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ABSTRACT

This paper presents the selection, design aspect, construction, and the evaluation
of the biotechnologies of a bank stabilization project at Intervale Country Club Golf Course
in Manchester, New Hampshire.

Intervale Country Club was opened in 1903 on the banks of the Merrimack River in
Manchester, N.H. The club is located within the storage area of the Amoskeag hydro-electric
dam. Over the years boat traffic and other sources have caused increase bank instability
along this section of the river. Past solutions to the problem have included concrete retaining
walls and riprapped slopes. Intervale C.C. discussions with regulators sent them looking for
alternatives to these traditional solutions.

An important aspect of the selection of the solution was not only the severe local
regulations, but also the preservation of the old pine trees at the edge of the river that provide
important winter roosting habitat for the Bald Eagle, a protected species. Because of the Bald
Eagles and anadromous fish and the size of the project, the state and federal involvement
was much greater than normal.

To solve the erosion problem and create a hospitable condition for the maintenance
of wildlife habitat, two new types of biotechnology have been used to fill these functions. The
selected solution was made from two modified gabions that will incorporate live staking and
container plants. The structure should not only have the capacity to resist the erosion made
by the river but the ice movement that occurs in this river every spring.
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The stability analysis of the project was performed using the characteristics of the
modified gabions with incorporated vegetation at its initial stage and after full establishment.
Both the slope stability analysis and threshold resistance were performed using standard
engineering analysis. The project was designed in 2001 and Phase I (1,000 linear ft) was
built in summer 2002. Spring 2003 is revealing the success of the structure after its most
critical stage before establishment of the vegetation.

BACKGROUND

The Merrimack River flows for 115 miles from its
source at the confluence of the Pemmigewasset and
Winnipesauke Rivers, through central New Hampshire
and eastern Massachusetts and into the Atlantic at
Newburyport. The Merrimack has a watershed of over
5,000 square miles.

Twelve thousand years ago, the nomadic Paleo
Indians fished the Merrimack, as it flowed through what
is now Manchester, New Hampshire. Around 6000
years later, the nomadic tribes began settling.

These early natives used crude nets across the
river to trap the fish. Later, permanent weirs of brush
and branches, and eventually stone weirs, trapped the
fish and made catching them easier.

The explorer Samuel De Champlain was the first
white man to visit Amoskeag Falls in June 1605. It was
not until the 1720s that the first white settlers and John
F. Goffe built the first dam to power his sawmill on the
nearby Conchas Brook.

In the early 1800s, mill owners began to realize the
potential of hydraulic power from the Amoskeag Falls,
and in 1809, Harvey Mill was constructed on the falls’
west bank. A canal from Nashua to Concord, N.H.,
accelerated development along the river, and by the
1850s, Manchester was a leading industrial center in
the United States. At its peak in the early 20th century,
the Amoskeag Manufacturing Company was the
largest textile producer in the world, with 30 mills and
17,000 workers.

The present dam was constructed in 1924, and
stands 30 ft high, impounding a lake with an area of
480 acres. Its generators and turbines are still in
operation.

The Merrimack River has a normal flow of
3000–7000 CFS, and low flow can be less than 1000
CFS. When in flood, flows of 31,000 CFS are not

uncommon, although a peak discharge of 150,000
CFS was recorded in the 1936 hurricane.

THE PROBLEM

The Intervale Country Club (ICC), and its golf
course was constructed by the U.S. Army Corps of
Engineers in 1903. Two of its fairways abut the river
and it is estimated that 15–20 ft of shoreline has been
lost to erosion over the past 20 years. The soils here
are predominantly medium to fine sands with very little
cohesive strength.

Erosion has been caused by flood, ice scour, and
mass wasting of large trees, as well as those caused
by man. Increases in development and recreation on
the river have required many phases of bank
stabilization. Often, the erosion control measures
implemented have passed the problem on
downstream. Where the river widens, the Merrimack
has become a popular destination for homes and
recreation. Here, waves created by water craft are the
main cause for bank destabilization.

The type of control solution adopted has changed
over the ages:

& 1970s–80s—Riprap over the entire slope
& 1980s—Concrete walls
& 1990s—Riprap toe with vegetative stabilization

higher up the banks

SOIL BIOENGINEERING IN NEW HAMPSHIRE

Soil bioengineering is a very old concept for slope
and bank stabilization. Projects in N.H. have been
limited in size and scope and have had mixed results.
A demonstration project on the Connecticut River was
constructed using coir logs and geosynthetic fabric
wrapped lifts. Unfortunately, during the spring melt, ice
scouring destroyed the entire project.

In 1997 ICC stabilized approximately 700 ft of their
riverbank by clearing all the vegetation along the
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riverbank and grading the slope back to a 3:1 ratio.
Riprap was placed on the lower half of the newly
constructed bank and erosion control blanket on the
upper portion. Due to their concerns of losing
additional land adjacent to the 6th and 9th fairways, the
club approached NH DES to evaluate extending the
riprap stabilization. However, NH DES recommended
a “green solution.”

Gove Environmental Services, Inc., was
approached in early 2000 to provide assistance in the
design and permitting of the proposed project. The
scope of the project was:

& Determine the reasons for the bank erosion;
& Develop a plan for the stabilization that meets the

goals of a green project and is within the ICC
budget;

& Work with ICC’s engineers to develop a set of
plans and the application for the project;

& Preserve the characteristics of the club including
the large pine trees along the river;

& Permit the project;
& Provide construction oversight.

In order to preserve the trees on site, construction
from the riverside was evaluated. The riverbed
adjacent to the project provided a 12 ft shelf before
dropping off at a steeper angle. Although a “Portadam”
system or water dam barrier was originally included in
the permitting process to allow the temporary
construction of a work platform, the project contractor
eventually completed the project from the top of the
bank with selective tree cutting.

There was broad support for the project from local,
state and federal administrations. Permitting was
progressing well until the site was discovered to be a
habitat for the endangered Bald Eagle which had used
this more open area of the river for winter roosting. The
project team coordinated with NH Fish and Game and
contracted with NH Audubon to provide assistance in
how to minimize the impact of the project and not
interfere with the Bald Eagles. It was concluded that
NH Fish and Game had to approve the cutting of any
tree over 6" in diameter on the site. In addition, work
could not be done from November 15 to April 15 the
following year. This restriction had two effects on the
project:

& Dormant cuttings and brush layering could not be
used as to do this would require work during the
restricted period.

& The tree cutting restriction increased the distance

the excavator had to travel to access and
construct the project.

SELECTION OF SOLUTION

The site was divided into two phases. Phase I
consisted of 1,000 linear ft of shoreline adjacent to the
6th fairway. Phase II (not yet constructed), is
approximately 1,400 linear ft long, adjacent to the 9th

fairway.

Preliminary design analysis revealed:

& The angle of repose of the natural slopes could be
1:1 and steeper and remain stable provided that
the toe was not undercut. Stability analysis was
limited to visual site observations; the native soil
used in the analysis was a silty sand.

& The main cause of the toe scour was boat waves.
Even at high water the flow velocity was fairly
slow.

& Although now a major concern on this stretch of
the river, significant ice accumulations have
occasionally formed in other locations.

A preliminary design using a rock toe protection
and geosynthetic fabric wrapped lifts, was divided into
three separate types:

& Where slopes needed to be built out to protect the
existing trees and provide a stable slope. This
solution would use rock toe protection and geolifts.

& Where there were no trees to protect and the
slopes could be graded back. (Note that in New
Hampshire, this is actually the preferred method,
because once the slope is lost, the state claims
their jurisdiction to the bank and the state does not
allow filling within their property.) This solution
consisted of rock toe protection with one or two
geolifts and a sloped bank with a vegetated cover
above.

& Where the trees were set back far enough so that
a combination of the two solutions above could be
used.

The project was submitted to Maccaferri, Inc., for
evaluation and their materials were selected to use for
the final design.

MATERIAL SELECTION

With all the environmental aspects of this project,
the selection of material was very important. The
perfect integration with the surrounding environment
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was one of the most important factors. Two new types
of products were selected that can offer strength,
resistance, and natural integration. Green Gabion™, a
trapezoidal type of gabion, and Envirolog™, a
cylindrical type of gabion, are made of PVC coated
woven wire mesh. The advantages of these products
are their woven mesh that offers the flexibility and the
natural porosity of a gabion with 30–40% voids that
can be filled with topsoil. The topsoil has two functions.
First, it helps to retain the moisture in the structure for
the vegetation. The other function is the capacity to act
as a substrate for the propagation of the root system
between the stone.

To keep the topsoil in the units, a thick layer of
coconut mat (900 g/m² minimum) was lined inside the
wire mesh basket (see Figure 1).

The coconut mat, with a durability of 3–5 years
before its biodegradation, helps to maintain the
topsoil’s moisture for the vegetation.

DESIGN STABILITY ANALYSIS

Analysis was performed to verify the stability of the
bank for slope and erosion resistance. The analysis of

the slope stability was conducted using MacStars
2000, a software using bishop simplify method to
determine the global and internal stability analysis. The
analysis of the slope was to verify the impact of the
root system in the slope stability analysis after
installation and establishment of vegetation.

The slope stability analysis, done immediately after
installation, gave a safety factor of 1.55 for global
stability and 4.02 for internal stability as shown in
Figure 2. The contribution of the vegetation for the
slope stability was made considering the shear
resistance of willows. In the literature we can find that
the shear resistance of a 3 year willow can have an
ultimate shear stress of 9.1 kN/m² (191 lbs/ft²)
(Goldsmith, 1996). The length of the root system in the
soil as reinforcement has been considered at 2 m (6 ft)
deep. To represent the root reinforcement in the
structure, the density of the vegetation was considered
at 30 cm (1 ft) spacing between each plant for each
row of units.

The analysis of the impact of the vegetation on the
slope stability was performed using the shear
resistance of a willow after 3 years. A reduction factor
of 3 was applied to the ultimate strength to represent

Figure 1.
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Figure 2.

the uncertainties of the growing vegetation. A shear
resistance of 3.0 kN/m² (63 lbs/ft²) was used in the
calculation. With the contribution of the vegetation, the
internal stability of the structure as shown in Figure 2
gave a safety factor of 4.55 and a global safety factor
of 1.55. The internal stability of the slope may increase
10% after the establishment of the vegetation. This last
analysis was considered as information only and not
for the design stability analysis. The global stability was
not affected because the potential slip plan did not
pass through the vegetation.

The verification erosion resistance of the material
was made using MACRA 1 software. The analysis was
performed to verify the resistance of erosion
immediately after installation of the structure and after
establishment of the vegetation estimated at 3 years.
The vegetated gabion revetment without vegetation
has a shear resistance of 336 N/m² (7.0 lb/ft²) and 450
N/m² (9.4 lb/ft²) with vegetated.

The safety factor for erosion calculated was 9.9.
Because of the limited budget for design analysis, two
important factors have not been considered in the
calculation of the analysis, the wave action from the
boat and the potential ice impact on the structure. We
can find in Maccaferri literature that a gabion revetment
can resist a wave action up to 1.7 m high (5.5 ft) on a
slope of 1:1.5. The height of the wave made by the
local navigation on the Merrimack River can probably

be estimated at 1 m (3 ft) which is less than the
maximum wave action for stability.

The ice impact factor has not been evaluated in
the calculation. Normally this type of analysis requires
laboratory tests to reproduce the ice impact on a
smaller scale. Considering that in the investigation the
ice was found not to have been a problem in this
section of the Merrimack River for the past few years,
it would have been too expensive to do this. Based on
the experience of the manufacturer, with the presence
of the vegetation on the external face of the gabion
units, which acts as a protection against ice impact, the
probability of local damage by ice impact was
determined to be very limited.

To prevent any potential scour under the structure,
a revet mattress of 30 cm (12 in) by 2 m (6 ft) was put
under the units with an extension of 1 m (3 ft) in the
front to stop any erosion (see Figures 3 and 4).

ASSEMBLY AND INSTALLATION

Construction on the site began in June of 2002.
Don Wheeler Construction of Bedford, N.H. was the
contractor. Work began with cutting the approved
trees, clearing an upper work area and creating a
temporary tee so the 6th fairway could still be used
during the summer. Work was completed in September
of 2002. The project schedule was extended for
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Figure 3.

Figure 4.



59

numerous reasons including the very tight labor market
at the time of construction. Ideally, this type of project
works best with a six man crew; however, there were
times when only two men were available for the
project.

Because of the timing of the project, the original
concept of dormant cutting was abandoned in favor of
potted willow and dogwood shrubs. The revised
specification called for 1 1-gallon shrub per linear ft of
lift, totaling approximately 4,000 shrubs.

The units were preassembled as a box and lined
with the coconut mat before being placed on the site
(see Figure 5). The coconut mat was secured to the
wire mesh using lacing wire. The units were placed
side by side and connected together with the adjacent
units and with the upper and lower baskets. Between
each row, willows and dogwood shrubs were placed at
an interval of 1 ft.

After being placed and secured together, the units
were filled with stone and topsoil. The lower sections,
which are more exposed to the wave action, first were
filled with stone followed by topsoil to fill the voids.
Filled in this way, the bottom units were getting a
higher percentage of stone to prevent loss of topsoil
with time. The upper section was filled with stone and
topsoil already mixed together before being placed in
the units, to increase the production rate.

CONCLUSION AND RECOMMENDATION

In general the project work was done as per the
specification, for the assembly and installation of the
units. Because of the limited budget a full time
inspector on the project was not possible. Some small
problems could have been prevented with an inspector
on the site considering that the contractor didn’t have
a lot of experience with gabions. In particular there was
a problem with the size of the stone being too small in
the Reno mattresses used for toe protection. Some
stones have already come out of the mattress after
one year; these mattresses should be opened and
refilled with proper stone diameter.

After only one growing season, the vegetation is
generally well established where it was planted. Some
areas where the plants were too small or not properly
placed during the installation have some problems with
establishment in the structure. With Figures 6 and 7,
we can see the progression of the vegetation. Figure
6 was taken in the spring and Figure 7 in mid summer
of the first growing season. The modified gabions used
on this project combined with thick coconut blanket can
resist erosion for 3–5 years before seeing any
degradation of the coconut blanket. Live staking
technique was recommended by the designer to
enhance vegetation where it was missing.

Figure 5.
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Figure 6.

Figure 7.
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In general the project is a success considering that
few repairs or follow up will be necessary. This new
technique offers a perfect solution for the owner who is
getting the bank stabilized and the authorities who
have a “Green Solution” that can certainly be repeated
on the bank of the Merrimack River to create a better
harmony with the surrounding environment.
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