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6.4 HYDROMODIFICATION MANAGEMENT
In some conditions, streams, rivers, and shorelines have been impacted by severe erosion, constructed 
channels, floodplain encroachment, fill, excavation and removal of native vegetation.  In addition, dams have 
affected the natural flow, habitat, and fluvial processes, thus impacting aquatic habitat, sediment movement, 
and the natural hydrology, adversely affecting water quality.  In the following sections, guidance and references 
are provided to assist local, state, federal, as well as developers/engineers to restore water resources that 
have been affected by hydromodification. Please refer to the links in this section, references, and the Texas 
Hydromodification Best Management Practices Manual, 2008, for additional guidance. 

6.4.1 CHANNEL RESTORATION AND NATURAL CHANNEL DESIGN
Streams impacted by natural and un-natural causes can in some cases be restored. Healthy streams enhance 
habitat, water quality, and provide essential flood mitigation benefits.  This section provides excerpts from the 
San Antonio River Authority, Natural Channel Design Protocol, that outlines design considerations, processes, 
methods, and construction techniques.

While natural channel design is often used in stream restoration projects, it can also be implemented in 
projects where restoration of ecosystem habitat is not the primary goal, such as flood control projects. 
Projects that implement restoration and natural channel design techniques are typically part of a holistic, 
multi-objective plan to improve water quality, restore riparian communities, provide recreation opportunities, 
and address flooding concerns. Stormwater best management practices (BMPs), Low Impact Development 
(LID) measures, habitat creation, re-vegetation of stream banks, preservation of natural communities, and 
trail systems are often incorporated into the project design to meet these multiple objectives. Often, projects 
implementing natural channel design techniques will do so to address USACE permitting requirements 
and minimize impacts. Additionally, not all projects may be suitable for a natural channel design approach. 
Project constraints may preclude a pure natural channel design approach, particularly in urban settings. 
However, natural channel design elements may still potentially be incorporated into designs. Project goals 
and constraints must be carefully considered when using the approaches presented in this document. 

Goals presented in this manual for incorporating natural channel design into projects include:

• Creating geomorphically stable conditions for appropriate stream reaches;

• Improving and restoring hydrologic connections between the streams and their floodplains; 

• Improving aquatic and terrestrial habitat;

• Improving water quality by establishing buffers for nutrient removal from runoff, and by stabilizing stream 
banks to reduce bank erosion and sediment contribution to stream flows;

• Improving in-stream habitat by providing a more diverse bedform with riffles and pools, creating deeper 
pools and areas of water re-aeration, providing woody debris for habitat and, reducing bank erosion; and 

• Providing storage within a floodplain to retain and attenuate flood flows.

The San Antonio River Authority, Natural Channel Design Protocol, provides detailed guidance to planners, 
engineers, public works, and maintenance operations staff in the planning, design, permitting, construction, 
and operations of restored streams. This manual should be used to guide stream restoration and natural 
channel design in the coastal region and includes the information on the following:

• Watershed assessments;

• Regional flow curves to define hydrologic conditions and design flows; 

• Field investigation and base map surveys;

• Geomorphic assessments including bankfull discharge determination, stability, and bedform diversity, 

https://www.sariverauthority.org/sites/default/files/2019-06/natural-channel-design-protocol.pdf
https://www.sariverauthority.org/sites/default/files/2019-06/natural-channel-design-protocol.pdf


GUIDANCE FOR SUSTAINABLE STORMWATER DRAINAGE ON THE TEXAS COAST     129128     CLEAN COAST TEXAS

CHAPTER  6

channel evolution, and restoration potential;

• Natural channel design methods including sediment transport analysis;

• Natural channel design within flood control channels;

• In-stream structures and bioengineering;

• Construction plan preparation;

• Technical specifications;

• Permits;

• Construction observation;

• Maintenance; and

• Monitoring and evaluation. 

6.4.1.1 CHANNEL OPERATIONS AND MAINTENANCE GUIDANCE
Each project will have site specific maintenance considerations. A maintenance plan will be prepared as part 
of the natural channel design report for each project site, and will address both short-term and long-term 
maintenance items. Maintenance plans should include such aspects as inspections, repairs, replacement, 
mowing, and vegetation management. In constructed projects, the contractor is typically responsible for 
coordinating maintenance activities for a specific project area for one year following installation of the project 
(the warranty period). Example tasks to be considered in the first year following installation for the successful 
establishment of a project site include:

• Initial inspections including photographs for the first 6-months following construction. The site should be 
inspected at least twice after storm events that exceed 0.5 inch of rainfall.

• Bare or eroding areas in the project area should be re-seeded to ensure they are immediately stabilized 
with grass cover.

• Proper fertilization based on soil and vegetation nutrient demands.

• Watering may be needed once per week during the first 2 months and then as needed during the 
first growing season, depending on rainfall. Under drought or unusual site conditions, watering may be 
needed for longer periods of time to ensure proper vegetation establishment. Minimum quantities of 
water should coincide with plant specific needs.

• Since plant stock may die off in the first year, construction contracts should include a care and replacement 
warranty to ensure that vegetation is properly established and survives during the first growing season 
following construction. The typical thresholds below which replacement is required are 75% survival 
of plant material and 90% of planted trees during the first growing season. In later years, the project’s 
defined success criteria for vegetation will dictate whether replanting is necessary. 

• Control of invasive and/or exotic vegetation.

Long-term maintenance considerations may include items such as those listed below:

• Allowing for site access in the future to address maintenance needs

• Inspection schedules

• Addressing severe storm damage 

• Control of invasive and/or exotic vegetation
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• Control of animal activity that may damage planted vegetation or site stability (i.e. beavers, hogs, etc.)

• Vandalism and/or unauthorized site access

Monitoring and evaluation of restoration and natural channel design projects is a useful method to evaluate 
project performance. A monitoring plan should be developed to determine whether these goals and 
objectives have been achieved, in order to validate the effectiveness of the project and identify trends, or 
necessary corrective actions, through the adaptive management process. A common goal when monitoring 
a natural channel design project is to demonstrate that the restoration activities create a stable functioning 
stream channel. To ensure that channel stability has been achieved, physical inspections are conducted 
using a variety of qualitative and quantitative measures. Inspections data are then compared to data and 
photographs collected prior to restoration and/or during the monitoring previous years.

A qualified or knowledgeable field inspector should walk the entire length of the project with the as-built 
plans noting any areas of concern. Using a monitoring data sheet, the inspector should describe, in detail, 
the problem area(s) and take adequate photographs to document the concern and if necessary, provide a 
recommendation for corrective action. Specific metrics and resolution alternatives should be tabulated in 
the Monitoring Report. Inspections should be conducted at least once per year. More frequent inspections 
may be necessary if stability concerns have previously been noted, or there have been frequent/intense 
storm events. An inspection may be necessary immediately following a significant storm event (bankfull or 
higher) if it occurs soon after completion of the project and, before bank vegetation has been established in 
accordance with the plans and specifications. The inspection should evaluate the following:

• Vertical instability

• Lateral instability

• Structural integrity

• Vegetation viability

In the event that the site or a specific component of the site fails to achieve the defined success criteria or 
project goals, the designer or mitigation provider should work with the owner to develop necessary adaptive 
management plans and/or implement appropriate corrective actions for the site in coordination with the 
appropriate agencies and other stakeholders. Corrective action required should be implemented to achieve 
the success criteria specified in the project design and monitoring plan. The plan should also include a 
work schedule and monitoring criteria that consider physical (exotic vegetation, beaver dams) and climatic 
conditions (droughts/floods, long-term hydrology), as well as documenting any significant changes within the 
watershed.

6.4.2 DAM REMOVAL GUIDELINES AND HABITAT PROTECTION
As an owner of a dam, you may want to remove the dam due to factors such as deterioration and risk of 
failure, or to return a waterway to its original condition. By performing a dam removal operation, habitat 
can be restored and natural aquatic functions can return to enhance biological activity.  Based on the State 
of Texas Dam Removal Guidelines, TCEQ, the question of whether to remove a dam is primarily up to the 
owners and stakeholders of the structure. The Dam Safety Program of TCEQ is not opposed to the removal 
of dams; however, the Dam Safety Program does want to ensure that the process is conducted safely and 
in accordance with all the applicable state and federal rules. The guidelines presented here cover the major 
items that you should consider before beginning the removal process. For the purposes of this document, 
these items are organized into six general categories: 

• Safety Issues

• Erosion Prevention and Sediment Control

• Ecological Issues 

https://www.tceq.texas.gov/assets/public/comm_exec/pubs/gi/gi-358.pdf
https://www.tceq.texas.gov/assets/public/comm_exec/pubs/gi/gi-358.pdf


GUIDANCE FOR SUSTAINABLE STORMWATER DRAINAGE ON THE TEXAS COAST     131130     CLEAN COAST TEXAS

CHAPTER  6

• Floodplain Management

• Stakeholder Issues 

• Ownership Issues

The safety of downstream residents and the personnel working on the dam are of primary importance. 
Before engaging in a dam removal, the owner should acquire an approved dam removal plan from the TCEQ 
Dam Safety Program.  This plan should contain the following items: 

• Schedule and plan for conducting the phases of the work. 

• Description of the method to be used to dewater the reservoir. 

• Drawings that illustrate the location and size of the breach. 

• Rationale for the sizing and placement of the breach. 

• Plan for preventing erosion and sediment loss from the work site, lake bottom, and breach during and 
after removal. 

• Emergency Action Plan that addresses the risks associated with the removal process.

Plans for addressing any relevant items that are noted in these guidelines. There are several important safety 
issues that must be considered in developing a dam removal plan. 

• Construction activity will occur in the vicinity of water. 

• Staging and operations will take place on steep inclined slopes. 

• Water can flow uncontrollably through a breach, quickly eroding the side walls. 

• Removal of material on the downstream slope can cause an increase in the hydraulic gradient within the 
embankment, which may lead to quickening of the soil. 

• Rapid drawdown (lowering of the water level) of the reservoir can create slope instabilities upstream. 

• Severe or extreme rainfall events can occur during the removal process. 

• Outlet valves may be corroded or inoperable. 

• Outlet conduits may be corroded, damaged, or incapable of containing hydraulic pressures or flows 
associated with drawdown operations. 

• Inform the downstream county sheriff before draining, so that emergency management personnel know 
why a change in stream level is taking place.

By performing the above steps in compliance with the TCEQ Dam Removal Guidelines, minimal water quality 
impacts can occur and habitat can be protected. 

Existing dams and their accompanying reservoirs/water bodies that will not be removed also have the need 
to practice riparian habitat restoration and maintenance in areas around the impounded water body and 
in the water body downstream from a dam.  Reservoir shorelines are important riparian areas and they 
need to be managed or restored to realize their habitat and water quality benefits.  This management plan 
must consider fluctuating water levels due to floods and droughts and implement resilient vegetation that 
can withstand the hot, dry summers but also survive long-periods of inundation.  Examples of downstream 
aquatic habitat improvements include maintaining minimum instream flows, providing scouring flows when 
needed, providing alternative spawning areas if appropriate for the water body in consideration, protecting 
streambanks from erosion, and maintaining wetlands and riparian areas. 



GUIDANCE FOR SUSTAINABLE STORMWATER DRAINAGE ON THE TEXAS COAST     133132     CLEAN COAST TEXAS

CHAPTER  6

6.4.3 OPERATION AND MAINTENANCE OF DAMS
Dams are defined as constructed impoundments that are either (1) 25 feet or more in height and greater 
than 15 acre-feet in capacity, or (2) 6 feet or more in height and greater than 50 acre-feet in capacity.  The 
siting and construction of a dam can be undertaken for many purposes, including flood control, power 
generation, irrigation, livestock watering, fish farming, navigation, and municipal water supply. Some 
reservoir impoundments are also used for recreation and water sports, for fish and wildlife propagation, and 
for augmentation of low flows. Dams can adversely impact the hydraulic regime, the quality of the surface 
waters, and habitat in the stream or river where they are located. A variety of impacts can result from the 
siting, construction, and operation of these facilities.

The siting of dams can result in the inundation of wetlands, riparian areas, and land in upstream areas of the 
waterway. Dams either reduce or eliminate the downstream flooding needed by some wetlands and riparian 
areas. Dams can also impede or block healthy spawning, migration routes of fish, and any threatened or 
endangered species. Construction activities from dams can cause increased turbidity and sedimentation in 
the waterway resulting from vegetation removal, soil disturbance, and soil rutting. Fuel and chemical spills 
and the cleaning of construction equipment (particularly concrete washout) have the potential for creating 
nonpoint source pollution. The proximity of dams to streambeds and floodplains increases the need for 
sensitivity to pollution prevention at the project site in planning and design, as well as during construction.

The operation of dams can also generate a variety of types of nonpoint source pollution in surface waters. 
Controlled releases from dams can change the timing and quantity of freshwater inputs into coastal waters. 
Dam operations may lead to reduced downstream flushing, which, in tum, may lead to increased loads of 
BOD, phosphorus, and nitrogen; changes in pH; and the potential for increased algal growth. Lower instream 
flows, and lower peak flows associated with controlled releases from dams, can result in sediment deposition 
in the channel several miles downstream of the dam. The tendency of dam releases to be clear water, or 
water without sediment, can result in erosion of the streambed and scouring of the channel below the dam, 
especially the smaller-sized sediments. One result is the siltation of gravel bars and riffle pool complexes, 
which are valuable spawning and nursery habitat for fish. Dams also limit downstream recruitment of suitably-
sized substrate required for the anchoring and growth of aquatic plants. Finally, reservoir releases can alter 
the water temperature and lower the dissolved oxygen levels in downstream portions of the waterway.

To guide the safe and effective operation and maintenance of dams, this document references the TCEQ 
“Guidelines for Operations and Maintenance of Dams in Texas.” All dam owners and operators should follow 
this guidance to ensure safe operations and high-water quality management in the daily operations and 
maintenance of their dams. Some key items noted in the document include: 
Establish a schedule for both day-today tasks and tasks performed less frequently throughout the year. The 
schedule should formalize inspection and maintenance procedures so that even an inexperienced person 
can determine when a task is to be done.

MAINTENANCE GUIDELINES
A sound maintenance program will protect a dam against deterioration and prolong its life. A poorly 
maintained dam will deteriorate and may fail. Nearly all the components of a dam and the materials used 
for its construction are susceptible to damaging deterioration if not properly maintained. A well-prepared 
maintenance program protects not only the dam owner, but the general public as well while considering 
and providing good habitat preservation and enhancement. The cost of a proper maintenance program is 
small compared to the cost of major repairs or the loss of life and property and resultant litigation. A basic 

• Operation Plan Guidelines

• Establishing an operation procedure or plan calls 
for detailed 

• Data on the physical characteristics of dam and 
reservoir 

• Descriptions of dam components 

• Operating instructions for operable mechanisms 

• Instructions for inspections 

• Instrumentation and monitoring guidelines 

• Guidelines for maintenance 

• Guidelines for emergency operations

https://www.tceq.texas.gov/assets/public/comm_exec/pubs/gi/gi357/gi-357.pdf
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maintenance program based primarily on systematic and frequent inspections is necessary. Inspections, as 
noted in Chapter 5 of the Guidance, should be carried out monthly and after major floods or earthquakes. 
During each inspection, fill out a checklist of items requiring maintenance and ensuring that the dam 
operators are aware of the latest reports and findings to enhance operations and water quality protection. 

Preventing erosion and soil loss within the impoundment and dam failures protects water quality and lives. 
When dams fail, extensive amounts of soil and debris are released into the receiving stream.  Further, 
the large volume of water and sediment washes away streamside trees and vegetation and generates 
additional erosion and scour, significantly altering habitat and the natural aquatic and nearby terrestrial 
areas.  Additionally, streamside homes and businesses can be swept away. Thus, the proper operations and 
maintenance of dams is essential in protecting lives, property, habitat, and water quality. 

6.4.4 STREAMBANK AND SHORELINE EROSION GUIDANCE
Streambank erosion is used in this guidance to refer to the loss of land along nontidal streams and rivers. 
Shoreline erosion is used in this guidance to refer to the loss of beach or land in tidal portions of coastal 
bays or estuaries. Erosion of ocean coastlines is not regarded as a substantial contributor of NPS pollution 
in coastal waterbodies and will not be considered in this guidance.

The force of water flowing in a river or stream can be regarded as the most important process causing 
erosion of a streambank. All of the eroded material is carried downstream and deposited in the channel 
bottom or in point bars located along bends in the waterway. The process is very different in coastal bays 
and estuaries, where waves and currents can sort the coarser-grained sands and gravels from eroded bank 
materials and move them in both directions along the shore, through a process called littoral drift, away from 
the area undergoing erosion. Thus, the materials in beaches of coastal bays and estuaries are derived from 
shore erosion somewhere else along the shore. Solving the erosion of the source area may merely create 
new problems with beach erosion over a much wider area of the shore.

The erosion of shorelines and streambanks is a natural process that can have either beneficial or adverse 
impacts on the creation and maintenance of riparian habitat. Sands and gravels eroded from streambanks 
are deposited in the channel and are used as instream habitat during the life stages of many benthic 
organisms and fish. The same materials eroded from the shores of coastal bays and estuaries maintain the 
beach as a natural barrier between the open water and coastal wetlands and forest buffers. Beaches are 
dynamic, ephemeral landforms that move back and forth onshore, offshore, and along shore with changing 
wave conditions. The finer-grained silts and clays derived from the erosion of shorelines and streambanks 
are sorted and carried as far as the quiet waters of wetlands or tidal flats, where benefits are derived from 
addition of the new material. There are also adverse impacts from shoreline and streambank erosion. 
Excessively high sediment loads can smother submerged aquatic vegetation (SAV) beds, cover shellfish beds 
and tidal flats, fill in riffle pools, and contribute to increased levels of turbidity and nutrients. .

Management measures for eroding streambanks and shorelines should include the following:

• Where stream bank or shoreline erosion is a nonpoint source pollution problem, streambanks and 
shorelines should be stabilized. Vegetative methods are strongly preferred unless structural methods 
are more cost-effective, considering the severity of wave and wind erosion, offshore bathymetry, and the 
potential adverse impact on other streambanks, shorelines, and offshore areas.

• Protect streambank and shoreline features with the potential to reduce NPS pollution.

• Protect streambanks and shorelines from erosion due to uses of either the shorelands or adjacent 
surface waters.

The following practices are described for illustrative purposes only. Local governments need not require 
the implementation of these practices. However, as a practical matter, the management measure set forth 
above generally will be implemented by applying one or more management practices appropriate to the 
source, location, and climate. The practices set forth below have been found by EPA to be representative 
of the types of practices that can be applied successfully to achieve the management measure described 
above. Preservation and protection of shorelines and streambanks can be accomplished through many 
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approaches, but preference in this guidance is for nonstructural practices, such as soil bioengineering 
and marsh creation, natural systems, that are resilient, sustainable, require minimal maintenance once 
established, avoid catastrophic failures such as concrete wall collapse, and can enhance water quality and 
habitat.

6.4.4.1 SOIL BIOENGINEERING AND VEGETATIVE PRACTICES
Soil bioengineering is the installation of living plant material as a main structural component in controlling 
problems of land instability where erosion and sedimentation are occurring (USDA-SCS, 1992). Soil 
bioengineering largely uses native plants collected in the immediate vicinity of a project site. This ensures that 
the plant material will be well adapted to site conditions. While a few selected species may be installed for 
immediate protection, the ultimate goal is for the natural invasion of a diverse plant community to stabilize 
the site through development of a vegetative cover and a reinforcing root matrix (USDA-SCS, 1992). Soil 
bioengineering provides an array of practices that are effective for both prevention and mitigation of NPS 
problems. This applied technology combines mechanical, biological, and ecological principles to construct 
protective systems that prevent slope failure and erosion. Adapted types of woody vegetation (shrubs and 
trees) are initially installed as key structural components, in specified configurations, to offer immediate 
soil protection and reinforcement. Soil bioengineering systems normally use cut, unrooted plant parts in 
the form of branches or rooted plants. As the systems establish themselves, resistance to sliding or shear 
displacement increases in streambanks and upland slopes. Specific soil bioengineering practices include:

Live Staking. Live staking involves the insertion and tamping of live, rootable vegetative cuttings into the 
ground as shown in Figure 6-16. If correctly prepared and placed, the live stake will root and grow. A system 
of stakes creates a living root mat that stabilizes the soil by reinforcing and binding soil particles together and 
by extracting excess soil moisture. Most willow species are ideal for live staking because they root. This is an 
appropriate technique for the repair of small earth slips and slumps that are frequently wet. 

Figure 6-16:  Live Staking (Source: EPA)
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Live Fascines. Live fascines are long bundles of branch cuttings bound together into sausage-like structures 
(Figure 6-17). When cut from appropriate species and properly installed, they will root and immediately begin 
to stabilize slopes. They should be placed in shallow contour trenches on dry slopes and at an angle on wet 
slopes to reduce erosion and shallow face sliding. This system, installed by a trained crew, does not cause 
much site disturbance. 

Joint Planting. Joint planting (or vegetated riprap) involves tamping live cuttings of rootable plant material 

Figure 6-17: Live Fascines (Source: EPA)
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into soil between the joints or open spaces in rocks that have previously been placed on a slope (Figure 6- 
18). Alternatively, the cuttings can be tamped into place at the same time that rock is being placed on the 
slope face.

Marsh creation and restoration is another useful vegetative technique that can be used to address problems 
with erosion of coastal shorelines, Figure 6-19. Marsh plants perform two functions in controlling shore 
erosion. First, their exposed stems form a flexible mass that dissipates wave energy. As wave energy is 
diminished, both the offshore transport and longshore transport of sediment are reduced. Ideally, dense 
stands of marsh vegetation can create a depositional environment, causing accretion of sediments along the 
intertidal zone rather than continued erosion of the shore. Second, marsh plants form a dense mat of roots 
(called rhizomes), which can add stability to the shoreline sediments.

Figure 6-19:  Shallow Marsh Creation (Source: EPA)

Figure 6-18:  Joint Planting (Source EPA)
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6.4.4.2 ROCK RIPRAP AND STRUCTURAL TECHNIQUES
For sites where soil bioengineering and marsh creation would not be an effective means of streambank or 
shoreline stabilization, a variety of engineering approaches can be considered. One approach involves the 
design and installation of fixed engineering structures and rock rip rap. Bulkheads and seawalls are two types 
of wave-resistant walls that are similar in design but slightly different in purpose (Figure 6-20). Bulkheads are 
primarily soil-retaining structures designed also to resist wave attack. Seawalls are principally structures 
designed to resist wave attack, but they also may retain some soil. Both bulkheads and seawalls may be built 
of many materials, including steel, timber, or aluminum sheet pile, gabions, or rubble-mound structures. 

Although bulkheads and seawalls protect the upland area against further erosion and land loss, they often 
create a local problem. Downward forces of water, produced by waves striking the wall, can produce a transfer 
of wave energy and rapidly remove sand from the wall. A stone apron is often necessary to prevent scouring 
and undermining. With vertical protective structures built from treated wood, there are also concerns about 
the leaching of chemicals used in the wood preservatives. 

Figure 6-20:  Schematic Bulkhead Example (Source: EPA)
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Toe Protection for vertical bulkheads has a number of qualitative advantages. Toe protection usually takes 
the form of a stone apron installed at the base of the vertical structure to reduce wave reflection and scour of 
bottom sediments during storms (Figure 6-21). The installation of rubble toe protection should include filter 
cloth and perhaps a bedding of small stone to reduce the possibility of rupture of the filter cloth. Ideally, the 
rubble should extend to an elevation such that waves will break on the rubble during storms.

Rock riprap is another type of vertical protective structure used for streambank and shoreline protection. 
One rock rip rap design contains several layers of randomly shaped and randomly placed stones, protected 
with several layers of selected armor units or quarry stone (Figure 6-20). The armor units in the cover layer 
should be placed in an orderly manner to obtain good wedging and interlocking between individual stones. 
The cover layer may also be constructed of specially shaped concrete units.

Structures of various types can be used to protect the shoreline and streambanks. Some examples include:

Gabions (stone-filled wire baskets) or interlocking blocks of precast concrete are used in the construction of 
revetments. In addition to the surface layer of armor stone, gab ions, or rigid blocks, successful revetment 
designs also include an underlying layer composed of either geotextile filter fabric and gravel or a crushed 
stone filter and bedding layer. This lower layer functions to redistribute hydrostatic uplift pressure caused 
by wave action in the foundation substrate. Precast cellular blocks, with openings to provide drainage and 

Figure 6-21:  Schematic Toe Protection (Source: EPA)

Figure 6-22:  Rock Rip Rap Schematic Cross Section (Source: EPA) 
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to allow vegetation to grow through the blocks, can be used in the construction of revetments to stabilize 
banks. Vegetation roots add additional strength to the bank. In situations where erosion can occur under the 
blocks, fabric filters can be used to prevent the erosion. Technical assistance should be obtained to properly 
match the filter and soil characteristics. Typically blocks are hand placed when mechanical access to the 
bank is limited or costs need to be minimized. Cellular block revetments have the additional benefit of being 
flexible to conform to minor changes in the bank shape.

Groins are structures that are built perpendicular to the shore and extend into the water. Groins are generally 
constructed in series, referred to as a groin field, along the entire length of shore to be protected. Groins 
trap sand in littoral drift and halt its longshore movement along beaches. The sand beach trapped by each 
groin acts as a protective barrier that waves can attack and erode without damaging previously unprotected 
upland areas. Unless the groin field is artificially filled with sand from other sources, sand is trapped in each 
groin by interrupting the natural supply of sand moving along the shore in the natural littoral drift. This 
frequently results in an inadequate natural supply of sand to replace which is carried away from beaches 
located farther along the shore in the direction of the littoral drift. If these "downdrift" beaches are kept 
starved of sand for sufficiently long periods of time, severe beach erosion in unprotected areas can result.

Maintenance of Rock RipRap and Structures is necessary to repair the damage from storms and winter 
ice and to address the effects of flanking and off-shore profile deepening. The maintenance varies with the 
practice type, but annual inspections should be made by the property owners. For stone revetments, the 
replacement of stones that have been dislodged is necessary; timber bulkheads need to be backfilled if there 
has been a loss of upland material, and broken sheet pile should be replaced as necessary. Gabion baskets 
should be inspected for corrosion failure of the wire, usually caused either by improper handling during 
construction or by abrasion from the stones inside the baskets. Baskets should be replaced as necessary 
since waves will rapidly empty failed baskets. Steel, timber, and aluminum bulkheads should be inspected for 
sheet pile failure due to active earth pressure or debris impact and for loss of backfill. For all structural types 
not contiguous to other structures, lengthening of flanking walls may be necessary every few years. Through 
periodic monitoring and required maintenance, a substantially greater percentage of coastal structures will 
perform effectively over their design life.


