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Project Background
Lynchburg Ferry is located in Baytown, Texas. Operated 

by Harris County (HC), it carries pedestrians, bicycles, 

and over 2,000 vehicles per day across the Houston ship 

channel. It is composed of two landings, North (NL) and 

South (SL). The present-day location of this ferry can 

trace its origins back to 1822 when it was constructed 

by Nathaniel Lynch just below the confluence of the San 

Jacinto River and the Buffalo Bayou. The ferry was used by 

the Republic of Texas troops fighting Mexican forces in the 

Battle of San Jacinto April 1836. In what was later referred 

to as the Runaway Scrape, as many as 5,000 Texans 

fled eastward to escape the advancing army of Mexican 

General Antonio Lopez de Santa Anna utilizing the ferry. 

In the following days, Sam Houston’s army defeated Santa 

Anna at San Jacinto, which resulted in Texas independence.

On July 2017, LJA Engineering, Inc. (LJA) was tasked 

to provide pre-design (Phase I) engineering services. 

LJA prepared an evaluation study of the existing facility 

and proposed costed upgrades to the system. Use of 

sustainability in design with use of composite materials 

was encouraged to increase durability, resistance to 

corrosion, and overall increase in the life cycle of the ferry 

system. HC used funding available from the Federal Ferry 

Boat Program to construct the selected upgrades.

The existing infrastructure was built in several phases 

over the last 50 years, and many of the structures had 

been strengthened or repaired during that time. Each 

landing has an approach pavement, a concrete abutment 

founded on timber piles, a sheet pile bulkhead tied to a 

deadman, and a steel transfer ramp with timber decking 

that connects the landing to the ferry. On the land side, the 

transfer ramp has hinged bearings with a special shock 

absorbing system in place to dissipate energy from the 

ferry thrust. On the water side, it is cable supported by 

two gantry towers above. The transfer ramp is operated 

through a system of winches, pulleys and counterweights 

that allows it to be raised when a ferry approaches the 

ramp and lowered and locked in place when ferry is at its 

final position.

The two gantry towers made use of vertical timber piles 

with steel lateral bracing members and had a steel cross 

frame at the top that connected the two. On the water 

side, both landings feature two flaring wingwall structures 

made of timber pile clusters with an attached steel 

plate fendering system. Position and angle of the two 

wingwalls was set to allow the ferry to wedge into position 

as it approached the landings. A pair of dolphins, same 

construction as the wingwalls, were positioned at the tips 

of the wingwalls to protect them from a direct ferry or other 

vessel impact.

The berthing area of the North Landing has a 120’ long sheet 

pile bulkhead with battered H-pile tiebacks, two gangways 

to board the moored ferries, and a series of dolphins (nine 

Original or Innovative Application of New 
or Existing Techniques

Social, Economic and Sustainable Design Considerations

Exceeding Client/Owner Needs

Future Value to the Engineering Profession

Complexity

Key

Pre-Hurricane Harvey Ferry Infrastructure: Wingwalls, Gantry 
Towers and Transfer Ramp



in total) arranged so that both ferries can be safely and 

simultaneously moored side-by-side. These dolphins, 

composed of a cluster of timber piles tied around a king 

pile, where the ferries can tie to. In addition, an abandoned 

timber wingwall (left over from an old landing) together with 

an earth fill with some loose riprap at the Southern tip of the 

North Landing served as a breakwater structure to reduce 

the wake from the passing vessels in the channel.

Hurricane Harvey
On August 26th, 2017, after LJA collected all desktop material 

(as-builts, transfer ramp inspection reports, etc.), performed 

site visits, held discussions with the ferry superintendent 

on ferry operations, completed land and water survey, 

and finished all underwater inspections, Hurricane Harvey 

landed in the Houston area. During the peak of the storm, 

water velocities in the San Jacinto River (one of the two 

major watersheds flowing into the ship channel to the North 

of the North Landing) were estimated to have reached 

11fps. Rainfall lasted six days, resulting in over 40 inches and 

unprecedented flooding in the Houston area.

Shortly after water receded to allow access to the site, LJA 

and County engineers inspected the ferry infrastructure 

and recorded all visual damages. The following damages 

were recorded after the storm:

Both Landings:

• Excessive scour (over 25’ of scour on the North 

Landing)

• Instability of all water structures (noticeable sway 

under wave loading)

• Shock absorbers at transfer ramp bearings were 

sheared off

• Debris accumulation to all upstream structures

North Landing:

• Though both ferries were secured per hurricane 

mooring procedures, the high waters and strong 

currents resulted in one of the two ferries landing atop 

of the adjacent mooring dolphins and experienced 

damages to the hull

• Old wingwall structure and earth fill that served as 

breakwater had washed out

• Collapsed weather station next to gantry tower

• Parking sections were completely washed out

HC decided the ferry system would remain closed until all 

damages critical to ferry operations and the safety of the 

employees and the public had been repaired.

Post Hurricane Harvey Inspection: Debris accumulation, sheared shock absorbers, unstable water structures
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Timeline of Key Events following 
Hurricane Harvey

09/21/17: An on-site meeting was called by HC to 

discuss the importance of a quick re-opening of the 

ferry, the scope of the emergency repair works, TxDOT’s 

assistance to this project, and FHWA’s available emergency 

funding. During this meeting, it was decided that the scope 

of the emergency repair works would include the following:

1. New field survey

2. New bathymetric survey

3. Side scan and muti-beam sonar (to help locate debris 

from failed structures)

4. Underwater inspection of existing timber piles

5. Additional geotechnical services

6. Environmental sampling

Design of:

7. Replacement gantry structures (both Ladings)

8. Replacement transfer ramp bearings (both Landings)

9. New wingwalls and fender dolphins (both Landings)

10. New berthing area dolphins (North Landing)

11. New breakwater structure (North Landing)

09/26/17: HC issued a purchase order to LJA to 

undertake the emergency repair design services.

09/28/17: A conference call was held to discuss 

Harris County Commissioners Court decision to 

extend disaster declaration to 10/10/17. Based on that 

decision, any emergency repair work that was let before 

that date was not required to follow County’s standard 

letting procedures, allowing the letting process to be 

considerably expedited. HC had an unmovable date to 

meet to allow full funding by FHWA for the repair works, 

which meant completion of all works by 02/14/18 (in 4.5 

months). To meet that aggressive schedule, HC decided 

they needed to have a contractor under contract by 

October 10 and requested that LJA prepares a so called 

“mock” bid package of the repair works to go for bidding 

by 10/02/17 (5 calendar days).

10/02/17: “Mock” bid package was completed 

by LJA and submitted to HC. LJA produced a set 

of contract documents with very few questions 

from the bidding contractors and a cost estimate 

that deviated less than 0.5% from low bidder offer, 

exceeding the owner’s expectations. Preparation 

of this package accounted for the following:

• The aggressive schedule was the most complex 

aspect of this project. LJA included intermediate 

deadlines in the construction schedule for 

different detail design packages to be released by. 

Determination of these packages and associated 

deadlines was carefully selected by LJA after taking 

into consideration anticipated lead times for ordering 

required materials. LJA contacted numerous suppliers 

and specialty fabricators to obtain fabrication and 

delivery times with associated costs prior to finalizing 

the schedule and cost estimate for the project.

• To ensure competitive bidding, a preliminary set of 

design plans was prepared for all scoped design items 

accompanied by a set of estimated quantities and a 

final set of specifications. Certain assumptions had to 

be made as there was still some missing information 

(i.e. additional borings were required because of scour).

• Preliminary design considered all material availability. 

Because of the hurricane, there was a shortage of 

material caused both by slowdown in productions as 

well as high demand for piling material. LJA aimed to 

maximize the use of materials and sections (such as 

steel pile grades and sizes) that were readily available 

or had short lead times to expedite procurement by the 

contractor.

• Design details were adopted and selected such that 

fabrication and construction time would be reduced.



• Design used composite material to maintain original 

goal of sustainability in design.

• To receive FHWA funding, replacement structures 

could not be considered a “betterment.” Different 

material would be accepted only if it was considered 

industry standard at the time. LJA researched similar 

facilities, such as the Bolivar and the Port Aransas 

Ferry systems, to establish a baseline of industry 

standard for ferry system marine structures. Based 

on our research of other similar facilities built in the 

last 10 years, we compiled a list of materials that can 

be considered industry standard practice in ferry 

infrastructure. This was critical for FHWA to accept 

them under the funding requirements and not consider 

them a betterment. This information can prove very 

useful to engineers working in similar future projects.

10/03/17: Pre-bidding meeting with invited 

contractors. Contractors had two days to prepare 

their bids.

10/06/17: Bid opening. LJA recommendations are 

given to HC for the preferred bidder.

10/09/17: HC awards the project to selected 

contractor (Russel Marine).

10/10/17: HC issues PO to contractor for emergency 

repair works. Harris County Toll Road Authority 

(HCTRA) is tasked to manage the construction of the 

project with LJA providing inspection services. During 

construction, there was a very close collaboration between 

HCED, HCTRA, LJA, the contractor, and the fabricator 

(King Fabrication) to rapidly identify areas that could 

result in time savings. Weekly meetings were held on 

site between the parties to discuss progress and any 

construction issues. Several meetings took place at the 

fabricator’s yard to resolve fabrication issues, and there 

was daily communication (emails, phone calls) to keep 

things on schedule. A one-day turnaround was agreed for 

all RFIs and shop drawing reviews.

02/14/18 : Construction completed per FHWA’s 

funding dateline. Fabricator was hanging last set 

of donut fenders on the last day of the schedule. Overall 

construction cost for the project was $9.5M. Completing 

this project in 4.5 months helped significantly minimize the 

impact of the ferry closure, which had a positive economic 

impact to the neighboring communities that would 

have otherwise suffered a prolonged increase in their 

transportation costs.

Original Solutions to Technical 
Challenges
Transfer Ramp: Existing transfer ramps were re-used 

with some minor repairs. The ramp bearing system was 

completely replaced with an all stainless steel one. LJA 

worked closely with the fabricator on the specifications of 

the different components of the complex bearing system 

to satisfy Buy America provisions imposed by the Federal 

funding. The bearing system was simplified by having a 

reduced number of base plates and anchor bolts so that 

new anchor bolts can be re-spaced and avoid conflicts 

with the existing ones. Use of stainless steel for every 

component of this assembly was unique to this project.

New Gantry Towers: New gantry towers were designed 

with Thermal Sprayed Aluminum (TSA) coated steel 

members founded on concrete footings supported by piles. 

Composite pipe piles were used on the SL with steel pipe 

piles on the NL because of the higher water depths. Where 

depth permitted, LJA selected to use composite pipe piles 

made of plastic with glass fiber reinforcement and UV 

resistant coating, resulting in a longer life cycle for the 

structures. Piles were battered to provide needed lateral 

support and avoid conflicts. The existing counterweight/ 

pulley/manual host lift system for the transfer ramp was 



re-used together with the connecting existing cross frame 

above. Access to inspect all electrical and mechanical 

components was provided.

Wingwalls: New wingwalls were designed with the use 

of plastic lumber, a composite material, for the fendering 

system that increased the durability and reduced the life 

cycle cost for this special structure that experiences the 

highest wear and tear because of the constant rubbing of 

the ferry vessel at each approach to the landing.

In addition, an innovative new design was introduced that 

had the fendering system be a separate sleeved structure 

that was simply slipped on top of two large diameter pipe 

piles and pinned into place. Doing so simplified fabrication, 

transportation, and erection of the specific system and 

allows easier repair in the future. Steel components in the 

splash zone were all TSA coated, and all hardware were 

stainless steel.

Wingwall and Berthing Area Dolphins: An evaluation 

of the existing ferry vessel size, weight, approach velocity, 

and approach angle was made to determine the loading 

assumptions for these structures. A flexible monopile 

system was selected with two different diameter TSA 

coated steel pipe piles: (i) a 36” diameter for the dolphins 

located closest to the bulkhead where the water depths 

were the least and vessel velocities the smallest and (ii)

a 60” diameter for the dolphins located in front of the 

wingwalls and at the channel side of the berthing area 

where the water depths were the deepest and vessel 

velocities the highest. All dolphins were fitted with a large 

diameter free floating donut fender equipped with a steel 

mooring crown for the vessels to tie to. Floating donut 

fenders help absorb some of the energy from the vessel 

impact and the rest is absorbed by the lateral displacement 

of the monopiles. Top of pile elevation for the berthing 

area dolphins was set to allow the floating fender and the 

moored vessels to be raised to the highest recorded water 

surface elevations observed during Hurricane Ike.

The dolphins at the ends of the wingwalls were fitted 

with a special chain supported fender assembly that also 

made use of plastic lumber to protect from the increased 

frequency of impact by the approaching ferry vessels.  

A solar powered navigation light was installed at the two 

wingwall dolphins, which were located the closest to the 

ship channel.

Breakwater Structure: The existing rip rap on the East end 

of the NL was extended to shelter the berthing area from 

the wakes of the passing ships in the channel. Given the 

overall proximity of the proposed riprap breakwater to the 

berthing area, the slope of the riprap closest to the berthing 

area had to be adjusted to avoid conflict with the floating 

donut closest to the breakwater when at low tides.

3D Model: A detailed 3D model was developed for both 

the existing and proposed water structures that helped 

better view scoured mudline elevations, identify any 

potential conflicts with proposed piling, help calculate 

quantities, and assist in presentation of proposed works. 

The development 

of a 3D model was 

not required by the 

owner, its inclusion 

exceeded our client’s 

needs and added 

value to the project.

New Innovative Sleeved Fendering System for the Wingwalls

3D Model of the North Landing Water 
Structures


