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FOREWORD 	This report, NCHRP Report 218A, and a companion report, NCHRP Report 
218B, "Ecological Effects of Highway Fills on Wetlands—User's Manual," will 

	

By Staff 	be of special interest and value to people responsible for the environmental 

	

Transportation 	assessment of proposed transportation facilities in the area of wetlands. A thor- 

	

Research Board 	ough review of literature pertaining to wetland ecology and the evaluation of 
several specific cases of highway placement in wetlands provide the basis for this 
research report. The companion report contains guidelines for determining the 
physical and biological effects of locating transportation facilities in wetlands. 
Although environmental impact assessment is in a general state of evaluation, 
the guidelines represent the current state of the art and are suitable for imme-
diate implementation. 

The importance of wetlands in the life-cycle balance of earth ecology is 
becoming increasingly recognized. Consequently, transportation agencies are 
required to make assessments of possible environmental effects when transpor-
tation facilities are being proposed for location in the vicinity of wetlands. De-
termination of the impact of such facilities as bridges or earth fills on the ecology 
of a wetland is a very complex problem. There has been rather extensive study 
of the biological activity in wetlands, but little research has been directed toward 
highway—wetland interaction. The objectives of NCHRP Project 20-15 were to 
(1) determine the ecological effects of placing highway fills on wetlands pri-
marily from available literature and experience and (2) prepare guidelines for 
ecological assessment of the location of fills, bridges, and related elements in 
wetlands. 

To accomplish the first project objective, the University of Massachusetts 
researchers conducted an extensive literature review with particular emphasis 
on biological information applicable to the wetland-transportation facility inter-
action and made a thorough evaluation of available information from eight indi-
vidual sites, in various parts of the United States, that had been identified as 
having highways constructed in wetlands. 

The major product of the research is a manual, which is based on the findings 
of the literature review, the case studies, and the extensive knowledge and experi-
ence of the research team. The manual presents in detail the physical impacts and 
potential biological effects from construction activity in wetlands. A feature of 
the manual is the inclusion of a series of charts to assist in identifying potential 
biological effects associated with construction activity. A separate chart is 
included for each construction activity—such as consolidation, displacement, 
excavation and fill, and culvert placement. Each chart identifies the physical 



impacts associated with the particular construction activity and the resulting 
potential biological effects. For example, the placement of a culvert in a wet-
land can alter subsurface water flow, which could change the mean water level 
and cause mortality of certain aquatic species in the wetland. 

The research has resulted in the publication of two documents: NCHRP 
Report 218A, "Ecological Effects of Highway Fills on Wetlands—Research 
Report," and NCHRP Report 218B, "Ecological Effects of Highway Fills—User's 
Manual." This document (Report 218A) contains summaries of the literature 
review and the case studies. It serves as background material for the manual 
(Report 218B). The guidelines contained in the manual for determining poten-
tial biological effects of construction activity in wetlands are suitable for imme-
diate implementation. An example problem is included. 
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ECOLOGICAL EFFECTS OF 
HIGHWAY FILLS ON WETLANDS 

RESEARCH REPORT 

SUMMARY 	The placing of highway fills on wetlands can have significant physical, chemi- 
cal, and biological effects on the ecology of the affected area. The prediction of 
such effects,, and their avoidance or mitigation where feasible, is required of high-
way agencies by a variety of federal and state laws. Sufficient knowledge of eco-
logical processes does exist for reasonable predictions of probable impacts to be 
made in most instances. It is also possible in many cases to avoid, or keep to a 
minimum, highway-induced impacts through the careful application of existing 
knowledge and procedures. 

Wetlands occur because there is water present on or in the surface soils on 
a permanent or reliably recurring basis, and it is the characteristics of this water 
that exert the greatest single influence on wetland ecology. Based on case studies, 
highway fills, by altering the hydrologic regime or by adversely affecting water 
quality, can trigger effects on the adjacent wetland and on related areas removed 
from the immediate site of construction. 

A thorough review of the literature pertaining to wetland ecology and to the 
environmental impacts of highways and analogous structures reveals the central 
role played by hydrologic features in determining the severity and extent of the 
ecological effects that may result from the placement of highway fills on wetlands 
and associated flood plains. A series of case studies conducted as part of this 
research underscores this point. In all but one of these studies, highway-induced 
alterations in surface and/or subsurface drainage resulted in significant changes in 
the ecology of the affected wetlands. 

The literature also provided evidence of the potential for ecological damage 
from sediments resulting from fill construction and erosion; salinity regime changes; 
disturbance of tidal exchanges; and the degradation of water quality resulting from 
the inadvertent introduction to surface and ground waters of heavy metals, nutrients, 
and road salts. 

It is possible to summarize and structure the major physical, chemical, and 
biological effects that various highway practices might induce in wetlands in which 
highway fills are placed. A user's manual, the major product of this research, was 
prepared to provide in a concise format guidelines and information needed for the 
determination of such effects and to suggest procedures by which deleterious im-
pacts can be minimized or avoided. The planning, assessment, and mitigation 
guidelines presented in the manual provide tools that will help the highway engi-
neer determine the ecological effects of placing highway fills in wetlands and make 
decisions regarding routes, materials, design and construction alternatives,' and 
maintenance and operation activities. 

The users' manual (NCHRP Report 218B) presents a framework for per-
forming two of the basic procedures in environmental impact analysis: (1) de-
scribing the environmental setting of a project; and (2) assessing the potential 
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ecological effects of project construction in the described setting. It should be 
noted, however, that site-specific studies are necessary for the accurate determina- 
tion of environmental factors particular to a given site, and that on-site sampling, 
measuring, impact assessment, and resource evaluation are recommended in every 
case. Ac4uisition of the services of ecologists, hydrologists, planners, water quality 
specialists, and other experts is also recommended. 

The body of the user's manual describes the most common physical, chemical, 
and ecological effects that the highway engineer is likely to encounter when placing 
fills in wetlands, and displays the effects and their interactions graphically. Analyti-
cal methods necessary to delineate the possible severity or extent of the effects, 
expertise needed to analyze the resulting data, and practices that can be used to 
minimize the adverse effects or enhance the positive benefits of construction are also 
discussed. 

As an aid in developing an understanding of the cause and effect relationship 
between changes in the physical environment that can be caused by highway fills 
and the biological responses to these changes which can occur in wetland systems, 
a series of flow charts and a matrix was prepared. Each flow chart displays a set 
of physical impacts that might result from a particular construction method or cul-
vert design or placement. These physical impacts are then matrixed with a series 
of potential biological effects that could possibly occur with a particular physical 
modification. It should be stressed at the outset that the purpose of these charts 
is to demonstrate a potential relationship between the physical modifications of the 
environment and the probable biological response. The flow charts are in no way 
intended to quantify these relationships. 

However, when quantitative estimates (i.e., major, minor, variable) of the 
biological effects that might result from alternative construction- methodologies are 
prepared, the value of the matrix becomes evident. The matrix then not only 
describes the environmental relationships, but also gives the user a clear and graphic 
picture of the biological consequences of each alternative, thus allowing the high-
way planner to consider environmental impacts in conjunction with economic and 
other concerns. 

The user's manual and other reports of this research are based on knowledge 
that is in a state of active evolution. Considerable progress has been made in recent 
years in understanding how wetlands function and of how highways and other engi-
neered works affect those functions; considerable further progress is both necessary 
and feasible. For many decades, highway engineers have been refining and apply-
ing their knowledge of soils, hydrology, and other elements of the geophysical 
environment to the construction of structurally sound and economically efficient 
highway facilities. It is now essential that this knowledge be more fully merged with 
that of biologists, ecologists, and other natural scientists so that the integrity of the 
environment through which a highway passes will be as carefully protected as the 
integrity of the highway itself. 



CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

The increased use of bridges and pile-supported struc-
tures rather than earth fills across wetlands to be traversed 
by highways is being advocated by many people. Earth fills 
produce various ecological effects, frequently reported to 
be detrimental, on wetlands. Reported effects include 

inhibition of storm water and tidal distribution, 
increased water turbidity, (3) alteration of water cir-

culation patterns, (4) removal of natural filtration systems, 
(5) introduction of exotics, (6) inhibition of movement 
of animals, (7) alteration of biological productivity, and 
(g) alteration of nutrient flux. 

-Determination of the impact of an earth fill or other 
structure on the ecology of a specific wetland is a very com-
plex problem. Nevertheless, transportation agencies are re-
quired by a variety of federal and state laws to make en-
vironmental assessments for proposed wetlands facilities. 
Consequently, a need exists for a better understanding of 
the ecological effects of highways on wetlands as well as 
for guidance in making highway location and design de-
cisions when wetlands and associated flood plains are 
involved. 

In recognition of this need, the objectives of this project 
were to determine the ecological effects of placing highway 
fills on wetlands and associated flood plains and to develop 
initial guidelines as a management tool for the decision-
making process regarding routes, fills, bridges, and other 
design and construction alternative. 

The accomplishment of these objectives involved per-
forming the following tasks: 

1. Review, examine, synthesize, and evaluate all avail-
able information relevant to the over-all objectives and pre- 

pare a state-of-the-art report covering (a) the ecological 
effects of highway fills and bridges on wetlands and 
(b) techniques, procedures, and methodology for assess-
ing the ecological effects. The state-of-the-art report was 
published in August 1978 and distributed to the state high-
way and transportation agencies. 

Conduct wetlands case studies for which ecological 
data were available—either at the same or comparable 
sites—prior to, during, and following construction of a 
highway or similar fills and structures. These case study 
data were evaluated and compared to determine the nature 
and extent of ecological impacts. Types of wetlands that 
were studied include fresh water marshes, salt water 
marshes, and prairie pothole areas. A synthesis of case 
study data was prepared and presented at the Fifty-Eighth 
Annual Meeting of the Transportation Research Board. 

Identify, adapt, or develop systematic guidelines to be 
presented in the form of a user's manual, for ecological 
assessment of wetlands and for guidance in selecting from 
among such design alternatives as fills, bridges, and related 
elements in wetlands and associated flood plains. Existing 
and potential engineering remedies for adverse impacts and 
any observed beneficial ecological effects related to the lo-
cation of highway fills and bridges were also to be reported 
on. The user's manual was prepared and is provided in 
NCHRP Report 218B. 

The core of the user's manual consists of a series of 
physical/chemical effects flow charts and a matrix which 
arrays physical/chemical effects on one axis and biological 
impacts on the other. Sample wetland/highway crossing 
alternatives were analyzed using the flow charts and matrix 
(see Chap. 3 of this report). 

CHAPTER TWO 

FINDINGS 

STATE-OF-THE-ART REPORT SUMMARY 

Introduction 

The first task of NCHRP Project 20-15 was to conduct 
a wide-ranging literature search and review in order to 
determine the state of the art of assessing the ecological 
effects of placing highway fills on wetlands. 

Legal constraints on the use of wetlands are becoming 
increasingly common at state and local levels of govern-
ment. These laws, and the administrative directives asso-
ciated with them, usually require permits for wetland use 
and call for multidisciplinary descriptions and assessments 
of probable changes in the ecology of affected wetlands as 
conditions of the issuance of such permits. These needs 
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have yet to be met by research specific to the task. Plans 
for the mitigation of unavoidable impacts are also required. 

Within the past decade the study of wetland dynamics—
the interaction of wetland species and biotic communities 
over time—and associated changes in wetland productivity 
have been greatly aided by improved scientific theory and 
extensive use of computer simulations. Emerging from 
these relatively recent advances in ecosystem modeling is 
a growing understanding of how wetlands interact with 
other ecosystems and of the relationship between wetlands 
and local and regional hydrology. 

In contrast to the vast volume of research specific to 
highway practice or wetlands per se, relatively little re-
search has been directed to the highway-wetland interface. 
This is particularly evident with respect to studies involv-
ing the joint efforts of engineers and ecologists. 

In most cases, the impact literature did not deal spe-
cifically with the effects of highway activities on wetlands. 
Much of what is reported on has been inferred from ex-
perience with analogous engineered works such as pipe-
lines, dikes, and dredging operations. And, even in these 
cases, information about the responses of wetland ecosys-
tems to various kinds of stress was available only in the 
most general terms; specific wetland classes are often 
poorly represented in published reports. Gross models of 
wetland ecosystems have been developed, but experimen-
tal and empirical studies of total system relationships, from 
which predictions of highway-related impacts could be 
made, are rarely presented. 

Recent advances in the understanding of wetland eco-
systems have led to a new approach to classifying wetlands 
that combines structural and functional points of view. 
Research is in progress to detail these general models, es-
pecially with regard to the stochastic behavior of the vari-
ous wetland classes and subclasses. Included within this 
research are studies of the controlling influence exerted by 
the hydrologic regime on the biotic structure and ecologi-
cal productivity of existing and developing wetlands, and 
of the impacts that human intervention in the hydrologic 
regime has upon affected wetlands. Highway planners and 
engineers have traditionally given strong consideration to 
the effects of projects on the physical environment, but the 
emphasis has rested primarily on the engineering con-
straints imposed by natural features of the land. In recent 
years this focus has been broadened to include not only 
analysis of the physical environmental base but also the 
natural life systems depending on the base. 

Hydrological Effects of Highway Fills on Wetlands 

Highways impact upon wetlands in a variety of ways. In 
addition to direct physical alterations resulting from con-
struction activities, there are often physical, chemical, and 
biological effects that extend well beyond the construction 
and right-of-way corridor. This cascading of effects be-
yond the immediate site of impact is much more likely to 
occur when wetlands—in contrast to uplands—are in-
volved, because wetlands are, almost by definition, those 
units of the landscape which receive, detain, retain, and 
discharge both surface and ground-water flows. As such, 
each wetland reflects even the smallest changes in the Wa- 

ters that feed 'it, transmitting these changes in turn to 
wetlands downstream. 

The critical physical process occurring in a wetland, 
then, is the water cycle, and the hydrologic regime is the 
controlling environmental factor in the wetland ecosystem. 
The presence of water is also a major consideration in high-
way design, construction, and maintenance. The highway 
engineer must relate various engineering alternatives to 
wetland construction site limitations and to the expected 
ecological response of the wetland. Unfortunately, the 
state of the art is weak regarding ecological responses of 
wetlands to changes in their water regime, and consider-
able research is needed if more reliable models are to 
become available for use in impact prediction. 

Highways and analogous structures impound the flow of 
surface and ground water to a greater or lesser degree, 
tending to raise water levels on the upflow side of the struc-
ture and lower levels on the downflow side. Conversely, 
directing water around and at specific places through the 
structure may concentrate the flow from the affected water-
shed to specific aquifers, channels, and wetland areas, thus 
raising water levels in those areas (1). Any alteration of 
water regime by the placing of a highway facility can have 
effects that may extend well beyond the immediate locale, 
depending on the size of the wetland, the magnitude of the 
facility, and the ground- and surface-water hydrology. 
However, water level changes can produce positive as well 
as negative effects on wetlands. It was found that wetland 
managers often use regulated drawdown and flooding as a 
means of inducing shifts in plant species composition and 
enlarging waterfowl use areas. 

Over-all, the literature is sparse on the subject of direct 
effects of highway activities on seasonal flow patterns in 
wetlands. Most ecological assessment is derived from stud-
ies of streams and the local effects on discharge or flow 
rate changes from stream relocation and associated chan-
nelization. Such information may, by implication, be re-
lated to other local changes in riverine or seasonally in-
undated flood plain wetlands that might be caused by 
alteration of stream channels by highway construction. 

Erosion and Sedimentation Effects of 
Highway Fills on Wetlands 

Highway construction has frequently been documented 
as a major source of sediment loads in the nation's water-
ways (2, 3). Sediment yields from highway construction 
during an average storm can b,e as much as 10 times greater 
than that of cultivated land and 200 times greater than that 
of grassed and forested lands (4). These ecological im-
pacts may be as severe as those resulting from water re-
gime alterations because the plant and animal communi-
ties that exist in various wetlands are adapted to, and de-
pendent on, limited ranges of substrate conditions and 
water quality. 

Excess suspended solids and sediments stem from two 
aspects of the highway construction process. First, dis-
turbance of the existing submerged substrate can create 
heavy loads of suspended organic and inorganic matter in 
the surrounding water. Dredging, excavation, piling con-
struction, and equipment operation are usually associated 



with this type of sediment problem. Second, sediment run-
off from cleared land and constructed fills, or sediment 
loads from gravel washing and dredged material disposal, 
can place enormous quantities of predominately inorganic 
matter into the aquatic system. This occurs during con-
struction and may continue until stabilization follows 
completion. It is likely that particulate matter will be 
transported by currents and diffusion away from the con-
struction site before settling out and may burden large areas 
of the wetland beyond the highway right-of-way. 

Sedimentation follows, at varied time intervals, the 
events which place solids in suspension. An abundance of 
technical literature exists on the subject of the biological 
effects of sedimentation on aquatic organisms. Accumu-
lated knowledge documents the adverse impacts of sedi-
mentation on aquatic biological systems (4, 5). When 
sediments accumulate sufficiently to clog water channels 
and alter the flow regime, substantial changes in the wet-
land hydrology occur and the ecology of most aquatic sys-
tems has been found to be adversely affected by accelerated 
erosion and sedimentation (4). However, in certain coastal 
marshes, such as those in Louisiana, the sediment input 
through river overflow and build-up of organic matter is 
necessary to counteract the natural tendency of the deep 
river deposits to subside gradually. Highway construction 
involving draining and channelling of these wetlands may 
adversely affect these systems by depriving them of their 
annual sediment load. 

Chemical Effects of Highway Fills in Wetlands 

Salinity 

Adverse ecological effects may result from highway con-
struction in wetlands through the alteration of the salinity 
regime. Fresh-water wetlands are especially vulnerable to 
elevated salt concentrations resulting from deicing chemi-
cals, and extensive literature exists which deals with the 
effects of those chemicals. Coastal saline wetlands are less 
affected by salt inputs, but are more directly affected by 
any disturbance of the normal fresh water/salt water mix-
ing patterns in the estuary. A review of the literature re-
veals that both situations do occur and should be con-
sidered during environmental impact analysis. 

Gunter et al. (6) discuss a variety of cases where engi-
neering works have influenced coastal salinity regimes. In 
demonstrating the potential for ecological impact, they also 
provide a thorough review of salinity requirements of all 
estuarine fauna, establishing a useful state-of-the-art assess-
ment for this consideration in planning highways across 
coastal wetlands. 

Heavy Metals 

Highways under construction may present sources of 
heavy metals that can affect the wetland ecosystem. The 
sources of these materials during construction include emis-
sions from construction machinery, spillage of toxic ma-
terials, leachate from asphalt or concrete, and herbicide ap-
plication prior to laying of the road surface. There is no 
direct evidence attesting to the significance of heavy metal  

contamination of wetlands by highway construction, use, 
and/or maintenance. However, an abundance of literature 
documents that heavy metal levels are significantly higher 
along roads than in adjacent habitats (7). The effect on the 
biota is poorly documented, but possible food chain mag-
nification, as occurs with some pesticides, could threaten 
the survival and/or reproduction of higher organisms. 

Dissolved Oxygen 

Oxygen is required for respiration by most aquatic or-
ganisms and, in fact, the dissolved oxygen concentration 
(D.O.) of natural waters is an indicator of water qual-
ity (8). 

The construction of a highway can cause reductions in 
dissolved oxygen levels which are variable in duration. Ac-
tivities that induce heavy consumption of oxygen already 
in solution may cause only temporary impacts through 
oxygen depletion. However, permanent alterations of the 
aquatic system, which reduce the potential oxygen avail-
ability, are also possible and may have long-term effects on 
the biota of a wetland. The duration of the impact is pri-
marily dependent on the duration of change in the sus-
pended solid load, flow regime, and/or temperature. 

Depletion of dissolved oxygen in wetlands may be di-
rectly or indirectly deleterious to the survival, reproduc-
tion, growth, and movement of populations of aquatic 
organisms. Most of the information on the effects of re-
duced oxygen is based on research involving fresh water 
fishes, particularly game species. 

Nutrient Effects 

The construction of a highway often necessitates land 
clearing and/or construction of an artificial landfill. In 
these situations, the passage of a period of time before 
denuded areas and fills are revegetated is inevitable. The 
impact of nutrient loading resulting from sediment inputs, 
fertilization to speed slope stabilization (revegetation), and 
runoff from drained wetlands is a distinct problem of high-
way construction. Postconstruction refertilization to estab-
lish vegetative cover is capable of creating locally heavy 
nutrient runoff depending on the rate of application, soil 
stability, and substrate affinity for the particular nutrient. 
Additionally, suspended soil particles and deicing salts of-
ten contain absorbed plant nutrient compounds which, if 
made available for biological uptake and use, can lead to 
accelerated eutrophication. Even unfertilized sites may in-
troduce nutrients into runoff waters by erosion of nutrient 
rich soils. 

The primary effect of nutrient enrichment is stimulation 
of plant growth, and this may take the form of phytoplank-
ton, attached algae, rooted vegetation, or floating plants. 
The effect of increased nutrients may be an increase in the 
populations of certain species already present in the en-
vironment, and a decrease of species that are not tolerant 
of such nutrients. If the composition of the increased nu-
trients is intolerable to most forms of aquatic life, or if the 
ratio (nitrogen:phosphorous) is not correct, excessive 
blooms of undesirable species may develop: 



Water Quality Effects 

Prediction and assessment of water quality effects involve 
description of the types and quantities of pollutants that are 
likely to be generated during the construction and opera-
tion of each alternative being considered. The major water 
quality impact during construction is from sediment that 
is eroded from the construction site, transported by surface 
runoff, and deposited in adjacent bodies of water. The 
mechanics of this process are well understood, and pro-
cedures are available for predicting the extent of erosion 
and deposition to be expected under various soil and slope 
conditions. 

Potential water quality impacts must be considered based 
on a clear delineation of various water quality characteris-
tics. In the establishment of a water monitoring program, 
sites must be selected for collecting water samples that will 
represent adequately the actual water quality characteristics 
of the existing wetland. The procedures and essential ele-
ments of such a study are covered in detail in the FHWA 
Water Quality Manual, Vol. 1. (Section III, "Water Quality 
Survey") (see also (9)). 

Faunal Movement Effects 

Wetland crossings may sometimes act as barriers to the 
migration and free movement necessary for the survival of 
aquatic hiota. Similarly, alterations of natural tidal move-
ment of water carrying fresh water plankton and inverte-
brates can have adverse ecological effects (6). Wetlands 
are rich wildlife habitats and frequently are used as corri-
dors of travel. Highways may physically block these routes 
of travel and thus contribute to wetland wildlife mortality 
(6). Critical areas of heavy wildlife use, such as winter 
concentration cover, and travel routes to and from these 
areas should be identified and avoided. Where sizable or 
unusual populations are known or expected to inhabit a 
wetland, a determination of the year-round habitat selec-
tion and movements should be incorporated in the impact 
assessment. 

Mitigating Ecological Effects of 
Highway Fills on Wetlands 

There are two fundamental approaches to impact miti-
gation. The first approach is to plan or design highways to 
avoid or minimize the probable occurrence of potential 
impacts. This approach lies at the heart of the National 
Environmental Policy Act and other related impact assess-
ment laws and regulations. The second approach stems 
from the fact that some degree of impact is often unavoid-
able, regardless of the care and creativity applied during 
the planning, design, and construction of a highway. Miti-
gation in these instances may take the form of attempt-
ing to reconstruct the basic ecological features that were 
disturbed by the placement or construction of the facility. 
Such mitigation may include the restoration of original 
hydrologic systems and the replacement of certain species 
of plants. 

Mitigation may also take the form of creating alternative 
ecosystems that offer environmental values equivalent to or  

more desirable than those of the impacted system. It may 
be possible, for exiimple, to use the highway structure de-
liberately to create new wetlands in one area as a substi-
tute for areas destroyed or diminished elsewhere. Borrow 
pits may be located and designed so as to create new wet-
land habitat. The opportunities for creative design in this 
regard both on and off the immediate right-of-way are 
many and growing. 

The most obvious way of mitigating the impact on a 
wetland is to avoid it completely. However, what is most 
obvious is not necessarily most feasible, and less absolute 
solutions must often be sought. In addition, the options 
available to the highway agency are often restricted by in-
stitutional constraints. Perhaps most restricting is the rela-
tively advanced stage in the planning and design process in 
which most current highway projects are found. Options 
for these so-called "pipeline" projects may be limited to 
minor design or locational modifications within an already 
committed (and acquired) right-of-way. A second institu-
tional constraint is brought about by engineering standards 
associated with federal and state aid. Such standards, par-
ticularly those dealing with curvature, width, and grade of 
highways, often restrict the engineer's flexibility in select-
ing an environmentally benign alignment. Increasingly, 
however, highway agencies have come to recognize the im-
portance of early, comprehensive assessment of alternative 
locations and have begun to set up interdisciplinary teams 
within their planning sections for this purpose. 

Erosion and Sedimentation Control 

Erosion and sediment control measures are instituted 
both during and after construction not only to protect af-
fected wetlands from this type of pollution, but also to 
ensure the continuing integrity of the highway structure 
and the unimpeded operation of drainage appurtenances. 
Both the federal government, principally through the En-
vironmental Protection Agency, and many states have 
placed increased emphasis on the need to control sediment-
laden runoff resulting from erosion at construction sites. 
North Carolina, for example, requires developers to sub-
mit acceptable erosion-control plans to county or state 
agencies prior to construction. 

Varieties of devices and construction procedures—in-
cluding berms, sediment basins and traps, mulching, and 
revegetation—are employed by highway agencies to limit 
the extent of erosion and to mitigate its impact on erosion-
control features on the one hand and sensitivity of the po-
tentially impacted environment on the other. 

Mitigation of Adverse Impacts on Wildlife 

A comprehensive and detailed set of recommendations 
with respect to correcting habitat degradation in streams, 
lakes, and wetlands is provided in the Forest Service Hand-
book (10). Some of these recommendations for habitat 
improvement may be implemented in the design and con-
struction of a highway facility. For example, categories of 
wetland improvement include construction of potholes and 
islands, maintenance of marsh habitat, and development of 



"green-tree reservoirs" (wooded swamps with regulated 
flooding periods). Habitat improvement in streams and 
lakes includes development of impoundments, manipula-
tion of water levels, treatment of stream channels and 
streamsides, regulating stream flow, and maintaining and 
improving water quality. 

' Creation of New Habitat 

The use of highway construction to create new wetland 
habitat is becoming increasingly common, as highway 
agencies gain experience with the advantages that can 
accrue from such practices to both highway users and the 
public at large. Early and continuing coordination between 
highway agencies and state natural resource or wildlife de-
partments is essential if the full benefits from the creation 
of new wetland habitat are to be realized. Of the many 
highway features and construction activities that can be 
employed in this capacity, three (use of ditches and cul-
verts, construction of borrow pits, and dredge material dis-
pdsal) appear to offer the most extensive opportunities for 
habitat creation. 

Conclusions 

Both coastal and inland wetlands have been well studied 
by biologists over many decades. The resulting literature 
provides a comprehensive, but essentially static, picture of 
wetland biota in terms of individual species and biotic 
communities and their distribution by geographic area and 
wetland type. There is a growing body of literature which 
can guide the engineer or planner in understanding the 
often subtle interactions that occur between the physical 
and biological elements of an aquatic system. This impact 
assessment material needs to be continually expanded, how-
ever, in order to enable the prediction and assessment of 
the effects of highway construction on the functioning of 
natural systems. 

SYNTHESIS OF CASE STUDY DATA 

Introduction 

In an effort to establish a more comprehensive base of 
empirical evidence regarding highway—wetland interactions, 
a set of case studies (see App. A) was conducted at high-
way sites in wetlands throughout the country. The choice 
of field sites and the conduct of the studies were strongly 
influenced by the resources available to the investigators 
and by the lack of documented information on which in-
structive case studies could be based. There are very few 
instances where the physical and biological characteristics 
of a wetland have been documented prior to, during, and 
after construction of a highway facility. Since the resources 
available did not permit the acquisition and analysis of pri-
mary data, the research team depended almost wholly on 
secondary information, supplemented by after-the-fact ob-
servations on-site. Further contributing to the problem was 
the fact that relatively few highways are built in pristine 
wetlands, unaltered by the prior construction of railroad 
embankments, water control and drainage structures, and 
other works of man. Thus, the effects of the highway are 
often confounded, if not totally obscured, by the impacts 
of prior (or subsequent) alterations. 

For these reasons, what is reported here is a forced com-
promise between what would have been preferred ideally 
and what, in reality, was possible to obtain. As can be seen 
on the accompanying map of the lower 48 states (Fig. 1), 
a reasonable approximation to geographic comprehensive-
ness was achieved. The eight case study sites range from 
Oregon to Massachusetts and from Minnesota and North 
Dakota to Florida. A wide range of wetland classes is 
represented, including examples of both tidal and inland 
situations. The studies include a variety of highway types 
ranging from gravel roads 50 years old or more to Inter-
state Highways. Nevertheless, vast areas of the' country, 

Figure 1. Case study sites. 



particularly the West Coast and South Central and South-
western regions, are not represented. However, the nature 
of the effects that are reported on is such that, in many 
instances, experience in one area can be transferred to 
another. The various study locations are listed as follows, 
along with the wetland class and primary effect(s) caused 
by the highway in question. 

WETLAND 	 WETLAND 

LOCATION 	 CLASS AND EFFECT 

Whatley, Mass. 	Borrow pit ponds adjacent to 1-91; 
habitat creation 

Fairfield, Conn. 	Estuarine salt marsh; interrupted 
tidal exchange 

Philadelphia, Penn. 	Fresh water marsh; obliteration by 
fill 

South Florida 	Fresh water marsh and wooded 
swamp; altered drainage 

Roscommon, Mich. 	Wooded swamp over organic soils; 
altered drainage 

Northeast Minn. 	Wooded swamp over organic soils; 
altered drainage 

Jamestown, N.D. 	Prairie potholes; altered drainage; 
obliteration 

La Grande, Ore. 	Cattail—bullrush marsh; altered 
drainage 

The information derived from each case study is or-
ganized according to type of ecological effect. Emphasis 
here is on those effects that tended to predominate in sev-
eral studies or that are most graphically illustrated at one 
or more study sites. Because all the case studies involved 
a retrospective analysis of a wetland in which highway-
induced changes had already taken place, the effects that 
were ob&rved or deduced were limited, by-and-large, to 
major, long-standing changes resulting from the continu-
ing physical presence of the highway facility. There was 
no opportunity, given the nature of these studies, to ob-
serve such significant, but relatively transitory, effects as 
erosion and sedimentation resulting directly from on-going 
construction activities. The absence of such effects from 
these case studies should, therefore, not be taken as re-
flecting their lack of importance but, rather, as due simply 
to the practical limitations of the case studies themselves. 

Of the many effects of highways on wetlands that were 
identified in the various case studies, four classes of effects 
appear to predominate. Most common by far is altered 
drainage; indeed, to a greater or lesser extent, all the case 
studies (with the exception of the Whately borrow pits) 
provide evidence of this class of impact. In total area, the 
effects of altered drainage are manifested as interrupted 
tidal exchange, and this class of effect is placed in a sepa-
rate category. The physical obliteration of wetlands result-
ing from the placement of highway fill or dredged material 
disposal was also a commonly identified impact of highway 
construction. The fourth class of impact is habitat crea-
tion. This last class is included not because of its general 
occurrence but, rather, as an example of what can be done 
in many instances. 

Altered Drainage 

Wetlands are defined in various ways; in each case, how-
ever, it is the presence of water in and on the soil that is 
critical to the definition, and the existence, of wetlands. 
Thus, for example, the U.S. Fish and Wildlife Service (11) 

defines a wetland as: 

Land where water is the dominant factor determining 
the nature of soil development and types of plant and 
animal communities living at the soil surface. 

The U.S. Army Corps of Engineers (12) defines wet-
lands as: 

Those areas that are inundated or saturated by surface 
or ground water at a frequency and duration sufficient to 
support, and that under normal circumstances do support, 
a prevalence of vegetation typically adapted for life in 
saturated soil conditions. 

The hydrologic regime is the controlling feature in wet- 
land ecology, and alterations in this regime will have pro-
found impacts on the affected environment. Wetland plant 
communities are dependent not only on the presence of 
water but also on the frequency and amount of inundation. 
Changes in community structure may be expected when 
any of these characteristics are altered. The exact nature 
of the change will depend on the new water regime, the 
species composition of the former community, the avail-
able seed sources, and other factors. In most parts of the 
nation, the occurrence of water in wetlands is the result of 
seasonal patterns of precipitation, freezing, thawing, and 
the rate of water use by plants (transpiration). The dura-
tion and timing of these influences are stochastic phe-
nomena particular to a given geoclimate area. Thus, the 
concept of "normal flow pattern" in wetlands is under-
stood as a pattern of flow probability in volume, time, loca- 
tion, and duration of occurrence. 

Highways and analogous structures impound the flow of 
surface and ground water to a greater or lesser degree. As 
such, they tend to raise water levels on the upflow side of 
the structure and lower levels on the downflow side. Con-
versely, directing water around and at specific places 
through the structure may concentrate the flow from the 
affected watershed to specific aquifers, channels, and wet-
land areas, thus raising water levels in those areas. In most 
instances these effects are most apparent in those situations 
where sheet flow is intersected by the highway embank-
ment. Attempts to accommodate the interrupted flow by 
means of culverts is generally successful only insofar as 
protection of the highway, structure is concerned. The 
change from diffused to concentrated flow results in a sig-.. 
nificant disruption of the hydrologic regime, which is re-
flected in alterations in the associated ecological system. 
Two types of sheet flow should be distinguished—surface 
and subsurface. 

Subsurface Flow 

Subsurface sheet flow is essentially ubiquitous, represent-
ing as it does the manner in which ground water typically 
moves through the earth. However, it is in organic soils, 
which underlie many classes of wetlands, that the interrup-
tion of subsurface flows often presents a problem. The 



Roscommon, Mich., and Northeast Minnesota sites ex-
emplify this situation. In both cases, the highway embank-
ment interrupted the movement of subsurface flows, lead-
ing to the elevation of the water table on the upstream side 
of the highway. Culverts, where they were installed, were 
generally placed too high and too far apart to affect signifi-
cantly the upstream build-up of water. 

Large-areas of the several states and Canadian provinces 
bordering the Great Lakes are overlain to a greater or 
lesser depth with peat and other poorly drained soils. Typi-
cally, these areas are dominated by various species of wet-
land conifers, the harvesting of which is a, major economic 
activity. Extensive damage to timber has been observed on 
the upstream side of highways and other embankments 
crossing peat wetlands. It has been estimated by staff of 
the U.S. Forest Service that more than 30,000 areas of 
swamp conifers have been so affected in northern Minne-
sota alone. 

The nature of the problem is illustrated in Figures 2 and 
3, drawn from the Minnesota study. Figure 2 is a plani-
metric view of a typical wetland crossing and the area in 
which flooding occurs. The road is shown running parallel 
to the contours of the land and positioned so as to cross 
the wetland at its narrowest point, a typical situation. The 
cross-hatched area-upland from the highway represents the 
location of inundation caused by blockage of drainage. 
The extent of this zone of inundation is usually consider-
ably larger than the area immediately adjacent to the road 
because of the geometry of the basin. 

Figure 3 is a profile view of the area shown planimetri-
cally in Figure 2. In part A of the figure, the level and 
direction of flow of the water table are shown by the 
broken line, BB. In undisturbed peat wetlands the water 
table tends to be located from 10 to 50 cm below the 
surface during much of the growing season, and it is in 
this zone that most of the horizontal movement of water 
through the soil takes place. Below 50 cm or so the soil 
is consolidated because of the weight of the overlaying 
soil, and little, if any, movement of water occurs in this 
near-impermeable medium. 

Part Bof Figure 3 shows the effect that the construction 
of the road has on the level of the water table. In the first 
instance, the road fill acts as a dam, blocking the movement 
of water along and below line BB. The peat immediately 
below the fill is consolidated by the weight of the over-
burden, reducing its hydraulic conductivity effectively to 
zero. Because only the upper 50 cm of the peat are hy-
draulically active, almost any combination of fill, displace-
ment, and consolidation will impede the movement of 
water across the line of fill regardless of the depth of the 
peat layer. The water that is impounded by the fill will 
rise at the embankment to the level of the culvert; the level 
of the water table will assume a position along line B'B', 
intersecting the undisturbed water table, BB, some distance 
uphill from the road. 

The invert elevation of the culvert relative to the un-
disturbed water is the most impOrtant design feature 
affecting the state of inundation caused by construction of 
the road. Typically, the culvert is located at or above the 
point of intersection of the embankment with line AA, so 

Figure 2. Planimetric view of tyical peat wetland crossing 
area in which flooding  occurs (13). 	 - 	 - 

BECC 

after construction 

Figure 3. Hydrologic problem and water table relations in 
roads crossing peatlands approximately parallel to the con-
tour (13). 

as to intercept surface flow in a more or less defined chan-
nel. Although this practice may suffice to prevent over-
topping of the roadway by storm runoff, it does not pro-
vide adequately for subsurface flow, -which is the primary. 
means of drainage in peat wetlands during much of the 
year. Flooding and damage to timber in the area above 
the road are almost inevitable consequences. (Highway-
induced flooding, however, may also have a beneficial ef-
fect on wildlife by providing open water, standing dead 
trees, and other favorable habitat. In consideration of these 
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and other wildlife benefits, fish and wildlife agencies pe-
riodically request the creation of highway' impoundments.) 

The extent of damage resulting from highway-induced 
flooding, and the road design and location features most 
frequently associated with such damage, was investigated 
in 1965 by the North Central Forest Experiment Station of 
the U.S. Forest Service (13). A' systematic random sample 
of 70 forest wetland crossings in 7 contiguous counties in 
northeastern Minnesota was studied in order to ascertain 
the extent of tree damage caused by the damming effect of 
roads. The roads studied had all been in place for a con-
siderable period of time, many for. 50 years or more; all 
could be classified as low standard in terms of design fea-
tures such as width, surface type, foundation, and drain-
age. Eighty percent of the 'crossings were on peat; the rest 
on mineral soil. The forest types involved were mainly 
black spruce and tamarack. Northern white-cedar, black 
ash, red maple, and associated species were also present. 

L' 

Figure 4. Location in plan of various ditches to ensure proper 
drainage of peatland road crossing (13). 

I-' 
c

peat 

----  
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FigureS; Collector ditch (13). 

Tree damage was classified into three categories: none, 
trees killed or weakened  within 15 in of the road, and trees 
killed beyond 15 m. Of the 70 sites included in the, sample, 
55 percent evidenced some degree of damage. All of the,  
39 crossings that showed damage were oriented within 

'45 degrees of being parallel to the coitoiirs along which 
they ran; that is to say, they tended to run across, rather 
than along, the drainage flow. The apparent rise in water 
-table in the zone of most serious tree damage averaged 
about 28 cm over the 39 crossings, with a maximum rise 
of 76 cm.  

A 'comparison of U.S. practice with European' practice 
in the design of road drainage features in 'organic soils 
'suggests several steps that can be taken" to prevent the 
damming' action of roads crossing peat wetlands. European 
practice calls for the excavation of a collector ditch along 
the upstream side of the road. Culverts are placed so that 
their inverts are at or near the bottom of the collector ditch,' 
-several ,-feet below the original level of the swamp. A dis- - 
charge ditch, perpendicular to the -roadway, to' carry water 
beyond the influence of the road is also recommended. A 
perpendicular entrance-ditch on the upstream side of the 

, road and an additinal -discharge ditch running parallel to - 	- 
the downstream side may also be used. Figure'4 shàws the: 
location of the various ditches (13) 
- The location of these drainage features in profile and 
their effect-on the water table' 'are shown - in Figure' 5. The- 
dimensions and location of the various drainage features - - 
will, of course, vary with conditions at the 'site. - 

The-converse of the blocked drainage problem observed 
in the Michigan and Minnesota cases is represented at 
Ladd Marsh, in La Grande, Ore.' In this instance, the 
water table has been, lowered as,. a result of highway con- 
struction activities. The manner in which both the surface 
and subsurface water regimes have been altered by high- 
way activities - at this site is shown in Figuie 6. The 
Foothill-Ladd -.Canyon Road was constructed with, bor- 
row. Drainage for the road is provided by a ditch- along 
the uphill (west and south') side.of the road.- In the ab- 
sence of lateral culverts 'through the road 'embankment, 
surface sheet flow that formerly fed the marsh- is now di- 
verted around- it. A secondary source- of sheet flow' from 
the north is intercepted by a preexisting drainage ditch at 
the end ,df'the' marsh-. "The- deprivatiOn of'water for, the  
marsh is compounded by the bo'rrow ditch along the west 
side:of Interstate. 80-N, which has'lowered the subsurface 
water table in the marsh 'by, reducing the base grade at 
which ground water discharges. 	 ' 
- The 'combined effect of these hydrologic changes-  has 
been- to lower the water table in the marsh during all sea-
sons, thus changing the vegetation from wetland to upland, 
and - slowly eliminating areas of open water , important to - 
water fowl and other-marsh animals. Despite attempts by 
the Oregon Game Commission to divert runoff back into 
the marsh, over the past 29 years, wetland acreage has been 
reduced by 15 percent.  

Diffused Surface Flow  

The effects of highway'co'nstruction on Wetlands' that are 
dependent on diffused surface drainage are most dramati- 
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catty illustrated in the Everglades and Big Cypress com-
plexes of South Florida. The marsh and swamp systems 
of these two vast wetlands receive the bulk of their water 
from surface runoff and sheet flow over shallow aquifers. 
The natural flow is generally from the latitude of Lake 
Okeechobee on the north, south through the Everglades 
and Big Cypress, exiting through the mangrove forests 
bordering Florida Bay and the Gulf of Mexico (see Fig. 7). 
Although highways occupy a minute fraction of this en-
vironment and generally do not block critical flow points, 
their construction has contributed to significant changes in 
portions of this vast region. 

These changes stem principally from two aspects of the 
highway construction process. In the first instance, the 
presence of roadway embankments across the axis of pri-
mary flow has the potential of blocking sheet drainage, 
much as in the case of the peat wetlands discussed in the 
Minnesota and Michigan examples. However, unlike these 
latter cases, the bulk of the flow is above the aquifer and 
can often be effectively accommodated by proper culvert-
ing. Where this has been done (as in the case of State Route 
27 between the Everglades Park entrance and Flamingo), 
the drainage-related impact of the highway embankment is 
negligible. Where provisions for surface drainage are not 
adequate (as along the western portion of Alligator Alley), 
backwater conditions develop on the upstream side of the 
highway, which are reflected in the drawdown of the water 
table on the downstream side; vegetative changes are the 
inevitable consequence of these hydrologic alterations. 

The effect of highways in the Everglades—Big Cypress 
environment is very much a function of the presence or 
absence of drainage canals associated with the construction 
of the roadway embankment. Unlike Route 27, which was 
constructed with borrow from sites well removed from the 
right-of-way, the other roads that were the subject of this 
study were constructed on fill obtained from borrow canal 
spoil excavated along the right-of-way. Although these 
canals are used as flood control structures at critical pe- 
riods during the year, they also serve to collect sheet drain- 
age on the upstream side of the highway and, where they 
exist, to facilitate the reestablishment of sheet flow on the 
downstream side. In those instances where the combina- 
tion of parallel canals and adequate culverts at all natural 
drainage channels is sufficient to reestablish natural drain- 
age immediately downstream from the highway (as along 
Tamiami Trail and the eastern portions of Alligator Alley), 
little, if any, ecological effect is observed. 

It is important that a balance be struck between too little 
and too much drainage. For example, connection of the 
borrow canal along Alligator Alley to the south-running 
Barron River and Turner River canals has accelerated flows 
south of the Alley and directed water away from the his- 
toric pattern. Similarly, the borrow canals along State 
Routes 29 and 840A—which run parallel to the north—
south drainage axis between Alligator Alley and the Ta- 
miami Trail—intercept substantial amounts of surface wa-
ter and divert it directly to the estuaries of Florida Bay. 
There is evidence that the reduction in fresh water head 
resulting from this diversion has led to inland migration of 
salt water. 

2- 
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The Flamingo Road demonstrates that, if highways must 
be constructed across sheetfiow wetlands, extensive use of 
culverts without borrow canals can have minimal effects. 
The original construction of the Tamiami Trail suggests 
that borrow canals in combination with culverts need not 
have adverse effects but that they lay the foundation for 
subsequent disruption of the wetland ecosystem. Alligator 
Alley illustrates that even with attention to the impact on 
hydrology, modern road and borrow canal construction 
techniques are in need of further refinement in order to 
obtain uniform desirable results. State Routes 29 and 
840A are examples of a straightforward effort to use a 
combination of canals and no culverts in conjunction with 
a spoilbank base to drain a wetland—with questionable 
economic and adverse ecological effects. 

Appropriate drainage features are obviously necessary 
for avoiding ecological damage in the Everglades—Big Cy-
press environment; but, given the destructive effects of 
many of the activities associated with roads such as the 
Tamiami Trait, it is clear that proper drainage, alone, will 
not suffice. Rigid control of access is also essential in pre-
venting adverse impacts and a radiation of inappropriate 
uses of these vast wetlands. Reconstruction of Alligator 
Alley to Interstate standards will provide an opportunity to 
develop a major demonstration of compatible road con-
struction and wetland protection. 

Interrupted Tidal Exchange 

The interruption by embankments and other structures 
of the tidal exchange in coastal and estuarine marshes is 
an important special case of altered drainage. The twice-
daily ebb and flow of tidal waters is essential in maintain-
ing the level and salinity of these salt and brackish marshes 
and in carrying detritus from marsh areas to the marine 
environments that rely on this source of nutrient. High-
way drainage structures typically are designed to accommo-
date stormflow from upland sources. The capacity of the 
culvert, its invert elevation, and erosion protection mea-
sures associated with it are characteristically based on the 
need to convey storm waters flowing down from upland 
locations. Insufficient attention is often directed to the pas-
sage of tidal waters, which, during part of their cycle, move 
through these structures in a direction opposite to the de-
sign flow. Often the result of such "unidirectional design" 
is the alteration of the tidal regime within the marsh. 

The ecological effects of restricted tidal exchange are 
illustrated by the Fairfield, Conn., study. Pine Creek 
Marsh is a 24-acre estuarine salt marsh on Long Island 
Sound in the Town of Fairfield, Conn. A storm and flood 
control dike was constructed in 1970. The location of this 
dike and changes in the dike and culvert system that have 
been proposed in an effort to mitigate effects of tidal inter-
ruption on the marsh are shown in Figure 8. 

The interruption of tidal flows by the dike has resulted 
in an average reduction of 23 cm in tidal elevations within 
the marsh, and a reduction of as much as 46 cm has re-
sulted during spring tides. Ground water levels have re-
ceded well below that required to support two common 
species of marsh grasses. The reduction in tide height has 
reduced the total marsh area exposed to salt water, and, in  

combination with lowered ground water levels, has resulted 
in a shift of vegetation from salt marsh to fresh; at the 
landward margins of the marsh, upland species have begun 
to replace the wetland biota. Where upland or fresh water 
species have become established, the peat soils of the origi-
nal salt marsh have become compacted and less permeable. 
As a consequence, even if current efforts to restore the 
historic tidal hydrology are successful, the capacity of the 
marsh to support salt marsh species would be reduced. 

The restriction of salt water intrusion into an estuarine 
system by a highway acting as a barrier to, or restrainer of, 
tidal inundation will greatly affect a wetland. Where salt 
water intrusion is prevented by a highway barrier, plant 
populations will show slow but significant changes. Many 
estuarine plants actually grow well in fresh water, but can-
not compete successfully with fresh water species in that 
environment because of slow growth and lack of viable 
seeds. Some estuarine plants require salt for growth and 
will die in fresh conditions. The estuarine species of 
macroscopic algae and microscopic diatoms will be re-
placed by fresh water species. 

Physical Obliteration 

The physical obliteration of wetland habitat by the high-
way embankment itself is an unavoidable consequence of 
that form of construction. In those instances where such 
loss of habitat is unacceptable—for example, where a 
unique wetland may be lost, or rare or endangered species 
may be threatened—rerouting of the highway or open pile 
construction may be the only alternative. However, there 
are many occasions where habitat loss or alteration through 
physical obliteration extends well beyond the highway fill. 
The construction of 1-95 through Tinicum Marsh in Penn-
sylvania is a case in point. 

Tinicum Marsh occupies the lowlands along Darby Creek 
in Delaware and Philadelphia Counties in southeastern 
Pennsylvania. The marsh, before construction of 1-95, cov-
ered about 500 acres between Pennsylvania Rt. 291 and 
the Tinicum Wildlife Preserve of the City of Philadelphia 
(see Fig. 9). Though the marsh area was historically 
greatly disturbed and considerably reduced in size over the 
past 300 years, it was, and still is, an important tidally 
inundated fresh water environment. No rare or endangered 
species consistently live or breed in Tinicum Marsh, but the 
habitat itself is rare, being the last remaining tidal wetland 
in the State of Pennsylvania. 

In the initial planning phase for 1-95, a compromise 
between the Pennsylvania Department of Highways and, 
local conservation groups in 1963 provided for the routing 
of the highway along the southern edge of the marsh, where 
it would have interfered least with tidal flows and would 
have obliterated the least amount of marsh habitat. This 
compromise, however, was not included as a restriction 
when construction bids were advertised in 1968. The proj-
ect contractor, unencumbered by the earlier compromise, 
negotiated contracts with the private owners of the marsh-
land to obtain sand and gravel lying under the marsh for 
roadbed fill. These contracts also obligated the contractor 
to fill other parts of the marsh to a level above the highest 
tide so that light industrial facilities, high rise apartments, 
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or shopping centers could be erected. Even though this 
filling was not a direct result of roadbed construction, the 
entangling contracts tied it intimately with highway con-
struction. The location and extent of the marsh areas de-
stroyed or altered by this set of related activities are shown 
on Figure 10. 

Creation of New Habitat 

Highway construction may result in the creation, as well 
as the destruction, of wetland habitat. Often such habitat 
creation is the unplanned result of borrow pit excavation 
or the inadvertent blockage of surface or subsurface drain-
age by a highway embankment. Increasingly, however, 
provisions for the creation of new habitat are being in-
corporated explicitly in highway location and design plans 
as highway agencies gain experience with the advantages 
that can accrue from such practices to both highway users 
and the public at large. Early and continuing coordina-
tion between highway agencies and state natural resource 
or wildlife departments is essential if the full benefits from 
the creation of new wetland habitats are to be realized. Of 
the many highway features and construction activities that 
can be employed in this capacity, three—use of ditches 
and culverts, construction of borrow pits, and dredge ma-
terial disposal—appear to offer the most extensive oppor-
tunities for habitat creation. The material dredged from 
a wetland or removed from an upland site can be used to 
create new wetlands or extend existing ones. 

The ecological uncertainties attending the accidental 
creation of wetland habitat are exemplified by a series of 
borrow pits excavated in 1959 and 1960 along 1-91 in 
Whately, Mass. Figure 11 shows the location of the larger 
of these pits and identifies four that are the subject of the 
present case study. In this instance, location of the various 
borrow areas and the excavated configuration of each pit 
were dictated by the availability of appropriate borrow ma- 
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terial and ease of excavation and haul to the construction 
site. Consideration was not given to the ecological poten-
tial of one location or excavation procedure relative to 
another. 

The four borrow pit ponds are very similar in most re-
spects. All four ponds have predominantly granular bot-
toms (as would be expected, given the purpose for which 
they were excavated), and all four are fed mainly by 
ground water supplemented to a degree by surface drain-
age from 1-91 and the surrounding fields. The principal 
differences between the ponds lie in their basin configura-
tion (91 swiM and 91 WOODS have greater average depths 
and considerab1y less shallow margin than do 91 NORTH 

and 91 SOUTH), in the composition of the surface flows into 
them, and, dirçctly related to these two factors, in their 
biological prpductivity. 

Borrow pit productivity is strongly related to nutrient 
availability, substrate composition, runoff characteristics, 
and basin morphology. Because of the nature of borrow 
pits the bottom sediments are primarily sand and gravel, 
contributing little to wetland fertility. Upland seepage and 
runoff are characteristically slow, and, although they do 
exert a major control over water chemistry, they usually 
do not encourage rapid eutrophication. Growth of aquatic 
vascular plants is dependent on the extent of shallow areas 
in the basin. Borrow pit morphology often results in either 
extensive shallows or none at all. 

Of the four sites discussed, 91 SOUTH and 91 NORTH ex-
hibited the highest productivity. 91 SOUTH exhibited exten-
sive growths of algae and a dense population of cattail 
(Typha spp.). Both shallow water and agricultural drain-
age contributed to this condition. Shallow water was also a 
contributing factor in the higher productivity of 91 NORTH, 

but the absence of agricultural drainage leads to most of the 
pond's energy being cycled through the benthic flora rather 
than through an extensive plankton population. 91 SwIM 

lacked both shallow areas and nutrient-rich upland drain-
age. As a result, this impoundment was more deficient in 
plant nutrients (oligotrophic) than the previous two wet-
lands. In addition, because of its use as a swimming area, 
turbidity was high throughout the growing season, inhibit-
ing light penetration in the water column. Drainage en-
tering 91 WOODS was primarily from a pine-mixed hard-
woods swamp with a resultant pH range of 4.9 to 3.7. This 
pond had very little emergent vegetation, a very small 
plankton population, and no fish population. It emphasizes 
the importance of site in relation to subsequent wetland 
characteristics. 

In marked contrast to the strict highway-function orien-
tation that characterized construction practices of a decade 
ago, increasing numbers of highway agencies are making 
explicit provision for creating or replacing wetland habi-
tat in the course of highway construction. The practices of 
the North Dakota State Highway Department and those 
of Minnesota are instructive in this regard. A number of 
artificial wetlands has been created, for example, by the 
North Dakota Highway Department, as an integral part of 
the construction of 1-29. Borrow areas are designed spe-
cifically to create marsh habitat, and include flat slopes and 
shallow areas necessary for the establishment of marsh  

vegetation. Figure 12 shows the type of plan and basin 
configuration employed. It is reported that within one year 
after construction marsh vegetation appeared along the 
periphery of the borrow area, and waterfowl were observed. 

In addition to making good use of the opportunities for 
wetland creation provided by borrow excavation, the North 
Dakota Highway Department has employed a substantial 
number of highway embankments as dams for the purpose-
ful impoundment of surface drainage. The management of 
the lakes and other wetlands so created is coordinated with 
the North Dakota State Water Commission and the State 
Game and Fish Department to provide the fullest possible 
ecological and recreational benefits from these areas. 

North Dakota's policies with regard to the replacement 
of wetland habitat lost through highway construction are 
also worthy of note. A Memorandum of Understanding 
has been entered into between the Highway Department 
and the U.S. Fish and Wildlife Service establishing a basis 
of exchange for the replacement of wetlands beyond the 
highway right-of-way covered by fish and wildlife ease-
ment agreements with private owners. Wetland acreage 
filled or drained as a result of highway construction is re-
placed by alternative land as agreed to by both agencies. 
Exchange options are reviewed at the location and pre-
design phase. The range of options is narrowed during the 
preliminary design phase, with the final choice being made 
in conjunction with the final design of the project. Twelve 
wetland types for which replacement may be required un-
der the Highway Department/FWS agreement are speci-
fied, along with six replacement options. The ratio of re-
placement area to impacted area varies, depending on the 
type of wetland that is to be lost, the type of area with 
which it is to be replaced, and the biotic region in which 
the replacement land is located. Replacement ratios range 
from 0.25, where the replacement wetland is considered to 
be of a higher type than that to be replaced, to 8.0, where 
tame grassland is to replace prime wetland in another biotic 
region. Minnesota DOT has also entered into such a 
Memorandum of Understanding with the Fish and Wild-
life Service and uses borrow pits and control structures to 
create new habitat. 

Conclusions and Recommendations 

The impacts that highway fills have on the wetlands in 

~WIIJRIA 

, 'uIIlIlIlI!IiIIIIIIHIHtIIp' 

VAWL.r 51,10 	AND crra4 F u-Maj vDE L1€p IN 

ha 1u,I&HTO 	tb4 I1 XX&CWWA5WLLA oi'u 

Figure 12. Basin configuration (17). 



16 

which they are constructed depend primarily, on the extent 
to which the surface and subsurface hydrology of the af-
fected wetland is disturbed. Standard design and construct 
tionpractices do not appear to provide adequ.a.tçly fpr th 
unimpeded flow of ground water through the fill, with 
the result that the water table on the upstream side of the 
embankment is raised, leading to the destruction of timber 
and to other ecological changes. In coastal wetlands, drain-
age facilities designed to accommodate surface flow from 
upland sources often do not adequately handle tidal ebb 
and flow; the level and salinity of the waters within these 
tidal marshes are reduced, with conseqIent change in 
marsh biota. Restriction of tidal exchange also reduce 
the amount of nutrients that can be exported from the 
marsh to other, dependent, environments. 

The extent of physical obliteration of wetlands resting 
from embankment construction and dredge spoil disposal 
can be limited by careful location and construction prac-
tices. With the assistance of ecologists and other environ-
mental specialists highway construction can also be 
designed to create new wetlands. The extent of damage or 
enhancement resulting from highway construction is, in the 
final analysis, determined not so much by the nature of 
wetlands or by the construction process itself, but rather 
by the perceptions and objectives of those responsible for 
location and design decisions. 

USER'S MANUAL. SUMMARY 

The major product of this research is a manual that pre-
sents, in detail, the potential physical, chemical, and bio-
logical impacts of highway fills in wetlands and their 
interrelationships. 

As an aid in developing an understanding of the cause 
and effect relationship between changes in the physical en-
vironment that can be caused by highway fills and the bio-
logical response to these changes that can occur in wetland 
ecosystems, a series of flow charts and matrices was drafted. 
Each flow chart displays a set of physical impacts that  

might result fgm a prtjcuIar  cQntru.tion methodology 
or culvert  design cQr dation. These physical impacts are 
then matrixd with a series of potential bo1ojcal effects 
that 	possibly occur with a particular physical modh 
fication. It should be  stressed at the outset that the purpose 
gf thçe charts is to demonstrate a  potcnr(a.l relationship 
btween the phyjcal pcliçations of the environment  and 
the prpbe biqlogjçal response. The IQW charts are in 
np way intende1 to quartjfy  these 	ationships, 

However, when quantitative estimates (i.e. major, m1 
nor, variable) of the igipgicaI effects that might result 
from alternative con.strugtion methodologies are prepared," 
the value of the matrices becomes eyident. They  not only 
describe the environmental relationships,  but also give the 
user a clear picture of the iogical gpnseqç,nces of each 
alternative design proççç1u•, thus aliowig the highway 
plapnr to con ider environmental impact5  in conjunction 
with economic and other cgncerns. 

Following the flow charts are found sections that de 
scribe each of the phyical impacts and.  biqlqicai effects 
that appear within the matrl,t format.. These sections ve 
detailed information concerning analytjcal methods, miti-
gation procedures, and expertise needed for a comprehen-
sive evaluation of the area concerned, 

An introductory paragraph for each impact describes the 
area and likelihood of its occurrence and presents back 
ground data on the significace of the impact and Its pre 
dictability in the presence of certain engineering conditions. 
Another section under each impact heading describes the 
acquisition of ecological data related to the impact. Much 
of the information on ecosystem concepts must come from 
the published literature and general body of knowledge in 
ecology. Specific components of the  regional ecosystem, 
including inventories of biota, may come from phlications, 
technical reports, or private sources. New data gen,erat,ed 
from the project should complement available information. 
The data acquisition phase should inclule exteisive liaison 
with numerous outside sources in addition to held and 
laboratory efforts. 

CHAPTER THREE 

INTERPRETATION AND APPLICATIONS 

The physical and biological impacts that may result from 
the construction of highway fills in wetlands are detailed in 
the user's manual (NCHRP Report 218B). In keeping 
with the general findings of the study that highway-induced 
impacts derive principally from changes in surface and 
subsurface hydrology, the discussion of physical impacts is 
organized primarily around hydrological modifications that 
may result from the placement of highway fills. Biological 
impacts are then discussed within the context of the hy- 

drological and water quality changes that lead to their 
manifestation. 

FLOW CHARTS AND MATRICES 

The core of the user's manual seeks to make explicit 
the chain of causes and effects by means of a set of sim-
plified flow charts and related impact matrices. Each flow 
chart traces the major hydrological and water quality ef- 
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fects that may be caused by each of four typical methods 
of highway fill construction (consolidation, displacement, 
excavation and replacement with borrow material, and use 
of lightweight fill), and by construction of pile-supported 
roadways or bridges. Because culvert design may affect 
both surface and subsurface flows, regardless of the type of 
fill used, separate charts are also provided for the analysis 
of culvert capacity and placement effects. 

The effects of each construction type and culvert feature 
are shown initially in terms of their primary impacts on 
surface and subsurface flows and water quality. These 
effects are then detailed further in terms of changes in 
mean water level, modification of circulatory patterns, tur-
bidity, sedimentation, and other hydrologic and water qual-
ity characteristics. These detailed water quality and hydro-
logic effects provide the link between highway design and 
construction practices and biological impacts on wetlands. 
A biological effects matrix relates each physical and chemi-
cal effect to one or more of nine potential biological 
impacts. 

Figures 13 through 20 show the flow charts and matrices 
on which the format of the user's manual is based. (Full-
sized representations of these charts are provided in App. B 
of NCHRP Report 218 for the purpose of making dupli-
cates for field use.) Special attention should be given to 
this section, which graphically displays both the cause and 
effect nature of highway-induced ecological effects, and the 
logic behind the following sections, which deal with physi-
cal impacts and biological effects. 

AN EXAMPLE USE OF THE PROCEDURES 

The use of the flow charts and the biological effects 
matrix is illustrated in the following hypothetical example 
in which four alternative construction procedures for cross-
ing the Swift Marsh Management and Refuge Area are 
compared in terms of the physical impacts and biological 
effects that may reasonably be expected to result from the 
use of each construction procedure. It is assumed that 
sufficient preliminary design data and information regard-
ing the geophysical and hydrologic features of the site are 
available from which to determine the significant physical 
impacts of each alternative. Based on these assumptions, 
the impacts of each construction procedure are traced 
through the appropriate flow chart and recorded on the 
biological effects matrix. 

For the purposes of this example, Swift Marsh is defined 
as a narrow-leaved emergent wetland that is fed by ground-
water discharge at its northern end (see Fig. 21). Open 
water is present in the spring and early summer; both sur-
face and ground water flow in a southerly direction. Dur-
ing late summer in most years the water table is located 
below, but within 15 cm of, the bottom of the marsh. The 
soil profile at the site is shallow organic material over sand. 
The wetland supports hydrophytes throughout the growing 
season. Swift Marsh harbors no rare or endangered species, 
but does provide food and shelter for a variety of migratory 
waterfowl. It is assumed, for the purposes of this example, 
that the most feasible crossing of this marsh would be at its 
narrowest point. There are four alternative methods of 
construction that might be considered reasonable under the  

existing conditions. To determine how each construction 
method would affect the ecology of the wetland, the flow 
charts for the physical impacts and the biological effects 
matrix are employed using pertinent site-specific data. 

Construction Alternative 1—Consolidation 

(Figs. 22, 23, 24) 

As shown in Figure 22, consolidation involves three areas 
of primary concern: effect on subsurface flow; culvert de-
sign; and construction, maintenance, and use. In the Swift 
Marsh example, blockage of subsurface flow will lead to a 
significant alteration in the local water table with a con-
current minor effect on mean water level. Construction, 
maintenance, and use of the facility may lead to a variety 
of water quality effects, the extent and severity of which 
will depend primarily on the care with which construction 
and maintenance are carried out. In the present example, 
it is assumed that water quality impacts will be limited to 
a small amount of chemical pollution from gasoline, oil, 
and road salt. 

The biological impacts that might be expected to result 
from each physical impact are displayed in the biological 
effects matrix of Figure 22. A potential biological impact 
is assumed to exist at each empty cell. For example, al-
teration of local water table level is assumed to lead to 
matrix effects on wetland size, plant species composition, 
wetland class, primary productivity, and secondary pro-
ductivity. The level of potential biological impacts in each 
cell should, in actual situations, be determined by a trained 
ecologist. 

The anticipated physical impacts of culvert capacity and 
placement are shown in Figures 23 and 24, respectively. In 
this case it is assumed that the placement and capacity of 
the culverts are such that the only measurable impacts will 
be a possible major change in periodicity and a minor 
change in retention storage. The biological effects of these 
physical impacts are identified in the biological effects 
matrices in Figures 23 and 24. (It is assumed that in the 
Swift Marsh example the same culvert-related effects will 
also apply in alternatives 2 and 3.) The combined effects 
on Swift Marsh of consolidation and culvert design are 
shown along with alternatives 2, 3, and 4 in Figure 25. 

Alternative 2—Displacement (Fig. 25) 

The major differences in the physical effects resulting 
from displacement, as compared to consolidation, are as-
sumed to fall mainly in the area of water quality. Displace-
ment may result in excessive turbidity and in the potential 
for significant increases in chemical and biological oxygen 
demand from the displaced sediments. In addition, de-
pending on the nature of the displaced material, heavy 
metals and other toxic substances may be released into the 
water column. In the Swift Marsh example, displacement 
is assumed to produce major increases in turbidity and sedi-
mentation. No assumptions are made about the nature of 
the displaced sediments and the extent of chemical pollu-
tion is, therefore, specified as variable. 

The physical and biological impacts that may be ex-
pected to result from the various physical effects produced 
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Figure 19. Physical impacts flow chart and biological effects matrix. 
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Figure 23. Construction alternative 1—culvert design capacity. 



MAJOR 
IMPACT Z < 7 0, 

VARIABLE rn 
MAGNITUDE 

!I 
NOSIGNIFICAFffINTERACTION Li ' 

0 PHYSICAL 

CHANGE IN MEAN 

I WATER LEVEL 

EFFECT  
CHANGE IN 

ONI 
PERIODICITY I 

SURFACE  

MODIFICATION OF r FLOWS 
CIRCULATORY PATTERN5 

ALTERATiON OF LOCAL 

WATER TABLE LEVELS 

N 

DR AIN AG OF 
SURFACE WATERS 

CULVERTDESIGW:  

PLACEMENT I X. 

CHANGE IN RETENTION L.._.__..1_..__.. 
NA 

TIDAL VARIATiONS 

CREATION L  OF ALTERATION OF 

I  SALINITY PATTERNS 
CHANNELS 

III 	II II liii 

IN 
TURBIDITY 

WETLANDS 
III 	I 

SEDIMENTATIONIL 

CHEMICAL 

I 	II 	1111 

POLLUTION 

- 1111111111 11111 

TEMPERATURE 

Figure 24. Cbnstruction alternative' 1—culvert design placement:. 



30 

ALTERNATIVE 	1 ALTERNATIVE 2 

_ 

ii U %! I It U ii P 
CHANGE IN MEAN 

WATER LEVEL 
CHANCE IN 
PERIOEUCITY 

MOCIFICATON OF % " CIRCULATORY PATTERNS 
ALTERATION OF LOCAL WATER TABLE LEVELS 

DRAINAGE OF SURFACE WATERS 
ELILANAflCF OF PERIODIC PL000ING AND FERTILIZATION s \ 
CHANGE IN RETENTION  

STORAGE 
VS S . .... 

DAMPING OF 
TIDAL VARIATIONS 

ALTERATION OF SALINITY PATTERNS 

TURBIDITY 
Vtir \f&r VL1y '/OY MA 

SEDIMENTATION '4.v. 	V&r. \Ii. Var. \/tlr. WA 
CIYUFUICAL POLLUTION 

TEMPERATURE 

. 
. 

ALTERNATIVE 3 ALTERNATIVE 	4 

I 
2Y 

lC 

\\ 
Tr 

PHYSICAL  PHYSICAL IMPACTS 
 IN  CHANGE 	TALUL 	

Mwo( 	*w( VIuo? Muo.' frtrw.' 	!iA 

FBRIOULCIIV 	r 	M&jor Mjov 	rjoY 	jo 
MOCURCAVONOY 	 Vs CIRCULATORY PATTERNS 

WATER TABLE LEVELS 	fØv 	(tøo' Moo 	jof 	Y1ôor 
DRUIGLOP 	 I SEJRFUCE WATERS 	 I 

FL000INGVNDFERTULZAVON 	 V&r. 
CHANGE IN RETENTION 	 I 	I!t STORAGE 	V 	V 	 Mt4(DP'I 

T RONS 	
V 	

j DNO 
ALTERATION OF 	Vs 	 V1 SALINITY PATTERNS 	 Vs 	 I 

Nov 

A 

TURBIDITY 

SEDIMENTATION 	 Vs 

POLLUTION 	 t4 	VtiY M. 	' 	P) A 
TEMPERATURE 

jii!u1H1 I; ,'" II 
WATER LEVEL Vs 1 
CHANGE IN 

CHA  NGE IFLT.LUAN 

FERCV 'M rkjô l4ijo JA 
MOOIFICATION OF 

RCULATORY PATTERNS 
CI  

ATION OF ALTER 	LOCAL  
WATER TABLE LEVELS 

DRAINAGE OF SURFACE WATERS 
ELIMINATION DING  v 	v 	

4Vs 
Emil 

CHANGE IN RETENTION 	 -C 
STORAGE 	 VT- 	iim '/Fitr 

DALARIATOPES 	
U 	1II ISIS 

ALTERATIONOF 	: SALINITY PATTERNS 	- 	Vs 	 III1 	IV 

FLOO 

	Ajoe 

TURBIDITY 	Vor. 	
Vs 	

V._' 	Va.v 	V'r 	Vt'r 	NA 
SEDIMENTATION 	\/y 	kr. 'I&r. 	V 	'k.r 	ç4 IA F'4A 

CHEMICAL 
Vr 	Vôt Vr. Vo.r 	MA 

TEMPERATURE 	 - 

- VA 0 

fi U H III I 'I 
CHANGE IN STEAM 

WATER LEVEL rwO. MInd tno, Mine.' Po MA 
PERGOICITH 1'4jioY' (Y1l.oY M..jorAIaor Mtjw MA. 

MOCULCATON OF  CIRCULATORY PATTERNS 
 

WATER TAULE LEVELS r0 1jor eI4@ 
DRAINAGE OF SURFACE WATERS 

FLOCIONG AND FERTULL TON 
CHANGE IN RETENTION STORAGE 

Vs DAMPING OF TIDAL VARIATIONS  
ALTERATION OH SALINITY PATTERNS - 	- 

TUUULDITY 
(4, (t$4y 

SEDIMENTATION Fij. M&'or Mojr Mar 1(oo MA 

TEMPERATURE 

 POLLUTION NIA 

Figure 25. Biological effects matrices resulting from construction alternatives 1-4. 
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by displacement are shown in Figure 25. It will be seen 
that the biological effects matrix, in contrast to the consoli-
dation alternative, now shows the effects of increases in 
turbidity and sedimentation. Chemical pollution, although 
still shown as variable, would be expected to be more se-
vere than in the previous case, because construction as well 
as maintenance and use effects are now likely. 

Alternative 3—Excavation and Replacement with 

Permeable Fill (Fig. 25) 

Alternative 3 involves excavation with upland disposal of 
the excavated material and replacement with permeable 
fill. As a consequence, the physical effects associated with 
the blockage of subsurface flows are avoided and chemical 
pollution stemming from reintroduction of excavated sedi-
ments into the wetland is minimized. The major physical 
effects resulting from excavation are increases in turbidity 
and sedimentation. As shown in the combined biological 
matrix (Fig. 25), the biological effects of these two physi- 

cal impacts are assumed to.be  less severe than in the case 
of displacement. 

Alternative 4—Pile Supported Roadway (Fig. 25) 

It is assumed in this alternative that no significant im-
pacts on surface or subsurface flows are created. Moder-
ate degradation of water quality is anticipated as a conse-
quence of construction-induced turbidity and sedimentation 
and as a result of chemical pollution introduced through 
road salt and paint. The combined biological matrix shows 
possible major biological effects resulting from these physi-
cal and chemical impacts. 

Summary 

Comparison of the biological matrices shows that alter-
natives 3 and 4 are the methods which have the potential 
for causing less ecological impact; with alternative 4 caus-
ing the least. Unless this wetland is considered extremely 
important in its local context, economics would probably 
dictate alternative 3 (excavation and replacement with 
permeable borrow) as the method of choice. 

CHAPTER FOUR 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Identifying and assessing the probable effects that high-
way activities will have on wetlands require the application 
of knowledge that is in a state of active evolution. Con-
siderable progress has been made in recent years in under-
standing how wetlands function and how highways and 
other engineered works affect those functions; considerable 
further progress is both necessary and feasible. For many 
decades highway engineers have been refining and applying 
their knowledge of soils, hydrology, and other elements of 
the geophysical environment to the construction of struc-
turally sound and economically efficient highway facilities. 
It is now essential that this knowledge be more fully merged 
with that of biologists, ecologists, and other natural scien-
tists so that the integrity of the environment through which 
a highway passes will be as carefully protected as the 
integrity of the highway itself. 

NCHRP Project 20-15 has helped to promote just such 
a merger through the publication of a user's manual for 
highway engineers. This manual (NCHRP Report 218B) 
provides, through the mechanism of flow charts and 
matrices, an efficient means for engineers to evaluate the 
biological effects of the more familiar physical impacts of 
highway-related activities. 	 - 

RECOMMENDED RESEARCH 

Alteration of the Hydrologic Regime 

The controlling environmental factor in wetlands is the 
hydrologic regime. Even apparently minor changes in rate 
of flow, periodicity of the rise and fall in level, and other 
aspects of both surface and ground water regimes can have 
profound effects on the biologic structure and function of 
wetlands. One's understanding of the effects of various 
highway construction activities and design features on the 
hydrologic regime is incomplete, especially insofar as in-
duced changes in the movement of ground water at the 
local and regional scale are concerned. Present knowledge 
of how the ecology of specific wetland types will respond 
to a given change in the hydrologic regime is also badly 
deficient. Therefore, it is iècommended that the following 
steps be taken to increase knowledge of the effects of high-
way construction on local and regional hydrology and of 
the responses of various wetland ecosystems to changes in 
the hydrologic regime: 

1. Research should be undertaken to further knowledge 
of the geophysical factors that govern the movement of 
surface and subsurface waters at both the local and re- 
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gional scale. Particular emphasis should be given to studies 
of ground water movements at the regional scale. 

Studies of local and regional hydrology, including 
both surface and subsurface flows, should be incorporated 
into the preliminary engineering studies that precede high-
way location and design decisions. 

Research should be undertaken to increase under-
standing of the responses of various wetland ecosystems to 
given changes in the hydrologic regime associated with each 
wetland class. 

Alteration of Water Quality 

Changes in water quality can significantly influence the 
biotic composition and viability of a wetland. Road salts 
and herbicides can affect aquatic plants and other orga-
nisms far from the site of their application. Eroded soil 
can materially increase the turbidity of streams and ponds, 
diminishing photosynthetic activity, and, when deposited 
on the bottom, can destroy the organisms that dwell there. 
The response of various aquatic plants and animals to spe-
cific, changes in water quality is reasonably well under-
stood, as is the nature and amount of foreign material that 
a given highway activity is likely to introduce into the 
wetland environment. What is often lacking, however, is 
the effective application of this knowledge in the design, 
construction, and maintenance of highway facilities so 
that harmful impacts on wetlands from highway-induced 
changes in water quality may be avoided or kept to a 
minimum. Therefore, it is recommended that the following 
steps be taken: 

The current efforts of highway agencies to reduce the 
amount of soil eroded from highway construction sites and 
transported beyond the highway right-of-way should be ex-
panded, and new or improved methods to achieve these 
ends should be continually explored and developed. 

The quantity and composition of suspended solids 
and sediments that the construction of a highway will, in-
troduce into a wetland system should be carefully estimated 
prior to a decision regarding the location, design, and con-
struction of that highway; and such decisions should be 
made with due regard to keeping to a minimum the quanti-
ties of eroded materials that may be expected to be 
introduced. 

Current efforts to minimize the quantities of road salt 
and herbicides that highway maintenance activities intro-
duce into wetlands should be expanded, and research 
should be continued to develop more environmentally 
neutral alternatives to chemicals and practices in use. 

Minimizing Impacts 

The severity of the effects of highway fills and other 
structures in wetlands depends in large measure on the 
location of the facility and the details of its design and con-
struction. By and large, engineering practice in this regard 
has focused on cost-effective ways to ensure the integrity 
of the highway structure in the presence of water and 
saturated subgrades. However, the knowledge and expe-
rience of the engineer, if applied in concert with that of 
ecologists and other environmental specialists, can result in  

the construction of highways that are not only structurally 
sound but also are environmentally benign. Indeed, it is 
likely that increased knowledge of wetland hydrology, soils, 
and other natural features that such collaboration can bring 
to the engineering profession will lead to the construction 
of highways that are better by any measure. Therefore, it 
is recommended that the following steps be taken: 

Highway agencies should initiate, with the assistance 
of environmental specialists, a careful review of specifica-
tions and practices used in the placement of highways in 
wetlands. The objectives of such a review would be to 
identify ways in which the natural processes of wetlands 
could be accommodated more adequately in the location, 
design, and construction of highway facilities. 

A continuing program of research should be under-
taken by highway agencies dealing with design and con-
struction of highway fills in wetlands. The focus of such 
research should be on procedures for accommodating the 

-movement of ground water through highway fills and on 
ways of dealing with compressible subgrades that will avoid 
ecological degradation of the affected wetland. 

Systematization of Mitigation Procedures 

Regardless of the care with which highways are con-
structed in wetlands, some degree of environmental impact 
generally results. In recognition of this fact, federal and 
state laws require that every reasonable effort be made by 
highway agencies to mitigate those impacts that cannot be 
avoided. Fortunately, a considerable body of knowledge 
exists regarding steps that can be taken at each stage in the 
highway development process to minimize the ecological 
effects of those actions. This knowledge is not well or-
ganized, however, and fails to take into account the high 
degree of the interrelatedness that exists in both the high-
way development process and in the physical-chemical-
biological system that governs the ecology of a wetland. 
Therefore, it is recommended that highway agencies de-
velop a formal set of location, design, and construction 
specifications for the mitigation of impacts resulting from 
the placement of highway fills and other structures in wet-
lands. These specifications should be internally consist-
ent—for example, design specifications intended to mini-
mize ecological impacts should not lead to construction 
practices that would have the opposite effect—and should 
relate clearly to existing standards and practices governing 
the location, design, and construction of highways. 

Wetland Classification 

Wetland classification and associated definitions provide 
a basis for the delineation of wetlands in keeping with leg-
islative requirements. -Wetlands classification is also a basis 
of communication and common understanding among en-
vironmental specialists. National and state inventories of 
wetlands are to be organized in accordance with the classi-
fication scheme being developed under the auspices of the 
U.S. Fish and Wildlife Service. In order that the wealth of 
information contained in these inventories be available for 
use by highway agencies, it is recommended that the wet-
land classification system now under development by the 
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U.S. Fish and Wildlife Service be adopted by highway 
agencies as the basis for wetlands identification and analy-
sis. Regional modifications should be incorporated as 
appropriate. 

Monetary Valuation of Wetlands 

The preservation or enhancement of wetlands by high-
way agencies often involves the expenditure of highway 
funds. Justification for such expenditures is based in part 
on the economic value to society that wetland functions 
provide. Unlike many of the other functions associated 
with highway investments, however, the preservation of 
wetlands lacks a firm economic base from which to derive 
monetary benefits against which cost may be set. What 
information is available is scattered and incomplete. It is, 
therefore, recommended that a program of research be 
initiated leading to a better understanding of the economic 
value of various wetland functions and a more widespread 
acceptance of the monetary worth of such functions. 

Assessment of Highway Impacts 

The major impacts of highway activities derive initially 
from alterations in water regime and water quality; bio-
logical changes follow, leading generally to the ecological 
degradation of the affected wetland. The assessment of the 
potential ecological effects of a proposed highway activity, 
therefore, requires a determination first of the physical 
changes in the water regime that may be induced by that 
activity and, second, the likely biological consequences of 
those changes. The skills of both engineers and biologists 
or other environmental specialists are needed if this linked 
set of events is to be assessed adequately. It is, therefore, 
recommended that the assessment of the potential ecologi-
cal effects of highway activities in wetlands be conducted 
jointly by teams of engineers and environmental specialists, 
each contributing to the process those special skills that are 
the hallmark of their respective disciplines. 
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APPENDIX A 

CASE STUDIES 

A summary of the case studies is included in Chapter 
Two of this report. The complete case studies are available 
for loan upon request to the NCHRP Program Director. 

APPENDIX B 

ANNOTATED BIBLIOGRAPHY 

Appendix B is not published herewith but is available for 
loan upon request to the NCHRP Program Director. 
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interested in the development of transportation. 

The Transportation Research Board operates within the Commission on Sociotech-
nical Systems of the National Research Council. The Council was organized in 1916 
at the request of President Woodrow Wilson as an agency of the National Academy of 
Sciences to enable the broad community of scientists and engineers to associate their 
efforts with those of the Academy membership. Members of the Council are appointed 
by the president of the Academy and are drawn from academic, industrial, and govern-
mental organizations throughout the United States. 

The National Academy of Sciences was established by a congressional act of incorpo-
ration signed by President Abraham Lincoln on March 3, 1863, to further science and 
its use for the general welfare by bringing together the most qualified individuals to deal 
with scientific and technological problems of broad significance. It is a private, honorary 
organization of more than 1,000 scientists elected on the basis of outstanding contribu-
tions to knowledge and is supported by private and public funds. Under the terms of its 
congressional charter, the Academy is called upon to act as an official—yet indepen-
dent—advisor to the federal government in any matter of science and technology, 
although it is not a government agency and its activities are not limited to those on 
behalf of the government. 

To share in the tasks of furthering science and engineering and of advising the federal 
government, the National Academy of Engineering was established on December 5, 
1964, under the authority of the act of incorporation of the National Academy of 
Sciences. Its advisory activities are closely coordinated with those of the National 
Academy of Sciences, but it is independent and autonomous in its organization and 
election of members. 
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