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EXECUTIVE SUMMARY

LJA Engineering was selected to by Harris County Engineering Department (HCED) to prepare a
study and design for drainage improvements in the Ravensway Subdivision. HCED issues a
notice to proceed on June 30, 2021. A drainage assessment was originally conducted by Costello
on June 23, 2019 and LJA was tasked to further investigate the recommendations made on the
assessment and verify the results. This project is in Precinct 3, Cypress, Texas. The Ravensway
subdivision is a residential neighborhood located south of Jarvis Road, west of HCFCD Unit No.
K163-00-00, north of Ravensway Drive and East of Tall Forest Drive.

LJA Engineering has prepared this study report to present the multiple studies conducted for the
subdivision and present the recommendations to reduce excessive ponding in the ATLAS-14 2
and 10-year rainfall and reduce the number of impassable zones within the project area. The
Ravensway subdivision has been reported to experience frequent flooding, which can be
supported from previous flooded structure records as well as impassable roads from high
inundation. Flooded structures were reported for Hurricane Harvey (August 2017), Tax Day Flood
(April 2016) and Memorial Day Flood (2015).

The Ravensway Subdivision was built in the 1970s. The subdivision streets and storm sewer
system constructed originally did not incorporate extreme event rainfall conveyance. The existing
underground storm sewer lacks conveyance capacity to route the ATLAS-14 2-year and 10-year
rain events which leads to excessive ponding at low points on the streets leading to impassable
areas. Structural flooding occurs in the ATLAS-14 100-year rainfall. The subdivision is in the
Cypress Creek watershed and near the confluence of HCFCD Unit No. K100-00-00 (Cypress
Creek) and K163-00-00. The subdivision is in the Cypress Creek 100-year floodplain which
indicates there is a strong likelihood of out-of-bank channel flooding during an extreme event
rainfall. Due to the drainage deficiencies, this subdivision would benefit from the proposed
improvements.

The studies performed and their approval dates are as follows: The Threatened and Endangered
Species Habitat Evaluation was accepted on November 19" 2021. The Archaeological
Investigations assessment desktop study was accepted on January 13™ 2022. The
Archaeological Investigations for the Proposed Ravensway Subdivision Drainage Improvement
Report was submitted to THC on June 3,2022. USACE accepted the Waters of the United States
(WOUS) on January 31%, 2022. right-of-way and topographic survey maps for subdivision streets
was accepted on December 17, 2021 and for the detention basin it was accepted on January
11, 2022. The geotechnical detention basin report was accepted on April 6™, 2022 and the
geotechnical pavement investigation was accepted on May 10", 2022. The Drainage Impact
Analysis (DIA), provided in Appendix C, was approved by Harris County Flood Control District
(HCFCD) on March 23", 2022.

Proposed storm sewer improvements will improve the conveyance capacity to reduce impassable
zones and excessive ponding in the ATLAS-14 2-year and 10-year rainfall event. A proposed
detention basin located northwest of the project area will provide mitigation to cause no adverse
impacts upstream and downstream of Cypress Creek due to the improved conveyance in the
storm sewer system and fill in the floodway (a floodway analysis is included in the DIA), refer to
Appendix C.

The preliminary construction cost estimate for this project is $14,692,000.00.
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1.0 INTRODUCTION

1.2 Authorization

LJA Engineering, Inc. (LJA) was authorized to proceed with the engineering study and design
services for Harris County for the improvements of the existing drainage system to Ravensway
Subdivision on June 30, 2021 to provide drainage improvements along the neighborhood
including a proposed detention basin.

1.2 Location

This project is in the Ravensway Subdivision in Harris County Precinct 3 and the Cypress Creek
watershed. It is generally bounded by Jarvis Road to the North, HCFCD Unit No. K163-00-00 to
the east, Ravensway Drive to the south and Tall Forest Drive to the west. Refer to Exhibit 1 for
Project Location. A portion of the subdivision is in the Cypress Creek 100 and 500-year floodplain
as shown in FIRM Panel 48201C0410M and 48201C0430M (see Exhibit 2).

1.3 Purpose and Scope

The purpose of this Study Report is to present the findings from the engineering and
environmental investigations conducted which provided recommendations for drainage
improvements to alleviate the existing flooding that occurs in the Ravensway subdivision. These
improvements included replacing storm sewer trunklines, replacing two existing outfalls, adding
one outfall, and constructing a detention basin. The implementation of the drainage improvements
will reduce the number of impassable zones for the ATLAS-14 2-,10-, and 100-year rainfall event.
The drainage improvements will tentatively reduce structural flooding in the ATLAS-14 100-year
rainfall event.

The scope of the Study Report consists of the following and will summarize the findings for each
assessment, analysis or investigation:

- Review and analysis of the existing conditions

- Environmental Investigation

- Drainage Impact Analysis

- Geotechnical Investigation

- Utility Conflict coordination list

- Right-of-way alignment and topographic survey

- Preliminary cost estimate.

1.4 Existing Conditions

The project is in Harris County, Precinct 3. The existing conditions are as follows:

1. The Ravensway Section 1,2, and 3 Subdivision is comprised of neighborhood streets
typically with two-lane concrete pavement 28-feet curb and gutter back-to-back wide,
existing inlets, and storm sewer. Streets with this configuration include Campsite Trall,
Lakecrest Road, New Kentucky Road, Wiley Martin Drive, Scouts Lane, Tall Forest Drive,
Retreat Trail, and Rifleman Trail. Jarvis Road contains a four-lane concrete pavement with
a raised median. The eastbound and westbound lanes on Jarvis Road are 25-foot wide
from back of curb to back of curb.
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The apparent right-of-way (ROW) is 60-feet wide on Campsite Trail, Lakecrest Road, New
Kentucky Road, Wiley Martin Drive, Scouts Lane, Tall Forest Drive, Retreat Trail, and
Rifleman Trail. The apparent right-of-way on Jarvis Road is 100-feet wide.

There is an existing 48-inch reinforced concrete pipe (RCP) storm sewer that outfalls to
HCFCD Unit No. K100-00-00 and one existing 42-inch corrugated metal pipe (CMP) and
an existing 36-inch RCP storm sewer that outfall to HCFCD Unit NO. K163-00-00.

The Ravensway Subdivision is near the confluence of two channels, HCFCD Unit No.
K100-00-00 (Cypress Creek) and HCFCD Unit No. K163-00-00. Refer to Exhibit 4 for
storm sewer location and existing drainage system within the subdivision. Exhibit 6 shows
the existing typical sections of Campsite Trail, Lakecrest Road, New Kentucky Road,
Wiley Martin Drive, Scouts Lane, Tall Forest Drive, Jarvis Road, Retreat Trail, and
Rifleman Trail.

The expansive K100-00-00 and K163-00-00 floodplains within the study area indicate a
strong likelihood of out of bank channel flooding and potential overflow during extreme
events. Flood records from Hurricane Harvey indicate a significant number of structures
within the regulatory floodplain. This area is vulnerable to overbank flowing from Cypress
Creek. Reports on the Tax Day flood showed that flooding located inside the channel
floodplain. No structures were reported during the Memorial Day floods.
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2.0 STUDIES AND DESIGN INFORMATION

2.1 Survey

The right-of-way, survey controls, topographic survey were performed by Costello, Inc and
consisted of vertical and horizontal control, existing right-of-way (ROW) maps and topographic
survey. The survey was accepted by HCED for subdivision streets on December 17, 2022 and
for the detention basin on January 11, 2022. See Exhibit 7 for the right-of-way, topographic
survey, and survey control map.

2.1.1 Topographic Survey

A topographic survey was conducted in accordance with Texas Society of Professional Surveyors
(TSPS) Category 6, Condition Il standards and to Harris County Standards. All public and private
utilities were found using subsurface Utility Engineering Quality levels “B”, “C” and “D”. Additional
survey was conducted for the proposed detention basin site located in two properties owned by
Harris County Flood Control District: HCAD Parcel No. 0410650000088 and 0410650000097.

The specific limits are as follows:

1. Ravensway Drive — approximately 3,500 feet
Old Hickory Court — approximately 200 feet
Lazdins Court — approximately 200 feet
Tall Forest Drive — approximately 2,550 feet
Texas Army Trail — approximately 550 feet
Rifleman Trail — approximately 740 feet
Wiley Martin Drive — approximately 805 feet
Retreat Trail — approximately 1,394 feet
Campsite Trail — approximately 1,200 feet
10. New Kentucky Road — approximately 506 feet
11. Scouts Lane — approximately 815 feet
12. Lakecrest Circle — approximately 200 feet
13. Saracen Drive — approximately 450 feet
14. Twin Sisters Road — approximately 350 feet
15. Jarvis Road — approximately 2,700 feet

©CoNOOh~WN

Additional survey was conducted for the proposed detention basin site located in two properties
owned by Harris County Flood Control District: HCAD Parcel No. 0410650000088 and
0410650000097. Survey of two cross sections of Cypress Creek at proposed outfall location was
performed, which included the delineated ordinary high-water mark, bottom of channel, and high
bank elevations. See Exhibit 7 for Survey and ROW Plan Sheets.

Survey deliverables included
- Survey control map (See Exhibit 6)
- ROW and topography shown together on a set of standard sized project sheets
(See Exhibit 7)
- Parcel map for proposed detention pond

J:\1904\2102\SUBMITTALS\2022-06-23 Final Study Report\Ravensway Drainage Improvements_Study Phase Report.docx 2-1
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2.1.2 Existing ROW

The existing ROW of the subdivision includes of 60-foot ROW on Campsite Trail, Lakecrest Road,
New Kentucky Road, Wiley Martin Drive, Scouts Lane, Tall Forest Drive, Retreat Trail, and
Rifleman Trial. The apparent ROW on Jarvis Road is 100-foot. Existing ROW was conducted in
accordance with Texas Society of Professional Surveyors (TSPS) Category 1B, Condition Il
Standards and to Harris County Standards.

2.1.3 Level B,C,D SUE

Texas 811 services were done in order to mark utilities within existing ROW and easements within
the project area. CenterPoint Energy and AT&T utility maps were requested. Subsurface Utility
Engineering (SUE) was performed in accordance with American Society of Civil Engineers
(ASCE) 38-02.

2.2 Utilities and Conflict

2.2.1 Water

Ravensway Subdivision are served by Timberlake Utility District. Existing 12-inch, 8-inch, 6-inch
waterlines found within the ROW of on Campsite Trail, Lakecrest Road, New Kentucky Road,
Wiley Martin Drive, Tall Forest Drive, Jarvis Road, Retreat Trail, and Rifleman Trail. Waterlines
that conflict with the proposed improvements will be adjusted accordingly by Timberlake Utility
District.

2.2.2 Sanitary Sewer

The Ravensway subdivision is served by Timberlake Utility District. Existing 8-inch sanitary
sewers located on Jarvis Road conflict with the proposed improvements. There must be at least
a 1-foot cover between sanitary sewer utility and the proposed storm sewer system.

2.2.3 Electric

Ravensway Subdivision are served by CenterPoint Energy. There are both underground and
overhead electric utilities within the project area. Power poles along Tall Forest Drive, Rifleman
Trail, Wiley Martin Drive, and Scouts Lane may be in conflict. Further coordination with
CenterPoint Energy will need to be conducted on utilities that need to be replaced and relocated
during construction.

2.2.4 Gas

Ravensway Subdivision are served by CenterPoint Energy. Gas lines within the project area are
located inside utility easements. A buried Gas Line will conflict with the proposed improvements
on the west side of Ravensway Drive. Gas lamp posts may be impacted during construction of
the proposed improvements so further coordination with CenterPoint Energy will need to be
conducted these utilities.

2.2.5 Telecommunications

Ravensway Subdivision are served by AT&T telecommunications. Existing buried AT&T fiber
optic cables, telephone lines, and cable lines may be affected by the proposed improvements on
Campsite Trail, Lakecrest
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Road, Tall Forest Drive, Jarvis Road, Retreat Trail, and Rifleman Trail.
Coordination with AT&T will be necessary.

2.2.6 Utilities & Conflict Table

The utility contact information and approximate locations within the project area can be found on
Exhibit 10.

2.3 Environmental Studies

2.3.1 Threatened and Endangered Species Habitat Evaluation

The Threatened and Endangered species field work was performed by Raba Kistner, Inc. (RKI)
on October 28", 2021 and submitted on November 12, 2021, see Appendix A. The Threatened
and Endangered Species Habitat Evaluation was accepted November 19, 2021. The Threatened
and Endangered Species Habitat Report complies with both state and federal endangered
species requirements that are regulated by the Texas Park and Wildlife Department (TPWD).
Based on the their desktop analysis and field observations, RKI concluded the following:

- No designated critical habitat occurs in the Review Area.
- No effect on federally listed species is anticipated.
- Potential habitat exists for the following state-threatened species:
Rafinesque’s Big-Eared Bat (Corynorhinus rafinesquii)
Louisiana Pig Toe (Pleurobema riddellii)
Sandback Pocketbook (Lampsilis satura)
- Alligator Snapping Turtle (Macrochelys temminckii)
- Best Management Practices (BMPs) may be considered to void impacting these
species.
- There is the potential to encounter migratory birds.

2.3.2 Cultural Resources (Desktop)

The archaeological site assessment desktop study was performed on November 29, 2021, see
Appendix A. THC accepted on January 13, 2022. This report complies with Texas Historical
Commission (THC) standards. Based on the information reviewed, RKI found the following:

- Review of Atlas indicates that there are no archaeological sites within the
boundaries of the APE

- Nearest recorded archaeological site is located approximately 422 feet northeast
of the APE, site 41HR366 was recorded as a late prehistoric campsite and is
eligible for listing on the National Register of Historic Places (NRHP).

- There are 18 other previously recorded archaeological sites within one mile of the
Area of Potential Effects (APE) boundaries. Many of these were recorded along
the banks of Cypress Creek.

- Dowdell Cemetery has been recorded within the boundaries of the APE, this site
dates from the late 19" to early 20" centuries.

- Additional intensive cultural resources survey is recommended that for the
northwest region of the project area, within the detention basin property, which
includes both shovel testing and backhoe trenching.
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2.3.3 Intensive Cultural Resources Survey Report

The archaeological investigations for the proposed Ravensway Subdivision Drainage
Improvements study were performed on May 2, 2022, see Appendix A. This report was submitted
to THC on June 3, 2022 and complies with THC standards. Based on the information reviewed,
RKI found the following:

- No significant deposits or features were encountered during shovel testing, hand
auger testing, windshield survey, and mechanical backhoe trenching. RKI
recommends no need for further investigations within the project area unless
should there be changes made in the future, further work may be required.

2.3.4 Waters of the US Delineation

The Waters of the US delineation field work was performed in October 2021 by RKI and submitted
on November 2021, see Appendix A. This report supports applications for regulatory permits that
are required from the United States Army Corps of Engineers (USACE). Non-wetland waters were
delineated based on USACE Regulatory Guidance Letter (RGL) 05-05 Ordinary High Water Mark
(OHWM) Identification for non-tidal waters. USACE accepted the WOUS report on January 31,
2021. Based on the information reviewed and their field observations, RKI found the following:

- 412 feet of potentially jurisdictional non-wetland water (Cypress Creek, PS-1)
was identified within the review area, which is regulated under section 404 of
the CWA.

- 496 feet (drainage feathers) and 0.14 acre (waterbodies) of potentially non-
jurisdictional non-wetland waters within the review area that are not regulated
under section 404 the CWA.

2.3.5 Regional General Permit — Drainage Outfall

A drainage outfall structure into Cypress Creek (HCFCD Unit No. K100-00-00) will be constructed
which will require rip-rap under the ordinary high water mark (OHWM). A request was submitted
to USACE to perform work under RGP 2011-00629 since a jurisdictional stream was going to be
impacted. USACE approved the request on June 6, 2022. A copy of the approval is shown in
Exhibit 11.

24 Geotechnical Investigation

The geotechnical investigation pertaining to the design and construction of the detention basin
was performed in October 2021 and a report was finalized on March 2", 2022 by HTS, Inc., and
is provided in Appendix B. The report was performed in accordance with the requirements of the
2020 Harris County Flood Control District (HCFCD) Standard Specifications Book and the
HCFCD “Geotechnical Investigation Guidelines” 2019. The geotechnical detention basin report
was accepted on April 6™, 2022, the ePermit application number associated is 21120900109.
Seven geotechnical borings were drilled to a depth of 50 feet beneath the surface within the area
of the proposed detention basin. HTS, Inc. made the following findings and recommendations:
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- Data retrieved from the seven borings showed that the upper 50 feet of overburden
soils are composed of 8 separate soil layers (Layers | through VIII). Groundwater was
encountered at 3 of the 7 borings.

Results of the stability analyses suggest that the proposed basin with a slope no steeper than
4H:1V will be stable with clay liners in the short term and long term conditions

- Analyses verified that a firm and stable base is present, and no evidence of seepage
or raveling is present within the side slopes or bottom before erosion control is
implemented.

- Laboratory testing performed on subsurface soils verified that most of the soils
encountered within the limits of the proposed detention basin depth do not meet the
requirements for imported select fill material except Layer VI-A and Layer I

- Groundwater will not be anticipated during excavation. However, care and control of
groundwater and surface water during construction should be performed in
accordance with Section 02241 titled “Care and Control of Water” from the 2020
HCFCD Standard Specifications Book.

- Backfill placement operations should be monitored and be in accordance with 2020
HCFCD Standard Specifications Book.

An addition, the geotechnical pavement investigation was conducted on March 2022 by HTS, Inc.
The geotechnical roadway report was accepted on May 10,2022. This report was prepared in
accordance to the latest HCED geotechnical investigation guidelines. Fifteen geotechnical
borings were drilled and tested. Boring Nos. 1-6,8, and 10 were drilled at a depth of 30 feet below
existing surface. Boring Nos. 7,9 and 11 were drilled to depth of 15 feet below existing ground
surface. HTS, Inc. made the following findings and recommendations:

- Groundwater was not encountered at all boring locations except Boring No. 13.

- All excavation and trenching operations for storm sewer and outfalls should be in
accordance with OSHA and HCED standards.

- Recommended pavement strength is 3,000 psi 28-day compressive strength

- Bedding and backfill practices for the storm sewer should be in accordance with HCED
430 specification for the storm sewer construction

- Installing of box culvert should be in accordance with 2020 HCFCD standards sections
02612, 02631, and 02321.

25 Drainage Study

The Ravensway Section 1,2 and 3 Subdivision resides along Cypress Creek just upstream of its
junction with Little Cypress Creek. The watershed does experience out-of-bank flooding during
less frequent, more intense rain events due to lack of conveyance in Cypress Creek (HCFCD Unit
No. K100-00-00). The subdivision has experience flooding with 22 structures reporting flooding
during the Tax Day Floods of 2016 and 242 structures reporting flooding during Hurricane Harvey
in 2017. In addition, FEMA records indicate 25 Repetitive Loss (RL) properties in the study area,
five of them are classified as Severe Repetitive Loss (SRL). The subdivision streets were
constructed in the 1970’s and typically extreme event rainfall conveyance was not incorporated
during this era. The existing stormwater drainage system is designed to convey more frequent,
less intense storm events based on the 3-year Fugate curves used in 1970s. The current design
is undersized to meet Atlas 14, 2-year rainfall.
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A 2D InfoWorks ICM model and study was performed by Gauge Engineering, LLC. to determine
the extreme flow paths results from a rainfall on grid. An unsteady-state HEC-RAS analysis of
Cypress Creek was conducted to evaluate potential impacts due to both changes in floodplain
conveyance, and from changes in discharge. 2018 LiDAR was used as the surface for the model.
The most current Region 1 Atlas 14 rainfall was used for this study to ensure consistency with
HCFCD Palicy Criteria & Procedure Manual, 2004, Updated October 2018 & Interim Guidelines,
July 2019. The DIA is provided in Appendix C, and was approved by HCFCD on March 23",
2022. The ePermits application number for the DIA, 2201180135, is provided in the Letter of No
Objection in Appendix D.

The proposed improvements included upgrading storm sewer to 6'X5’ RCB’s along southwest
portion of Ravensway Drive, Tall Forest Drive, and bisecting streets to capture overland sheet
flow. Upgrading storm sewer to 60” RCP along the eastern portion of Jarvis Road, and upgrading
storm sewer to 48” RCP along the northeastern segment of Ravensway Drive to capture overland
sheet flow. The proposed detention basin on the west side of project (HCFCD property) is
designed to provide 101 ac-ft of storage up to a water surface elevation of 125.30 HCFCD Unit
No. K100-00-00. The proposed improvement will have 3.2-ft of freeboard in the ATLAS-14 100-
year storm event which will leave 28 ac-ft of volume available for use by Cypress Creek in the
ATLAS-14 100-year event. These improvements create no adverse impacts to flood hazard
conditions on the receiving waterways, including downstream properties, for storm events up to
and including the ATLAS-14 100-year storm event.
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3.0 PROPOSED DRAINAGE RECOMMENDATIONS

3.1 Ravensway Subdivision Recommendations

The primary areas that were identified for proposed improvements that provides substantial
benefit are summarized as follows:

- Replace the existing 36-inch outfall RCP at HCFCD Unit No. K163-00-00 to a 48-inch
RCP.

- Proposed 60-inch RCP outfall at HCFCD Unit No. K163-00-00.

- Proposed 10-foot by 5 foot RCB outfall into proposed detention basin which outfalls
via 42-inch RCP into HCFCD Unit No. K100-00-00.

- Replace B-B inlets to type C-1 inlets along Jarvis Drive, Campsite Trail, Lakecrest
Drive, Scouts Lane, Tall Forest Drive, New Kentucky Road, Retreat Trail, Wiley Martin
Drive, Rifleman Trail and Ravensway Drive where necessary.

- Proposed drainage improvements entails the construction of 6678 linear feet of 6’X5’
reinforced concrete box culvert storm sewer (RCB), 2363 linear feet of 24” reinforced
concrete pipe (RCP),44 linear feet of 36” RCP, 2561 feet of 48" RCP, and 2466 linear
feet of 60” RCP.

- Proposed stormwater detention basin that is located west of Tall Forest Drive and
north of Ravensway Drive and will occupy HCAD Parcels 041065000097 and
04165000088. It is recommended to hold 101 Ac-ft of volume to mitigate the 100-year
storm event.

- Proposed top of bank elevation is to be raised to 128.5 feet and 3.2- feet of freeboard.

- Sidewalks, driveways, and roadways replacements will be necessary as shown on
plans. The underground systems will be reconstructed to provide positive flow
collection of drainage using curb inlets with extensions
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4.0 PRELIMINARY CONSTRUCTION COST ESTIMATE

The preliminary construction cost estimate for this project is $14,692,000.00. Refer to Exhibit 9
for a preliminary cost estimate
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Project Area Map/Location Map
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Exhibit 3
Existing and Proposed Cross Sections
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Exhibit 4
Proposed Drainage Improvements
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