
Frio River Watershed 

Brush Control Planning, Assessment, 
and Feasibility Study 

 
 
 
 
 
 
 
 
 
 
 

Prepared for: 

Texas State Soil and 
Water Conservation Board 

 
 
 
 
 
 
 
 
 
 

Prepared by: 

 
HDR Engineering, Inc. 

In association with: 
Texas A&M University 

 
 

December 2000 



Signature Sheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

____________________________________ 
Adrian J. Huckabee, P.E. 

Project Manager 
HDR Engineering, Inc.* 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
____________________________________ 

Samuel K. Vaugh, P.E. 
Project Engineer (Hydrology) 

HDR Engineering, Inc.* 
 

 
 
 
 
 

                                                           
*Note:  Section 6 and 7, and Appendices A and B were prepared as part of the TSSWCB contract with Texas A&M 
University Agricultural Extension Service and not as part of the HDR Engineering, Inc. contract except to the extent 
of final editing, formatting, and report copying.  The professional engineers shown above did not supervise the work 
of sections prepared by Texas A&M University and were not contractually responsible for those sections except to 
the extent stated above. 



 

 
iii Frio River Watershed 

Table of Contents 

Section Page 

1 Introduction .......................................................................................  1-1 
2 Executive Summary............................................................................  2-1 
3 Description of the Watershed .............................................................  3-1 

 3.1 Area Comprising the Frio River Watershed.............................  3-1 
 3.2 Climate .....................................................................................  3-1 
 3.3 Physiography ............................................................................  3-1 
 3.4 Geology ....................................................................................  3-4 
 3.5 Water Resources.......................................................................  3-6 

  3.5.1 Surface Water ................................................................  3-7 
  3.5.2 Groundwater ..................................................................  3-9 

 3.6 Resource Aspects .....................................................................  3-9 
 3.7 Vegetation ................................................................................  3-11 

4 Historical Considerations....................................................................  4-1 

 4.1 Paleo-Indian..............................................................................  4-2 
 4.2 Spanish Influence .....................................................................  4-3 
 4.3 Rangeland History of the Watershed........................................  4-8 

  4.3.1 1840 to 1900 ..................................................................  4-9 
  4.3.2 1901 to 1939 ..................................................................  4-11 

 4.4 Summary ..................................................................................  4-12 

5 Hydrologic Evaluation ........................................................................  5-1 

 5.1 Hydrologic Description of Basin..............................................  5-1 

  5.1.1 Hydrologic History and Conditions ...............................  5-1 
  5.1.2 Precipitation and Naturalized  
   Streamflow Development ..............................................  5-2 
  5.1.3 Analysis Methods ..........................................................  5-10 

 5.2 Trends in Rainfall and Streamflow Characteristics..................  5-10 
 5.3 Potential Sites for Brush Control .............................................  5-19 
 5.4 Summary ..................................................................................  5-20 



Table of Contents 
 

 
iv Frio River Watershed 

Table of Contents (Continued) 

Section Page 

6 Hydrologic Simulation........................................................................  6-1 

 6.1 Methods....................................................................................  6-1 

  6.1.1 Watershed Characteristics..............................................  6-1 
  6.1.2 Climate...........................................................................  6-1 
  6.1.3 Topography....................................................................  6-1 
  6.1.4 Soils ...............................................................................  6-3 
  6.1.5 Land Use/Land Cover ....................................................  6-4 
  6.1.6 Model Input Variables ...................................................  6-4 

 6.2 Frio River Watershed Results ..................................................  6-6 

  6.2.1 Calibration .....................................................................  6-6 
  6.2.2 Brush Removal Simulation............................................  6-7 

7 Economic Analysis .............................................................................  7-1 

 7.1 Introduction ..............................................................................  7-1 
 7.2 Brush Control Costs .................................................................  7-1 
 7.3 Landowner and State Cost Shares ............................................  7-6 
 7.4 Cost of Additional Water .........................................................  7-11 

Appendices  

Appendix A Brush/Water Yield Feasibility Studies ...............................................  A-1 
Appendix B Assessing The Economic Feasibility of Brush Control  
    to Enhance Off-Site Water Yield.....................................................  B-1 

 

 



 

 
v Frio River Watershed 

List of Figures 

Figure Page 

3-1 Location Map .............................................................................................  3-2 

3-2 Vegetation ..................................................................................................  3-3 

3-3 Aquifers......................................................................................................  3-10 

3-4 Soils............................................................................................................  3-12 

4-1 Governor Domingo Teran de los Rios’s 1691 – 1692 Expedition.............  4-5 

4-2 Aguayo’s Expedition 1721.........................................................................  4-7 

4-3 Natural Regions..........................................................................................  4-14 

5-1 USGS Streamgages ....................................................................................  5-4 

5-2 Rainfall Time Series for Frio River Watershed..........................................  5-11 

5-3 Runoff as a Percentage of Rainfall Time Series for Frio River 
 Watershed...................................................................................................  5-13 

5-4 Results of Statistical Analyses of Rainfall .................................................  5-16 

5-5 Results of Statistical Analyses of Runoff as a Percentage of Rainfall .......  5-18 

6-1 Frio River Watershed Sub-basin Map........................................................  6-2 

6-2 Climate Stations in the Frio Watershed......................................................  6-2 

6-3 Frio River Watershed Roads Map..............................................................  6-3 

6-4 Area of Heavy and Moderate Brush in the Frio River Watershed .............  6-4 

6-5 Simulated and Measured Cumulative Flow at the Outlet of the Frio.........  6-6 

6-6 Simulated Cumulative Flow at the Outlet for Brush and No Brush 
 Conditions in the Frio.................................................................................  6-8 

6-7 Increased Water Yield (Gallons) by Sub-Basin .........................................  6-8 

 



 

 
vi Frio River Watershed 

List of Tables 

Table Page 

2-1 Summary of Streamflow Gages Used in this Study ...................................  2-3 

3-1 Climate of Frio River Watershed Counties ................................................  3-4 

3-2 Water Quality Concerns by Stream Segment .............................................  3-8 

5-1 Frio River Watershed — Flood History Summary.....................................  5-3 

5-2 Summary of Streamflow Gages Used in this Study ...................................  5-5 

5-3 Annual Areal Precipitation for Watershed Above Gage ............................  5-6 

5-4 Annual Naturalized Streamflow for Watershed .........................................  5-8 

5-5 Comparison of Average Annual Rainfall and Runoff per Unit Rainfall....  5-12 

5-6 Indication of Statistically Significant Trend in Rainfall in the  
 Frio River Watershed — 90% Confidence Level.......................................  5-15 

5-7 Indication of Statistically Significant Trend in Runoff/Rainfall in  
 Frio River Watershed — 90% Confidence Level.......................................  5-17 

6-1 SWAT Input Variables for Frio River Watershed......................................  6-5 

6-2 Frio Areas and Water Yield........................................................................  6-9 

7-1 Cost of Water Yield Brush Control Programs by Type-Density Category 
 (Northern Portion of Frio River Watershed) ..............................................  7-2 

7-2 Cost of Water Yield Brush Control Programs by Type-Density Category 
 (Southern Portion of Frio River Watershed) ..............................................  7-4 

7-3 Grazing Capacity With and Without Brush Control (Acres/AUY) 
 (Northern Portion of Frio River Watershed) ..............................................  7-7 

7-4 Grazing Capacity With and Without Brush Control (Acres/AUY) 
 (Southern Portion of Frio River Watershed) ..............................................  7-7 

7-5 Investment Analysis Budget, Cow-Calf Production ..................................  7-9 

7-6 Landowner / State Cost-Shares of Brush Control 
 (Northern Portion of Frio River Watershed) ..............................................  7-10 



List of Tables 

 
vii Frio River Watershed 

List of Tables (Continued) 

Section Page 

7-7 Landowner / State Cost-Shares of Brush Control  
 (Southern Portion of Frio River Watershed) ..............................................  7-11 

7-8 Cost of Added Water from Brush Control by Sub-Basin (Acre-Foot).......  7-13 

 



 

 
viii Report Title 

Date 

 


