avenue to E. Houston Street. Consequently,
information about that process is not included in this report.
Selection of the Consultant Team for the Overall Design
A panel of County, City and SARA staff along with representatives of the ROC, selected the SWA Group
team after interviewing several that had responded to a Request for Proposals. The SWA Group team
members were Biohabitats, Inc., PBS&J, Sprinkle Robey Architects, Economic Research Associates (ERA),
and Jaster-Quintanilla & Associates, Inc.
The Request for Proposals indicated that the team leader (SWA) selected for the overall design could not
be considered for the design of the various projects that would result in the improvements to the river.
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This stipulation was made in an effort to get a consultant team who could create an overall design and then
oversee the detailed design of the individual projects. It was hoped that this approach would create a
unified design and still allow for the idiosyncratic nature of a design that would result from having different
teams create the detailed design of the specific projects. It was also hoped that this approach would
provide more opportunities for local firms to secure contracts for the design and construction of the
individual projects.
The Community Participation Process
A commitment of the County, the City and SARA, through the Oversight Committee, is to get public
input and feedback on the design of the river improvements. To this end, the ROC and the SWA Group
hosted twelve (12) meetings to gather public comments on the river and its uses and needs, the
improvements sought by the public, and their reactions to the SWA proposed design. These meetings
were held along the river corridor in a variety of locations with the intention of making it more convenient
for the public in different areas of the river corridor to participate. (See attached list of dates and locations
of meetings.) The SWA Group and the Project Manager from SARA met with several board and
commissions to get their approval of the draft plan. Those meetings are not covered in this report.
The SWA Group also held several Client Group Meetings for the ROC members, and County, City and
SARA staff. Before each public meeting a meeting was held to allow the Client Group to review and
comment on items that were presented to the general public.
The public was notified of the meetings through direct mailing to an extensive mailing list, neighborhood
association newsletters, and notices in the newspaper. The number of people at the meetings varied from
five or six to up to seventy. A total of 303 people attended the meetings.
June 14 and 15, 2000
The meetings were held to coincide with various phases of development of the overall design for the river
improvements. The public meetings on June 14 and 15, 2000, had as their purpose to:
 Present the analysis drawings: Constraints Maps and Ownership Map
 Present a first draft of the Guiding Design Principles they would be using to develop the overall design
 Introduce the principles of fluvial geomorphology
 Review the Program Matrix that evaluated the program elements against each other
 Present the fluvial geomorphology applications that could be used, specifically Alternative A, utilizing
only the existing river channel, Alternative B, expanding the river channel where possible, and Alternative
C, the restored river channel.
 Inform the community about the website that was established for the design process.
Maps and numerous drawings were used to illustrate concepts and locations being studied. A summary of
the comments from those two meetings follows:
 A desire was expressed to assure that the water quality would not suffer because of the improvements to
the river. Also, there was a desire to keep the flow in the river south of S. Alamo Street at 10cfs if that
were possible.
 Questions were asked about what needed to be done to be able to make the section north of
downtown accessible by barge.
 Preservation of the habitat for fish and other wildlife was desired. Concern was expressed about
protecting the fish during the draining of the river during Mud Week.
 Questions were asked about the role of recycled water in the flow and quality of the water in the river.
 The public wanted to know how the improvements would affect accumulation of sediment.

 How trees and other vegetation could be increased along the
river was also a concern. The use of native trees and grasses
was suggested.
 Members of the public had questions about how the
improvements would affect the flooding in the Symphony
Lane area.
 The desire was expressed that the consultant team notify land
owners and work closely with them.
 There was general agreement that it would be good to improve
the appearance of the river and still maintain flood control
capacity.
August 9 and 10, 2000
The August meetings introduced the information from the
economics and market review conducted by ERA, a
subconsultant of the SWA Group. It also reviewed the three
alternatives, A, B, and C, briefly, pointing out that Alternative C
would be too expensive, so the SWA Group was moving forward
on a combination of Alternatives A and B. In that vein, SWA
presented their concept plan. Comments from the public could
be summed up as the following:
 The width and placement of the hike and bike trails was a
concern. Separate bike trails were suggested, if possible.
Questions were also asked about the downtown route, signage
on the trails, and the materials to be used for construction of
the trails.
 Improving the water quality was desired.
 Trash on the river and who would clean it up was an issue.
 The build-up of silt islands in the Mission Reach and how the
new design would address silt was questioned.
 Use of native trees and plants was suggested. Using native
grasses to control pigweed was also discussed.
 The use of trees and vegetation in the channel and how they
would affect flood control capacity was discussed.
 Funding and phasing was asked about. Phasing the projects so
they maintained a balance between the north and the south
reaches was seen as positive.
 Eagleland was seen as an opportunity to address a number of
concerns by using it as a pilot project.
 There was general agreement that the plan to date would mean
significant improvements to the aesthetic quality of the river.
October 4 and 5, 2000
The meetings for this phase focussed on presenting the planting
concepts for the Mission Reach and greater design detail for the
Museum Reach concept, the initial cost analysis and informing
the public of the next steps regarding the final plan. Many of
the maps and drawings used in the first two sets of meetings

were posted again, in addition to maps and drawings specifically
relating to the evenings topics. Comments were as follows:
 The Brooklyn Dam and how the lock system would work was
the focus of questions.
 There were several questions about how the hike and bike trail
would be in the Museum reach. There were concerns about
having hikers and bikers on a narrow trail.
 The public agreed with the use of native grasses and the idea
of a test segment that would analyze mowing practices and
native grasses.
 People were excited and enthused and wanted to know how
the ROC and the team were going to get the elected officials
and other policy makers informed and excited also.
Suggestions were made about how to inform the public of the
overall plans for the improvements.
 It was suggested that the improvements to the San Antonio
River could serve as models for the improvements being
contemplated for Leon and Salado Creeks.
 People liked the idea of using the excavated dirt to bring in
revenue or to somehow enhance the project.
 The design guidelines encouragement of the integration of
artists and arts as part of the design process was seen as a
positive effect.
 It would be important to link the development/improvements
of the river to the development of the surrounding areas.
 It is important to keep the momentum going to build
enthusiasm for the river.
December 4-8, 2000
Before the overall concept design was finalized a series of six
meetings were held along the river corridor at varying locations
and at different times of the day. The intent of these extensive
meetings was to offer a significant number of opportunities for
the public to give their feedback on the proposed design before it
was finalized.
A PowerPoint presentation was developed for use at these and
future meetings and was augmented by maps and illustrations
posted on the walls. Comments from these meetings were:
 There were concerns about the barges north of downtown
about the length of time to get from downtown to the stops
north of the Brooklyn Dam, accommodations and amenities
for passengers, and the use of locks.
 Concern was expressed about the possible treatments for
Espada Dam for flood control until it was pointed out that the
consultants were referring to the new Espada Dam, not the
historic dam which will not be changed.
 Concern was expressed about funding for the continued

design and construction of the river improvement projects.
 The possibility of being able to canoe the southern reach of
the river was viewed as a positive development and questions
were asked about how that would be managed.
 There was a concern that the river improvements not have a
negative impact on the wildlife.
 Concerns were expressed about security on the Mission Reach
and suggestions were made about how it could be improved.
 Graffiti and its prevention were also a concern.
 Concerns were expressed about how the old river and the
river improvements will work together. Specifically, what
would happen to the old meanders of the river that currently
have water in them?
 Silt build-up in Davis Lake and how the excavation would
impact it was discussed.
 The timeline for the construction of the projects was asked
about.
 Hike and bike trails, there locations and other details were of
interest to those attending.
 There were concerns about how far away from the river the
improvements would impact. Issues such as right of way and
construction of private facilities were presented. It was
explained that the Unified Development Code and the River
Zoning Districts currently being considered for the revisions
to the UDC would control development along the river.
 Strategies for maintaining excitement and vision over the time
for the construction were asked about by the public.
 Drainage control issues at Villamain and concerns about the
area to the far south were expressed.
 There were questions about the funding and schedule of the
Eagleland Project.
 Questions were asked about the bridges at Steve and Hwy 90
and at S.W. Military Highway.
 Concern was expressed about continued maintenance of the
river and how to assure that it would be maintained.
 The approval of the design by whom and when was also
discussed.
 SARA and the consultant team were encouraged to work with
the property owners along the river so they would not be
disenfranchised.
Conclusions
The specific concerns reflected in the comments listed above
from the twelve meetings held indicate it would be safe to say
that there was general agreement that the public attending the
meetings liked the design of the improvements and wanted them
to become a reality, even though there were concerns expressed.
They seemed to like the idea of the construction projects being

evenly balanced between the Museum Reach and the Historic
Mission Reach. They were enthusiastic in their support and
indicated on several occasions that it was important that elected
officials champion the funding of the design and construction of
the river improvements.
At almost every meeting concerns were expressed about the
need to either maintain the natural habitat of the river or to
enhance it. Using native grasses and plants were a common
suggestion and maintenance of the landscaping was a common
concern. Maintenance of good water quality was a related issue
that came up on several occasions.
The hike and bike trails were also commented upon at virtually
every meeting. People wanted the hike and bike trails to be used
and although there were some concerns about the width and
signage, the public seemed to be amenable to the suggestions
made by the SWA Group.
The Brooklyn Dam and its construction, the barges that would
service the Museum Reach and how these would work was of
interest to many who attended the meetings. Although a few
questioned the need for the dam, once it was explained that it
had been approved at numerous other meetings and funding was
available for it, the concerns seemed to disappear.
A related issue was the flooding at Symphony Lane. The SWA
Group has included a preliminary design solution into their
Master Plan, but the completion of an independent study of the
Symphony Lane flooding and the Espada Dam by a separate
consultant team will finalize that aspect of the design. The public
accepted this, and was intrigued by the suggestions made by the
SWA Group to remedy the situation at Symphony Lane.
Next Steps
The enthusiastic support of the public in favor of the draft
design of the overall improvements to the river was visible and
audible at the meetings held to get their feedback. There is the
general concern that the projects be funded and built. It is the
intent of the River Oversight Committee to produce a brochure
encouraging support of the river and improvements to it, and to
continue to encourage the long-term understanding that
improvements to the river benefit the whole community, not just
those who live, work and play along its banks.
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BROOKLYN AVENUE DAM
By SWA Group
December 2000
As part of their master planning services,
SWA Group was charged by the San Antonio
River Oversight Committee to include a dam
at Brooklyn Avenue. The Oversight
Committee had determined that the public
consensus was to provide passenger barge
access farther north on the river. SWA was
asked to determine where the best location
and what the best configuration would be for
the dam and, also, if locks were required.
The evaluation process has included the
following tasks:
1. Investigating possible dam and lock
configurations.
2. Evaluating the site to determine the
appropriate location for the dam.
3. Estimating the cost differentials in the
dam types.
4. Formulating the additional facilities
needed for each option.
SWA evaluated the site and determined that
the dam should be moved slightly upstream
so that:
1. More right-of-way was available.
2. The dam could more easily relate to the
adjacent developments.
3. Adequate horizontal distance was
available to include ramps from the
bridge underpass to the dam.
4. The dam would be more visible from the
Brooklyn Avenue bridge.
SWA determined that the following
configurations were possible and the pros
and cons of each:
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SWA has recommended the 2-lock system
due to its advantages and due to the fact that
it will require less capital outlay and result in
more efficient use of river water.
An upstream marina is not recommended at
this point in time due to its cost versus the
benefit that would be derived. Possibly, in
the future as barge traffic increases, a marina
could be further investigated. For the short
term, the design team recommends that
emergency mooring pulls or emergency pullouts occur within the North Urban Reach to
accommodate emergency situations.

 Glossary of Fluvial Geomorphologic & Other Relevant Terms
 Economic and Market Overview
 Recommended Plant List for Restoration of Riparian Corridors
 Plant List for Use on the San Antonio River
 A Brief Study of Archaeologically Sensitive Areas
 HEC-RAS Model
 Hike and Bike Pathways
 Fluvial Geomorphology Design Criteria
 Master Cost Analysis and Gant Chart
 Naming and Dedication Rights
 Summary of Community Participation
 Brooklyn Avenue Dam
 Operations and Maintenance Requirements

OPERATIONS AND MAINTENANCE REQUIREMENTS
By SWA Group
December 2000
The proposed Master Plan will require the current maintenance efforts to be shifted over a
period of time to respond to new conditions. This change will occur in the following two
major categories:
1. Brooklyn Avenue Dam and Lock(s)
2. Landscape Maintenance
Brooklyn Avenue Dam Maintenance
The final configuration of the Brooklyn Avenue Dam will be determined during the
Preliminary Design Phase. The possible options include a dam with no locks, a dam with one
lock, and a dam with 2 locks. Each lock option has two operational options and similar
maintenance requirements. The level of maintenance will also vary depending upon the
frequency of use and the subsequent wear incurred. It is estimated below:

Treatment for corrosion prevention will be required once only, at the time of installation, and
will not be an on-going maintenance cost.
The annual manual operational cost is estimated at:
One Lock: $100,000 (one person full time, also addresses the weekly greasing of gears, etc.)
Two Locks: $100,000 (one person full time, also addresses the weekly greasing of gears, etc.)
Lock operation will also need an aspect of personnel training and supervision that will be in
addition to the regular maintenance.
The annual remote operational cost will be contingent upon the type of remote system that is
ultimately installed.
The annual maintenance cost, amortized over 10 years, is estimated at:
No Lock:
$4,000
One Lock:
$5,000
Two Locks:
$5,500
The cost of water for two locks will be approximately one half of that required for one lock
because two locks will share the water that is needed by one lock.
These estimated costs must be reevaluated once the design team has developed the dam option
and more information is known about the system.
Landscape Maintenance  Historical Mission Reach
Landscape maintenance will shift from a current emphasis on frequent mowing and concrete
rubble placement to brush management and trash removal.
The proposed native grass management will require less frequent mowing and should occur
once annually during mid-summer. The grasses must be mowed to a height of 12 to 18 inches
so that the culm (the growing stalk) is not damaged. This mowing will also assist in controlling
most invasive materials.
During construction and immediately after, a cover of temporary nurse grass must be seeded
with the native grasses to quickly create an erosion control blanket. This should be a quick
germinating grass that will not suppress the long-term grasses and should not be toxic to them.
During approximately the first two years of native grass establishment, herbicide applications
will also be required in addition to mowing in order to control invasive weeds such as Johnson
Grass, Bloodweed, and Pig Weed. Once the native grasses have been established, they will
shade out and therefore control herbaceous weeds.
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The following groups are involved in preservation and/or
restoration of prairie grass meadows in south central or
southeast Texas and can provide additional information if
needed:

Increased graffiti removal will be required as the pathways approximately the same frequency. The frequency will
and facilities become more intensely used. All surfaces will increase of decrease if the ponds are smaller or larger,
have anti-graffiti applications applied.
respectively. The lower ponds, located downstream, will
likely require progressively less de-silting.
River channel repairs will likely be similar to existing
San Antonio Botanical Gardens
repairs. Because the river will not have a natural channel
The silting will occur in preferential locations and become
(210) 207.3269
and floodplain, storm flows (even 1-2 year storms) will
localized problems before an entire impoundment fills.
Ms. Janice Merritt
continue to be confined to the flood control channel. This The heavier bed load material will likely drop out near the
will cause severe stress to the low flow channel, point
main flow path.
Cibolo Nature Center, Boerne
bars, and pedestrian paths and bridges creating erosion
(830) 249.4616
problems, especially if there is little woody vegetation to
If the construction budget allows, the ponds can be overMs. Jan Wrede
help reduce velocities and stabilize soil.
excavated at the time they are built and therefore the time
frame will be lengthened before de-silting will be required.
Armand Bayou Nature Center, Houston
The partially restored river channel will require
Landscape Maintenance  Museum Urban Reach
(281) 474.2551
maintenance generally consisting of:
Landscape maintenance will require intense efforts similar
Mr. Mark Cramer
1. Inspect channel after every storm event for erosion
to the existing River Walk, including:
areas, severe scour at the toe of boulder bank
Close mowing will be required in areas approximately eight
stabilization, and erosion around the ends of boulder 1. Pruning  limbing-up and thinning of trees and
trimming shrubs.
feet wide along both sides of the hike and bike pathways.
weirs.
The grass in these areas should be kept at a six to eight
2. Remove debris jams after every storm so that jams are 2. Weeding  herbicide applications to shrub and ground
cover beds or hand removal of weeds, as needed.
inch height at all times.
not allowed to increase in size and begin to divert flow.
3. Fertilizing  feeding of plant materials.
3. Inspect bioengineering materials annually for die-off
4. Replacement  replacing damaged plants after a flood
Tallow tree invasion may become a problem with time
due to disease or drought. Large sections of dead
event or replacing diseased plants, as needed.
because mowing may not completely eradicate this woody
material should be removed and replaced.
species. An application of broad-leaf herbicides followed 4. Prune bioengineering materials biannually to maintain
Landscape Maintenance  Museum Park Reach
with a mechanical chipping machine may be required, in
the shrub aspect.
The Park areas will require little special maintenance
addition to mowing, to fully remove the entire tree.
beyond current, typical park maintenance work. The
The impounded water bodies will collect silt and require
additional efforts will include removal of invasive plant
Brush management will be required along the channel side silt removal over time. The ponds farthest upstream will
materials such as ligustrum.
slopes and at the top of the channel where understory
likely collect the greatest amount of silt and the ones
materials will be planted and encouraged. A bush hog
farther downstream will likely have less silt deposition.
attached to a tractor can be used in more open areas and a The design team does not have adequate bed load
hydro-ax is appropriate in areas where trees are denser.
information to determine the likely rate of siltation for the
Adjacent to pathways or other areas used by people, the
ponds but has made a recommendation to SARA to begin
understory should be maintained at a height of
collecting this information over the next few years. Once
approximately 18 to 24 inches so provide clear sight lines
this information is collected, the bed load will be
and a safe condition.
understood and more accurate projections can be made
regarding potential siltation.
Increased trash pick-up will be required as the pathways
and facilities become more intensely used over time. This At this point in time, the most accurate assumption is that
will include floatables that collect in the river behind
the new, upper ponds will collect silt at a similar rate as
structures. Many other communities have utilized labor by Davis Lake and require de-silting at the same frequency,
parolees or inmates to accomplish this task. In addition,
which is about a 15 to 20-year time frame. New, upper
neighborhoods can be mobilized to volunteer labor in their ponds of this similar size will require de-silting at
river reach.
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