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began 30 years ago, in 1986. Continual site
monitoring suggests that the use of minimally
invasive construction methods during the
pipeline’s installation, paired with innovative
habitat restoration techniques and stewardship
guidelines, have resulted in the long-term ecological success of this sensitive, post-construction landscape.

THE SITE
The reservation, which is used primarily for
walking, running, cycling, horseback riding,
and cross-country skiing, lies 25 miles due west
of Manhattan, within the northernmost portion
of New Jersey’s Great Swamp watershed. The
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alking along the wooded trails in
Loantaka Brook Reservation, Morristown, New Jersey, it’s hard to believe
that a 36-inch-diameter natural gas pipeline
lies underfoot. The mature oak-beech forest
overhead and native herbaceous understory
don’t suggest that this was a construction
zone, nor do the runners or cyclists zipping by
appear to notice.
The Algonquin Gas Transmission pipeline,
which transports 2.74 billion cubic feet of
natural gas per day between New Jersey, New
York, and parts of New England (Spectra Energy
2015), runs directly through the reservation.
Its installation through the wooded landscape

Loantaka Brook Reservation, Morristown, New Jersey, contains diverse plant communities including several forest
and meadow types. To limit ecological disruption, a natural gas pipeline installed through the reservation in 1986 was
carefully routed and constructed. Here, the pipeline alignment is being marked.
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As part of the preparation for the pipeline installation in 1986, a plant community inventory that mapped the various
meadow, woodland, and forest species assemblages was completed. (Color coding added for this article.)

Loantaka Brook, the reservation’s namesake,
flows from just north of the reservation down
into the neighboring Great Swamp National
Wildlife Refuge, where it joins other flows that
discharge into the Passaic River. The reservation falls within the Glaciated Reading Prong/
Hudson Highlands regional ecosystem, with
local soils containing glacial lake bottom deposits of fine sand and silt with clay.
Traversing this region, the 1,129-mile-long
Algonquin pipeline connects to the mammoth
Texas Eastern Transmission pipeline, which
together provide approximately one-third of
the continental United States with natural
gas transportation infrastructure. The pipeline
route was originally slated to run near a residential neighborhood in Morristown, but instead
the Federal Energy Regulatory Commission
mandated that the infrastructure be rerouted
through the 744-acre reservation.
The reservation contains diverse plant communities that respond to the site’s topography

and land use history. In the 1980s, young forest
dominated the reservation, with sizeable lowland woodland areas, primarily consisting of red
maple (Acer rubrum), oak (Quercus spp.), and
ash (Fraxinus spp.), all of a similar age. Upland
woodlands were also present, with dominant
oak, hickory (Carya spp.), black birch (Betula
lenta), tulip poplar (Liriodendron tulipifera),
and red maple species. Mature forest stands
within the reservation consisted of mixedage, stable plant associations with a stratified
forest structure. Upland forest communities
contained large populations of American beech
(Fagus grandifolia), tulip poplar, and red oak (Q.
rubra), while lowland forests were dominated
by red maple, white oak (Q. alba), and ash. The
site also contained meadows that, in the 1980s,
were in an early successional state that exhibited herbaceous perennials, pioneer woody
shrubs, and young trees. Upland meadow areas
were dominated by forbs, grasses, multiflora
rose, goldenrod, and ferns, while wet meadow
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areas contained assemblages of grasses, shrub
dogwood, common reed, multiflora rose, sedges,
rushes, ferns, and meadowsweet.
Most of the pipeline runs through the reservation’s red maple-oak-ash lowland woodland
and through the beech-oak upland forest. The
pipeline corridor intersects with other plant
communities to a lesser degree, and it traverses
underneath the Loantaka Brook and several
of its tributary flows.
Pipeline installation typically disturbs and
compacts a 75- to 100-foot-wide construction zone through the deployment of heavy
machinery and straight-path clearcutting.
Once the site is cleared, the topsoil is stripped
and stockpiled, a trench is dug, the pipeline
is laid and buried, the topsoil is replaced, and
then the corridor is kept devoid of woody
plants. This type of soil disturbance often leads
to colonization by invasive species that then
migrate, unimpeded, along the pipeline corridor. The quality of the reservation’s woodlands and mature forest, however, stimulated
an innovative joint approach to pipeline installation and woodland restoration, propelled by
ecologically-driven design.

CONSTRUCTION METHODS
The project was led by designers Leslie Sauer
and Carol Franklin of Andropogon Associates,
a Philadelphia-based landscape architecture and
ecological planning firm. The project focused
on four critical design and restoration elements:
(1) realigning the pipeline route to target previously affected areas within the reservation;
(2) limiting the construction zone width to 35
feet on average; (3) minimizing habitat disturbance during construction; and (4) conserving
soil structure and plant communities by leaving the topsoil in place within the construction
zone and removing and then reinstalling thick
blocks of the upper soil layers and vegetation
above the trench.
Initially, the Algonquin Gas Transmission
Company (the pipeline’s original owner) proposed a straight pipeline alignment that intersected sensitive habitat and several waterways
within the reservation. In an effort to minimize
disturbance, the landscape architect opted to
realign the pipeline beneath the existing multi-

Using a crane with a side-boom, which could hoist from the
side instead of the front, meant that the heavy equipment
could install pipe in a tighter area without three-point turns,
thus limiting the disruption zone.

use and bridle path system by connecting a
series of short, linear pipe segments to conform to the meandering paths’ geometry. To
further limit the construction zone’s impact,
disturbance was limited to 35 feet on average,
much less than the typical 75- to 100-foot pipeline corridors. Intentional variations in corridor width—from 50 feet in areas of natural
opening, like fields, to 25 feet in special situations—responded to the reservation’s naturally
varying ecological conditions. This variation
also created a more natural look, as opposed
to the straight clear-cut that typifies pipeline
installations. Within the construction zone,
the pipeline trench itself was minimized to an
unprecedented 4- to 12-foot width range, which
limited deep soil disturbance to a narrow band.
Downhill of wet meadow areas, a bentonite
clay liner held moisture out of the trench and
in the meadow, thereby maintaining the ecosystem’s hydrology.
Construction equipment was carefully
selected to further protect the site. Use of a
crane with the ability to side-boom—meaning
hoist to the side rather than the front—allowed
access to the pipe’s construction trench without
needing extra space for multi-point turns. This
type of crane is commonly deployed in other
tight, linear construction sites such as those
typical of railroad installation, and a small boom
was selected for this project. Traffic by heavy
machinery can wreak havoc on soil structure by
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This figure shows details of habitat protection measures instituted during the 1986 pipeline installation.

compressing the soil’s air-filled pores (Schäffer
et al. 2007), and the pipe-laying machinery at
the reservation weighed 90,000 pounds. To
avoid extraneous soil compaction, the heavy
machinery travelled along the existing multiuse and bridle paths whenever possible. Along
the pipe-laying trench, the equipment drove
over a 4-inch-thick woodchip layer topped with
roughly 14 inches of excavated subsoil from
the trench itself. This extra padding protected
the underlying soil and tree roots from direct
contact with the machinery. Under the padding
was a fiber mat that was lifted after construction to pour the padding back into the trench.
The landscape architect additionally prioritized minimizing habitat disturbance. Construction fencing installed around the construction
zone and staging areas (for construction material and equipment storage) kept machinery and
people within designated zones. This continuous 4-foot-high, bright orange plastic fencing
was installed without gaps or other potential
entry points. Low silt fencing helped prevent

fines from washing into the reservation’s waterways, and flume pipes were used where necessary to maintain the Loantaka Brook’s flow and
avoid disrupting local aquatic organisms.
Careful tree removal and tree care further
mitigated habitat disturbance during construction. Trees within the construction zone were
carefully felled, lowered to the ground with
ropes, and then removed or chipped for on-site
use. When possible, some trees were only cut
down to the ground-level (known as coppicing) in order to promote regeneration through
sprouting after construction. Trees outside
the construction zone that extended into the
corridor were limbed up by an arborist, rather
than being removed, to provide a 12-foot vertical clearance for machinery. Some affected
trees received special aftercare, for example, all
limbed beech trees received fertilization during
the fall following construction and watering in
the case of drought.
One of the most innovative construction
methods deployed during the pipeline instal-
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To preserve existing native plants and seedbanks, soil blocks were carefully lifted in advance of the construction trench, then relaid
at the back of the line where the trench had been refilled. Seen here, soil blocks from the wet meadow are moved and temporarily
stored (left), and later transplanted (right).

lation involved the skimming and transplanting of thick, vegetated soil blocks within the
woodland, forest, and wet meadow portions of
the corridor. Each day, a large piece of machinery fitted with a modified flat backhoe blade or
“pie lifter” scraped soil blocks from the ground
at the active trench’s “front of the line.” To prevent desiccation, the blocks were installed at
the “back of the line” by the end of the day they
were harvested, atop the day’s freshly buried
trench segment. Using this conveyor-belt-like
method, it’s estimated that, while some plant
death was inevitable, no more than 20 percent
of the blocks were rendered unusable.
Finally, upon completion of the pipeline
installation, new asphalt multi-use paths
and woodchip bridle paths were installed
where needed.

HABITAT RESTORATION
Luckily, the project’s careful construction
methods and use of vegetated soil blocks left
minimal need for habitat restoration. Remaining meadow areas were restored through seeding and mulching with salt marsh hay. Affected
stream banks were graded and then seeded
immediately to minimize soil runoff into
the waterways.
Woodland and forested areas required even
less restoration. Most revegetation sprouted
from the intact seedbank within the vegetated
soil blocks. New woody and herbaceous growth

within the construction zone matched the
pre-construction species composition, albeit
weighted slightly toward species that prefer
more light. Young whips (unbranched tree
seedlings) were planted to decrease this sunlight penetration and replace felled trees, since
small whips generally grow quickly and were
more economical than larger container-grown
or balled-and-burlapped stock. While the new
corridor openings resembled forest glades, the
landscape architect believed that reestablishing
a closed canopy overhead as quickly as possible
would help minimize pressure from invasive
plant species and the deleterious effects of fragmentation, two effects that plague traditional
pipeline corridors.

MAINTENANCE
Once the meadow and woodland restoration
areas were established, maintenance became
a powerful tool in guiding the site’s long-term
ecological health. Along the paths, a 15-footwide right-of-way corridor was mown once
every other year to prevent woody plants from
establishing, as was required for emergency
and pipeline maintenance vehicle access. Since
invasive species often sprout at the edge of clearings, the Morris County Park Commission performed periodic herbicide-free invasive species
removal within the pipeline corridor. Within
the woodlands and forests, trees were permitted
to sprout and mature in the remainder of the
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One year after pipeline installation, the forest construction zone looked remarkably undisturbed.

35-foot-wide construction zone, while invasive
species were eliminated. Approximately 25 feet
of wooded area beyond the construction zone,
in both directions, was considered a Park Commission zone of special management.

MONITORING METHODS
Various types of landscape monitoring occurred
immediately before the pipeline’s 1986 construction, periodically from the late 1980s
through the late 2000s, and then with more
rigor in 2013. Landscape architect Leslie Sauer
recalls that in the 1980s landscape performance monitoring was not common practice
and, because of this “analysis paralysis,” the
pipeline owner did not agree to allocate funds
for a formal investigatory effort (Sauer 2015).
Informal monitoring was therefore deployed
initially to inform the designers of the effectiveness of the new design, construction, and
stewardship strategies.
The site investigations performed in 1986, in
preparation of the pipeline installation, included
a plant community inventory that mapped the

various meadow, woodland, and forest species
assemblages. Additionally, a tree inventory
and shrub valuation within and adjacent to the
realigned pipeline corridor helped designate each
woody plant for protection or removal. One year
after construction, the landscape architect visually monitored the site. For nearly three decades
to follow, monitoring methods consisted primarily of observation and photographic analysis
during periodic site visits.
In order to assess the ecological success of the
implementation strategies after nearly 30 years,
the integrative research department at Andropogon Associates performed vegetation and soil
sampling in June 2013. The assessments aimed
at understanding how the pipeline construction methods affected the biodiversity and soil
health of the forest within the construction
zone in comparison to areas left undisturbed
during construction. The researchers randomly
selected study areas within and outside of the
pipeline corridor and then conducted a comparative analysis of species diversity. To calculate the site’s species diversity the Shannon

38 Arnoldia 73/3

•

February 2016

index (a statistical formula that assumes the
species within the test plots reflect the full biodiversity throughout the site) was used, then
the Simpson index equation, which is used to
determine the relative dominance of each species, was applied. Additionally, the degree of
soil compaction within the study areas was
determined using a cone penetrometer. In the
face of financial constraints, three study areas
within the construction zone and three areas
outside the construction zone were chosen for
more in-depth analyses that included species
identification and quantification. Each study
area consisted of a 20-square-foot quadrat (a
randomly selected plot of a standard size, used
for species sampling). Ten additional quadrats
and two transects were assessed inside and

outside of the construction zone by visually
evaluating the proportion of individual species
within each zone and by measuring soil compaction with the penetrometer. Complete species counts were not performed in these areas.

FINDINGS
One year after construction dense stands of
ferns, wildflowers, and re-sprouting trees and
shrubs were observed (Storm et al. 2009). A
small increase in the number of plant species
was noted, presumably the result of increased
light levels in areas within the site where trees
were removed or thinned. Succession (the progressive replacement of one plant community
with another), however, was not observed, most
likely because revegetation resulted from ger-

As part of the planning process before pipeline installation in 1986, the total monetary value of the trees to be removed
and protected within the pipeline construction site was assessed (part of the valuation chart is seen here). The valuation
method was established by the International Society of Arboriculture in their Guide for Establishing Values of Trees
and Other Plants (Sixth Edition, 1983). For each tree the following is listed: species; D.B.H. (diameter at breast height)
in inches; stem area at breast height, in square inches (most trees below 12” D.B.H. were assigned “#value,” meaning
the commercial nursery stock replacement cost); base value ($22 per square inch of stem area); percentage ratings for
species, condition, and location derived from the ISA Guide; and a total tree valuation in dollars.
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A study in 2013 assessed plant species in several areas, including this transect across the construction zone.

mination within the existing seed bank rather
than the introduction of new pioneer species.
More importantly, perhaps, was the realization
that the seed bank remained viable within the
soil blocks that were lifted and reset, and that
this habitat restoration method successfully
maintained the pre-construction forest, woodland, and wet meadow species profiles while
keeping new species at bay.
Thirty years later, comparative measurements and observation revealed that the native
understory plant communities present in 2013
closely matched the pipeline corridor’s preconstruction species. These included mixed-

age American beech and understory species
like striped prince’s pine (Chimaphila maculata), Jack-in-the-pulpit (Arisaema triphyllum),
and lady fern (Athyrium filix-femina) (McCoy
2013). This healthy species composition reveals
a stark contrast to the nearby Texas Eastern
Transmission pipeline, which was constructed
around the same time as the Algonquin Gas
Transmission pipeline using traditional construction methods. In 2013, the Texas Eastern
Transmission pipeline’s 100-foot-wide, linear
disturbance zone exhibited low species diversity dominated by orchard grass (Dactylis glomerata) and other non-native plants.
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In one of the project’s woodland construction zones native plants including wildflowers, ferns, and sedges can be seen
one year after pipeline installation.

In the 2013 study, biodiversity and soil compaction levels were found to be better or very
similar in the Algonquin Gas Transmission
pipeline corridor compared to adjacent areas
outside of the disturbance zone, in almost all
instances. Despite these similarities in biodiversity and soil compaction, individual plant sizes,
and thus biomass, were less in the construction
zone, as one might assume. Additionally, in
unpaved areas native species regeneration was
observed directly atop the pipeline with only
limited patches of one invasive species, Japanese stiltgrass (Microstegium vimineum).

BIG PICTURE
Natural gas pipeline alignment and construction is just as controversial today as it was in
the 1980s, particularly in light of the recent
Marcellus Shale boom. Review of several opposing resolutions and petitions in response to
recent pipeline projects reveals that many of

these recent projects are routed as close as 50
feet from residences and through significant
landscapes that provide abundant ecosystem
services (Township of Chesterfield 2015). This
issue is significant, since gas pipelines within
the United States now cover more than 2.49
million miles (Township of Chesterfield 2015)
and several facets of their construction standards, such as corridor width and revegetation
techniques, have remained stagnant or become
increasingly environmentally harmful. For
example, the Interstate Natural Gas Association of America, a trade organization for the
natural gas transmission pipeline industry,
now recommends a 95- to 110-foot-wide construction zone for a 30- to 36-inch-diameter
gas pipeline (Interstate Natural Gas Association
of America 2013).
Natural gas (distribution, gathering, and
transmission), hazardous liquid, and liquefied
natural gas operation and transmission activi-

COURTESY OF ROBERT VOLKMAN, JEDROC CONSULTING SERVICES
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Typical pipeline construction involves clearcutting and environmental disruption of wide swaths of land. This photograph shows
installation of a natural gas pipeline in northeastern British Columbia.

ties result in human injuries and fatalities as
well as environmental damage from spilled hazardous liquids. From 1995 to 2014, 360 fatalities and 1,365 injuries have been associated
with gas and hazardous liquid pipelines in the
United States, and 2,171,575 spilled barrels of
hazardous liquids have been reported to Pipeline and Hazardous Materials Safety Administration (Note that gas leaks are not quantified
in PHMSA reports.) These environmental con-

cerns are particularly heightened in residential
neighborhoods and areas that serve as sources
of drinking water.
The best way to prevent habitat degradation
is, of course, to avoid disturbing sensitive landscapes in the first place. However, when disturbance is unavoidable, minimally-invasive
construction techniques paired with ecologically sound restoration practices offer the
best possible opportunity for affected ecosys-
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tems to rebound and continue contributing
to the larger system. The Loantaka Brook
Reservation case study demonstrates how
simple, cost effective techniques with minimal inputs can protect natural resources while
accommodating infrastructure.
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