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DISCLAIMER 

This report was developed by the Corpus Christi Metropolitan Planning Organization (Corpus Christi MPO) 

in accordance with a research grant from the Federal Highway Administration (FHWA). The statements, 

findings, conclusions, and recommendations are those of the authors and do not necessarily reflect the 

views of FHWA or the U.S. Department of Transportation. 
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I. Introduction 

a. Description of the Project Area 

Laguna Shores Road, which runs along the western shoreline of the Laguna Madre between SH 358 and the 

Barney M. Davis Energy Center, is a major north-south thoroughfare in the Flour Bluff neighborhood of 

Corpus Christi (see Exhibits 1-3).  Laguna Shores Road may eventually provide an alternative for connectivity 

to Segment A of the seven-segment Regional Parkway Mobility Corridor (Regional Parkway), for which a 

Planning and Environmental Linkages (PEL) study was completed in 2016.  The Regional Parkway will be a 

multi-modal facility that will help alleviate congestion on SH 358, will serve as a second route for evacuation 

of the most vulnerable parts of the City, and will enhance connectivity to the fastest growing portions of the 

community. This roadway was identified as a priority multi-modal corridor in the community’s Strategic Plan 

for Active Mobility, Phase 1 – Bicycle Mobility (2016). 

Exhibit 1. Map of the Corpus Christi Metropolitan Planning Organization Area 

 

The southern end of Segment 1 of the reconstruction project is particularly vulnerable to extreme weather.  

At this location, there is no habitat buffer between the roadway and the open water of the Laguna Madre; 

the toe of the slope on the eastern side of the roadway is in the intertidal zone.  This location is 

representative of significant portions of Laguna Shores Road, making it an ideal site for a pilot 

implementation of innovative shoreline protection techniques. 
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Exhibit 2. Maps of Laguna Shores Road Site Layout 

 

Exhibit 3. Map of Laguna Shores Road Project Location and Scope 

 

• The pilot project is located on 

Laguna Shores Road, a major north-

south thoroughfare in the Flour 

Bluff neighborhood of Corpus 

Christi, TX. 

• Roadway runs along the western 

shoreline of Laguna Madre. 

• Roadway is vulnerable to erosion, 

inundation, and other chronic and 

acute impacts from rising sea levels 

and coastal storm activity. 

• Efforts to construct a nature-based 

shoreline protection feature of a 

shellfish habitat and saltwater 

marsh. This will help to create a 

more resilient roadway and 

improve level of service and reduce 

susceptibility to inundation. 

b. General Approach/Project Description 

The Corpus Christi Metropolitan Planning Organization (MPO) requested support from the Federal Highway 

Administration (FHWA) to deploy a nature-based shoreline protection feature to enhance the resilience to 

extreme weather of a roadway along the western shore of the Laguna Madre in Corpus Christi, Texas.  The 

MPO received $110,770 from FHWA to support design of an innovative, nature-based shoreline protection 

feature as part of an applied research deployment.  A total of $22,154 (20%) was leveraged as an in-kind, 

non-federal match in the form of partner staff time. Construction of the pilot nature-based shoreline 

protection feature, estimated to be $180,000, was funded by the City of Corpus Christi but was not proposed 

as a match. 
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Exhibit 4. Images of Pilot Project Initial Condition  

  

The City of Corpus Christi initiated the design phase of a project to rebuild three separate portions of Laguna 

Shores Road to improve the level of service and reduce susceptibility to inundation; construction was 

expected to begin in Spring of 2019. Under existing conditions, several locations along Laguna Shores Road 

are subject to periodic inundation under spring tide and other typical (non-storm) conditions.  Likewise, 

shoreline erosion has historically undermined the roadway in multiple locations, which has direct negative 

impacts on the roadway’s useable life, maintenance costs, and public safety.  These locations are particularly 

susceptible to the impacts of storm surge and extreme weather events, and this vulnerability will increase in 

the face of sea level rise. 

The Resiliency Project Schedule is provided below. 

PROJECT PHASE 
2018 2019 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Pilot selection announced by 
FHWA 

                        

Solicitation prepared/published 
by Corpus Christi MPO 

                        

Submittals received/service 
provider selected by Corpus 
Christi MPO 

                        

Scope negotiation complete 
/contract established/NTP 
delivered to service provider 

                        

Task 2 – Data Gathering                         

Task 3 – Shoreline/Baseline 
Habitat Assessment   

                        

Task 4 – Develop and Evaluate 
Alternatives for Shoreline 
Protection Project 

                        

Task 5 – Engineering Design of 
Shoreline Protection Project 
/Coordination with Roadway 
Design Team 

                        

Task 6 – Support construction of 
Shoreline Protection Project 
(Synched with bond-funded 
roadway reconstruction) 

                        

Task 7 – Monitoring and 
Evaluation 

                        

Task 8 – Dissemination of 
Findings 

           *    *   *   *   
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PROJECT PHASE 
2020 2021 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Pilot selection announced by 
FHWA 

                        

Solicitation prepared/published 
by Corpus Christi MPO 

                        

Submittals received/service 
provider selected by Corpus 
Christi MPO 

                        

Scope negotiation complete 
/contract established/NTP 
delivered to service provider 

                        

Task 2 – Data Gathering                         

Task 3 – Shoreline/Baseline 
Habitat Assessment   

                        

Task 4 – Develop and Evaluate 
Alternatives for Shoreline 
Protection Project 

                        

Task 5 – Engineering Design of 
Shoreline Protection Project 
/Coordination with Roadway 
Design Team 

                        

Task 6 – Support construction of 
Shoreline Protection Project 
(Synched with bond-funded 
roadway reconstruction) 

                        

Task 7 – Monitoring and 
Evaluation 

                        

Task 8 – Dissemination of 
Findings 

*   *   *   *   *   *   *   *   

 

PROJECT PHASE 
2022  

Q1 Q2 Q3 Q4  

 Pilot selection announced by 
FHWA 

            
 

Solicitation prepared/published 
by Corpus Christi MPO 

            
 

Submittals received/service 
provider selected by Corpus 
Christi MPO 

            
 

Scope negotiation complete 
/contract established/NTP 
delivered to service provider 

            
 

Task 2 – Data Gathering              

Task 3 – Shoreline/Baseline 
Habitat Assessment   

            
 

Task 4 – Develop and Evaluate 
Alternatives for Shoreline 
Protection Project 

            
 

Task 5 – Engineering Design of 
Shoreline Protection Project 
/Coordination with Roadway 
Design Team 

            

 

Task 6 – Support construction of 
Shoreline Protection Project 
(Synched with bond-funded 
roadway reconstruction) 

            

 

Task 7 – Monitoring and 
Evaluation 

            
 

Task 8 – Dissemination of 
Findings 

*   *   *   *   
* Indicates report of findings to FHWA 
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Exhibit 5. Image of Pilot Project Initial Problem 

 

Water spill over Laguna Shores Road after Hurricane Hanna made landfall south of Corpus Christi on Padre Island  
at 5 p.m., July 25, 2020. A Category 2 storm Hanna made a second landfall at 6:15 p.m. in Kennedy County, south  
of Corpus Christi. Photo credit: Corpus Christi Caller-Times. Photographer Courtney Sacco. Used by permission. 

The Local Government led a collaborative effort to: 

• Assessed baseline habitat and shoreline conditions. 

• Identified one or more innovative shoreline protection strategies that integrate engineering and 

ecological (habitat restoration/living shoreline) techniques. 

• Constructed a pilot shoreline protection project as part of the roadway reconstruction project. 

• Monitored project effectiveness in terms of habitat development and shoreline condition to evaluate 

the utility of the pilot technique(s) to enhance the durability of other segments of Laguna Shores 

Road and other, similarly vulnerable transportation infrastructure. 

This pilot was a collaborative effort, wherein staff at the MPO managed an interdisciplinary team of 

specialized experts from the academic, environmental non-profit, municipal, and private sectors.   

II. Parties Involved 

a. Roles and Responsibilities 

The Corpus Christi MPO as the local government for the TxDOT contract and the FHWA Resilience Durability 

Pilot Project coordinates the delivery of the overall project with our regional and project specific projects. 

The regional partners are on the following page.  
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Project Partners include: 

    

 

   

 

 
 

 
 

 

 

In the research program in the Coastal Conservation and Restoration Ecology Lab at Texas A&M University – 

Corpus Christi (TAMU-CC), Dr. Jennifer Beseres Pollack explored how climate and human-caused changes in 

environmental conditions affect benthic communities as well as how restoration can play a role in recovering 

ecosystem services lost due to habitat degradation.  She specializes in oyster reef restoration projects in the 

Coastal Bend area.  Dr. Pollack created and oversaw an oyster shell recycling and reef restoration project that 

has become a prominent vehicle for community engagement in coastal conservation issues. They committed 

to assist with habitat characterization, identification of target locations within the study area, and 

development of engineering alternatives.  Dr. Pollack and her students employed the Texas General Land 

Office Rapid Assessment Method (RAM) as part of their Marine Ecology course, which produced high quality, 

replicable results for the project and yielded a unique, applied, hands-on learning opportunity for the 

students. 

Assistant Professor, Dr. Michael Starek in the Geographic Information Sciences Program at Texas A&M 

University – Corpus Christi is the Director of the Measurement Analytics Lab in the Conrad Blucher Institute 

for Surveying and Science.  Their foci include geospatial remote sensing and analytics, including LiDAR and 

UAV approaches, for study of natural and built systems with emphasis on coastal-environmental domains.  

Dr. Starek and his students committed to utilizing unmanned autonomous vehicle (UAV) technology to 

collect aerial photogrammetry (including subtidal bathymetric data) as part of the shoreline and habitat 

surveys. 
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Rosario Martinez oversees and manages habitat enhancement and water quality projects for the Coastal 

Bend Bays and Estuaries Program (CBBEP).  The Texas General Land Office (TGOL) and CBBEP have 

undertaken numerous marsh restoration and shoreline protection projects, including the creation of 170 

acres of intertidal marsh complex in Nueces Bay, shoreline protection of critical habitat and seagrass 

meadows in Corpus Christi Bay, and protection of a critical bird rookery island in Corpus Christi Bay. Ms. 

Martinez is committed to providing technical assistance with habitat assessment and alternatives 

development and helped identify opportunities for synergy in terms of public outreach and dissemination of 

findings from this effort. 

The City of Corpus Christi Engineering Department committed staff time of their engineers to the project. 

Most original named engineers left the city before the Laguna Shores Road project started the design and 

construction phases.  The primary staff member assisting in the Resiliency Project coordination was Mr. 

Larijai (Lj) Francis. He led the city’s efforts in the following tasks:  

• Assisted with preliminary data collection. 

• Evaluated design alternatives for the shoreline protection feature. 

• Facilitated incorporation of the engineering plans and specifications for the pilot shoreline protection 

project into the design and regulatory permitting of the larger roadway reconstruction project. 

• Managed procurement of a contractor to construct the pilot shoreline protection project. 

• Reviewed/contributed to monitoring reports. 

The Corpus Christi MPO hired a consultant team to identify one or more innovative shoreline protection 

strategies and generate engineering plans and specifications for inclusion in the City’s broader roadway 

reconstruction permitting and construction project.  For this service provider, the Corpus Christi MPO hired a 

firm with interdisciplinary environmental science and coastal engineering capabilities, including 

demonstrable experience in: 

• Evaluating shoreline geomorphology. 

• Modeling the influence of wave action to inform scenario-based planning. 

• Designing shoreline protection of various types with an emphasis on integrating ecological (living 

shoreline) components. 

• Integrating stakeholders and technical experts from other sectors to produce creative and 

collaborative solutions. 

MPO staff managed the selected consultant and facilitated the integration of the other collaborators into the 

workflow.  

The MPO selected a coastal engineering service provider to identify one or more innovative shoreline 

protection strategies and generate engineering plans and specifications for inclusion in the City’s broader 

roadway reconstruction permitting and construction project for Laguna Shores Road in the Flour Bluff 

neighborhood of Corpus Christi, TX.   

In support of the City of Corpus Christi’s construction activities, the MPO, through the consulting engineer, 

provided technical assistance to the City of Corpus Christi with regulatory permitting and construction 

administration of the shoreline protection feature(s). 

The Corpus Christi MPO staff coordinated the integration of the project team members from the private, 

academic, environmental non-profit, and municipal sectors.  MPO staff implemented a procurement process 

to select a private sector consultant to lead the technical scope of work.  The MPO staff worked with the 

selected service provider to refine the project scope, and the selected consultant shared in project 

management responsibilities. 
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The Corpus Christi MPO was responsible for selecting the consulting team and project partners TAMU-CC and 

CBBEP collected a variety of data about historical and existing conditions, including (but not limited to): 

• Determining frequency of roadway inundation at project location. 

• Gathering/reviewing readily available reports, data (tide, wind, and storm surge), historical aerial 

photographs, survey, and geophysical data for initial characterization of existing site conditions (MPO 

and contracted consultant). 

The estuarine habitat specialists from the academic and non-profit sectors will develop or adapt a 

standardized monitoring protocol and will assess the existing (baseline) habitat condition within the project 

area in order to characterize the dominant vegetative community, including elevation regimes for target 

marsh species. The team will also identify unique ecological features, opportunities, and/or challenges that 

may influence evaluation/selection of context-appropriate shoreline protection alternative(s). 

The MPO used unmanned aerial vehicle technology to capture aerial photogrammetry and subtidal 

bathymetric data to inform engineering design of the shoreline protection features. The MPO was 

responsible for Geotechnical data that was collected in the project location to inform engineering design. 

The consulting engineer used as a pattern for prevailing wave conditions and utilize that information, along 

with available aerial photography and other data, to estimate erosion rates for the study area.  

III. Description of the Work Performed 

a. Data Gathering for Laguna Shores Road Project Area 

The selected consulting team and project partners (TAMU-CC and CBBEP) collected a variety of data about 
historical and existing conditions, including: 

• With City staff, the consultant and MPO determined the frequency of roadway inundation at the 

project location. 

• The consultant and MPO gathered/reviewed readily available reports, data (tide, wind, and storm 

surge), historical aerial photographs, survey, and geophysical data for the initial characterization of 

existing site conditions.  

A coastal engineering firm was hired to develop the necessary documents and coordinate the resiliency 

project design with the City of Corpus Christi Engineering Services staff. They received the final topographic 

and bathymetric survey information collected by TAMU-CC and Coastal Bend and Bay Estuaries Program 

(CBBEP) that supplements the habitat assessment survey provided by TAMU-CC earlier this year. The 

information is described below.  

The Laguna Shores Digital Elevation Model Report Brief Workflow: The Terrestrial Laser Scanner (TLS) survey 

was completed on December 1, 2018. The decision was made to do multiple scan positions to be able to 

capture as much of the exposed shoreline as possible within the 4.7-acre study area. The point cloud was 

then georeferenced in the scanner’s software RiSCAN by using eight tie points collected at the time of the 

survey. The control points were surveyed at 1-minute occupation times using Virtual Reference Station (VRS), 

a system composed of hardware and software designed to facilitate real-time Global Positioning System 

(GPS)/Global Navigation Satellite System (GNSS) positing based on a set of reference stations. VRS corrected 

the Real Time Kinematic (RTK) GPS, a releative positioning technique that measures the position of two GNSS 

antennas relative to each other in real-time. The point cloud then had any transitory objects removed before 

it was exported out of RiSCAN.  
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The Unmanned Aircraft System (UAS) flight was completed on December 16, 2018 using a DJI Phantom 4 Pro. 

The flight had eight ground control points with a GSD of 0.47 inches or 0.083 US survey foot (ft-US) with a 

sidelap and frontlap of 80%. After collection, the Structure-from-Motion (SfM) photogrammetric processing 

was completed in Pix4dMapper. This resulted in the creation of a 3D point cloud and Digital Surface Model 

(DSM). Through a series of processing modules using the software LAStools, the remaining noise was 

removed from the TLS and UAS point clouds. The point clouds were also filtered using a classification 

algorithm to identify ground versus non-ground points. For the TLS, the ground classified points stemming 

from the single and last returns were used to interpolate a Digital Terrain Model (DTM) of the bare-earth 

surface. Similarly, the single and last return points were also used to create a TLS-DSM. Due to the UAS 

platform being a photogrammetric method, it is considered a single return system. 

Therefore, all points were used to attempt to classify ground points. Those points classified as ground were 

interpolated to generate a UAS DTM. It is important to mention that the ground point classification does not 

mean those points truly stem from the ground surface. The algorithm employed is an automated method and 

over the densely vegetated areas of the study site it is very challenging to filter the non-vegetated points. 

Therefore, the DTMs should only be treated as representing the exposed ground in places not covered by 

vegetation or landcover. For exposed ground areas the DSMs and DTMs provide very similar elevation values 

as observed in the tables below. 

Exhibit 6. Table of Laguna Shores Digital Elevation  

Point Desity 

Platform Point Density Per Square Survey Foot 

TLS 141.73 

UAS 75.57 

Basic DSM statistics: 

Platform Min (ft-US) Max (ft-US) Mean (ft-US) Std dev (ft-US) 

TLS 0.05000 8.74916 2.47486 1.25416 

UAS -0.45800 8.91497 3.2674 1.81877 

Basic DTM statistics: 

Platform Min (ft-US) Max (ft-US) Mean (ft-US) Std dev (ft-US) 

TLS -0.47244 5.97686 2.29812 1.09244 

UAS -0.48500 6.38200 2.87820 1.44684 

DSM Root Mean Square Error: 

Categories DSM TLS RMSE (ft-US) DSM UAS RMSE (ft-US) 

Overall Accuracy 1.051974451 0.413533696 

Exposed Beach 0.262161658 0.114489927 

Vegetation 1.923916324 0.697720908 

DTM Root Mean Square Error: 

Categories DSM TLS RMSE (ft-US) DSM UAS RMSE (ft-US) 

Overall Accuracy 0.699071096 0.239281908 

Exposed Beach 0.18536735 0.114154315 

Vegetation 1.27457872 0.381713348 
 

Report prepared by: 
Christopher Reynolds, Gradute Research Assisant – Measure Analytics Lab Conrad Blucher Institute for 
Sureveying 
and Science, Texas A&M University – Corpus Christi 
Date of Preparation: March 1, 2019. Reviewed and Edited by Dr. Michael Straek on March 21, 2019. 
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The spatial interpolation method used by LAStools is a TIN interpolation that takes a weighted average based 

on nearest neighbors using a Delaunay triangulation. The resolution of the interpolation and size of triangles 

are adjustable to remove areas where point density is low. These DSMs and DTMs were created at a 

resolution of 0.25 US survey foot (ft-US). All products are referenced to NAD 1983 (2011) State Plane Texas 

South FIPS 4205 Ft-US and NAVD88 height (ft-US). The DSMs and DTMs were clipped to represent only the 

main study area and shoreline of interest.  

The TLS data had occlusions in certain areas and was clipped to a smaller size than the UAS data. Statistical 

Results for UAS and TLS DEM accuracy are presented in the Tables above, measured relative to the RTK GPS 

field survey topo points collected at the study site. When viewing the results, we can see that both the UAS 

and TLS did not perform well over vegetation due to the occlusion of the ground surface. This is particularly 

evident in the dense vegetation located in the northern portion of the study area. Although multiple 

methods were attempted to filter the vegetation out, it was not successful due to the nature of these 

scanning and imaging techniques. This means that areas over vegetation will have significant elevation error 

relative to the exposed shoreline or road surface. In contrast, elevation accuracy on the exposed ground 

surfaces and shoreline is high with approximately a tenth of a foot for both the DSMs and DTMs. 

The Quality Report/Calibration Report of the aerial data collection equipment is provide as Appendix A. 

The results of the data collection is presented in the following Exhibits 7 through 9. 

Exhibit 7. Aerial of Data Collection Locations for Condition Assessment 

 

Transets were surveyed at approximately 50 ft spacing perpendicular to Laguna Shores Road and extended 

approximately 200 ft past the existing shoreline. The annual high tide line and mean low water Cline were 

also surveyed. The consultant then determined the definition of the annual high tide line and coordinated 

with surveyors in the field. 
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Exhibit 8. Aerial of Locations of Elevation Data Collected 

 

Transects included quadrats to note species present and percent cover. The edge of seagrass was delineated. 
A biologist was on site to assist TAMU-CC.  The estuarine habitat specialists from TAMU-CC and BBEP 
developed/adapted a standardized monitoring protocol and assessed the existing (baseline) habitat 
condition within the project area in order to characterize the dominant vegetative community, including 
elevation regimes for target marsh species. 

Exhibit 9. Aerial of the Data Collection for Seagrass and Boring Locations 

 

The purpose of the survey was to document the elevations of Spartina alterniflora and associated health at 

sites adjacent to the proposed project location. A surveyor accompanied a biologist to gather elevation data 

from the bayward edge of the Spartina through the landward edge. 

The geotechnical conditions report in the project area is provided as Appendix B. 
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b. Lessons Learned 

1. The collection of the data required a thoughtful process to allocate resources to determine what    
information existed and what information was required for the project. The use of students was a great 
learning experience for them and provided inexpensive labor for the collection of data in an expeditious 
manner.  The students were eager participants in the wading through the water and grassy areas to 
enable the professionals to collect the data quickly and accurately.   

2. The use of the City project information regarding the condition of the roadway and the causes of the 
damage to the roadway and drainage infrastructure due to wave and tide actions were important in 
narrowing the focus of this pilot resiliency project to the location selected. The fact that the City was 
preparing reconstruction in this area was an advantageous opportunity to combine their improvements 
of raising the roadway and upgraded drainage systems with the added value of the proposed solution 
identified through the FHWA resiliency project.    

3. The application of the process used in this project could be applied easily to other projects being planned 
in the City and region with similar infrastructure damage along the water that have constant damage 
from rising tides and wave action.  The identification of the possible area and likely applications to make 
these portions of the infrastructure more resilient is a beneficial undertaking for the local governments in 
this coastal region.  An inventory would be the first step in this process. 

c. Alternative Analysis of Shoreline Protections Systems Using Climate Data 

The following report documents the alternatives analysis performed for the Laguna Shores Living Shoreline 

Project. The project is being performed for the Corpus Christi Metropolitan Planning Organization (MPO) and 

is part of a Federal Highway Administration (FHWA) pilot program that includes applied research and 

monitoring coordination with TAMU-CC and the CBBEP. The Laguna Shores Living Shoreline Project is also 

being conducted in coordination with the City of Corpus Christi as part of their Laguna Shores Segment 1 

roadway project, which involves raising the roadway elevation between South Padre Island Drive and 

Graham Road. The intent of the living shoreline component is to provide nature-based shoreline protection 

to reduce erosion adjacent to Laguna Shores Road, which is currently exposed to the Laguna Madre. This 

report summarizes the data collection, design criteria development, and design alternatives considered for 

this project. See Exhibit 10 and Exhibit 11 for project vicinity and location maps. 

Exhibit 10. Map of  Project Vicinity 
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Exhibit 11. Map of Project Location 

 

Exisiting Conditions (1) 

This section summarizes habitat, survey, and geotechnical investigations, along with data gathering of 
meteorological and oceanographic conditions near the project site. 

Habitat Assessment (1.1) 

Habitat assessments were conducted by Harte Research Institute (HRI) of TAMU-CC and by the engineering 

consultant in November 2018. Habitat assessments identified the limits of seagrass (Halodule wrightii) 

growth and the percentage of seagrass coverage within 1 square meter quadrangles placed on a 50 ft grid 

(RTK GPS survey points were taken at the same locations). The landward extent of seagrass was typically 

located between -1.0 ft and 0.0 ft NAVD1. 

Smooth cordgrass (Spartina alterniflora) is the intertidal vegetation species typically targeted for marsh 

restoration. The ground elevation that supports Spartina growth is sensitive to the local intertidal elevation 

range. Spartina was not found at the immediate project site, but a reference marsh survey found Spartina 0.2 

miles north of the project site growing between elevations +0.8 ft and +1.2 ft. Other natural resources that 

would influence the living shoreline design were not found in the project area. See Exhibit 12 for a summary 

of the habitat assessment. 

Bathymetric and Topographic Surveys and Aerial Photography (1.2) 

Bathymetric and topographic surveys were conducted by the Conrad Blucher Institute for Surveying and 

Science (CBI) of TAMU-CC in December 2018. RTK GPS survey points were collected on the same 50 ft grid 

that the habitat assessments were made. Additional data was collected via terrestrial laser scanner to 

provide high resolution topographic data. The bathymetry near the project site is generally shallow (between 

0.0 ft and -2.0 ft) and mildly sloped (100H:1V to 200H:1V). Exhibt 13 displays bathymetric and topographic 

data collected by TAMU-CC. Points denoted with a circle were collected via RTK and the rest were collected 

via terrestrial laser scanner and an unmanned aircraft system. Note that terrestrial laser scanner has limited 

penetration through the water column and data collected below the waterline may have increased vertical 

error. 

  
1 Elevations listed in this document are referenced to the North American Vertical Datum of 1988 (NAVD) Geoid 12B 
unless otherwise noted. 
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Exhibit 12. Aerial of Habitat Assessment Conducted by TAMU-CC and Engineering Consultant  

 

Exhibit 13. Image of Bathymetric and Topographic Survey Data 

 

Geotechnical Investigation (1.3) 

A geotechnical investigation was performed and documented in a report dated April 25, 2019. Nine borings 

were performed in the project area to identify soil types and to provide foundation recommendations. Based 

on the findings of the investigation, soil types in the project area are generally poorly graded sand and silty 

sand, with generally sandier soils along the shoreline. 0.5 ft to 1.0 ft of initial settlement should be expected 

after construction. Findings recommend that the soils should provide a suitable foundation for a low-crested 

rock breakwater of the type described in this alternatives analysis. Exhibit 14 provides the locations of the 

borings.  
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Exhibit 14. Aerial of Geotechnical boring locations 

 

Water Level (1.4)  

Water level data were obtained from the National Oceanographic and Atmospheric Administration (NOAA) 

Station located at Packery Channel, TX (ID: 8775792), 3 miles southeast of the project site. Tidal datums are 

shown in Table 1. Hourly water level data were obtained for 2012 – 2018 and used to create an exceedance 

plot (Exhibit 16). Water level exceeded +0.9 ft approximately 50% of the data record, +1.7 ft for 10% of the 

record, and +2.3 ft for 1% of the record. The highest recorded water level was +5.4 ft during Hurricane 

Harvey in August 2017. Based on tidal datums at Packery Channel station, MHHW was exceeded over 50% of 

the time since 2012. 

Exhibit 15. Table of Tidal Datums at Packery Channel NOAA Station (ID 8775792) 

Datum Elevation (ft-NAVD) 

Mean Higher High Water (MHHW) 0.83 

Mean High Water (MHW) 0.83 

Mean Tide Level (MTL) 0.65 

Mean Sea Level (MSL) 0.65 

Mean Low Water (MLW) 0.46 

Mean Lower Low Water (MLLW) 0.46 
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Exhibit 16. Chart of Water Level Exceedance Plot for Packery Channel NOAA Station 8775792 for 2012-2018 

 

Wind and Wave Climate (1.5)  

The project site is exposed to waves generated by wind blowing across the open fetch of the Laguna Madre 

(Exhibit 17), but wave data is not readily available in the project area. To develop wave conditions at the 

project site, one dimensional wave modeling was performed using the Automated Coastal Engineering 

System (ACES) module of the Coastal Engineering & Design Analysis System (CEDAS) developed by the United 

States Army Corps of Engineers (USACE). A range of wind speeds and water levels were used to calculate the 

significant wave height and peak wave period for multiple scenarios. Hourly wind data obtained from the 

Packery Channel NOAA Station for 2008 to 2018 is summarized in an exceedance plot (Exhibit 18). All winds 

were assumed to approach from the southeast, which is both the predominant wind direction at the site and 

the direction of the longest fetch. Water levels above +3.0 ft are high enough above typical Spartina planting 

elevation that wave energy is expected to pass over and not reduce vegetation health. Exhibit 19 summarizes 

the wave analysis results. The largest significant wave height calculated is 1.9 ft with a peak wave period of 

2.7 seconds. 

Exhibit 17. Aerial of Longest Exposed Fetch 
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Exhibit 18. Chart of Wind Speed Exceedance Plot for Packery Channel NOAA Station for 2008-2018 

 

Exhibit 19. Table of Results from ACES Wave Model 

Water Level 
(ft-NAVD) 

Wind Speed 
Description 

Wind Speed 
(mph) 

Significant Wave 
Height (ft) 

Peak Wave 
Period (s) 

+2.5 

25% Exceedance 13 0.5 1.5 

10% Exceedance 23 0.9 1.9 

0.1% Exceedance 30 1.1 2.1 

Max Recorded 53 1.7 2.7 

+3.0 

25% Exceedance 13 0.5 1.5 

10% Exceedance 23 0.9 1.9 

0.1% Exceedance 30 1.2 2.1 

Max Recorded 53 1.9 2.7 

Alternatives Analysis (2) 

Laguna Shores Road is exposed to open fetches from the southeast. During high tide events, water levels 

reach the articulated mat currently being used as erosion control on the road slopes. Repeated exposure to 

wave attack during these high tide events will likely cause scour below the articulated mat and lead to 

undermining. Waves approaching the shoreline run-up onto the existing roadway and will likely run-up onto 

the proposed roadway. Lastly, during significant storm events, waves can reach the roadway and areas 

landward. To address erosion along the existing project shoreline and provide increased protection to the 

road, two living shoreline protection alternatives were considered. The living shoreline alternatives include a 

breakwater system and imported fill for marsh planting that provide wave attenuation benefits and 

increased habitat. The shoreline protection feature alignment was developed to avoid impacts to existing 

seagrass beds, allow room for marsh fill, and be constructed with land-based equipment rather than water-

based equipment such as barges. The proposed breakwater alignment is between the 0.0 ft and +1.0 ft 

contours. It features a 35 ft gap near the existing culverts under Laguna Shores Road to facilitate drainage 

and flow through the culverts. The southern breakwater is 400 ft and the northern breakwater is 100 ft for a 

total length of 500 ft.  
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Exhibit 20. Aerial of Proposed Breakwater Alignment  

 

Riprap Breakwater Option (2.1) 

Riprap breakwaters can significantly reduce the transmitted wave height in both deep and shallow depths 

and can be used effectively in high or low energy environments. Riprap also provides hard substrate habitat 

for encrusting species including oysters and barnacles and serves as habitat for juvenile fish, crabs, and other 

invertebrates. A stone stability analysis using modeled wave conditions was conducted and resulted in a 

recommended median stone weight (W50) of 150 lbs and a median stone diameter (D50) of 1.0 ft. A design 

crest elevation of +3.0 ft and crest width of 4.0 ft was selected to reduce the wave energy transmitted 

through the structure to levels acceptable for vegetation growth. The crest elevation will allow for estimated 

long-term settlement of up to 6 inches while still providing wave reduction and attenuation in storm 

conditions. Side slopes of 1.5H:1V were selected to minimize the breakwater footprint and allow for more 

marsh fill area. A geotextile fabric will be placed under the structure to help limit scour and settling. A riprap 

breakwater would be constructible using equipment typically on site for roadway construction. 

Approximately 800 tons of graded riprap will be required to construct the breakwater. Exhibit 21 depicts a 

typical riprap breakwater section along with the marsh planting area for the Laguna Shores project site.  

Exhibit 21. Schematic of Typical RipRap Breakwater Section 
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Reef Ball Breakwater Option (2.2) 

Reef balls are hollow, hemispherical shaped artificial reef units cast from concrete with randomly placed 

holes to allow for wave energy dissipation and habitat creation. Reef balls come in a variety of sizes with 

heights ranging from 1 ft to 5 ft and weights ranging from 45 lbs to 6,000 lbs. Reef balls provide excellent 

habitat for marine animals, but have varied effectiveness at reducing wave transmission, making them more 

suited to shallow water, low energy environments. Guidance recommends that reef ball breakwaters consist 

of at least three rows of units to adequately reduce wave transmission. However, monitoring results at other 

project sites have shown that the first row of reef balls can be undercut and that 4 rows provides better long-

term stability and wave reduction. Considering that the horizontal area available for a breakwater feature at 

the Laguna Shores site is limited due to the close proximity of seagrass adjacent to the roadway, multiple 

rows of reef balls may not be feasible and could also reduce the area available for marsh fill and planting. 

Reef balls also have more stability and habitat value with lower crest elevations, which reduces the wave 

attenuation properties as more wave energy passes over the semi-submerged breakwaters when compared 

to higher elevation structures. Lastly, the bottom elevations along the proposed breakwater alignment are 

variable, which would result in variation of breakwater height due to consistent elevations of the reef ball 

units. Graded riprap breakwaters are better suited to variable bottom depths and can more readily achieve a 

consistent crest elevation. The reef balls would be placed on a geotextile fabric and/or geogrid.  

Exhibit 22. Image of Reef Ball Breakwater  

 

Example of a reef ball breakwater in Oyster Lake in West Galveston Bay, TX. Note that the first row of reef balls on 
the right is leaning forward due to undermining. Photo credit: Consultant. 

Marsh Fill (2.3) 

Existing conditions including site location and orientation, benthic and bottom conditions, and 

meteorological and oceanographic conditions were considered for marsh creation. Additional criteria used in 

the conceptual design and alternatives analysis include project site access, constructability, construction cost, 

and material availability. Based on the findings of the geotechnical investigation and site visits, soil near the 

shoreline is sandy and firm enough to support marsh fill. There are no existing natural resources such as 

marsh grass or oyster beds landward of the seagrass beds that would need to be avoided. Spartina was 

located 0.2 miles north of the project site between the elevations of +0.8 ft and +1.2 ft. Given the narrow 
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elevation range that local Spartina grows in, the proposed marsh fill elevation is +1.0 ft to fall within the 

middle of the range. All marsh fill is located behind the proposed breakwaters to reduce wave energy 

damages on the new marsh. The fill extends from the landward side of the breakwaters up to the existing 

+1.0 ft contour. Marsh fill is not proposed in the breakwater gap to avoid blocking the nearby culverts. 

Approximately 200 CY of sandy material is required for marsh fill. Marsh fill of this quantity is typically easily 

obtainable and would be constructible with standard roadway equipment. After construction, Spartina sprigs 

would be planted on approximately 3 ft centers. Factors influencing the success of the marsh fill living 

shoreline component include timing of sprig planting and protection from pedestrian and vehicle traffic. 

Additional planting may be needed after the initial project construction. 

Opinion of Probable Construction Cost 

Conceptual level opinion of probable construction costs (OPCC) for both the riprap breakwater and reef ball 

breakwater plus marsh fill component area shown in Exhibit 23 and Exhibit 24, respectively. 

Exhibit 23. Table of Conceptual OPCC: Riprap Breakwater 

Item Description Quantity Unit Unit Price Extended Price 

1 Mobilization / Demobilization 1  LS $25,000 $25,000 

2 Construction Surveying 1 LS $10,000 $10,000 

3 Riprap Breakwater (500 LF) 

3.1 Armor Stone 800 TON $100 $80,000 

3.2 Geotextile Fabric 1,200 SY $6 $8,000 

4 Marsh Area 

4.1 Fill for Marsh Planting 200 CY $45 $9,000 

4.2 Planting 1,200 EACH $4 $5,000 

Subtotal: $137,000 

Contingency (30%): $42,000 

Total: $179,000 

Exhibit 24. Table of Conceptual OPCC: Reef Ball Breakwater 

Item Description Quantity Unit Unit Price Extended Price 

1 Mobilization / Demobilization 1 LS $25,000 $25,000 

2 Construction Surveying 1 LS $10,000 $10,000 

3 Reef Ball Breakwater (500 LF) 

3.1 Reef Ball 500 EACH $250 $125,000 

3.2 Geotextile Fabric 1,200 SY $6 $8,000 

4 Marsh Area 

4.1 Fill for Marsh Planting 200 CY $45 $9,000 

4.2 Planting 1,200 EACH $4 $5,000 

Subtotal: $182,000 

Contingency (30%): $55,000 

Total: $237,000 

Summary and Conclusion 

This alternatives analysis was conducted to assess the living shoreline component of the Laguna Shores 

Segment 1 roadway project intended to reduce erosion and provide increased resiliency to Laguna Shores 

Road. Data gathering including a metocean analysis, a site visit and habitat assessment by consultant, 

hydrographic surveying, and preliminary geotechnical testing were completed. Two breakwater concepts, a 

riprap breakwater and a reef ball breakwater, were developed to provide wave protection to Laguna Shores 

Road and to provide hard substrate habitat. A marsh fill concept was also developed to provide additional 

habitat and living shoreline benefits. Both of the breakwater concepts and marsh fill concept were developed 
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to be constructed with equipment typical for roadway construction and will not require additional specialized 

equipment. Opinions of probable construction cost were developed for each breakwater concept. 

Based on the findings of the alternatives analysis, the recommended alternative is a riprap breakwater with 

imported fill for marsh grass planting placed along the landward side of the breakwater. Riprap breakwaters 

generally provide greater wave attenuation compared to reef ball breakwaters. Additionally, riprap can be 

placed on uneven or sloped surfaces and can still be stable whereas reef balls require flat surfaces to avoid 

leaning after placement. To provide sufficient wave reduction, multiple rows of reef balls must be placed 

along a shoreline. At Laguna Shores Road, the bayward extent of breakwater construction is limited due to 

the presence of seagrass near the shoreline. The intent of the living shoreline project is that all components 

will be constructed with equipment typical for the roadway replacement portion of the project, which also 

limits the distance offshore that the breakwater can be placed. Lastly, the opinion of probable construction 

cost of a riprap breakwater of $179,000 is within the existing project budget of $180,000. 
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During the initial conversations for the proposed resilience and durability project, we anticipated that the 
success of the project would require the following: 

• Integrated partners perspectives for planning, design and construction of the Laguna Shores Road 

project 

• Communicate often to ensure the resiliency components were incorporated into the planning, design 

of on-going construction project 

• As the lead convener of the project partners, the Corpus Christi MPO added value for resiliency 

design, permitting and application to be part of the City of Corpus Christi’s base bid construction 

package. This was more certain of an actual project rather than the resilience project being a possible 

“alternate” bid item. An alternate item in the bidding process could have been eliminated due to 

construction costs and funding availability from the City to complete the resilience portion of the 

project. 
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IV. Recommendations for future actions (or planned next steps) 

The next steps in the project are identified below and are scheduled over the next few years as construction 

concludes and monitoring of the installation continues.   

Monitoring and Evaluation 

The estuarine habitat specialists from the academic and non-profit will utilize the habitat assessment 

protocol defined during preconstruction habitat evaluation to monitor the efficacy of the project in terms of 

habitat development and shoreline stabilization.  The team will conduct an initial post-construction 

assessment within 60 days of completion of construction and will repeat their evaluation annually at one- 

and two-years post-construction. 

Generate and Disseminate Report of Findings 

At 24 months post award, the project team will generate an interim report in 508-compliant format that 

complies with FHWA standards for research reports.  Annual monitoring reports will be submitted for four 

years post-construction; the monitoring report in the fourth year will be part of a final report of findings (in a 

508-compliant format that complies with FHWA standards for research reports). 

All findings will be presented to all the member agencies in the MPO who oversee transportation 

infrastructure projects (cities of Corpus Christi and Portland, TxDOT – Corpus Christi District, Nueces and San 

Patricio counties, and the Port of Corpus Christi Authority) to inform future fortification of other sections of 

Laguna Shores Road and of other transportation facilities. The team will identify potential opportunities to 

share findings with other community members and other stakeholders (regional and beyond), possibly 

including the Flour Bluff Business Association, the local chapter of the American Society of Civil Engineers, 

and the Texas Chapter of the American Shore and Beach Preservation Association. 

In March 2021, the construction project is being implemented by the City of Corpus Christi in accord with the 

original resiliency project timeline. The construction schedule for the overall duration timeline for the Laguna 

Shores Road Project is provided below.  

Laguna Shores Road: Projected Timeline: Construction duration is expected to be 16 months. 

Anticipated Construction Start: October 2020 

Anticipated Completion: August 2021 

Segment 1: Graham Road to South Padre Island Drive - June/July 2021 with MPO Resiliency Project 

The city is completing the permits required for their construction project and includes the permits for the 

resiliency project. Permits with the Army Corps of Engineers and the Texas General Land Office (GLO) are 

nearing completion as well as the companion Letter of No Objection from the landowner that has land that 

intersects the construction of the barrier breakwater and associated planting areas.  The owner is 

ExxonMobil, and this project is expected to help them meet their environmental stewardship goals. 
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Exhibit 26. Construction at Laguna Shores Road in the Vicinity of the Future Breakwater 

 

This photo shows the new drainage element in the vicinity of the Laguna Shores Road future breakwater. Photo 
credit: Corpus Christi MPO. 

Exhibit 27. Schematic Section of the Proposed Breakwater. Color detail by the Corpus Christi MPO 

 

V. Recommendations for improvements to FHWA resources used (if 

applicable)  

The FHWA employees were critical in the success of this project. Their guidance along the development of 
the initial application to the checkpoints along the way were helpful in assisting the local agency in moving 
the project forward with local staff changes over the duration of the project. Additional assistance for 
directing the local agency to resources related to the development of the application, contracting and best 
practices of other similar resilience projects. The recommendation is to provide the local agency a 
comprehensive review of the process at the application and award stages. This would assist the local agency 
in being more knowledgeable on the requirements and proceed more expeditiously in the delivery of the 
projects. 

Appendix A: Consultant Aerial Camera Quality Report/Calibration Details 

Appendix B: Geotechnical Subsurface Investigation for the Proposed Laguna Madre Breakwater Project 
Laguna Shores Road and Graham Road Corpus Christi, Texas 
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APPENDIX A 

Consultant Aerial Camera Quality Report/Calibration Details 

 

  



28 
 

 



29 
 

 



30 
 

 

 



31 
 

 



32 
 

 



33 
 

 



34 
 

 

 



35 
 

 



36 
 

 

  



37 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

Geotechnical Subsurface Investigation for the Proposed Laguna Madre Breakwater Project Laguna Shores Road  
and Graham Road Corpus Christi, Texas 

  



38 
 

  



39 
 

  



40 
 

  



41 
 

  



42 
 

  



43 
 

  



44 
 

  



45 
 

  



46 
 

  



47 
 

  



48 
 

 
 
 
 
 
 
 
 
 

APPENDIX  



49 
 

  



50 
 

  



51 
 

  



52 
 

  



53 
 

  



54 
 

  



55 
 

  



56 
 

  



57 
 

  



58 
 

 

 



59 
 

 


	Cover
	Disclaimer
	Table of Contents
	Technical Report Document Page
	I. Introduction
	a. Description of the Project Area
	b. General Approach/Project Description

	II. Parties Involved
	a. Roles and Responsibilities

	III. Description of the Work Performed
	a. Data Gathering for Laguna Shores Road Project Area
	b. Lessons Learned
	c. Alternative Analysis of Shoreline Protections Systems Using Climate Data
	Existing Conditions (1)
	Habitat Assessment (1.1)
	Bathymetric and Topographic Surveys and Aerial Photography (1.2)
	Geotechnical Investigation (1.3)
	Water Level (1.4)
	Wind and Wave Climate (1.5)
	Alternatives Analysis (2)
	Riprap Breakwater Option (2.1)
	Reef Ball Breakwater Option (2.2)
	Marsh Fill (2.3)
	Opinion of Probable Construction Cost
	Summary and Conclusion
	References


	IV. Recommendations for future actions (or planned next steps)
	Monitoring and Evaluation
	Generate and Disseminate Report of Findings

	V. Recommendations for improvements to FHWA resources used (if applicable)
	Appendix A.
	Appendix B.
	Exhibits
	Exhibit 1. Map of the Corpus Christi Metropolitan Planning Organization Area
	Exhibit 2. Maps of Laguna Shores Road Site Layout
	Exhibit 3. Map of Laguna Shores Road Project Location and Scope
	Exhibit 4. Images of Pilot Project Initial Condition
	Exhibit 5. Image of Pilot Project Initial Problem
	Exhibit 6. Table of Laguna Shores Digital Elevation
	Exhibit 7. Aerial of Data Collection Locations for Condition Assessment
	Exhibit 8. Aerial of Locations of Elevation Data Collected
	Exhibit 9. Aerial of the Data Collection for Seagrass and Boring Locations
	Exhibit 10. Map of Project Vicinity
	Exhibit 11. Map of Project Location
	Exhibit 12. Aerial of Habitat Assessment Conducted by TAMU-CC and Engineering Consultant
	Exhibit 13. Image of Bathymetric and Topographic Survey Data
	Exhibit 14. Aerial of Geotechnical boring locations
	Exhibit 15. Table of Tidal Datums at Packery Channel NOAA Station (ID 8775792)
	Exhibit 16. Chart of Water Level Exceedance Plot for Packery Channel NOAA Station 8775792 for 2012-2018
	Exhibit 17. Aerial of Longest Exposed Fetch
	Exhibit 18. Chart of Wind Speed Exceedance Plot for Packery Channel NOAA Station for 2008-2018
	Exhibit 19. Table of Results from ACES Wave Model
	Exhibit 20. Aerial of Proposed Breakwater Alignment
	Exhibit 21. Schematic of Typical RipRap Breakwater Section
	Exhibit 22. Image of Reef Ball Breakwater
	Exhibit 23. Table of Conceptual OPCC: Riprap Breakwater
	Exhibit 24. Table of Conceptual OPCC: Reef Ball Breakwater
	Exhibit 25. Plan of the Required Boundary Survey for Submerged Parcel per GLO Requirements
	Exhibit 26. Construction at Laguna Shores Road in the Vicinity of the Future Breakwater
	Exhibit 27. Schematic Section of the Proposed Breakwater. Color detail by the Corpus Christi MPO




