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October 21, 2020          AVO 35837  
 
Michael Vielleux, P.E. 
Engineer III River Science Program - Texas Water Development Board 
1700 North Congress Ave. 
Austin, Texas 78711-3231 
 
Sent via email. 
 
 
RE:  Completed: Contract 1800012308 - Bastrop County - Alum Creek Watershed Study - 
Draft Final Report Comments 
 
Dear Michael Vielleux, 
 
Halff Associates, Inc. (Halff) is submitting this letter in response to Texas Water Development Board 
(TWDB) review comments of the Bastrop County Flood Protection Planning report for the above 
referenced TWDB contract. The following TWDB review comments were received by the County on 
October 01, 2020 and are included for reference along with Halff’s response.  
 

TWDB Specific Draft Report Comments: 
1. 1.0 Introduction, 2nd paragraph, states that in 2019, Bastrop County was approved for a 

TWDB Flood Protection Planning grant, while the grant was awarded in 2018 with the 
contract between TWDB and the county being executed in 2019. Please, update as 
applicable. 

Response: The year that the grant was awarded was corrected to 2018. A sentence clarifying 
that the contract was executed in 2019 was added. 

2. 2.1 Public Meetings, 1st paragraph, indicates that three public meetings were held and 
provides dates for two public meetings that have been held while the paragraph concludes 

by stating that a third public meeting will be held and references Appendix B which has 
information for two public meetings. Please, update this information as appropriate. 

Response: The third public meeting was held on October 7th, 2020. The report is updated 
accordingly. 

3. 2.2.1 Topographic Data, references TNRIS StatMap while this should read TNRIS StratMap . 
Please, update as appropriate. Also, please, note that the definition for the acronym for 
TNRIS in the List of Acronyms and Abbreviations is wrong. Please, see the above comment 
requesting that the document be reviewed for typos. 

Response: The definition for the acronym TNRIS was corrected. The reference to TNRIS 
StratMap was corrected.    

 



 
 

4. 3.0 Hydrologic Modeling, describes the hydrologic modeling conducted for the study and 
discusses peak flows being determined for various ACE events for existing conditions in the 
watershed while page 1 of the contracts SOW indicates that the model will include both 
existing and future land use conditions, however, no discussion of future conditions was 
provided. Please, include a discussion of future conditions hydrologic modeling or a 
discussion on why the community chose not to proceed with future conditions hydrologic 
modeling. 

Response: High density development is not a concern within the Alum Creek watershed due to 
its rural nature. Current Bastrop County Subdivision Ordinance requires new development to 
have less than 20% impervious cover and coordination with US Fish & Wildlife is required due 
to threatened and endangered species. 

5. 4.6 Hydraulic Results, indicates that profiles were plotted for the 4% and 1% ACE for 
existing conditions while the SOW indicates that flood profiles for the 2-year, 5-year-, 10-
year, 25-year, 50-year, 100-year, and 500-year frequency storm events will be developed 
for the existing watershed conditions. Please, update the report with all seven ACE flood 
profiles noted in the SOW or include a discussion on why the community chose not to 
include all seven in the study. 

 

Response: The report was updated to note that only the 1% ACE profiles were plotted because 
all streams are limited detail. However, the hydraulic models where run for seven profiles. 
Clarification was added to the report text. 

6. 4.6 Hydraulic Results, indicates that profiles were plotted for the 4% and 1% ACE existing 

condition storms and are included in Appendix F-2 while Appendix F-2 only includes 
profiles for the 1% ACE. Please, update the appendix as applicable.  

 

Response: The report was updated to note that only the 1% ACE profiles were plotted because 

all streams are analyzed using limited detail methods. 

 

7. 5.0 Flood Mitigation Evaluation, last sentence in the introductory paragraph discusses a 
wide range of potential flood mitigation alternatives.  However, the remainder of this report 
section focuses only on structural culvert/bridge replacements, a single regional pond, and 

certain property buyouts.  Please update this section to include a discussion on how 
mitigation alternatives were narrowed to the ones presented.  

Response: Due to the rural nature of the Alum Creek watershed, development is sparse 
throughout the study area. Large scale mitigation projects would not provide a solution to 
enough residents within the County to make the project feasible. The priority of the County 
was to focus on vehicular road safety and increase the level of service of creek crossings during 
storm events. Section 5 has been updated to add this discussion. 

  



 
 

8. 5.3 Roadway Crossing Alternatives, indicate 5 roadway crossings were selected by the 

County to focus on.  This selection does not match the highest 5 in the urgency rating listed 
in Table 5-1 and there is little clarity on how that change occurred.  It is not clear why only 5 
were selected, nor is the recommended priority for the 5 selected clear.  Please update th is 

section to better explain roadway crossing priorities and how they were determined. 
 

Response: The County selected the top five county roadways with the information provided 

since TxDOT roads are not in their jurisdiction. Selections were based on repetitive damage, 

housing density, and immediate needs. Discussion was added to the report to clarify. 
 

9. Contract 1800012308, Exhibit B SOW, page 2 of 3, indicates that a flood profile for fully 
developed 100-year watershed conditions will be developed while the draft report does not 
appear to include that information. Please, update the report to include this information or 
provide a discussion on why the community chose not to include this step in their study.  
 

Response: See response to comment #4 above.  

 

10. Table of Contents, the List of Appendices are all referenced as page IV. Please, update or 
remove the appendix page numbers as necessary and consider moving the appendix list 
towards the end of the table of contents. 
 
Response: Removed the list of appendices in the Table of Contents.  

 
11. 5.3 Road Crossing Alternatives, improvements to state roads were proposed with no 

mention of coordination with TxDOT. Please, provide a discussion on how road 
improvements will be coordinated with TxDOT.  
 

Response: State Highway 71/95 and State Highway 21 are TxDOT roads, Bastrop County does 

not have jurisdiction over those roadways and TxDOT is not a participating member in the FPP 

Grant. Discussion was added to the report for Bastrop County to share study results with 

TxDOT. 

 
12. Table 5-2 and Appendix H includes a summary of roadway improvements and probable cost 

estimates, however, no discussion on how the costs were derived was provided. Please, 
provide a discussion on how the probable cost estimates were derived for the road 
crossings in Table 5-2 and Appendix H.  
 
Response: TxDOT’s average low-bid unit prices were used to base the unit price of the 
individual bid items listed in the estimates of probable cost for the proposed roadway crossing 

improvements. Recent bid tabs for Bastrop County projects were also used to determine unit 
costs that are needed for each improvement. Discussion was added to the report. 

 
 



 
 

13. 5.4.2 Benefit Cost Analysis, a BCA was performed on the Regional Detention Pond however 
there is not a BCA for the buyout of structures.  Please, provide either an additional BCA for 
the acquisition of the impacted structures or a justification why a BCA was not performed.  
 

Response: According to FEMA memo Cost Effectiveness Determinations for Acquisitions and 

Elevations in Special Flood Hazard Areas, dated August 2013, states that a structure 

acquisition value less than $276,000 is considered a viable project. Bastrop County CAD 

indicates property values are less than $276,000, therefore a BCA was not performed. 

 
14.  5.4.2 Benefit Cost Analysis and Appendix H provide cost estimates for regional detention, 

however, no discussion or breakdown of those cost estimates was provided. Please, provide 
a discussion and budget breakdown indicating the regional detention cost estimates.  
 

Response: The regional detention project costs are located in Appendix H-3. In addition, see 

response to comment #12 above regarding how cost estimates were developed. 
 

15. Contract 1800012308, Exhibit B SOW, page 2 of 3, indicates that it is anticipated that 
FEMA’s Flood Module Benefit Cost Analysis software will be used, however this software 
was not used. Please provide a discussion of why the BCA analysis methodology used was 
chosen along with any of the supporting information and data used to support the BCA 
analysis. 
 
Response: A simplified BCA was used for this study because Alum Creek is a rural watershed 

and high density development is not anticipated, therefore a simplified BCA was found to be 

sufficient.  

 
Please do not hesitate to contact me at (512) 777-4547 or email me at pMorales@halff.com if you 
have any questions. Halff appreciates working with Bastrop County and the TWDB on the Flood 
Protection Planning study which will help to reduce flood risk. 
 
Sincerely,    
HALFF ASSOCIATES, INC.   
 
 
 
Paul Morales, PE, CFM, CPESC 

 
 
Copy: 
 Carolyn Dill, PE (Bastrop County) 
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1.0 INTRODUCTION 

Upon award of a Texas Water Development Board (TWDB) Flood Protection Planning grant in 2007, 

Bastrop County began a phased county-wide drainage study in partnership with TWDB and the U. S. Army 

Corps of Engineers (USACE).  Between 2007 and 2018 the County obtained LiDAR and completed 

hydrologic, hydraulic, and mitigation analyses for selected streams within the Cedar Creek, Dry Creek, 

Walnut Creek, Willow Creek, Gazley Creek, Piney Creek, and Gills Branch watersheds. Bastrop County has 

historically experienced flooding including many areas experiencing severe  rainfall events within the 

county as recently as August 2017 during Hurricane Harvey. The flood of July 1869 is considered to be the 

worst flood on record in Bastrop County. During that severe flood event, the Colorado River crested at 51 

feet at Austin, 60.3 feet at Bastrop, 56.7 feet at La Grange, 51.6 feet at Columbus, 51.9 feet at Wharton 

and 56.1 feet at Bay City. Since 1991, Bastrop County has been declared under 12 flood related federal 

disasters. Most recently, the County received five disaster declarations for flooding between May 2015 

and September 2017.  

In 2018, Bastrop County was approved for a TWDB Flood Protection Planning (FPP) Grant to conduct 

hydrologic, hydraulic, and mitigation analyses for Alum Creek and Wilbarger Creek watersheds. The 

contract between TWDB and Bastrop County was executed in 2019. The following pages include 

discussions of the methods, procedures, and assumptions used in preparation of this study for the Alum 

Creek Watershed Flood Protection Planning Study. 

A hydrologic and hydraulic analysis of the Alum Creek watershed in Bastrop County, Texas was performed 

by Halff Associates, Inc.  This study is part of the larger Bastrop County FPP studies conducted in 

cooperation with Bastrop County and the TWDB.  The goals of this study were to analyze the hydrologic 

characteristics of the watershed, develop limited detailed floodplains, and identify flood mitigation 

alternatives to reduce flood risk within the Alum Creek watershed.   

Alum Creek extends from the northern portion of the watershed and discharges to the southeast at the 

confluence with Colorado River as shown in Appendix A-1. Alum Creek is primarily rural and is located 

fully within Bastrop County.  The watershed overview also shows burn scar boundaries for the 2009 

Wilderness Ridge Fire, 2011 Bastrop County Complex Fire, and 2015 Hidden Pines Fire which are 

considered in the study and the effects on the current hydrology.   

Table 1-1 below lists the watershed’s 72.3 study stream miles contained within the 54.5 square mile 

drainage area. Alum Creek, Little Alum Creek, Price Creek and Tributaries 1 – 11 were based on current 

effective FEMA naming conventions, while Tributaries 67 and higher are based on FEMA Base Level 

Engineering (BLE) naming conventions. The tables in the report will refer to streams by their Stream ID, 

shown below in Table 1-1. 
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TABLE 1-1: STUDIED STREAM PARAMETER SUMMARY 

Study Streams Stream ID 
Limited Detail 

Study        
(Miles) 

Drainage Area 
(Square Miles) 

Number of 
Structure 
Crossings 

Alum Creek AC 20.97 13.1 8 

Alum Creek Tributary 1 AC_T1 2.00 1.61 1 

Alum Creek Tributary 2 AC_T2 1.29 1.87 1 

Alum Creek Tributary 3 AC_T3 1.38 2.85 0 

Alum Creek Tributary 4 AC_T4 0.12 2.74 2 

Alum Creek Tributary 5 AC_T5 2.17 1.04 0 

Alum Creek Tributary 6 AC_T6 0.49 1.04 0 

Alum Creek Tributary 7 AC_T7 0.68 3.01 3 

Alum Creek Tributary 8 AC_T8 1.54 1.18 4 

Alum Creek Tributary 9 AC_T9 1.35 2.72 2 

Alum Creek Tributary 10 AC_T10 1.49 1.79 1 

Alum Creek Tributary 11 AC_T11 0.46 1.74 1 

Alum Creek Tributary 67   AC_T67 0.60 0.79 1 

Alum Creek Tributary 87 AC_T87 2.32 0.48 2 

Alum Creek Tributary 93 AC_T93 0.89 0.93 0 

Alum Creek Tributary 107 AC_T107 1.84 1.15 0 

Alum Creek Tributary 107A ACT_A107A 1.73 0.12 0 

Alum Creek Tributary 110 AC_T110 0.47 0.47 0 

Alum Creek Tributary 124 AC_T124 0.58 0.68 0 

Alum Creek Tributary 129 AC_T129 1.14 0.63 3 

Alum Creek Tributary 131 AC_T131 2.59 1.09 1 

Alum Creek Tributary 137 AC_T137 0.27 0.8 0 

Alum Creek Tributary 138 AC_T138 0.33 0.65 0 

Alum Creek Tributary 143 AC_T143 1.58 0.76 0 

Alum Creek Tributary 148 AC_T148 1.15 1.26 0 

Alum Creek Tributary 160 AC_T160 2.18 0.31 1 

Alum Creek Tributary 162 AC_T162 1.75 0.93 1 

Alum Creek Tributary 166 AC_T166 1.19 0.55 0 

Alum Creek Tributary 167 AC_T167 0.84 0.36 0 

Alum Creek Tributary 168 AC_T168 3.05 0.31 0 

Alum Creek Tributary 169 AC_T169 1.13 0.65 0 

Alum Creek Tributary 173 AC_T173 0.79 2.02 1 

Alum Creek Tributary 174 AC_T174 2.77 0.17 0 

Alum Creek Tributary 175 AC_T175 0.56 0.32 0 

Little Alum Creek LAC 6.70 3.51 2 

Price Creek PC 1.89 0.86 2  

Totals  72.30 54.5 35 
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2.0 DATA COLLECTION 
2.1 Public Meetings 

Three public meetings were held over the course of the study. These meetings with the community were 

important to ensure that community stakeholders understand the goals and scope of the project. The first 

public meeting, held Tuesday, May 7th, 2019, was held to solicit public input on areas with flood risk 

concern within Alum Creek Watershed. The second public meeting was held on May 14th, 2020, to provide 

feedback on the identified floodplain and proposed flood mitigation projects. A third public meeting was 

held on October 7th, 2020 to provide the County and residents with a summary of the results of the study. 

Appendix B includes the announcement flyer, sign-in sheet, agenda, and meeting minutes for the public 

meetings.    

 

2.2 Obtain Base Mapping Info 

2.2.1 Topographic Data 

The primary source of terrain data used for this hydraulic study was developed from the TNRIS StratMap 

2017 Central Texas LiDAR, surveyed by Fugro Geospatial, Inc.  The data was provided in LiDAR Aerial 

Survey (LAS) format and converted to an ESRI multipoint feature class within a geodatabase.  Multipoint 

files were projected and adjusted into Horizontal NAD83 State  Plane and Vertical NAVD88 using a US foot 

measurement. The resulting feature class was processed into an ESRI terrain and converted into a DEM 

with 3-foot cell sizes, illustrated in Figure 2.1.  Both the hydrologic and hydraulic analysis for Alum Creek 

were completed based upon this topographic data.   

 

2.3 Field Reconnaissance 

Because the streams in this watershed were studied using limited detailed methodology, no field survey 

was collected for this study. In 2019, field reconnaissance was performed on the study area’s accessible 

bridge and culvert sites, providing field measured dimensions of road crossings.  The photos of the 

upstream channel, downstream channel, upstream face, and downstream face were taken for all the 

structures. Detailed Field Observation Reports for the study along with photos of the structures are 

included in Appendix C. 

 

2.4 Environmental Constraints 

An environmental desktop analysis was conducted to identify potential environmental constraints and 

permitting requirements for proposed projects within the Alum Creek watershed.  Numerous sources were 

reviewed to identify potential environmental constraints in the study area, including:  socioeconomic data 

from the U.S. Census Bureau (USCB), Texas Parks and Wildlife Department (TPWD) threatened and 



 

ALUM CREEK WATERSHED STUDY 

BASTROP COUNTY - FLOOD PROTECTION PLANNING GRANT 

 

 

  

 

 4 

endangered species by county and Element Occurrence locations, U.S. Fish and Wildlife Service (USFWS) 

critical habitats and National Wetlands Inventory (NWI) maps, Texas Commission on Environmental 

Quality (TCEQ) hazardous materials, and cultural resources data from the Texas Historical Commission 

(THC). A detailed Environmental Constraints Analysis report is included in Appendix D. 

 

FIGURE 2-1: ALUM CREEK WATERSHED DEM 
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3.0 HYDROLOGIC MODELING 

This study’s hydrologic modeling was conducted using the United States Army Corps of Engineers (USACE) 

Hydrologic Engineering Center’s (HEC) Hydrologic Modeling System (HEC-HMS).  The hydrologic model for 

Alum Creek was developed in HEC-HMS version 4.3. The hydrologic model was developed for existing 

landuse conditions. Future conditions was not analyzed because high density development is not 

anticipated within the Alum Creek watershed due to Bastrop County Subdivision Ordinance restrictions 

and Threatened and Endangered Species within the area. 

The HEC-HMS model simulates runoff based on subbasin parameters including drainage area, rainfall, soil  

infiltration losses, transformation of rainfall excess to runoff, and channel routing. Peak flows were 

determined for 2-year, 5-year, 10-year, 25-year, 50-year, 100-year, and 500-year annual chance rainfall 

events for existing conditions in the watershed based on current development. These methods are used 

to simulate peak discharges for each of the seven frequency events at different locations of the watershed 

to be applied in hydraulic modeling.   

 

3.1 Storm Events 

The hydrologic model for this study analyzed seven storm events.  Storm event categories discussed within 

this report are in terms of the percent Annual Chance Exceedance (ACE) terminology. Table 3-1 below 

relates this to the classic annual recurrence interval nomenclature. 

 

TABLE 3-1: STORM EVENT CATEGORY NOMENCLATURE 

Classic Terminology 
Percent Annual 

Chance Exceedance 

2-Year Storm 50% ACE 

5-Year Storm 20% ACE 

10-Year Storm 10% ACE 

25-Year Storm 4% ACE 

50-Year Storm 2% ACE 

100-Year Storm 1% ACE 

500-Year Storm 0.2% ACE 

 

3.2 Drainage Basin Area Delineation 

The hydrologic model was developed using ESRI ArcHydro tools and HEC-GeoHMS with the TNRIS 2017 

1.4-meter LiDAR terrain data.  HEC-GeoHMS (USACE 2013) was used to delineate the contributing 

watershed boundary for the Alum Creek watershed of 54.5 sq. mi.  Subbasins were broken at road 

crossings, confluences, and other points of interest. The final delineation consists of 122 subbasins ranging 
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from 0.024 square miles to 1.28 square miles, with the average subbasin size being 0.45 square miles.  A 

detailed subbasin map is included in Appendix A-2. 

 

3.3 Precipitation Data 

Precipitation data was obtained from the National Oceanic and Atmospheric Administrations (NOAA) Atlas 

14, Precipitation-Frequency Atlas of the United States, Volume 11, Version 2: Texas using the centroid of 

Bastrop County [Lat. 30.1034, Long. -97.3119] as the reference point. A frequency-based hypothetical 

storm with a 24-hour duration and balanced distribution was used for the various frequency event 

simulations in HEC-HMS.  Bastrop County centroid storm depths are summarized in  

Table 3-2. 

 

TABLE 3-2: BASTROP COUNTY FREQUENCY STORM DEPTHS 

Frequency-Depth-Duration (Inches) 

Duration 
50% 

2-Yr 

20% 

5-Yr 

10% 

10-Yr 

4% 

25-Yr 

2% 

50-Yr 

1% 

100-Yr 

0.2% 

500-Yr 

5 min 0.54 0.67 0.78 0.93 1.04 1.15 1.43 

15 min 1.08 1.34 1.56 1.85 2.07 2.29 2.83 

1 hr 2.01 2.50 2.90 3.45 3.87 4.29 5.44 

2 hr 2.47 3.14 3.71 4.52 5.15 5.82 7.70 

3 hr 2.75 3.53 4.22 5.22 6.02 6.89 9.36 

6 hr 3.22 4.20 5.10 6.43 7.53 8.77 12.30 

12 hr 3.68 4.84 5.94 7.60 9.02 10.60 15.40 

24 hr 4.17 5.52 6.82 8.82 10.60 12.60 18.50 

 

3.4 Areal Reduction 

The Alum Creek watershed encompasses a total area of 54.5 square miles.  This study applied the standard 

approach for watershed modeling, using point rainfall up to a total cumulative area of approximately 10 

square miles. For contributing drainage areas larger than 10 square miles, areal reduction curves 

published by the U.S. Weather Bureau were used to reduce the rainfall totals ( U.S. Weather Bureau 1958).  

The area-reduced flows for the Alum Creek watershed were simulated using the HEC-HMS Depth-Area 

Analysis routine. Each hydrologic element with a drainage area greater than 10 square miles was selected 

to run as an analysis point.  
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3.5 Parameter Determination 

3.5.1 Soil 

Watershed-wide soil information was obtained from the Natural Resource Conservation Service (NRCS) 

Web Soil Survey (WSS) website. Appendix A-3 shows the distribution of soil types within the Alum Creek 

watershed. Type A is the dominant soil type with concentrations of type B along the outfall of the main 

stem.  Appendix E-1 contains a table of the hydrologic soil types and SSURGO soil classifications for Alum 

Creek watershed. 

3.5.2 Land Cover 

Land cover information was provided from the USGS’s 2011 National Land Cover Database (NLCD).  Land 

cover designations were thoroughly evaluated against ESRI’s World Imagery basemap for accuracy of 

cover type. Appendix A-4 shows the designated land cover from the NLCD. The land cover classifications 

were reclassified with respect to the appropriate cover descriptions for Curve Numbers (CN) from the U.S. 

Department of Agriculture’s Urban Hydrology for Small Watershed  Technical Release 55 (TR-55) 

Documentation. The classifications were also assigned a “Hydrologic Condition” of Poor  or fair for CN 

calculation purposes, based on burn scar boundaries for the 2009 Wilderness Ridge Fire, the 2011 Bastrop 

County Complex Fire, and the 2015 Hidden Pines Fire provided by the County.  Poor soils condition was 

used for the subbasins in the burned scar areas, and fair soils condition was used for the subbasins outside 

of the burn scars areas. Figure 3-1 shows the boundaries of the three separate forest fire events that 

occurred within Bastrop County and their coincidence with Alum Creek. For subbasins that have both poor 

and fair condition areas, the weighted average was used to calculate CN. A comparison between fair and 

poor conditions results are discussed Section 3.7. 

3.5.3 Runoff Losses 

The Natural Resources Conservation Service (NRCS) CN loss rate method was used for the study.  The CN 

method utilizes a curve number and initial abstraction. For purposes of this study the default HEC-HMS 

calculations were used for the initial abstraction values.  Percent impervious values for each subbasin was 

developed based on aerial data and parcel data within the watershed,  impervious cover is shown in 

Appendix A-5.  HEC-GeoHMS and GIS tools were utilized to compute composite CN’s based on land cover 

and soil type.  Appendix E-2 presents the designated CN based on the landuse and soil and the resulting 

composite CN for each subbasin. 

3.5.4 Unit Hydrograph 

Natural Resource Conservation Service (NRCS) TR-55 unit hydrograph was selected to define the unit 

hydrographs overall shape and timing. The time of concentration calculations were split into three 

sections including sheet, shallow concentrated, and channel flow.  Sheet flow length was determined to 

be 100 feet because Alum Creek watershed is primarily a rural area. Sheet flow was calculated using 

Manning’s kinematic solution (Overtop and Meadows 1976)  as provided in TR-55. Manning’s n-values in 

Table 3-1 of the TR-55 documentation were used for sheet flow for various surface conditions.    
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Standard time of concentration (tc) values were computed for shallow concentrated flow using Equation 

3-1 from TR-55. Velocities were based on watercourse slope and determined using Figure 3-1 of the TR-

55 documentation.  Channel flow tc values were computed using Manning’s equation, bankfull average 

velocity, and Equation 3-4 of the TR-55 documentation. 

Lag time (tlag) for each watershed was calculated by: 

tlag = 0.6 tc 

Appendix E-3 lists assumptions and lag time calculations for all subbasins within the watershed.  

 

3.6 Channel Routing 

The Modified Puls method was selected to route hydrographs for the modeled study reaches within the 

Alum Creek watershed where hydraulic models were developed.  Storage discharge relationships were 

computed using the Hydrologic Engineering Center (HEC), HEC-RAS program (Version 5.0.7) model 

developed for the study streams. The HEC-RAS model development is discussed in Section 4. Appendix E-

4 lists the computed modified puls discharge-storage relationships and the routing steps used in the HEC-

HMS model.  

The Muskingum-Cunge method was selected to route hydrographs for reaches with definable channels 

not included in the modeled study reaches. For each Muskingum-Cunge routing reach an 8-point cross 

section was developed. Cross-sections were cut from the LiDAR 3ft x 3ft DEM based on their spatial 

location. Cross-sections were extracted using LiDAR at the most representative location for each routing 

reach. Tables in Appendix E-5 display the computed cross-sections and parameters used for the 

Muskingum-Cunge routing in the HEC-HMS model. 

 

3.7 Hydrologic Results 

A summary of areal reduced computed peak flows for the 50%, 20%, 10%, 4%, 2%, 1%, and 0.2% frequency 

storms is available in Appendix E-6. A summary of subbasin peak discharges for each of the frequency 

events are displayed in Appendix E-7.  

A comparison was conducted to understand the effects of the forest fires that Bastrop County experienced 

on the runoff from Alum Creek watershed. To conduct this analysis the soil conditions throughout the 

watershed were categorized as fair. This resulted in an overall average decrease of 14% in peak flows for 

the 1% ACE storm when comparing poor to fair land use conditions in the burn scar areas of the watershed. 

The northeast basins that are outside of the burn scars had no change in peak discharge because they 

were not affected by the fires. Basins in the northwest side of the watershed have the largest percent 

differences, 50% to 85%, in the smaller frequency storms such as 50%, 20%, and 10% ACE’s. The average 

percent differences in the peak flows from the composite CN to the peak flows from all fair soil condition 
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CN’s are summarized in Table 3-3. The percent differences at all junctions are summarized in Appendix E-

8. 

 

TABLE 3-3: FAIR AND POOR SOIL CONDITION COMAPRISON – % DIFFERENCE IN PEAK FLOWS 

Storm Event 50% ACE 20% ACE 10% ACE 4% ACE 2% ACE 1% ACE 0.2% ACE 
Overall 

Average 

Average Difference 34% 28% 25% 20% 16% 14% 9% 21% 

 

3.8 Comparison of Peak Flows 

The Alum Creek computed peak flows for the 1% ACE storm were compared to results from nearby 

watershed studies within Bastrop County. The studies used for the comparison include Gills Branch, Piney 

Creek, Willow Creek, Gazley Creek, and Walnut Creek from the 2020 Lower Colorado-Cummins Watershed 

Flood Risk Study. The Base Level Engineering (BLE) values shown for Alum Creek are from the 2018 Lower 

Colorado-Cummins BLE study and are based on regression equations developed using the USGS Scientific 

Investigations Report (SIR) 2009-5087. This comparison is shown in Appendix E-9. The computed peak 

flows are slightly lower than the flow rate per square mile compared to the surrounding watershed studies 

but are considered reasonable. Soil type A is the dominant soil within the watershed, with concentrations 

of soil type B near the outfall of the main stem. Type A and B soils are very sandy with low run off potential, 

causing more infiltration of rainfall. In addition, Alum Creek has a narrow watershed shape and the time 

to peak of the tributaries when flowing into the main stem is at the same time during a storm event. 

Therefore, there are minimal coincident peaks when comparing the tributary and main stem peaks in the 

watershed as the flood wave progresses downstream. While Alum Creek peak flows are slightly lower than 

BLE and Piney Creek, Alum Creek watershed follows approximately the same trendline and appear 

reasonable. 
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FIGURE 3-1: BASINS AFFECTED BY THE FOREST FIRES 
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4.0 HYDRAULIC MODEL ANALYSIS 

The hydraulic models for the Alum Creek main stem and all Alum Creek Tributaries were built in HEC-RAS 

version 5.0.7 to estimate the water surface profiles for the seven modeled flood events.  Hydraulic work 

maps containing habitable structures in the floodplain, modeled roadway crossings, and cross section 

stationing can be found in Appendix G-1.  

 

4.1 Manning’s Roughness Coefficients 

Manning’s “n” values were assigned by visual inspection and analysis of aerial imagery. The channel n-

values for Alum Creek were determined to vary between 0.04-0.065. Table 4-1 summarizes the channel 

n-values used for this study.  The overbank n-values varied between 0.06-1.0. Table 4-2 summarizes the 

land use classifications and respective Manning’s n-value classifications.   

 

TABLE 4-1: MANNINGS N-VALUE ASSUMPTION FOR CHANNEL 

Channel Conditions Manning’s N-Value 

Clean, winding, some pools and shoals 0.040-0.045 

Same as above, but some weeds and stones 0.045 

Same as above, lower stages, more ineffective slopes and sections 0.050 

In between above and below 0.055 

Same as n=0.05 but more stones 0.06-0.065 

 

TABLE 4-2: EXISTING LANDUSE CLASSIFICATIONS MANNINGS N-VALUES 

Classification Manning’s N-Value 

Open Water 1.0 

Developed, High Intensity 0.12 

Developed, Medium Intensity 0.12 

Deciduous Forest 0.1 

Evergreen Forest 0.1 

Mixed Forest 0.1 

Woody Wetlands 0.1 

Shrub/Scrub 0.08 

Developed, Low Intensity 0.075 

Developed, Open Space 0.07 

Barren Land (Rock/Sand/Clay) 0.06 

Cultivated Crops 0.06 

Emergent Herbaceous Wetlands 0.06 

Grassland/Herbaceous 0.06 

Pasture/Hay 0.06 
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4.2 Cross Section Point Filtering Approach 

Extracting cross sections using GeoRAS and the 3ft x 3ft hydraulic DEM resulted in many cross-sections 

containing more than the maximum 500 points allowed for HEC-RAS, version 5.0.7 modeling. The HEC-

RAS cross section filter was selected to reduce cross sections points to 500.   

 

4.3 Boundary Conditions 

The normal depth method was used for the downstream boundary condition for Alum Creek and its 

tributaries. This type of boundary option requires the user to enter an energy slope for the downstream 

location by determining the average slope between the channel flowlines of the downstream cross 

sections within HEC-RAS.  

 

4.4 Geometry Data 

The stream centerline, channel cross sections, and lateral structures were generated based on the study’s 

3 ft x 3 ft DEM.  Hydraulic cross sections were placed every 500 feet along stream centerlines to depict 

the studied channel. 

Bridge and culvert structures were entered and modeled using field reconnaissance data.  Ineffective 

areas were placed based on the methodology described in the HEC-RAS Hydraulic Reference Manual.  The 

ineffective area expansion and contraction ratios for structures were specified as 1:1 on the upstream 

cross section and 2:1 for the downstream section.   

Cross section expansion and contraction coefficients were left at the default values of 0.1 and 0.3, except 

at structures where they were changed to 0.3 and 0.5 for the two cross sections upstream of a structure 

and one downstream.   

During the development of hydraulic models for the watershed it was discovered that there are three 

areas within the watershed where overflow occurs. Lateral structures were added along the high points 

parallel to the stream to best quantify overflow that leaves the channel.   

 

4.5 Peak Flow Data 

Peak flows from the Alum Creek hydrology model were entered into the hydraulic model.  Flow change 

locations were placed at hydrologic junctions and subbasin locations spaced to be approximately one-half 

to one-third upstream of a subbasin divide and at confluences of tributaries.   The peak flows and flow 

change locations are tabulated and summarized in Appendix F-1. 
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4.6 Hydraulic Results 

Profiles were plotted from the HEC-RAS results only for the 1% ACE existing condition storms because all 

streams are studied as limited detail guidance.  The profiles are included in Appendix F-2. Although the 

1% frequency storm is discussed in this report, the hydraulic models were run for the 50%, 20%, 10%, 4%, 

2%, 1%, and 0.2% frequency storm events and the respective results can be seen in the hydraulic models. 

The Alum Creek 1% ACE floodplain was generated using HEC-RAS model results and Arc GIS tools. Water 

surface elevations triangulated irregular networks (TIN) were created from the hydraulic model results 

then converted to water surface DEMs. These DEMs were intersected with the hydraulic ground surface 

DEM to calculate and create polygon features of inundated areas. The 1% ACE floodplain extents, stream 

centerline, and cross sections are included in the hydraulic work maps, found in Appendix G-1. The work 

maps reference additional information in relation to the floodplain including over topping road crossings, 

structures located within the floodplain, and project study limits.  

There are 56 habitable structures that fall within the footprint of the 1% ACE and a total of 31 road 

crossings that are overtopped during the 1% ACE storm. 

A comparison of the new floodplains to the National Flood Hazard Layer (NFHL) is shown in Appendix G-

2. Changes in the floodplain width are categorized as increase, decrease, or no change. Increases in 

floodplain width are shown in red, decreases are shown in green and where there has been no change the 

floodplain is grey. In some areas, primarily upstream of the watershed along the main stem and Alum 

Creek Tributary 11, the floodplain extents have narrowed. This is attributed to the updated LiDAR which 

more accurately represents the topography in this area. The mid portion of the watershed between 

Highway 21 and Highway 71 saw small changes in the floodplain extents along the main stem. The lower 

portion of the watershed had both increases and decreases of the extents based on studied streamlines 

and study limits. The large increase in the floodplain south of Highway 71 is based on low lying floodplain 

and the high likelihood of inundation during a storm event. The decrease in floodplain along the lower 

portion of Little Alum Creek and Alum Creek are due to floodplain extents being drawn at the connection 

to the Colorado River floodplain.  
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5.0 FLOOD MITIGATION EVALUATION 

The flood mitigation concepts discussed within this report are conceptual evaluations of potential flood 

mitigation solutions. They are high-level feasibility concepts that may be refined through subsequent 

preliminary engineering analysis and coordination with project stakeholders. Reduction of flood risk can 

be accomplished using hydrologic alternatives (detention/retention ponds), hydraulic alternatives 

(diversions, floodwalls, channel improvements, etc.), or a combination of these alternatives.   

The following mitigation strategies were considered, but not pursued further because anticipated project 

benefit does not outweigh the costs or risks associated with implementation. Large scale mitigation 

projects would not provide a solution to enough residents within the County to make the project feasible. 

Channel excavations would decrease the width of the floodplain and as a result decrease the number 

homes in the floodplain. A large volume of channel excavation would be required and the costs associated 

with the removal of soil material would most likely be greater than the cost of removing the homes. 

Additionally, environmental permits would need to be obtained to excavate within Waters of the US due 

to the presence of the endangered Houston Toad species. Another potential solution to prevent homes 

from being inundated during a storm event is to raise the finished floor elevation of the home. Raising the 

foundation of a home would reduce the chance of water entering the home during a flood event. 

According to FEMA’s Homeowner’s Guide to Retrofitting it is possible to raise multiple types of 

foundations, with costs varying between different foundation types. There is a total of 56 homes within 

the 100-year floodplain in Alum Creek where many of the homes are clustered north of SH-21. The Bastrop 

Appraisal District database indicated that of those 22 homes, only 4 of those homes do not have slab 

foundations. Slab foundations can be raised, but there is risk of damaging the home. Moreover, the cost 

of raising a home can be prohibitive for homeowners.  Elevating structures is an option for the 

homeowners but was not the focus of this study. 

The overall flood mitigation objective is to reduce bridge and culvert overtopping during the 1% ACE to 

the extent possible and to protect the safety of Bastrop County residents within the study area . The 

priority of the County was to focus on vehicular road safety and increase the level of service of creek 

crossings during storm events. In many cases, the evaluated alternatives reduce existing flood risk but 

elimination of 1% ACE flood risk was not possible in all locations. In accordance with the Subdivision 

Regulations for Bastrop County, all culverts shall be designed to convey the 4% ACE storm, and the 

headwater surface elevation shall not exceed the minimum roadway surface elevation.  The headwater 

depth for a 1% ACE storm shall not exceed 1 foot over the minimum roadway surface elevation (Bastrop 

County, 2017). The following sections discuss the flood mitigation analysis including conceptual-level 

estimates of project cost. 
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5.2 Road Crossing Urgency Rating Evaluation  

An urgency ranking of bridge, culvert, and low water crossing structures was developed for the Alum Creek 

watershed to prioritize roadway crossings according to flood and public safety risk. Prioritizing road 

structures susceptible to flood overtopping and a threat to public safety, helps focus available resources.  

5.2.1 Traffic Count Determination 

The traffic count for each crossing within the study basin was derived from traffic and saturation count 

data recorded by TxDOT in 2018 and the Institute of Transportation Engineers (ITE) Trip Generation 

Manual, 10th Edition (2020). These maps were spatially referenced to political, geographical, and structural 

landmarks within the watershed. Parcel data was utilized to best estimate the number of residences that 

utilize the road crossing. A spatial analysis was manually performed using aerial imagery and roadway 

networks in conjunction with the traffic count maps to determine a relative traffic pattern for residents 

that may use the roadway crossing to leave and return to their home. The number of entrances and exits 

for the residences along the road were located in order to estimate the number of potential routes that 

would utilize the roadway crossing. An average daily trip per household of 9.44 was assigned to each 

residential dwelling from the ITE Trip Generation Manual. The daily trip per household was multiplied by 

the number of residences and modified by the number of available alternative routes  to obtain the traffic 

count for each crossing.  

5.2.2 Urgency Rating Evaluation 

Halff Associates developed an urgency calculation for 31 structures of the 35 structures analyzed in this 

study because they are overtopped by a storm event. Appendix A-6 shows the locations of the 

overtopping roadways within the Alum watershed. The urgency rating is calculated by taking the Average 

Annual Daily Traffic Count divided by the Annual Chance of Flooding. The Annual Chance of Flooding was 

obtained from the hydraulic models developed for this study. The higher a structure’s urgency rating, the 

higher the flood risk for that structure. A summary of the urgency rating is presented in  

Table 5-1 below. A complete urgency rating analysis for all 31 structures is provided in Appendix H-1. 
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TABLE 5-1: ROADWAY CROSSING URGENCY RATING 

Stream Name Road Name 
Structure 

Type 

Average Daily 
Traffic Count 

(vehicles/day) 

Annual 
Chance of 
Flooding 

Equivalent 
Rainfall 

Depth (in) 

Urgency 
Rating 

Risk 
 Rank 

Alum Creek State Highway 21 West Bridge 13,385 20% 5.52 2,677 1 

Alum Creek Tributary 4 State Highway 21 West Culverts 13,385 10% 6.82 1,339 2 

Alum Creek TX-71/TX-95 Bridge 21,970 4% 8.82 879 3 

Alum Creek Tributary 87 Cardinal Drive Culverts 1,510 50% 4.17 755 4 

Alum Creek TX-71/TX-96 Bridge 21,970 2% 10.6 439 5 

Price Creek State Highway 21 West Culverts 13,385 2% 10.6 268 6 

Little Alum Creek Ponderosa Road Bridge 390 50% 4.17 195 7 

Alum Creek Tributary 129 Ponderosa Loop Culverts 320 50% 4.17 160 8 

Alum Creek Tributary 8 Ponderosa Loop Culverts 230 50% 4.17 115 9 

Alum Creek Tributary 8 Cardinal Drive Culverts 220 50% 4.17 110 10 

Alum Creek Tributary 10 Old Potato Road Bridge 200 50% 4.17 100 11 

Alum Creek Tributary 4 Kelley Rd E Culverts 180 50% 4.17 90 12 

Alum Creek Tributary 7 Squirrel Run Culverts 180 50% 4.17 90 12 

Alum Creek Cardinal Drive Culverts 170 50% 4.17 85 14 

Alum Creek Bowie Drive Culverts 170 50% 4.17 85 14 

Alum Creek Tributary 11 Cardinal Drive Culverts 170 50% 4.17 85 14 

Alum Creek Mustang Drive Bridge 130 50% 4.17 65 17 

Alum Creek Tributary 173 Pine Shadow Lane Culverts 90 50% 4.17 45 18 

Alum Creek Tributary 7 Kinsey Road Bridge 180 20% 5.52 36 19 

Price Creek Jim Bowie Drive Culverts 140 20% 5.52 28 20 

Alum Creek Gotier Trace Road Bridge 50 50% 4.17 25 21 

Alum Creek Tributary 1 Gotier Trace Road Culverts 50 50% 4.17 25 21 

Alum Creek Tributary 8 Bowie Drive Culverts 50 50% 4.17 25 21 

Alum Creek Tributary 87 Cardinal Loop Culverts 120 20% 5.52 24 24 

Alum Creek Park Road 1C Culverts 40 50% 4.17 20 25 

Alum Creek Tributary 160 Park Road 1C Culverts 40 50% 4.17 20 25 

Alum Creek Tributary 9 Old Potato Road Culverts 200 10% 6.82 20 25 

Alum Creek Tributary 129 Quiet Drive Culverts 30 50% 4.17 15 28 

Alum Creek Tributary 129 Peaceful Lane Culverts 10 50% 4.17 5 29 

Alum Creek Tributary 8 Alamo Court Culverts 10 50% 4.17 5 29 

Alum Creek Tributary 9 McBride Lane Culverts 10 50% 4.17 5 29 

 

5.3 Road Crossing Alternatives 

The urgency rating takes into consideration the risk of a roadway overtopping during a storm event The 

County selected the five roadway crossings located below based on repetitive damage, housing density, 

availability of alternative ingress and egress and immediate needs. Bastrop County does not have 

jurisdiction over State Highway 71/95 or State Highway 21 because these roads are under the jurisdiction 
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of TxDOT roads. TxDOT is not a participating member in this FPP Grant. It is recommended Bastrop County 

share the urgency rating developed for this study with TxDOT’s District Engineer, District Roadway 

Planning Engineer, and Bastrop Area Engineer to aid with planning and prioritizing roadway 

improvements. The location of these roadway crossings can be referenced in Appendix A-6. An alternative 

analysis of the following five crossings was conducted to identify potential improvements to reduce risk. 

• Alum Creek Cardinal Drive crossing 

• Alum Creek Tributary 1 Gotier Trace Road crossing 

• Alum Creek Tributary 11 Cardinal Drive crossing 

• Alum Creek Tributary 87 Cardinal Drive crossing 

• Alum Creek Tributary 8 Ponderosa Loop crossing 
 

Table 5-2 provides details of the existing condition structure and level of service, in addition to the 

proposed improvement, level of service, and estimate of probable cost for each structure. TxDOT’s 

average low-bid unit prices was used to base the price of the individual bid items listed in the estimates 

of probable cost for the proposed roadway crossing improvements. Recent bid tabs for Bastrop County 

projects were used to develop bid items that are needed for each improvement. All structures existing 

conditions are overtopped during the 50% ACE storm. 

TABLE 5-2: ROADWAY IMPROVEMENT SUMMARY 

Road 
Crossing 

Structure ID 
[Lat., Long.] 

Existing Conditions Proposed Improvement 

Existing 
Culvert 

Overtopping 
Event (ACE) 

Culvert 
Improvement 

Roadway 
Improvement 

Overtopping 
Event (ACE) 

Probable 
Cost 

Estimate 

Alum Creek 
Cardinal 

Drive 

AC_STR_700 
[30.1905, -97.2037]  

& 
AC_STR_700_West 
[30.1903, -97.2044]  

 

2 - 31" x 41" 
CMPs (west) 

1 - 1.25'  
CMP (east) 

50% 
(2-year) 

2 - 4' x 3'  
RCBs (west) 

4 - 4' x 2'  
RCBs (east) 

310 LF of 
Raised 

Roadway 

10%  
(10-year) 

$545,000 

Alum Creek 
Tributary 1 

Gotier Trace 

AC_T1_STR_100 
[30.1045, -97.2095]  

1 - 2.5' CMP 
50%  

(2-year) 
2 - 12' x 6' 

RCBs 

300 LF of 
Raised 

Roadway  
460 LF Channel 
Improvement 

50%  
(2-year) 

$533,900 

Alum Creek 
Tributary 11 

Cardinal 
Drive 

AC_T11_STR_100 
[30.1914, -97.2021] 

4 - 4' CMPs 
50%  

(2-year) 
5 - 7' x 6'  

RCBs 

360 LF of 
Raised 

Roadway 

4%  
(25-year) 

$719,200 

Alum Creek 
Tributary 87 

Cardinal 
Drive 

AC_UN_STR_400 
[30.1648, -97.2127] 

2 - 4' CMPs 
50%  

(2-year) 
3 - 8' x 6'  

RCBs 

100 LF of 
Raised 

Roadway 

0.2%  
(500-year) 

$351,900 

Alum Creek 
Tributary 8 
Ponderosa 

Loop 

AC_T8_STR_300 
[30.1822, -97.2096] 

3 - 4' CMPs 
50%  

(2-year) 
3 - 8' x 5' 

 RCBs 

192 LF of 
Raised 

Roadway 

4%  
(25-year) 

$430,900 
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5.3.1 Road Crossing 1 – Alum Creek Cardinal Drive crossing 

The crossing on Alum Creek on Cardinal Drive [Lat. 30.1905, Long. -97.2037] and the culvert structure 

approximately 250 feet west of the crossing [Lat. 30.1903, Long. -97.2044] are located in a residential area 

north of Highway 21. Hydraulic analysis shows existing condition Alum Creek overtopping Cardinal Drive 

to a depth of 1.1 feet during the 50% ACE and 3.7 feet during the 1% ACE at both structures. 

To help reduce roadway inundation four 4 feet x 2 feet reinforced concrete box culverts on the east, two 

4 feet x 3 feet concrete box culverts on the west, and approximately 310 linear feet of roadway profile 

changes with an elevation increase of 1.0 foot is recommended. Extended channel improvements were 

not necessary for this crossing because the small pond just downstream of the crossing mitigates impacts 

of the improved crossing. However, the channel immediately adjacent to the roadways will need to be 

widened to accommodate the culverts. 

The proposed culverts do not meet the Bastrop County Subdivision Regulations to pass the 4% ACE. 

However, the water surface elevations for the more frequent 50% and 20% ACE are reduced below the 

proposed top of road elevations as displayed in Appendix H-2. An estimate of probable cost for the 

proposed roadway crossing improvements is shown in Appendix H-3 which was determined to be 

$545,000. 

 

5.3.2 Road Crossing 2 – Alum Creek Tributary 1 Gotier Trace Road crossing 

The crossing on Gotier Trace Road is located near the center of the watershed [Lat. 30.1045, Long. -

97.2095]. Hydraulic analysis shows existing condition Alum Creek Tributary 1 overtopping Gotier Trace 

Road to a depth of 1.8 feet during the 50% ACE and 3.9 feet during the 1% ACE. 

To help reduce roadway inundation, two 12 feet x 6 feet reinforced concrete box culverts, approximately 

300 linear feet of roadway profile changes with an elevation increase of 1.0 foot, and channel 

improvements are proposed. The proposed channel improvements extend approximately 275 feet 

upstream and approximately 180 feet downstream of the structure in order to reduce the channel slope 

from 3% to 1% and lower the flowline of the crossing by 3.2 feet for installation of the larger culverts. 

Additionally, the channel will need to be widened to accommodate the new culverts.  

The proposed culverts do not meet the Subdivision Regulations for Bastrop County to pass the 4% ACE 

and are still overtopped by all the storm events. However, the overtopping depths of 50% and 1% ACE 

were reduced to 0.4 feet and 2.0 feet, respectively, as seen in Appendix H-2. An estimate of probable cost 

for the proposed roadway crossing improvements is shown in Appendix H-3 which was determined to be 

$533,900. 
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5.3.3 Road Crossing 3 – Alum Creek Tributary 11 Cardinal Drive crossing 

The crossing on Cardinal Drive on Alum Creek Tributary 11 is approximately 600 feet east of the Cardinal 

Drive crossing on Alum Creek [Lat. 30.1914, Long. -97.2021]. Hydraulic analysis shows the overtopping of 

Cardinal Drive to a depth of almost 1.0 feet during the 50% ACE and 2.9 feet during the 1% ACE. 

To help reduce roadway inundation, five 7 feet x 6 feet reinforced concrete box culverts and 

approximately 360 linear feet of roadway profile changes with an elevation increase of 1.0 foot  are 

proposed. The channel will need to be widened to accommodate the new culverts.   

The proposed culverts do not meet the Subdivision Regulations for Bastrop County to pass the 4% ACE. 

However, they fully convey the 50%, 20%, and 10% ACE storms, as seen in Appendix H-2. A detailed cost 

estimate for the proposed roadway crossing improvements is shown in Appendix H-3 which was 

determined to be $719,200. 

 

5.3.4 Road Crossing 4 – Alum Creek Tributary 87 Cardinal Drive crossing 

The crossing on Cardinal Drive is approximately a third of a mile off of Highway 21 in a residential area 

[Lat. 30.1648, Long. -97.2127]. Hydraulic analysis shows the overtopping of Cardinal Drive to a depth of 

almost 0.2 feet during the 50% ACE and 1.9 feet during the 1% ACE. 

To help reduce roadway inundation, three 8 feet x 6 feet reinforced concrete box culverts and 

approximately 100 linear feet of roadway profile changes with an elevation increase of 1.0 foot  are 

proposed. The channel will need to be widened to accommodate the new culverts.  

The proposed culverts meet the Subdivision Regulations for Bastrop County to pass the 4% ACE and fully 

convey the 50%, 20%, 10%, 4%, 2%, and 1% ACE storms, as seen in Appendix H-2. An estimate of probable 

cost for the proposed roadway crossing improvements is shown in Appendix H-3 which was determined 

to be $351,900. 

 

5.3.5 Road Crossing 5 – Alum Creek Tributary 8 Ponderosa Loop crossing 

The crossing on Ponderosa Loop is located in a residential area north of Highway 21 [Lat. 30.1822, Long. -

97.2096]. Hydraulic analysis shows the overtopping of Ponderosa Loop to a depth of almost 0.6 feet during 

the 50% ACE and 2.7 feet during the 1% ACE. 

To help reduce roadway inundation three 8 feet x 5 feet reinforced concrete box culverts and 

approximately 190 linear feet of roadway profile changes with an elevation increase of 1.0 foot are 

proposed. The channel will need to be widened to accommodate the new culverts.  

The proposed culverts do not meet the Subdivision Regulations for Bastrop County to pass the 4% ACE. 

However, they fully convey the 50%, 20%, and 10% ACE storms, as seen in Appendix H-2. A detailed cost 
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estimate for the proposed roadway crossing improvements is shown in Appendix H-3 which was 

determined to be $430,900. 

 

5.4 Regional Detention Pond Alternative 

The hydrologic and hydraulic analysis developed in this study was used to identify areas of flood risk.  

There are currently 22 homes within the 1% ACE existing condition floodplain in the upper portion of the 

watershed at the confluence of Alum Creek and Alum Creek Tributary 9. A regional detention pond would 

decrease the existing conditions floodplain elevations by temporarily detaining flood waters for later 

release in order to alter the timing and magnitude of peak flows. The resultant reduction of peak flows 

reduces flood risk for the residences downstream of the pond. The proposed location for the regional 

detention is in a sparsely populated area of the County and in a naturally depressed area along Alum 

Creek.  

A conceptual regional detention pond located in the upper portion of the watershed at the confluence of 

Alum Creek and Alum Creek Tributary 9. Detention in this location will reduce peak flows further 

downstream along Alum Creek to lower flood elevations during a 1% ACE storm. The detention pond 

would only hold water during a storm event; otherwise, it will be a dry pond. As an in-line structure (dam) 

along Alum Creek, this potential regional detention would be created within a natural basin that could be 

spanned by an approximately 1,700-foot long earthen embankment. The regional detention facility would 

have a contributing drainage area of 12.9 square miles with a 16-foot high dam (top elevation at 641 feet) 

that could store approximately 625 acre-feet of water as shown in Exhibit A-7. An earthen embankment 

of this size would be classified by TCEQ Dam Safety as a Small, High Hazard dam due to homes located 

downstream of the embankment. This TCEQ classification of dam would require continued maintenance 

in perpetuity. 

Hydrologic analysis of the conceptual detention facility reduced the 1% ACE peak flow at the confluence 

of Alum Creek and Alum Creek Tributary 9 by approximately 64%. To achieve this 64% reduction, the 

outfall structure would be designed to release 10,800 cfs during the 1% ACE storm event. This reduction 

of peak flow was entered into the Alum Creek hydraulic model that resulted in a slight reduction of the 

1% ACE flood elevations as shown in Exhibit A-7. The regional detention alternative removes 12 homes 

from the 1% ACE water elevations. However, the hydrologic and hydraulic evaluation of a conceptual 

detention facility resulted in minimal reductions to the 1% ACE floodplain. 

5.4.2 Benefit Cost Analysis 

A benefit to cost ratio was prepared to provide a comparison of the existing hydrology and hydraulic data 

to the proposed hydrology and hydraulic data. This data, along with information from Bastrop County’s 

Appraisal District website regarding property and infrastructure values is compared to the cost of 

constructing the proposed detention pond. The estimated probable cost of constructing the detention 

facility is $4,518,000 and is shown in Appendix H-3. The benefit to cost ratio of constructing a detention 
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facility is well below one at 0.01, causing this alternative to be cost prohibitive. This analysis of feasibility 

is shown in Appendix H-4 High density development is not anticipated within the Alum Creek watershed 

due to Subdivision Ordinance requiring new developments to have less than 20% impervious cover and 

restrictions due to threatened and endangered species in the area. Therefore, a simplified BCA was found 

to be sufficient. The cost of buy outs for the 16 structures within the floodplain is $4,119,852 and does 

not include maintenance costs; therefore, buying out the properties is more feasible than constructing a 

dam. A benefit to cost ratio was not prepared for the acquisition of the 16 structures that remain within 

the floodplain because the buyout option per a FEMA guidance that acquisitions less than $276,000 are 

considered cost effective. In addition, due to the height and storage volume of the conceptual regional 

detention, this detention facility would require design to meet TCEQ Dam Safety requirement.  
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6.0 FLOOD MONITORING EVALUATION 

Flood resilience includes a variety of strategy.  A common strategic particularly common in Flash Flood 

Ally is flood monitoring. Flood monitoring via the use of gaging stations provides real-time information to 

the public and emergency personnel during storm events. Opportunities identif ied for Alum Creek include 

identifying roadway overtopping risk, locations for stream gage placement, and flood monitoring systems. 

Implementation of a flood monitoring system could reduce the use of county resources during storm 

events and improve safety of residents. 

 

6.1 Roadway Overtopping Risk Determination 

As part of this study, an urgency rating was developed for 31 roadways in the Alum Creek watershed that 

overtop during storm events. Table 5-1 above shows the equivalent rainfall depth for the storm events 

that would overtop these roadway crossings. It should be noted that Atlas 14, 24-hour storm duration 

rainfall depths were used in this analysis and the minimum roadway elevations were retrieved from the 

hydraulic models. The County may utilize this information to monitor rainfall gages within the watershed 

and deploy road crews to close road crossings with greater confidence. 

 

6.2 Stream Gage Placement Opportunities 

Stream gage placement is ideal along critical roadways and low water crossings that serve as the only 

point of ingress or egress for residents. As such, gage placement along the Alum Creek crossings of State 

Highway (SH) 21 and SH 71 are proposed. Figure 6-1 below displays these potential stream gage 

placements at SH 21 and SH 71. These two roadways have the greatest Annual Average Daily Traffic within 

the watershed and therefore are a public safety threat when overtopped. Two common gaging devices 

include real-time precipitation gages and stream stage gages. Following implementation of gaging 

stations, development of rating curves and observation of gage data at specific locations can be 

established with alerting triggers during storm events. These triggers can activate on-site safety measures 

such as automated flood gate closure or flood warning lights. These gaging networks and devices monitor 

developing flood threats and either activate on-site safety measures or send alerts to emergency 

personnel and the public.  
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FIGURE 6-1: PROPOSED STREAM GAGE LOCATIONS 
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6.3 Flood Hazard Web Map 

Many entities such as the Upper Brushy Creek Water Control and Improvement District and Hays County 

are using Flood Monitoring Systems with the development of interactive web maps. A public and/or 

secured web map can be developed for the public and emergency personnel to monitor flood risk within 

the County. Of particular interest in this study, would be road closures and flood threat within the Alum 

Creek watershed. Common components of these web maps include stream gage readings, colored 

symbology to visualize flood threat, and display of inundation mapping. Frequency floodplains for storm 

events can be accessed in a secured Flood Monitoring System that displays real-time inundation levels 

associated with flood gage readings, radar rainfall, and NWS rainfall. These web maps can be developed 

to leverage existing information such as the City of Austin ATX Floods data, the Lower Colorado River 

Authority Hydromet, and the US Geologic Survey gaging and inundation data. The City of Austin ATX Floods 

website allows the County to manually log into the website and identify low water crossings that are 

closed due to high water. Once stream gages are installed, these closure notifications could be automatic. 

A Flood Monitoring System and associated web map would enhance the County’s ability to makes real 

time decisions regarding flood risk thus improving public safety.  

6.3.1 Automated Creek Crossing Alerts 

Stream gages on creek crossings can activate triggers to alert residents of high water at road crossings. 

Once an alert is triggered by a particular gage reading, signal lights can be activated, text alerts can be 

activated, and/or flood gates can be automatically closed at the crossing. The roadway closure and/or 

flashing light warnings would notify drivers that the road is unsafe to cross.  
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Bastrop County was awarded a Texas Water Development Board Flood Protection Planning Grant to 
conduct a study of the Alum Creek Watershed shown below.

The study has developed 100-year �oodplains, as well as identi�ed areas of high risk of �ooding during storm events. An 
overview of the project study analysis and the proposed �ood mitigation solutions to increase safety for residents will be 

presented to the public. A summary of �ood monitoring opportunities within the watershed will also be discussed. 

Questions about the study can be directed to Carolyn Dill, P.E., Bastrop County Engineer, 
at (512) 581-7180 or by email at carolyn.dill@co.bastrop.tx.us

Alum Creek Watershed Study
Public Meeting 
Wednesday, October 7th 2020
10 AM - 11 AM
Virtual Webex Meeting
https://bit.ly/2RsByZs
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VIRTUAL WEBEX MEETING

OCTOBER 7, 2020

BASTROP COUNTY

TWDB FLOOD PROTECTION PLANNING STUDY

ALUM CREEK

https://bit.ly/2RsByZs

BASTROP COUNTY

TWDB FLOOD PROTECTION PLANNING 
STUDIES

AGENDA OUTLINE

• COUNTY FPP STUDIES

• ALUM CREEK WATERSHED

• H&H METHODOLOGY

• FLOOD MITIGATION SOLUTIONS

• FLOOD MONITORING OPPURTUNITIES

• NEXT STEPS

1
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STUDIED WATERSHEDS

• 2008-2018 Bastrop Co. FPP

• Cedar Creek

• Walnut Creek

• Sandy Creek

• Willow Creek (Smithville)

• Gazley Creek (Smithville)

• Gills Branch (Bastrop)

• Piney Creek (Bastrop)

• 2019 Bastrop Co. FPP

• Alum Creek

• Wilbarger Creek (Pflugerville & 

Travis Co.)

ALUM CREEK STUDY OVERVIEW

• Drainage Area

• 55 sq. miles

• Limited Detailed Study

• 73.5 stream miles

• Floodplain Development

• Identification of Flooding Problems

• Flood Mitigation Solutions

• Flood Monitoring Opportunities

3
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BASTROP COUNTY

TWDB FLOOD PROTECTION PLANNING 
STUDIES

2019 LEVERAGED FUNDING FOR ALUM CREEK

Texas Water Development Board 50%

Bastrop County 50%

Total 100%

DATA COLLECTION

• Public Flood Problem Survey

• 2017 LiDAR terrain

• Hydrology: 10’x10’ DEM

• Hydraulics: 3’x3’ DEM

• SSURGO Soil Survey

• NLCD Land Use

• Field Reconnaissance

• Field measurements

• Field Sketches

• Photos

5
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HYDROLOGY (RAINFALL RUNOFF)

1. RAINFALL
• Source: NOAA Atlas 14

• Distribution

2. TOPOGRAPHY (GROUND SURFACE)
• LiDAR

• Watershed Boundaries

• Watershed Slopes

3. SOILS
• Hydrologic Soil Types

• Antecedent Moisture Condition 

• Considered Burn Scars

4. LAND USE
• Existing Conditions

7
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HYDRAULICS (CREEK FLOODING)

1. HYDROLOGY
• Peak Discharge – 2, 5, 10, 25, 50, 100, and 500-year

2. TOPOGRAPHY (GROUND SURFACE)
• LiDAR 

• Stream Slope/Definition

3. CROSS-SECTION
• Location

• Roughness Coefficients (N-values)

• Expansion/Contraction Coefficients

• Ineffective/Blocked Areas

4. CROSSINGS/CONSTRICTIONS
• Bridges

• Culverts

• Small Stock Ponds

FLOODPLAIN MAPPING (FLOOD EXTENTS)

1. TOPOGRAPHY (GROUND SURFACE)
• Drainage patterns

2. CROSS-SECTION
• Extents of Floodplain 100-year for Limited Detail study

• Width of Floodplain

3. CROSSINGS/CONSTRICTIONS
• Overtopping Road Crossings

9
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REGIONAL DETENTION POND CREEK CROSSING IMPROVEMENTS

CONCEPTUAL FLOOD MITIGATION ALTERNATIVES

CULVERT IMPROVEMENTS

BOWIE DRIVE IN SMITHVILLE

15
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ROADWAY IMPROVEMENT RANKING

• Developed urgency risk ranking

• Determined Average Daily Traffic 

Counts

• TxDOT Traffic Counts

• Trip Generation Manual

• Determined annual chance of road 

overtopping

• Higher priority if the road is 

overtopped more frequently

• A higher urgency rating means the 

higher the flood risk for the structure

17
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SELECTED ROADWAY IMPROVEMENTS

• Top 5 County roads were selected

• Based on urgency risk rating, repetitive 

damage, housing density, availability of 

alternative ingress and egress and 

immediate needs.

• Existing conditions culverts are 

overtopped during the 50% ACE storm 

19
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PROPOSED ROADWAY IMPROVEMENTS

• Goal was to reduce flood overtopping 

as much as possible

• Roadways were raised 1 foot max to 

allow for larger culverts

REGIONAL DETENTION POND

PROPOSED 

LOCATION

21
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REGIONAL DETENTION FACILITY

• Length: 1700 LF earthen embankment

• Height: 16 foot

• Storage: 625 ac-ft

• TCEQ Dam Safety requirements

• 22 homes inundated during the 1% ACE 

event

• Removes 12 homes from the 1% ACE 

water elevations

• Estimated Probable Cost: $4,518,000

• Benefit/Cost Analysis: Not cost 

effective

• Home Buyouts: $4,119,852 

FLOOD MONITORING OPPURTUNITIES

• Stream/rainfall gage placement

• Critical watershed locations

• Major roadways

• Select low water crossings

• Automated Creek Crossings

• Alerts

• Flood gates closures

• Flood Hazard Web Map

• Stage and rainfall triggers

• Color coded triggers for public use

23
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ALUM CREEK WATERSHED STUDY NEXT STEPS

• Pre-Disaster Mitigation (PDM) Grant

• Hazard Mitigation Grant Program (HGMP)

• Flood Mitigation Assistance (FMA) Grant

• GLO CDBG Mitigation Program (GLO CDBG-MIT)

• TWDB Flood Infrastructure Fund (FIF)

• Clean Water State Revolving Fund (CWSRF) Loan

• Building Resilient Infrastructure and Communities (BRIC)

THANK YOU FOR YOUR TIME

QUESTIONS?

BASTROP COUNTY

TWDB FLOOD PROTECTION PLANNING STUDY

ALUM CREEK

25
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9500 Amberglen Blvd., Building F, Suite 125 
Austin, Texas 78729 

(512) 777-4600 
Fax (512) 252-8141 

 

MEETING AGENDA 
October 7, 2020 

Bastrop Co. FPP - Alum Creek 
 

Online Virtual Meeting 
 

Type of Meeting: Public Meeting #3   

Meeting Start Time: 10:00am   

Meeting Stop Time: 11:00am   

Agenda 

 

1. Alum Creek Watershed Overview 

a. Drainage area = 54.7 sq. mi. 

b. Stream miles = 73.5 mi. 

2. Hydrologic and Hydraulic Analysis 

a. Data Collected 

b. Models Developed 

c. 100-year floodplain extents 

3. Alternatives Analysis & Evaluation 

a. Roadway Improvement Ranking 

b. Culvert improvements for 5 road crossings 

i. Cost Estimates  

c. Regional detention facility 

i. Pond Dimensions 

ii. Cost Estimate  

iii. Benefit Cost Analysis 

4. Flood Monitoring 

a. Roadway Improvement Ranking 

b. Stream gage placement 

c. Flood monitoring web map 

i. Stream gages 

ii. Automated gates 

5. Next Steps 

a. Grants  

b. Loans  

6. Questions 
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Additional Information 

 

Observers:  

Resource persons:  

Special notes:  

 
 



 
 

 

9500 Amberglen Blvd., Building F, Suite 125 
Austin, Texas 78729 

(512) 777-4600 
Fax (512) 252-8141 

 

MEETING MINUTES 
October 7, 2020 

Bastrop Co. FPP - Alum Creek 
 

Online Virtual Meeting 
 

Type of Meeting: Public Meeting #3   

Meeting Start Time: 10:00am   

Meeting Stop Time: 11:00am   

Agenda 

 

Attendees: 

Bastrop County: Commissioner Clara Beckett, Carolyn Dill 

Texas Water Development Board: Ivan Ortiz 

Halff Associates: Paul Morales, Katherine Smith  

Bastrop County Residents: Cameron Drummond, James and Kimberly Fahrnkopf, Samuel 
and Karen Spangler 

 

1. Alum Creek Watershed Overview 

a. Drainage area = 54.7 sq. mi. 

b. Stream miles = 73.5 mi. 

2. Hydrologic and Hydraulic Analysis 

a. Data Collected 

i. 2017 LiDAR terrain 

ii. SSURGO Soil Survey from USGS 

iii. NLCD Land Use 

iv. Field Reconnaissance – measurements, sketches, and photos of all 35 
creek crossing structures in the watershed 

b. Models Developed 

i. Hydrology Model determines the amount of rain running off of the ground 
and going into the streams during a storm event 

ii. Hydraulic Models determine the depth of water in the streams and the 
velocity of the stream during a storm event 

c. 100-year Floodplain Extents 

i. The extent of the 100-year floodplain is developed for existing conditions 

ii. The 100-year floodplain reflects whether or not a structure is overtopped 
during the 100-year storm 

3. Alternatives Analysis & Evaluation 

a. Roadway Improvement Ranking 
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i. Determined Average Daily Traffic Counts from TxDOT Traffic Counts and 
Trip Generation Manual 

ii. Determined annual chance of road overtopping 

iii. Utilized the Traffic Count and chance of overtopping to prioritize roads 

iv. A higher risk rank means the higher the flood risk for the structure 

b. Culvert improvements for 5 road crossings identified by the county 

i. Culvert sizes were increased, and the road profiles were raised by 1 foot to 
maximize culvert sizes. This increased the level of service of the roads by 
reducing the frequency that the roads overtop and decreasing the depth of 
water overtopping during storm events. 

ii. Probable cost estimates were presented, and itemized estimates are 
included in the report. 

c. Regional detention facility – detention facility would only hold water during storm 
events. Two homes on the upstream side of the proposed embankment limit the 
proposed elevation of the embankment. 

i. Embankment length = 1,700 ft., embankment height = 16 ft., storage = 625 
ac. ft. during a storm event 

ii. Currently there are 22 homes inundated during the 1% ACE event, the 
proposed dam removes 12 homes from the 1% ACE water elevations 

iii. The Benefit Cost ratio is not favorable for this project, the estimated 
probable cost is $4,518,000 and the estimated cost of home buyouts is 
$4,119,852 

4. Flood Monitoring – The goal is to provide the county with tools that will help monitor flood 
risks at road crossings in the watershed and help better deploy county resources during 
storm events 

a. Roadway overtopping risk- 

i. Goal is to help direct crews for road closures during heavy rainfall events 

ii. The rainfall depth that would cause riverine water surface elevation that 
overtop the road at the crossings was determined. The hydraulic models 
were used to find the water surface elevations and Atlas 14 100-year, 24-
hour rainfall depths were used.  

b. Stream gage placement –  

i. Can be placed on Highway 21 and 71, or other high traffic roads and low 
water crossings in the watershed to monitor water surface elevations at the 
road. 

ii. Gages could also be set with trigger elevations to engage automatic closure 
of road gates. 

c. Flood monitoring web map –  

i. Updates from gages at road crossings can be available for emergency 
personnel and public use to monitor road crossing statuses. 

ii. Stream/rainfall gages – stage and rainfall could be shown on the web map 
showing color codes for stages at good, watch, and warning stages. 



3 of 3 
I:\35000s\35837\001\Watershed_Studies\Alum_Creek\Meetings\Public Mtg 3\Alum Creek Public Meeting 3_Meeting Minutes.docx 

iii. Automated gates – can be triggered if a gage reaches a warning stage to 
close a road crossing 

5. Next Steps 

a. Grants available for the County from both federal and state funds 

i. HGMP, FMA 

b. Loans available for the County from both federal and state funds 

i. CWSRF, FIF 

6. Questions 

 

  

Action Items 
 
 

1. Halff Associates: To provide Bastrop County with following data: 

i. A PDF of the Public Meeting 3 presentation slides. 

 
 

 
 

 
 

 

 
 



























































































































































































































































































































































































































































































































































































































































E-9 Area Studies
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