The Evolution of Erosion Control Technology

By Pete Hanrahan, CPESC

Many positive developments have come about as a result of the passing of the Clean Water Act in the United States.  The development of new and innovative technology to deal with common erosion control problems certainly ranks near the top of the list.  

Today, less than 40 years after the enactment of this landmark legislation, designers and installers have a significantly expanded set of tools to work with when addressing issues relative to protecting soil from the ravages of water and wind.


There is, however, nothing new about erosion control.  Evidence of the use of mulches for soil protection dates back thousands of years.  We know that the ancient Egyptians used gabions for soil stabilization.  Gabions, or fascines, played a key role in America’s independence.  During the siege of Boston, George Washington’s troops quietly installed an artillery battery one night on Dorchester Heights.  The battery was protected by wooden fascines, or gabions, that were filled with soil.  In response, the British immediately realized their position was hopeless.  They evacuated the city, never to return, and America continued on the road to independence.

Erosion control is built on a set of timeless facts.   Unprotected soil is extremely vulnerable to erosion.  High water flows, significant storm events and wind can cause serious problems.  Throughout history mankind has adapted to these problems and moved ahead.


Soon after the Clean Water Act was signed into law, the business of developing and improving tools for erosion control developed some serious momentum.  Fueled by a demand for better erosion control products and techniques, product innovation quickly became a proactive force.


Product innovation has been further pushed by the ever increasing enforcement of the Clean Water Act.  Designers and builders were suddenly faced with solving erosion problems that were minimized or ignored just a few decades earlier.  Public knowledge and awareness have also increased the pressure for implementation of appropriate and effective solutions.

The Low Impact Development movement has created even more demand for innovative erosion control products.   With Low Impact Development pushing the principle of responsible development and the maintenance of historic runoff levels, the demand for innovative ways to increase soil permeability continues to grow.

Today’s technology, while based on timeless principles, has opened many new doors to designers and installers.  Here are just a few of the options available today.

Vegetative Solutions

Vegetation, of course, can solve many erosion control problems.  Any soil disturbed by construction activity will require appropriate sediment control during construction and then permanent erosion control to complete the project.

Seed selection is all important.  Find the right seed requires an understanding of local climate, sun and shade conditions, soil type and many other factors.   Choosing the correct seed for an individual site can be accomplished by one very simple exercise.  Seek out the oldest and most established seed supplier in your area, and then look for the person behind the counter who appears the oldest.  Then describe your problem to that individual.
Seed can be applied to bare ground, but this practice can by risky, especially on steep slopes or in areas subject to concentrated flows.
Mulches have been around for a very long time, probably as long as humans started moving soil.  Mulches are a wonderful thing.  David Robson, an educator for the University of Illinois Extension, in a column published in April of 2006, did a great job of describing the benefits of mulch.

He said, “Mulches control weeds.  Mulches cut down of evaporation from the soil.  Mulches keep soil warmer in the autumn and cooler in the summer.  Some mulches can actually cause the soil to warm faster in the spring.  Mulches prevent soil erosion.  Mulches control diseases.”  With all of this in mind, it is not at all surprising that mulches have found themselves right in the middle of many innovations in erosion control technology.

The application of loose mulches, for obvious reasons, is definitely a step up from bare ground seeding.  There are, however, some limitations in effectiveness.  Loose mulch is highly vulnerable to the ravages of wind and rain.  Uniform coverage can also 

been a problem.  Too much mulch can slow or prevent vegetative growth, too little can result in inadequate erosion protection.

Crimping mulch into the ground can increase its odds for success.  Crimping apparatus can definitely help in increasing holding power.  Even the very simple technique of crimping mulch into the ground with a treaded vehicle can significantly assist in keeping mulch in place.

Sod is a great tool to use when instant soil protection and vegetation are needed.  Properly harvested and installed sod can produce an instant lawn.  Care must be taken in choosing the correct sod for each specific site, and watering must be substantial enough to promote healthy growth and moderate enough to assure the development of a strong root system.  Newly installed sod can be vulnerable to erosion problems, especially on steep slopes and in high flow drainage swales.

Hydromulches, or hydraulically applied mulches, have become increasing popular in the marketplace since they were introduced in the 1950’s.  Hydromulch installers mix seed, water, mulch and fertilizer and the spray the mixture into place.  Basic mulch components in the marketplace include recycled paper, wood fiber and cotton fiber.  The machinery used and the preferences of the machine operator dictate product selection, and this selection is growing significantly.

Innovations in hydromulch mixtures have produced increasingly impressive results.  Bonded Fiber Matrix materials consist of a mixture of mulch and tackifier and are designed to handle more critical applications than standard mulches.  More recently, 
Flexible Growth Mediums have been introduced—and the positive results with these products have been even more dramatic.

Most hydromulch manufacturers will recommend against using their products in high flow areas such as drainage channels.  The bottom line, however, is that the performance and use of these products has steadily increased through product innovation.


Erosion Control Blankets have made a dramatic impact on the marketplace over the past 50 years or so.  Consisting of an evenly distributed layer of mulch sewn to a netting structure, blankets have been very successfully used to treat steep slopes and concentrated flow areas.  Trenched in at the top, and then secured to the ground with staples,  Erosion Control Blankets are designed to degrade once vegetation becomes established.  


Blankets are available to last anywhere from one to three growing seasons.  Either straw or wood fiber is normally used in blankets designed to last a year or less, while longer lasting coconut fiber is introduced in many longer term temporary blankets.


Netting types vary as well.  For example, on projects where close mowing will occur, quick degrading nettings are often specified.  Organic nettings are also available for environmentally sensitive areas.

The introduction of Turf Reinforcement Mats stretched the capabilities of the erosion control blanket market.  While erosion control blankets can only be used in areas where unreinforced vegetation will survive, Turf Reinforcement Mats can be used in many areas where hard armor was the only previous option.

Turf Reinforcement Mats reinforce the root and stem structure of vegetation, and independent testing has confirmed that the resulting reinforced vegetation can handle significantly higher flows that vegetation that is not reinforced.  High flow grassed waterways represent the largest market for this technology, but it is also can be appropriate for shoreline and steep slope stabilization.

Typical costs for Turf Reinforcement Mat installations are significantly lower than hard armor costs, and the resulting vegetation offers advantages in aesthetics, runoff filtration and absorption.
A great website to learn more about the rapidly growing erosion control industry is the Erosion Control Technology Council (www.ectc.org).  This industry group has worked hard to develop uniform testing procedures and performance standards.

In just a few decades, the market for bioengineering practices and technology has grown significantly.  Bioengineering professionals strive to work with nature to produce results that are both natural and sustainable.  
Coir (coconut) fiber logs and mats are often used in bioengineering projects.  Coir products are typically designed to last anywhere from three to nine years.  Most typically the logs are used for toe protection on stream bank restoration projects.  Their extended life allows time for root systems and vegetation to become firmly established.

Coir logs have found increased use on beachfronts, where, in many cases, hard armor solutions such as rock and concrete have fallen out of favor.  Coir logs are often plugged with native plants, beach grasses or other site appropriate vegetation.

Bioengineering incorporates sophisticated design models that have been used, for example, in restoration in of the Louisiana coastline in the wake of Hurricane Katrina.  With some projections indicating that ocean levels will rise more than two feet worldwide by the year 2010, beach restoration promises to remain in the forefront for many years to come.
Hard Armor Systems

Hard armor systems afford designers and installers another great set of tools.  There are certain areas and applications where vegetation, or even reinforced vegetation, will simply not perform to the required level.

Poured concrete channels are easy to find virtually anywhere in the United States.  In some cases, a strong case can be made for the continued use of this technology.  For example, it is certain that technology requiring vegetation is not going to be at all effective in arid regions where vegetation will not survive.

Rock riprap is the most visible of all hard armor tools, and is used virtually everywhere for channel protection, culvert outfall armoring, shoreline preservation and steep slope stabilization.  Although soft armoring techniques have given project planners some alternatives, there is no argument that rock riprap can be a most valuable tool when used appropriately.
Concrete block retaining walls have become immensely popular in the United States over the past few decades.  Significant progress has been made in product design and project engineering.  Block retaining wall systems offer designers and property owners wall systems that are both structurally sound and attractive.
Articulated block systems, or poured concrete sections that are cabled together, offer planners a hard but flexible product for lining slopes and channels.  This technology is often seen in urban drainage swales, on boat ramps, or in shaded areas under bridges. 

A more recent hard armor innovation is the development of special concrete block units that can be nested in high flow areas to perform a variety of functions.  These functions include stream bank toe stabilization, bridge scour protection and energy dissipation.
Gabions, as stated earlier, have been around for thousands of years.  Modern gabions are wire baskets filled with rocks.  Gabion structures create very effective and highly permeable retaining wall structures and provide designers with a very versatile set of erosion control tools.  Reno Mattresses, which resemble rock filled box springs, are very often used in conjunction with gabions, are of similar construction.  Reno Mattresses can be used, for example, on stream bottoms, for spillway protection and at culvert outfalls.  Gabion wire is galvanized, but PVC coating is available for more critical corrosion protection.
Ground Stabilization

Proper ground stabilization forms the foundation of any successful erosion control project.  If soil conditions beneath any erosion control installation are not sound, failure is sadly predictable.

Geotextiles, or construction fabrics, now represent a huge market in the United States.  Less than a half century ago, this technology was in its infancy and virtually unknown.  Today, geotextiles appear with tremendous regularity on construction plans.  

Woven geotextiles are typically used to separate lower quality soils from high quality aggregate materials in roadways or other paved and unpaved traffic bearing areas.  Woven fabrics have proven very effective in soil separation and are also quite impermeable.  In the past, road builders sometime felt hopeless when high quality but heavy aggregate slowly sank and undesired material rose to the surface.  As the old adage goes, “Ten pounds of stone and 10 pounds of mud add up to 20 pounds of mud.”
Non-woven geotextiles, commonly known as filter fabrics are highly permeable and work very well for when both soil separation and permeability are desired.  Filter fabrics are often used behind rock riprap and in subsurface applications to separate native soils from drainage stone.
Woven monofilament geotextiles offer both high strength and flow ability.  Sized to meet job requirements woven monofilaments are often used in specialized drainage applications.

Drainage composites are products that combine dimple core plastics with filter fabric.  This technology has found its way into many varied drainage applications.  Drainage composites can be used under athletic fields, beneath paved surfaces, on foundation walls, and on green roofs.

Geosynthetic tubes, constructed from a variety of geotextile fabrics, have been used to build containment dikes, breakwaters and wetland structures.  For example, they can be filled with dredge material, dewatered, and then used as structural foundations for man made islands.
High strength polyethylene cellular confinement grids and high strength plastic load support blocks have had a significant impact on the erosion control industry over the past couple of decades.

Cellular confinement grid can be used to stabilize channels, slopes and shorelines, for load support, and to create living retaining walls.  Load support blocks are available that will handle H-20 loading, allowing, for example, the construction of vegetated emergency access lanes at schools, hospitals and commercial buildings.

To learn more about the geotextile industry and its growing set of tools, visit the Industrial Fabric Association International website at www.ifai.com.

Examples of Composite Systems

A wise and dear friend by the name of Gary Mize once told me, “When the only tool you have is a hammer, everything starts to look like a nail.”  Recently more forward thinking designers have developed many erosion control systems that incorporate both hard and soft armor solutions. 


Recently, two leading manufacturers combined forces to test a new system in a high velocity channel.  Cellular confinement grid was installed in the test channel, which was then seeded and covered with a turf reinforcement mat.  Test results revealed shear stress tolerance well beyond that of either product used individually.

Gabion manufacturers and worked with erosion control blanket producers to develop vegetated gabions.  Topsoil is mixed with the rock filling, and the faces of the baskets are lined with erosion control blankets.  Innovations such as these build on the strength of both technologies.


Innovative designers have been building on the strength of varied technologies for many years.  During the 1990’s the City of Wichita, Kansas embraced a surface storm water drainage system that combined a gabion lined channel with a turf reinforcement mat lined slope above it.  The gabion lined channel was designed to handle normal flows, while the turf reinforcement mat lined slope above was soft armored to deal with high flow events.
Conclusions

With changes in erosion control technology evolving so rapidly, education is extremely important.  Our industry has a responsibility to be sure that government officials, regulators, site inspectors, contractors and developers kept current with technological advances.  This is a huge task but it must be done.


Here are a few keys to getting the job done:
1. A continued emphasis on new and better technology.

2. Solid specifications.  Erosion control plans and shop drawings need to be complete and up to date.  Job specifications need to include pay items and performance based product requirements.

3. Training and appropriate certification for regulators and inspectors.

4. Continued emphasis on product testing and independent performance analysis.

5. Communication and teamwork among everyone involved in erosion control projects.
   There are times when designers tend to shy away from new erosion

control technology, and sometimes this is justified.  Concern is often raised about the fact that newer technology can result in improper installations due to lack of contractor 
experience.  This is a valid concern.  One way to address this problem is to require, for 
example, either a manufacturer’s representative or certified erosion control professional to be on site for the installation.

Collectively, the erosion control industry has made a lot of progress in just a few decades.  The revolution started by the Clean Water Act has yielded many positive and lasting results.  We can now enjoy recreational use of many streams and rivers that were off limits to us just a few years ago.  We know that land developers are being held to increasingly high standards.  Now, with a sense of optimism, we can promise our children and grandchildren that we embraced change and intend to leave this earth a little cleaner and greener for them and those who come after them.
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