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1.0 INTRODUCTION

Over the last couple decades, the City of Kyle (City) has experienced significant growth
and development. A recent annexation of over |0 square miles of land increased the
total area within the City limits to approximately 30 square miles, equating to a 50%
increase. The City has an estimated population of 45,000 and has been one of the fastest
growing cities in the state. The rapid growth is largely attributed to its proximity to
Austin and location along the Interstate Highway 35 corridor. The City is expected to
continue to grow, both in population and economic vitality. This has resulted in a
significant increase in the amount of drainage infrastructure the City is responsible for
maintaining. The City experienced significant flooding as a result of the Halloween storm
events in both 2013 and 2015. The 2015 Halloween flood was estimated to be over a
500-year storm event. There were a number of structures flooded throughout the City
resulting in varying degrees of damage which included major roadways and other
infrastructure.

With urbanization comes an increased
risk of flooding from streams as well as
other sources, which can present hazards
to the public and impede growth. In an
effort to more effectively plan drainage
improvements and consider regulatory
measures aimed at minimizing adverse
impacts, the City is taking a proactive
approach. As such, the City selected Halff
Associates to prepare a Drainage Master
Plan (DMP) that will extend to the City
Limits and the Extra-Territorial Jurisdiction (ET]) (See Exhibit I, in Appendix A). The
services and products resulting from the study shall be referred to as the City of Kyle
Drainage Master Plan.

Streams included the most recent hydrologic and hydraulics studies for Plum Creek and
its tributaries, Bunton Branch and its tributaries, Richmond Branch, Upper Blanco River
and associated tributaries, Porter Creek, Andrews Branch, Brushy Creek and associated
tributaries, and Mustang Branch and tributaries. The study lies within four (4) Federal
Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) panels within
Hays County. Map Panels include 48209C0270F, 48209C0290F, 48209CO0385F, and
48209C0405F all effective as of September 2005. Local flooding areas were be identified
by City staff.
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The purpose and goal of the DMP is to
conduct a comprehensive evaluation of the
existing drainage conditions throughout the
City to develop an accurate and current
understanding of the drainage infrastructure
based on data provided by the City. This
assessment will include a comprehensive
inventory of existing data, most recent
hydrologic and hydraulics watershed model
simulation,  flooding  problem  area
identification, and flood mitigation solutions.

A drainage Capital Improvement Plan (CIP),
including costs, will be developed to address flooding issues.

During the development of this Drainage Master Plan, the National Weather Service
released new preliminary rainfall for the State of Texas titted NOAA Atlas 14 that
impacted design rainfall depths due to the addition of approximately 20 years of rainfall
data. The reader should be aware the conceptual drainage CIP projects are based on the
current USGS 1998 rainfall data per the current drainage criteria. Further discussion
regarding NOAA Atlas 14 and recommendations on adopting the new rainfall data is
located in Section 5.1. The following sections describes the procedure used in the
development of the drainage CIP projects.
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2.0 DATA COLLECTION AND FIELD INVESTIGATIONS

Several types of existing data were obtained to provide an understanding of Kyle’s

existing drainage problems to achieve the project’s primary objective of identifying and
developing a prioritized list of drainage CIP projects. Table 2-1 lists the data collected
along with their respective sources.

Table 2-1: Data Collected and Sources

Source

Field Reconnaissance Halff November 2017
Soils NRCS SSURGO data
Landuse City of Kyle 2017
Contours TNRIS/Hays Co. 2008
Terrain (DEM) TNRIS/Hays Co. 2008
GBRA Interim Feasibility Study Phase 2 GBRA May 2015
GBRA Interim Feasibility Study Phase 3 GBRA January 2015
City of Kyle Drainage Design Manual City of Kyle Revised February 2015
Burleson Street Flood Study Freese and Nichols July 2015
Stagecoach Preliminary Engineering Carlson, Brigance& Doering, Inc June 2017

Report

Stagecoach Subdivision Phase | and 1A

Carlson, Brigance& Doering, Inc

Plan set dated November 2017

N. Burleson Street Improvements

Freese and Nichols, Inc.

Plan set dated April 2016

Lehman Road Bridge Layout

HDR, Inc.

Plan set dated November 2017

Jack C Hays Trail Drainage and Safety
Improvements

CivilE

January 2017

Hydrologic Analysis and Floodplain

Delineation: Plum Creek Subdivision Don Wolford, P.E. May 2006
sections 3,5 & 6
Driskell Tract .Pre.llmlnary Plan Miller Gray August 2017
Application
Goforth Road Plan Set LAN, Inc. December 2015
Hometown Kyle Phase | and 3 LAN, Inc. April 2003 and June 2006

SteepleChase Subdivision Design Plans
Phases | to 3

Ulmann Engineering, Inc

May 1996 to March 1998

Silverado At Plum Creek

Nathan D. Smith, P.E.

July 2001

St Anthony’s Church New Sanctuary

Spencer Godfrey Architects

January 2003

FEMA LOMAs

FEMA

Effective dates vary June 2006 to
October 2016




CITY OF KYLE, TEXAS | DRAINAGE MASTER PLAN

2.1 Data Collection

Halff collected and catalogued all relevant GIS data including, but not limited to, storm drain
network, terrain (LIDAR) Data, land use/zoning, FEMA floodplain data, planimetrics, political
boundaries, development and subdivisions, detention pond locations, available utility
information, and parcel information. All GIS data gathered was organized in Geodatabase
format for use during the DMP process and will be provided to the City.

Halff collected and reviewed the current City Master Plans including:

* Comprehensive Plan

* Transportation Master Plan

* Parks and Recreation Master Plan

* Stormwater Management Plan (MS4 Phase 2)

Halff reviewed the following preliminary list of
identified flooding problems provided by City staff.

* Steeplechase along Plum Creek

*Jose Addition at Burleson Road

* Park Place/Hitching Post

* Lake Kyle (built for sediment retention)

* Records of drainage complaints received by City staff.

Halff utilized the GBRA Interim Feasibility Study products as support for this project.
Hydrologic and hydraulics models were reviewed and updated to support the analysis for the
low water crossings and channel solutions.

2.2 Field Data Collection

Halff conducted site visits of identified flood problem areas where access is available from
public right-of-way (ROW) and of selected road crossings, storm drain outfalls, regional
detention ponds, and sections of identified streams. During the site visits, Halff geo-located
features, photographed the feature, and recorded notes regarding the dimensions, conditions,
etc. This data was obtained utilizing the Halff GIS iOS app, which is connected to a Halff server
in real time through a cellular or Wi-Fi network. Once the field verification process was
complete, the GIS data developed was evaluated for completeness and correctness and then
finalized.
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3.0 DRAINAGE PROBLEM IDENTIFICATION

Halff compiled a list of drainage problem area “hot spots” identified in other studies based on
the data collected in the previous task and City staff input. Remaining flood and drainage issues
were identified using the best available existing information, drainage complaints, and City
knowledge of flooding problems. A field reconnaissance was conducted to evaluate drainage
problem areas. The naming conventions used for drainage problem identification were based
on the watershed that the problem exists. Table 3-1 lists the stream watershed names within
the City limits and the lettered stream code used in this DMP. Exhibit |, in Appendix A,
shows the streams in relation to the City limits along with the regional retarding structures
built by the NRCS which are operated and maintained by the Plum Creek Conservation
District. (PCCD). The following section describe the type of flooding identified with the City.

Table 3-1: City of Kyle Watersheds and ID Codes

Stream Name Watershed ID Code
Blanco River BR
Plum Creek PLU
Porter Creek POR
Bunton Branch BUN
Richmond Branch RIC
Plum Creek Tributary | PCTI
Plum Creek Tributary 4 PCT4
Andrews Branch Tributary ABT
Clear Fork Tributary CFP
Bunton Creek Tributary | BCTI
Plum Stream Tributary PST

3.1 Field Data Collection

Stream flooding involved identifying riverine flooding issues, typically based on FEMA
floodplains shown on the FIRM’s. Riverine flooding was identified through overlaying the
floodplains onto the Hays County appraisal district data and aerial photographs, then
identifying structures located within the 100-year (1% Annual Chance of Exceedance)
floodplain limits. While there are a significant number of floodplains through the City of Kyle,
there are not a large number of structures flooded in the 100-year storm event. The areas
that were identified with stream flooding were typically more rural and in areas that had more
natural stream channels rather than constructed channels designed for flood reduction.

The areas that were identified with stream flooding were typically more rural and in areas that
had more natural stream channels rather than constructed channels designed for flood
reduction.
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3.2 Low Water Crossings

Low water crossings are common throughout
the City. These crossings were built to provide
conveyance under the roadway in more frequent
storm events but were not designed to convey
larger storms. At a minimum, this can result in
mobility problems and can create potentially
dangerous conditions if emergency vehicles
cannot access particular areas of the City.

Another potential problem arises when residents

drive through flooded low water crossings, not
recognizing the hazard created by significant
depth and velocity of water overtopping the roadway. Low water crossings were initially
identified from mapping the intersections of the FEMA floodplains and City of Kyle roadway.
Stream hydraulics models at these locations were reviewed, where available, to identify the
flood elevation and depth over the roadway. At locations where hydraulics models were not
available, the available floodplain mapping was used to identify the approximate flood elevation
and therefore, flood depth. For the modeled locations, the storm frequencies (2-, 10-, 50-, and
|00-year storm events) of modeled depths were recorded as shown in Table 3-2 in Appendix
B.

This comprehensive list was reduced to those low water crossings that were inundated by
the 2- (50% ACE), 5- (20% ACE), and 10-year (10% ACE) storm events. These locations
were mapped and a mobility evaluation was performed to confirm access for all subdivisions
during these storms. The mobility evaluation identified those culverts that required upgrading
to allow for at least one point of access to all neighborhoods in the City. These identified
culverts were included in the DMP analysis. A final check for the 25-year (4% ACE) and larger
event was performed to evaluate access during these larger storms. The revised list of low
water crossings was reviewed by the City of Kyle and several low water crossings were
added based on comments from staff. The final list of low water roadway crossings is included
in Table 3-2 in Appendix B. Refer to the Drainage Project Ranking Criteria matrix in Appendix
C and Exhibit 2 in Appendix A for location of low water crossings on the final list.
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3.3 Localized Drainage Issues

Localized drainage issues include, but
are not limited to, street flooding,
roadside ditch flooding and subdivision
and lot flooding. Localized drainage
issues were identified by City staff and
listed in the original scope of work
including: Steeplechase along Plum
Creek; Jose Addition at Burleson Road;
Park Place/ Hitching Post; Quail Ridge
neighborhood, and Lake Kyle. Several

meetings with the City staff resulted in
additions to the list of identified local
drainage issues. The summary of localized drainage issues can be found in Table 3-3 in
Appendix B. Refer to the Drainage Project Ranking Criteria matrix in Appendix C and Exhibit
2 in Appendix A for locations of localized drainage issues.

3.4 Channel Erosion Issues

Erosion issues were noted in areas where stream or ditch flood flows have eroded the
channel bed or banks threatening roads, structures or utility infrastructure. Potential
problem areas where it is obvious that continuing erosion will threaten roads,
structures or utility infrastructure are
also noted. Erosion issues were
identified during the field
reconnaissance phase and from City
staff input. Refer to the Drainage Project
Ranking Criteria matrix in Appendix C and
Exhibit 2 in Appendix A for locations
of erosion issues.
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4.0 DRAINAGE SOLUTIONS

Halff conducted a hydrologic and hydraulics analysis of the identified drainage problem
areas using available collected data and updated field survey. The existing GBRA
feasibility models were utilized for this analysis since they are considered to be the best
available data. Updates of these models included modification of development levels,
updated terrain information, and structure information, as necessary. Any new modeling
was consistent with previous modeling and based on available data including State Soil
Geographic (STATSGO) or Soil Survey Geographic (SSURGO) soil information, land
use, and other available City data. Depending on the particular drainage issue,
determining drainage solutions for each location may have included culvert analysis using
Culvert Master or HEC-RAS hydraulics model if available. Flow rates for design were
typically determined using the rational method for areas less than 200 acres and HEC-
HMS hydrologic model for larger areas as necessary.

4.1 Flood Mitigation Solutions

Flood mitigation solutions considered included the following structural and non-
structural measures independently and in combination:

*_Structural Alternatives:
- Storm drain system improvements
- Road crossing improvements
- Channel improvements
- Detention and Retention Ponds

¢ Non-Structural Alternatives:

- Identify flood areas and depths

- Require new buildings to be elevated

- Buy-out of buildings most prone to flooding

- Maodifications to current drainage maintenance criteria, policies, or standards

4.1.1 Low Water Crossings

Low water crossings solutions involved upsizing culverts and raising roadways to reduce
the frequency of flooding. Using available HEC-RAS analysis or Culvert Master, upsized
culverts were added, and the roadway above the culverts raised, if necessary. Culvert
sizes were selected to pass the 25-year design frequency. The 100-year design frequency
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was also evaluated and if the cost differential was less than 10% increase, then the 100-
year design was recommended. The roadway was raised and extended out, as
necessary, to tie into the existing road, avoiding conflicts with side streets and
driveways.

4.1.2 Local Drainage Issues

Localized drainage issues had the most variety in solutions. The mitigation could include
driveway culvert and roadside ditch improvements such as the solution proposed for
the Hitching Post flood problem area. Alternatively, some solutions included proposed
storm drain systems along the roadway as in the case of the Center Street flood
problem area. Common solutions to address local drainage issues included: improved
ditches; upgrading culverts; and storm drain pipe systems.

4.1.3 Regional Detention Analysis

A regional detention evaluation was conducted to determine if such facilities could be
implemented within the city that would be effective for flood risk reduction. The
available open spaces in the City limits were evaluated to identify locations with
sufficient space to implement proposed regional detention ponds. These locations were
reviewed with City Staff to determine suitability.

Several parks were examined, such as Steeplechase Park, to evaluate if fully excavating
the area within the ROW would provide significant reduction of peak flow. Generally,
the results showed that while peak flood flows could be reduced, the reduction was
small and had limited benefits for structures downstream. A second exercise was to
determine if existing NRCS dam reservoirs within the Plum Creek Conservation
District (PCCD) could be upgraded to provide sufficient detention to reduce peak
flows. The configuration for PCCD Dam Site #| on Plum Creek was evaluated to
determine if additional storage could be added to the reservoir pool. The results show
potential excavation added 3| acre-feet of storage but due to the relatively low
elevation of the auxiliary spillway, there were little or no peak flood flow reduction
benefits downstream along Plum Creek.

These evaluations and modeling exercises determined that regional detention
storage was not a feasible option for reducing existing flood damage as part of
the Drainage Master Plan. It is more effective, from the City’s standpoint, to
manage flood risk by safely conveying stormwater runoff via existing stream and
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drainage channel improvements and by controlling development adjacent to
floodplains. Additionally, coordination with the PCCD and the effects of
development adjacent and downstream of the existing five NRCS dams within the
City limits is highly recommended.

4.2 Ranking Criteria Matrix for Drainage Projects

In order to determine the prioritization of the proposed improvements, a criteria
ranking and categorization system was developed. A matrix was developed which
provided a structured method of scoring, ranking and prioritizing proposed drainage CIP
Projects. The scoring matrix includes a list of five major categories that define the
critical aspects of a potential drainage improvement project. Under these major
category headers are |7 total subcategories to better evaluate priority. These drainage
project ranking categories and subcategories include:

* Public Safety * Environment
- Road Flooding and Mobility - Water Quality
- Emergency Access -Impact to Environmental
-Number of Homes in 100-year Features
Floodplain
- Level of Drainage Service * Project Timing
- Mitigation Required for - Ease of Permitting
Downstream  Impact - Time of Construction
-Dependency on Other
* Economic Projects
- Project Cost - Land and Easement Acquisition
- Funding Sources
-Economic Impact on New * Social
Development -Element of Comprehensive
-Economic Impact on Existing Plan
Business - Impact on Neighborhoods

Each of these sub categories were assigned a weight based on discussion with City staff
that determines the influence of each category on the overall project score. Categories
such as Public Safety and Economic were assigned higher weights than the other
categories since they are most critical aspects of a drainage issue during discussions
with City staff. Each category is to be assigned a raw rank based upon the guidance of
the Project Scoring Sheet provided by the City. The score for each category was then

10
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multiplied by the category weight. All 17 category scores were then summed to create
a total project score (maximum possible of 100 points). The project score determined
the ranking of the project and its prioritization to assist City staff in planning a drainage
CIP program. The drainage project matrix scoring sheets are provided in Appendix C.

4.2.1 Opinion of Probable Construction Cost Estimates

Opinions of project cost estimates were prepared for each drainage project developed
and used in the ranking process. TxDOT average unit costs provided the basis for
estimating unit cost estimates and an additional percentage for engineering design and
permitting was included in each estimate. These estimates do not include land
acquisition costs which will need to be determined before the project moves into the
next phases of preliminary and final design. A contingency of 30% was also added to the
final estimate for uncertainties in the project development such as unknown utility
conflicts. For buyout options, the Hays County appraisal district values were used and
multiplied by a factor of 3. The cost estimates prepared typically included both the 25-
year design and the 100-year design to compare the cost of upgrading the capacity of
the drainage project solution. The probable cost estimates shown in the project
summary sheets is typically the 25-year unless the upgrade to the 100-year is small or
required for mobility or design requirements. The probable cost estimate level is
defined in the notes section of each project summary sheet.

4.3 Prioritization of Drainage CIP Projects

City staff reviewed the project classifications and confirmed objectives and assumptions
for the CIP prioritization. The conceptual drainage projects were prioritized based on
the criteria scoring with the highest scoring drainage project having the highest priority,
etc. A summary sheet for each project was created that includes a description of the
project, recommended solution(s), cost estimate opinion and ranking values. These
project sheets can be found in Appendix D.

4.3.1 City Maintenance Drainage Projects

The City provided direction to identify projects they prefer city crews to perform.
These projects are grouped, rated, and provided with a cost estimate opinion. The cost
estimate opinions do not reflect the potential benefit of lower project costs as a result
of using City crews to complete the construction but is intended to provide a consistent
cost comparison between projects. The projects identified are shown in Table 4-1.
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Table 4.1: City Maintenance Drainage Project List

Ranking \ Project ID Project Name Ranking Value | Estimated Project Cost

I RIC-02 Kelly Smith Ln 75.7 $368,400
2 PST-0I Live Oak St Drainage 73.3 $96,700
3 BR-02 Roland Ln LWC (W) 72.7 $852,800
4 CFP-01 Quail Ridge Area 71.7 $675,000
5 PCT4-05 Scott St LWC 69.3 $566,130
6 PCT4-04 S. Burleson St Drainage 67.3 $77,955
7 PCT4-01 Hitching Post 65.3 $257,523

4.3.2 Drainage CIP Projects

A Capital Improvements Program (CIP) has been developed for the identified drainage
projects. The list prioritizes the projects based on the resulting score. Drainage projects
are ranked on the resultant score from highest to lowest. The full list of CIP projects is
provided in Table 4-2.

4.3.3 Potential Combinations of Drainage Projects

There are several areas where several identified projects are located close vicinity to
each other. In these cases, it may prove beneficial to combine several projects into a
single effort rather than completing them separately at different times. Discussion with
the City of Kyle staff identified three locations where this would be advantageous. These
locations and project combinations could include the following:

* Hitching Post (PCT4-01), Meyers St. Drainage (PCT4-03), and Sledge St LWC (PCT4-06)
* RR near Deleon St (PST-02), Live Oak St Drainage (PST-01), and Jose Addition (PST-03)
* Windy Hill LWC (RIC-0l) and Kelly Smith Ln (RIC-02)

* Sweet Gum Erosion | (PCT1-01) and Sweet Gum Erosion 2 (PCT-02)

The City should consider these projects together as the determination to fund
particular drainage improvements are made.
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Table 4.2: Prioritized Drainage CIP Project List

Ranking Project ID Project Name Ranking Value  Estimated Project Cost
! BCTI-0| BeBee Rd 82.0 $326,322
2 RIC-0| Windy Hill LWC 787 $595,600
3 ABT-0I Dacy Ln 77.0 $326,428
4 CTR-0I Center Street 747 $1,009,152
> BR-0 Roland Rd LWC (E) 743 $841,754
6 PLU-02 Steeplechase Park US Det 74.0 $4,310,300
7 PLU-0I FM2770 nr Barton MS 737 $973,881
8 BUN-O Bunton Ln LWC (5) 727 $617,908
? BUN-03 Bunton Ln LWC (N) 727 $824,716
10 PCT4-06 Sledge Dr LWC 72.0 $566,128
I BUN-02 Bunton Ln LWC (C) 71.0 $902,110
12 FPM-02 FEMA LOMR 71.0 $150,000
13 POR-0| Cotton Gin Rd Area 70.0 $780,000
14 FPM-OI US Floodplains 69.3 $90,000
5 BUN-04 Goforth Rd LWC 68.0 $287,870
16 PCT4-03 Meyers St Drainage 65.7 $75,630
17 PST-02 RR near Deleon St 643 $527,000
8 PST-03 Jose Addition 64.0 $78,663
19 AND-O| Dove Ln Homes 633 $1,241,300
20 PLU-04 Isabel Ln Area 63.0 $1,381,440
21 PCTI-01 Sweet Gum Erosion | 59.3 $60,353
22 PCTI-02 Sweet Gum Erosion 2 59.3 $80,003
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5.0 EVALUATION OF ORDINANCES AND DRAINAGE
CRITERIA

This section expands on several key
findings to provide guidance for future
actions that will help improve
stormwater management in Kyle. By
necessity, stormwater management
will always be an ongoing activity at
the City and the recommendations
made in this report will provide
direction as the City continues to
grow. The following  sections
summarize  Halffs  recommended

changes, additions, and/or clarifications
to the existing drainage criteria and/or
the City’s Code of ordinances. The following sections address the evaluation of the
following:

* Design Criteria Manual

* Stream buffers

* Detention pond criteria improvement

* Drainage checklist for development review process

* Specific design criteria modifications, as well as policy updates aimed at minimizing
adverse impacts

* Opportunity to assist City staff in developing a policy and process

* New NOAA Atlas 14, Volume | | Precipitation-Frequency Atlas

5.1 NOAA Atlas |14 Considerations

A new NOAA Atlas 14, Volume || Precipitation-Frequency Atlas of the United States,
Texas was released September 27, 2018, during the preparation of this Drainage Master
Plan report. The new rainfall data includes additional twenty years of rainfall data up to
2017 and indicates increases in the 100-year rainfall comparted to the USGS Water
Resources Investigations Report 98-4044 (USGS 1998) that is currently used in the
recent GBRA watershed studies. In Kyle for example, on average the [00-year, 24-hour
rainfall amounts increase from 10.4 inches to 13.2 inches, an increase of approximately
2.8 inches. Rainfall values previously classified as the 500-year, 24-hour storm event are
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now considered closer to a 100-year storm event. The values previously classified as a
[00-year, 24-hour storm event are now closer to a 50-year storm event.

The figures and tables below show a comparison of the USGS 1998 to the NOAA Atlas
[4 rainfall totals in Hays County. The maps below display the 100-yr, 24-hour rainfall
depths for Hays County. The table and graph on the following page display the rainfall
values between the USGS 1998 and NOAA Atlas |4 near Kyle.

The USGS 1998 values displayed in the table were derived from the GBRA Plum Creek
watershed study. The Atlas |4 values include an average of three nearby gages including
the Manchaca, San Marcos, and Wimberley | NVV gages.
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Annual Average 24-hour
Frequency Chance Precipitation Depths (inches)
Event Probabilit
robabliiity | ysGs (1998) | ATLAS 14 (2018)
500-year 0.2% 13.9 19.8
100-year 1% 104 <_I—> 13.2
50-year 2% 9.0 <—|_> 11.0
25-year 4% 7.8 9.1
10-year 10% 6.3 6.9
5-year 20% 5.2 5.6
2-year 50% 3.7 4.2
l-year 100% 1.2 3.2

Halff considered the potential rainfall increase as part of the recommendations to the
Code of Ordinances, Chapter 32 Site Development discussed in the following sections,
but further considerations on how to adopt the NOAA Atlas 14 rainfall should be
determined. In addition, Halff recommends adopting the NOAA Atlas |4 rainfall data
into the City’s Code of Ordinances as well as updating the GBRA studies to reflect the
increase in flood risk and for advancement of the CIP projects.

5.2 Code of Ordinances Recommmendations

The following recommendations are based on review of the current City Ordinances.
The minimum finished floor elevations recommendations listed below are based on an
evaluation of the difference in water surface elevation of the 100-year to the 500-year
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floodplain elevations.

Chapter 32 - Site Development

|. Define the 100-year floodplain using precipitation derived from the USGS Atlas of
Depth-Duration Frequency of Precipitation Annual Maxima for Texas (SIR 2004-
5041, Asquith) report.

2. Specify the 100-year floodplain extents shall be defined using the best available
analysis.

3. Define the 100-year flood frequency to be determined assuming fully developed
land use watershed conditions.

4. Establish required minimum finished floor elevations for all lots a minimum of two
feet above the regulatory 100-year floodplain or above the 500-year, whichever is
greater. Finished floor elevations requirement can be reconsidered when NOAA
Atlas 14 rainfall data is adopted and flood elevations are established.

5. Require the final site plan to contain a statement by an engineer certifying the slab
elevations are in compliance with the minimum finished floors elevations required.

6. Add verbiage that final site plan shall contain a note that no fences, structures,
storage or fill allowed within the limits of the 100-year floodplain.

Chapter 41 — Subdivisions

I. Require all development establishing impervious cover or otherwise modifying an
existing site to limit peak rate of runoff for storm events up to the 100-year
frequency storm to the pre-development rate.

2. Proposed site drainage plans shall ensure that downstream storm drain systems
have adequate capacity and do not cause downstream impacts including flooding
and erosion.

3. Require discharge from storm drain systems and/or detention ponds shall not
cause downstream erosion and the applicant must show acceptable non-erosive
conveyance.

4. Require grading plans shall be designed to ensure all lots adequately drain upon
completion of the subdivision improvements.

5.3 Drainage Criteria Manual Recommendations

The City is currently in the process of developing an Engineering Design Manual. Halff
has reviewed the draft criteria and provides recommendations for improvements and/or
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updates summarized below. Hays County is also in the process of updating its Drainage
Criteria Manual and is anticipating finalizing the manual by early 2019. Halff recommends
that the City reviews the final Hays County Drainage Criteria Manual and consider
adopting that manual. The following lists the recommended drainage criteria revisions.

I. Clarify fully developed floodplains drainage area for more than 50 acres must be
defined by the engineer and drainage easement or right of way shall be dedicated
to the public.

2. Clarify peak runoff rates shall not be increased at any point downstream for the 2-
(50% ACE), 10- (10% ACE), 25- (4% ACE), and [00-year (1% ACE) flood
frequency event.

3. Update design rainfall totals from TP-40/Hydro-35 to USGS Atlas of Depth-
Duration Frequency of Precipitation Annual Maxima for Texas (SIR 2004-5041,
Asquith) report. Once NOAA Atlas 14 rainfall data is released, consider adopting.

4. Riverine hydrologic methods and procedures used for watershed analysis should
be similar to the studies recently conducted as part of the GBRA Interim Feasibility
Study — Phase 2.

a. Specify unit hydrograph methodology as Snyder’s Unit Hydrograph with lag
times determined using the Snyder lag time and peaking coefficient.

b. Specify loss methodology as Block and Uniform loss rate method using
percent sand parameter.

5. Document standard procedures for hydrograph routing that specify the use of
Modified Puls routing where hydraulics models are available.

6. Site development drainage to continue using Rational Method to determine peak
flows for drainage areas less than 200 acres and NRCS methodology in
determining Time of Concentrations.

7. Require fully developed 100-year peak discharges for new developments and revise
City Ordinances, subdivisions regulations, and Engineering Design Manual
accordingly.

8. Require discharge from storm drain systems and/or detention ponds shall not
cause downstream erosion and the applicant must show acceptable downstream
non-erosive conveyance.

9. Require grading plan shall be designed to ensure all lots adequately drain upon
completion of the subdivision improvements.
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5.4 Detention Pond and Drainage Channel Maintenance
Recommendations

The City of Kyle currently has 41 on-site detention ponds, not including the PCCD NRCS
dams, identified within its limits to include those located on Home Owner Association (HOA)
common areas, private, and public property. Twenty-five (25) of the 4| detention ponds are on
HOA property. It is unclear what condition the detention ponds are currently in and if they are
functioning as designed. Therefore, taking on maintenance of these facilities could add cost to
bring the detention ponds into working order. If the detention ponds are designed for the 25-
year frequency storm or less, the City may need to retrofit the pond to detain for the 100-year
frequency storm at an added cost to the City.

Additionally, the City is currently
maintaining drainage channels  within
existing drainage easements as part of the
City’s normal operations. Continued
maintenance of drainage channels located
in dedicated drainage easements allows
runoff to efficiently flow unobstructed to
the larger drainage creeks and those that
have appropriate maintenance access. The
City’s Storm Drainage and Flood Risk
Mitigation Utility fee currently does not
cover maintenance and operation costs

for existing and future HOA detention ponds and include the large number of capital projects
identified in this report. Over time the use of these monies may transition from infrastructure
to maintenance.

Based on discussion with City staff, two four-man crews with a crew leader and new
equipment will be needed to maintain detention ponds, assuming the ponds are in good
working order, at an annual estimated cost of $468,000 plus upfront costs to purchase
equipment estimated at $| million, not including annual equipment maintenance costs.
Additionally, some existing detention ponds do not have adequate access and will need
modifications. If detention ponds are maintained by the City, the Storm Drainage and Flood
Risk Mitigation Utility rate will likely need to increase for new crews, equipment and to provide
adequate access at ponds that lack access. A less expensive solution would be to assign
appropriate staff to inspect detention ponds for compliance of maintenance and possibly use
existing City Ordinances and appropriate safety precautions to allow Kyle staff to issue
potential violations for unmaintained or malfunctioning detention ponds upon inspection.
Based on the potential cost, data obtained and our understanding of discussions with City staff,
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Halff developed three recommendations on maintaining detention ponds and drainage channels
for City staff to consider.

Option I:
Detention Ponds:

I.  Require property owners maintain detention ponds as originally designed.

2. Establish Subdivision Ordinances to allow City staff to inspect detention ponds for
compliance of maintenance.

3. Consider maintenance agreement with in-line detention pond property owners
where ponds are large enough to double as a park for recreational facilities.

4. Notify property owners with detention ponds that City staff will begin inspecting
detention ponds for proper maintenance. Consider 6-12 months to allow property
owners to properly maintain detention ponds prior to beginning annual inspections.

5. Conduct annual inspections and provide notices to property owners that require
pond maintenance they may incur potential violation fees for non-compliance.

6. Potentially no increase the Storm Drainage and Flood Risk Mitigation Utility Fee.

Drainage Channels:

I. Require developments that have public drainage channels to convey the 100-year
storm event within a defined public rights-of-way (ROW) or drainage easement.

2. Notify private property owners that public drainage channels require maintenance
by property owners and will be enforced by the City.

3. Continue maintaining HOA drainage channels located in dedicated drainage
easements or ROWV that have appropriate maintenance access.

4. HOA public drainage channels must provide proper access roads and ramps for
maintenance equipment.

5. Drainage channels located within private property and not within a drainage
easement shall be maintained by the property owner.

6. Identify HOA public drainage channels that are not within a public ROW or
drainage easement and notify property owners that City will maintain drainage
channels once channels have been maintained to the City’s approval and the
drainage channel is dedicated as a drainage easement by all property owners.

Option 2:

Detention Ponds:

|. City to take over maintenance of HOA detention ponds with the following

20
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conditions:

a. Detention pond must be certified by an engineer ensuring its operating as
designed.

b. Maintenance access must be adequate and meet drainage criteria
requirements.

c. Detention pond and maintenance access area to be dedicated as drainage
easement to the City.

2. Detention ponds to be mowed at least twice a year for maintenance only. Any
maintenance for aesthetics would be conducted by the HOA.

3. Recommend detention pond inspections as outlined in Option | above for
detention ponds not within HOA's.

4. Storm Drainage and Flood Risk Mitigation Utility Fee will need to be re-evaluated
with the potential of increasing the rate to cover additional crews and equipment
for detention maintenance and completing drainage CIP project identified in this
report.

Drainage Channels:

I.  Recommendations as outlined in Option | above.

Option 3:
Detention Ponds:

I.  Recommendations as outlined in Option 2 above except for item 4.

2. Storm Drainage and Flood Risk Mitigation Utility Fee to remain at its current rate
with the understanding that drainage CIP projects identified in this report will be
completed as budget allows.

Drainage Channels:
a. Recommendations as outlined in Option | above.
5.5 Stream Buffers/Setbacks
Stream buffers or setbacks are vegetated areas near a stream or creek, usually wooded,
that can provide shade and partially protect the stream from the impact of adjacent
land uses. Stream buffers play a key role in enhancing water quality in streams and

providing environmental benefits such as:

* Reduces stormwater runoff velocities

21
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* Filters and increase infiltration of runoff

* Intercepting sediments and nutrients

* Intercepting pesticides

* Enhances bank stabilization from erosion and scour

* Provide habitat by shading and cooling water

* Increases land value for people who purchase land for recreational use

Plum Creek (TCEQ Seg. 1810) is listed on the Draft 2016 Texas Integrated Report — Water
Bodies with Concerns for Use Attainment and Screening Levels developed by TCEQ. The
pollutants near non-attainment for the Plum Creek segment is listed in the following table with
the associated level of concern:

Table 5-1: Plum Creek 2016 Pollutants Concerns Listed by TCEQ

Pollutant ‘ Level of Concern

. CN - Concern for near-nonattainment of the TSWQS based on numeric
Depressed Dissolved Oxygen | .~ .
criteria
Nitrate CS - Concern for water quality based on screening levels
Total Phosphorus CS - Concern for water quality based on screening levels

Stream buffers will help to enhance the water quality not only for Plum Creek
pollutant level concerns, but all streams within the City of Kyle. Halffs
recommendations are to:

I. Require new residential and commercial development to prohibit development
within the following stream buffer/setback:

a. FEMA Zone AE Streams — 100 feet setback extending on either side of the
stream centerline or 25 feet measured from the floodway boundary,
whichever is greater

b. FEMA Zone A and Non-FEMA Stream — 100 feet setback extending on either
side of the stream centerline up to contributing drainage areas of 50 acres or
larger

2. For commercial sites, consider incentivizing the use low impact development
storm water techniques (i.e.; rain gardens, bio-retention, bio-swales, etc.) in-lieu of
a stream buffer/setback.

3. Exceptions for specific activities could include a stream crossing for a driveway,
transportation routes including but not limited to bike paths and pedestrian trails,
utility lines, public water supply intake, property access, stream bank stabilization,
stormwater outfalls, etc.
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5.6 Drainage Checklist Development Recommendations

To make development review more efficient for both the City reviewer and the
developer, the following drainage plan checklist for site development submittals is
suggested.

Drainage plan submittals should include:

|. Existing grades and topographic contours at intervals not exceeding two feet.
Proposed grades and topographic contours at intervals not exceeding two feet.
Karst features and any protected area required by U.S. Fish and Wildlife or TCEQ.
Existing roads.
Existing structures to be retained.

Existing drainage features including lakes, streams, and ponds.

N o U~ w N

Location and elevation of the base flood elevations and fully developed 100-year
flood elevations.

8. Location and dimensions of existing and proposed stormwater detention
structures or ponds.

9. Location and dimensions of existing and proposed water quality structures or
ponds if located within the Edwards Aquifer Recharge Zone.

10. Indicate how concentrated flows from site will not create downstream erosion.
I . Indicate on site plan cover the existing and proposed impervious.

|2. Location and size of all proposed stormwater lines or surface drainage structures.

|3. Drainage calculations (for 2- (50% ACE), 10- (10% ACE), 25- (4% ACE), and 100-
year (1% ACE) frequency storms) showing no impacts to adjacent properties.

[4. Channel profiles.
I5. Crossing elevation information for all public utility lines versus other utilities.

16. If development is adjacent to PCCD NRCS Dams storage pool, ensure structures
are outside of dam inundation area.

|7. Water quality within the Edward’s Aquifer must be coordinated with TCEQ
Edwards Aquifer Protection Program and determination letter submitted.

I8. Maintenance and operation plan for any proposed water quality structures or
ponds.

|9. Separate report for drainage to include: reference maps, flow information, and an
accompanying narrative by the engineer stating the development shall not cause
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any adverse impact to downstream properties and explanation of method of
analysis and determinations used to reach this conclusion. Report must evaluate
existing capacity of downstream storm drain system or open channel and show no
downstream system impacts.
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