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There are some who can live without wild things, and some who
cannot. Like winds and sunsets, wild things were taken for granted
until progress began to do away with them.

Now we face the question whether a still higher 'standard of
living' is worth its cost in things natural, wild and free. For us of
the minority, the opportunity to see geese is more important than
television, and the chance to find a pasque-flower is a right as in-
alienable as free speech.

--A Sand County Almanac,
by Aldo Leopold




















































with incremental wetland losses at the community level. As a planner
and a citizen, I cannot stand idley by and accept the loss of these

valuable national assets.

Project Purpose and Scope

The purpose of this project is identify those construction
activities that are impacting wetlands on a large scale and consider
their planning implications. Recognition of the values of wetlands has
prompted many states to enact wetland protection regulations. Some of
these regulations go so far as to require restoration of altered
wetlands. 13 In addition to the multitude of legal ramifications,
significant ecological questions remain unanswered as to the
environmental impacts and success of these restoration efforts. Yet,
even with these regulations 'on the books", incremental losses of
wetland habitat continues in every community.

The goals of the project are, therefore, to:

1. Assess the impacts of wetland alteration; and

2. Offer strategies for wetland conservation.

The objectives of this project are to:

1. Highlight wetland values;

2. Identify construction activities that impact wetlands;

3. Review wetland alteration impacts and patterns of response;
and

4. Discuss planning implications and recommendations for
wetland conservation at the local level.



























The Rock and Unconsolidated Bottom classes are flooded all or
most of the time while the Rocky and Unconsolidated Shore classes are
exposed most of the time. The class Streambed is restricted to
channels and intermittant streams, and tidal channels that are
dewatered at low tide. 12

The type and duration of flooding in tidal wetlands are further
described by four (4) water regime modifiers. 13 In nontidal areas,
eight (8) water regimes are used. L4 These modifying terms are
summarized in Table II-3.

Table II-3. "National Wetlands Classification System" water regime
modifiers for tidal and nontidal wetlands

WATER REGIME MODIFIERS

TIDAL (4)

Subtidal

Irregularly exposed
Regularly exposed
Irregularly flooded
NONTIDAL (8)
Permanently flooded
Intermittently exposed
Semi-permanently flooded
Seasonally flooded
Saturated

Temporarily flooded
Intermittently flooded

Artificially flooded

12 WATER REGIME MODIFIERS

13






Figure 1. "National Wetlands Classification" hierarchy of
wetlands and deepwater habitats showing systems,
subsystems and classes
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—Rock Bottom
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Source: Lewis M. Cowardin, Virginia Carter and Francic C. Golet.
Classification of Wetlands and Deepwater Habitats of the
United States. (Washington, D.C.: Biological Services Program,
FWS/OBS 79/31. 1979), 5.
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that attracts a pair of mallards or redwings, or the salmon stream
running through a town may bring pleasure and natural beauty to a

large number of people.

Harvest and Heritage Values

Harvested resources include the broad categories of food,
fiber, fuels and water; or more specifically, fish and shellfish
production, waterfowl production, timber and crop production,
fur-bearing animals, and peat or above-ground biomass that can be
harvested to produce energy. 44 The harvest value of a wetland
depends on the contribution of the wetland to the production of
something harvested or harvestable by man. Heritage values include
a whole array of "intangible" wetland values, including historical,
anthropological, educational, recreational, aesthetic and symbolic
values. In addition, some wetland resources or functions are valued
primarily on ethical or aesthetic grounds; for example, wetland-
dependent endangered species and climate modification or amelioration
functions of wetlands.

Harvest and heritage values differ from habitat, water quality
maintenance, and other functional values of wetlands in that they
address direct human use of or benefit from wetland resources. Use
values of wetlands are more difficult to define than functional
values because of the significance of human interaction with the
wetland as a factor in determining value. 46 Educational,
recreational, aesthetic and other heritage values of wetlands are

intertwined in human experience with wetlands.

27





































































Table III-4. Open air industrial plant construction activities and
facilities

ACTIVITIES AND FACILITIES

Site preparation
Excavation

Foundation construction
Plant construction

Construction of plant access roads

5 ACTIVITIES AND FACILITIES

Construction of Drainage Structures

Drainage devices include a wide spectrum of structures ranging
from small, corrugated metal culverts which discharge the drainage
from a few acres, to large suspension bridges over major rivers. In
general, most drainage structures can be divided into these two (2)
classes ——- culverts and bridges.

Culverts are employed primarily to permit drainage through nor-
mally dry channels and streams with small flows. Culverts generally
span less than fifty feet (50'). Bridges, on the other hand, are
used to cross major waterways requiring spans of over fifty feet.
Bridge piers may be constructed using wet or dry construction tech-
niques. The activities and facilities associated with the construc-
tion of these two classes of drainage structures are presented in

Table ITI-5. 13
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Table III-5. Drainage structure construction activities and
facilities

ACTIVITIES AND FACILITIES

Culvert construction

Channel changes

Bridge piers - wet or dry construction
Construction of bridge abutments

Construction of bridge superstructure

5 ACTIVITIES AND FACILITIES

Tunnel Construction

Tunneling is necessary when highways, railways, subways, canals,
large sewers and other grade-restricted installations must traverse
major topographic features, such as mountains, or when it is desire-
able to place such facilities underground beneath surface structures
and rivers. Tunnels may be constructed through rock and earth, or
under water. In all situations, tunneling operations require the
storage of large amounts of materials as well as access to a con-~
crete plant for construction of the tunnel liner. The activities and
facilities associated with tunnel construction include those listed

in Table III-6. 14

Table III-6. Tunnel construction activities and facilities

ACTIVITIES AND FACILITIES

Tunnels in rock
Tunnels in earth
Tunnels under water
Cut—-and-cover tunnels

Construction plant and yard

5 ACTIVITIES AND FACILITIES







Table III-7. Mineral extraction activities on land

ACTIVITIES

Strip mining
Shaft and tunnel (drift) mining

Mineral extraction from wells

3 CATEGORIES OF ACTIVITIES

Construction Activities Associated

with Wetlands and Water Bottoms

Masonry Dam Construction

Dam are constructed on flowing waterways for the production of
hydro-electric power, storage of water for irrigation, urban or
industrial use, flood control, or for a combination of these
purposes. Dams may be constructed of concrete (i.e., masonry), rock-
fill or earthfill.

Masonry dams are built in narrow, deep canyons, normally with
rock walls and foundations which permit the rapid impoundment of
water. Rockfill and earthfill dams are usually constructed in areas
where the flow rate is relatively slow, the valley walls are of
earth, and the floodplain is relatively broad.

The operations involved in the construction of earthfill and
rockfill dams are essentially the same as those discussed under
earthwork construction. The activities and facilities associated

with the construction of masonry dams are presented in Table III-8. 16
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Table III-8. Masonry dam construction activities and facilities

ACTIVITIES AND FACILITIES

River diversion

Foundation and abutment excavation

Grouting

Concrete for dam structure

Cement/aggregate production

Construction plant

Construction camp

Appurtenances for masonry, earth and rockfill dams (including

overflow spillways, dam gates, penstocks, power plants, and
irrigation water diversion structures

8+ ACTIVITIES AND FACILITIES

Construction of Fills in Wetlands

Fills for highways, airports, railways and other similar types
of construction in wetlands involve building over unstable substrates
of organic or inorganic origin. The methods employed in filling
activities are dependent on the depth and characteristics of the
unstable material and the nature of the underlying stable substrate.

Specific methods of ditch and fill construction include the
following:

1. Excavation and replacement of stable fill method is used

where the depths of unstable material do not exceed ten feet
(10");
2. Displacement method is used where deeper deposits (10 to

25 feet) are encountered; and

53


















Table III-10. Shoreline stabilization operations employing fill

OPERATIONS

Driving of piles
Placement of fill materials

Spreading of materials along the shoreline

3 OPERATIONS

Construction of Ports

Port development includes the construction of docks, piers,
wharves, bulkheads and dolphins, and placement of moorings. The
bottom topography along the shore dictates whether a wharf or pier is
built. Piers are generally preferred for flat sloping shores while
wharves are preferred for steep sloping shores.

Two general types of construction methods are used for piers,
wharves and bulkheads; namely:

1. Closed construction consisting of steel sheet pile cells,
sheet pile bulkheads, concrete caissons, or precast concrete
blocks; or

2. Open construction consisting of transverse rows of piling
made of wood, precast concrete, or steel driven into the
harbor floor. 29

Dolphins are clusters of pilings, steel sheet pile cells capped
with heavy concrete slabs, or concrete platform slabs supported by

vertical and batter piles of steel or precast concrete. These

structures are used for anchoring moorings and breasting ships in the
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Small and unrelated decisions systematically foul the water, pollute
the air, dam the rivers, subdivide the farms, fell the forests, fill the
marshes, occupy the floodplains, and make accidental and whimsical
growth emerge as the physical image of our state.

--"The Vacation Home Projects,"
J. Jackson Walter






, 1
construction activities in wetlands are presented in Table IV-1.

Table VI-1. Major construction impacts on wetland environments

CONSTRUCTION IMPACTS

Loss of natural vegetation

Loss of topsoil

Increased surface runoff

Increased soil erosion

Modification in patterns of stream flow
Modification in flooding regimes
Increased turbidity

Increased sedimentation

Modification of water chemistry through the addition of sediments,
nutrients and pollution

9 MAJOR IMPACTS

It is important to recognize that the effects of any construc-
tion project will vary according to certain site and engineering

variables. These variables include those listed in Table IV-2. 2

Table IV-2. Construction variables that influence wetland impacts

CONSTRUCTION VARIABLES

Location

Topography

Season of the year (especially in relation to rainfall)
Method of construction activities

Care taken during construction to avoid unnecessary environmental
damage

Extent of area involved

Duration of construction

7 VARTABLES
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Table IV-3. Impacts of impervious surfacing and earth work on
wetlands

IMPACTS

Loss of habitat from devegetation of the construction area, stream
straightening and realignment, mining of stream gravel, borrow pit
mining and dump site filling;

Loss of land fertility from surface erosion and subsurface flow

Increased erosion from construction site activities

Lowered ground water level from devegetation

Greatly increased fluctuation in stream level due to faster runoff
following rains and decreased flow during dry periods because of
loss of ground water

Greatly increased stream sediment load due to erosion and runoff

Greatly increased stream turbidity due to erosion and runoff

Modified chemical composition of the water due to increased
sedimentation, runoff, turbidity, leaching of soil nutrients,
leaching of concrete and bituminous materials, cement plant

operation, use and maintenance of construction activities, and road
use following construction

8 MAJOR IMPACTS

The long-term impacts of these construction activities on
wetlands will depend greatly on local circumstances. In general,
however, the long-term impacts listed in Table IV~4 may result from

16

the construction activity.

Table IV-4. Impacts of impervious surfacing and earth work on
wetlands

IMPACTS

Permanent loss of natural habitat and topsoil
Increased surface runoff and reduced ground water flow

"Ditchification'" of stream (i.e., the replacement of normal stream
habitat with man-altered habitat)

Persistent chemical modifications associated with high levels of
sedimentation, turbidity, pavement leaching and highway runoff

4 IMPACTS




























and extensive estuarine areas may be affected. The physical impacts

of mineral extraction on wetlands are presented in Table IV-9. 32

Table IV-9. Physical impacts of mineral extraction on wetlands

IMPACTS

Drainage of wetlands
Filling of wetlands with spoil and tailings

Alteration of stream courses through channelization, diversion and
impoundments

Widening of stream beds

Covering of wetland bottoms with spoil and tailings
Increased silt load

Increased turbidity

Decreased light penetration

Reduction in wetland habitat diversity

9 IMPACTS

Chemical Impacts

Some of the by-products of mining operations are inert while
others are chemically active. Inert materials are most soils, silts,
sands, gravels, rocks and stone residues. These materials may,
however, indirectly influence water chemistry by covering the bottom,
reducing light penetration, and influencing biological processes. 33

Mine tailings and spoil dumps, on the other hand, contain a
variety of active chemicals including aluminum, arsenic, calcium,
chloride, copper, lead, magnesium, silicon, sodium, sulfur, zinc and

radioactive materials. Metallic sulfides (pyrites) are the most

abundant by-products of mining operations. When these sulfides come

79















Table IV-11. Upstream impacts of dam construction on the physical and
chemical characteristics of wetlands (continued)

UPSTREAM IMPACTS

Water erosion of banks and submerged hills

Formation of sedimentary deltas around mouths of entering streams
(which enlarge throughout the life of the reservoir)

Leaching of soluable materials from bottom and banks of basin
Initial increase in dissolved salts and nutrients
Precipitation of bottom marl deposits

Delayed water passage through reservoir

Temperature and chemical stratification of reservoir waters

Devegetation of broad band around water's edge due to water level
fluctuation

Long-term reduction in dissolved salts and nutrients

Long-term sedimentation of basin

12 IMPACTS

Downstream Impacts

The magnitude of the downstream impacts of dam projects on
wetlands is dependent, in large part, on the pattern of water
release. The release pattern is, in turn, determined by the specific
type of dam involved. The release pattern of a hydro-electric power
generating dam, for example, ranges from that of a large river to
that of a small headwater within a short period of time. The release
pattern of a flood control dam, on the other hand, eliminates natural
flood-flow rates and water level heights. Dams built for irrigation
purposes release significantly reduced quantities of water downstream

altogether. These dams are used to supply water to irrigation
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Impacts of Fill Construction

Many construction projects involve the filling of all or part of
the local wetlands. Since wetlands are areas of surface and
subsurface water movement, projects that involve filling retard or
prevent normal water movements. During the process of constructing
linear projects, such as highways and railways, side canals are often
excavated parallel to the right-of-way. Such canals accelerate
runoff, drain the submerged lands, reduce water table levels, and
lead to saltwater intrusion in coastal areas. Spoil banks give rise
to erosion problems. Substantial amounts of adjacent upland may be
cleared for rights-of-way and structures. These activities result in
direct and indirect loss of wetland habitat. 48 The general impacts
of £fill construction in wetlands are listed in Table IV-13 and

discussed in more detail under "Impacts of Dredging'.

Table IV-13. Impacts of fill construction in wetlands

IMPACTS

Interference with surface flows through wetland
Creation of spoil banks

Creation of canals through wetlands

Creation of spoil and canal erosional problems

Loss of wetland habitat (especially freshwater marsh habitat in
coastal areas)

Creation of marshland salinity problems

6 IMPACTS
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highlights the general and immediate impacts of dredging on wetlands.

Table IV-14. General and immediate impacts of dredging on wetlands

IMPACTS

Modification of wetland bottom topography through the creation of:

a. Persistent dredge holes;
b. Channels; and
c¢. Canals.

Modification of water circulation patterns
Increased turbidity of water due to:

Increased oxygen demand;

Reduced light penetration;

Reduced photosynthetic oxygen production;

Release of toxic organic compounds;

. Release of pesticides, heavy metals and hydrogen sulfide; and
Increased temperature.

Fhd AN OR

Bottom siltation with very fine sediments

4 IMPACTS

Impacts of Stream Channelization

Stream channelization is undertaken primarily to (1) reduce
flood hazards, or (2) maintain deep—water navigation channels. Both
types of projects straighten streambeds and cut-off meanders, which,
in turn, produce a steeper stream gradient and faster flow rate.
This faster flow rate increases the erosive power of the water and
its ability to transport sediments. Erosive streambank cutting
eliminates protective vegetation and broadens the stream channel.
Deepening of the channel causes a drop in the water table along the
banks, and leads to erosion of tributary streambeds. Increased flow
rates in the main tributary stream lead to reduced habitat diversity

throughout the stream system. The elimination of littoral areas,
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riffles and rapids, and eddy and pool habitats results in uniform and
relatively unproductive habitat conditions along the length of the

50
stream.

When the stream returns to a shallower gradient downstream of
the channelization project, the flow diminishes and the sediment load
is dropped. This, in turn, creates a shallower streambed and a
heightened downstream flooding hazard. The general impacts of stream

channelization on wetlands are presented in Table IV-15. o1

Table IV-15. General impacts of stream channelization on wetlands

IMPACTS

Stream straightening due to:

a. Cutting off of meanders; and
b. Shortening of stream length.

Deepening channel

Lowering of water table

Increase in stream gradient due to:
a. Increase in flow rate;
b. Increase in channel and bank erosion; and
¢. Widening of channel.

Reduction in stream habitat diversity

Increase in downstream sedimentation

Increase in downstream flood hazard

7 IMPACTS

Impacts of Floodplain and Swamp Channelization

The floodplains and swamps associated with a major stream system
are often channelized as part of the mainstream channelization

project. Draining of these wetlands lowers the water table of the

93
























Table IV-20. Impacts of pier, wharf and bulkhead construction on
coastal wetlands

IMPACTS

Elimination of inter-tidal and sub-tidal "water-edge' habitat
Destruction of shallow or deepwater habitat through dredging
Creation of reflection waves causing habitat disruption

Creation of anaerobic conditions due to poor circulation in blind
channels

4 IMPACTS

Impacts of Deepwater Structures

Deepwater structures such as moorings and dolphins do not
generally produce environmental impacts themselves. Port facilities
however, often generate water pollution problems from spillage and
from flushing of domestic wastes. Submarine pipelines may constitute
barriers for bottom-dwelling species which normally move long-shore
or offshore. Pollution from pipline leaks and breaks can cuase

serious local problems.

Impacts of Offshore Mineral Extraction and Pipeline Construction

Of fshore dredging for sand, gravel and shell destroys bottom
habitat and eliminates protective cover. Dredging near shore removes
protective barriers and accelerates beach erosion.

The problems of offshore drilling for petroleum and natural gas
stem from water pollution hazards and the creation of "artificial"
habitats. These hazards are particularly acute in extreme
environments such as those in the Artic Ocean. Construction under

artic conditions must, therefore, incorporate high construction
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photosynthesis. There may be a decrease in species diversity or in
the number of individuals or certain species. Under extremely
stressful conditions, the community may collapse.

In short, physical and chemical modifications of the environment
may act as stress agents. The biological response to these burdens
on the system may be gradual and related to the intensity of the
stress factor, or may result in an "all or nothing'" relationship
where a threshold defines the difference between success and failure
of the biological system. Furthermore, the response may be
manifested at several different levels of biological organization.
Since species of a community share the same environment and their
population levels are mutually interdependent within the community,
complex patterns of biological response interactions are likely to
result from wetland alteration. /3

The generalized response patterns to increased levels of
environmental stress at the different organizational levels discussed
above are summarized in Table IV-21. 74 Specific bilological impacts

on wetland and riparian environments resulting from construction

activities are discussed below.

Overview of Biological Impacts of Construction

Activities on Wetlands

The cumulative impacts of construction activities on wetland
environments are largely independent of the type of construction
activity that produced the impacts. Every type of construction
activity removes native vegetation and topsoil.

If only the vegetation is removed, secondary succession may

104
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Table V-2. Resource management assumptions of wetland alteration
(continued)

ASSUMPTIONS

Regional ecosystem analysis information is needed to make intelligent
wetland management decisions at the local level

Good wetland maps, definitions, performance standards and other planning
"tools" are needed in every community

Lack of comprehensive resource planning is a threat to wetland
conservation nation-wide

9 RESOURCE MANAGEMENT ASSUMPTIONS

Wetland Conservation Recommendations

Our concept of the value of wetlands has changed dramatically
during the past three decades as the inherent worth of wetlands has been
recognized. Despite increased appreciation, construction activities and
pollution continue to threaten, alter and destroy our nation's wetlands.
We can no longer accept incremental destruction of these valuable
ecosystems, or ignore the problem altogether. Short-term and long-term
steps can be taken to reduce wetland deterioration and preserve those
wetlands most threatened by development and 'progress'.

Maintaining the quality of our nation's wetlands is one component
of overall environmental protection. Wetland conservation cannot be
separated from land use. Therefore, wetland conservation must be linked
to a national program of environmental protection that extends from the
uplands to the sea. We can work with the cycles of nature to preserve
our environmental quality or be defeated by them. The following
sections discuss some planning strategies, policy issues, research
directives and specific recommendations for conserving wetlands at the

community level.
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