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1.0 INTRODUCTION 

The objective of this report is to provide a compendium of current research and associated literature 

sources in support of conducting ecological restoration at the Fernald Environmental Management 

Project (FEMF'). This report was a collaborative effort between Fluor Fernald, Inc., and Texas Southern 

University. Several university libraries were utilized to perform database searches using key words such 

as restoration, wetland mitigation, and success monitoring. Book sources, journal articles and internet 

sites were reviewed for applicability to various ecological restoration components prior to inclusion in 

the bibliography. Due to copyright protection laws, only a portion of the references cited are provided as 

attachments. It is anticipated that the literature compendium will be available in searchable database 

form on the FEMP website. 
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2.0 IMPETUS FOR ECOLOGICAL RESTORATION 

In 1986, the State of Ohio filed a $206 million claim against the Department of Energy (DOE) for natural 

resource damages caused by former uranium production operations. The Comprehensive Environmental 

Response, Compensation and Liability Act requires federal and state officials to act as trustees for 

natural resources on behalf of the public. The Natural Resource Trustees for the Fernald Site are 

composed of the U.S. Department of the Interior (represented by U.S. Fish and Wildlife Services), the 

State of Ohio (represented by the Ohio Environmental Protection Agency) and DOE. 

A draft Natural Resource Restoration Plan (NRRP) was developed to resolve DOE liability for past and 

hture natural resource injuries. The draft NRRP is expected to be finalized this calendar year. The draft 

NRRP provides conceptual restoration plans to address post-remediation conditions at the Femald Site 

and is predicated on the technical definition of Ecological Restoration: The process of intentionalZy 

altering a site to produce a defined, indigenous, historic ecosystem with the goal of emulating the 

structure, function, diversity and dynamics of the specified ecosystem. This plan maximizes the benefits 

of natural features and accommodates the post-excavated topography of deep depressions and denuded 

topsoil. 

FERWATURALRESECOLRESTLITCOMP-RVA\Marth 30.2001 (1:40 PM) 2- 1 000806 
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3.0 HABITATTYPES 

The majority of ecological restoration will consist of a combination of upland forest, riparian forest, 

prairie, oak savanna and wetlandopen water systems. 

3.1 UPL AND FOREST 
The FEMP is located in a transition zone between the Oak-Hickory and Beech-Maple sections of the 

Eastem Deciduous Forest. In wooded areas of the site, tree species are indicative of these forest types 

(the northeast and southwest comers of the Former Production Area), several evergreen species have also 

been densely planted. Upland forest areas to be enhanced and restored will contain native plant species 

typical of these ecosystems such as American beech, sugar maple, tulip poplar, white ash, northern red 

oak and shagbark hickory. 

3..2 RIPARIAN FOREST 
Riparian corridors exist along the floodplain areas of Paddys Run and the Stom Sewer Outfall Ditch. 

These areas will be expanded through the revegetation of native plant species conducive to periodic 

inundation. Typical native plant species consist of eastern cottonwood, swamp white oak, American 

sycamore and green ash. 

3.3 PRAIRIE 

The prairie is a relatively recent ecosystem in central North America, having developed following the 

last glacial epoch approximately 12,000 to 15,000 years ago. Prairies formed in Ohio after the retreat of 

the Wisconsin glacier approximately 15,000 years ago resulted in warmer and drier conditions. At least 

300 prairies were once present across Ohio. 

Prairies are characterized by an abundance of grasses that typically grow three or more feet tall, 

including Big and Little Bluestem, Indian Grass, Switch Grass, Prairie Cord Grass and Side-Oats Grama. 

The classic definition of prairie is an open community dominated by grasses and having less than one 

tree per acre. 

Prairies establish well on nutrient-poor soils since rich soils favor weeds over prairie species. Native 

prairie species have an innate ability to do well in conditions of low nitrogen, having evolved in soils 

008007 FERWATURALRESECOLRLITCOMP-RVAWWCII 30. mi (1:40 PM) 3- 1 
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with limited amounts of this important nutrient. For these reasons, prairie is ideal for planting in 

disturbed areas. 

3.4 OAK SA VANNA 

Oak savanna represents a transition between prairie and oak-hickory forest and is one the most 

endangered ecosystems in the nation as only remnants exist today. Oak savannas extended from western 

Kentucky and southern Indiana into southwestern and central Ohio. Oak savannas consist of prairie 

grasses with a scattering of bur oak and white oak. 

3.5 WETLANDS/OPEN WATER 

prior to the rise of agriculture in the region, much of the F E W  may have consisted of wetlands. Several 

acres of poorly drained soils are located on FEMP property. Approximately 16 acres of mitigated 

wetlands are required under Section 404 of the Clean Water Act. For these reasons, wetland mitigation 

will be pursued in appropriate on-property areas. Some open water areas will also be established as a 

result of deep excavations. 
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4.0 OTHER CONSIDERATIONS 

4.1 MIGRATION CORRIDORS 
Migration corridors usually riparian in nature are desirable to migrating species because it provides food 

and cover in abundance. Traditional insights from habitat fragmentation studies defend the importance 

of large, continuous habitat patches but not small, isolated patches. These insights are based on 

landscapes in which vast expanses of contiguous habitat have been fragmented by human influence. 

Riparian patches are important as stopover sites to migrating species regardless of their size and degree 

of isolation or connectivity. The restoration of even small areas of riparian patches are important and 

desirable. 

4.2 HERBIVORY TECHNIQUES 
Mammalian overbrowsing by 0docoileu.s virginianus (white-tail deer) has devastating effects on the 

structure and functionof vegetative communities. Deer are selective browsers and as such can eat some 

plants out of existence in overpopulated areas along with slowing the growth or reducing the height of 

other plants. In areas of high browse pressure, the herb layer, shrub layer and intermediate canopy 

become sparse, if not eliminated, replaced by carpets of ferns, which deer avoid eating. The dominance 

of ferns also impedes the growth of wildflowers and tree seedlings. Scientists have documented a lack of 

tree regeneration in forests subjected to deer densities in excess of 20 per square mile. These forests 

consisted of oak in the Northeast and hemlocklwhite cedar in the Great Lakes region. 

, 

I 

Deer exert a strong influence on other animals by direct competition and alteration of habitat. As shrub 

and lower canopy layers disappear due to browsing, so do songbirds that nest in this habitat. In autumn, 

deer switch to a heavy acorn diet, directly competing with other mammals and birds. High deer densities 

also directly impact the deer population itself, exposing them to higher rates of disease and parasites, and 

to a greater risk of starvation in harsh winters when their degraded habitat cannot support them. 

Overpopulation also provides difficulty for the doe to seek solitude as birth approaches, to arrange 

suitable fawning territory, leading to fawn abandonment and increased infant mortality. 

Wildlife managers realize there is no single ideal density for deer. The proper density varies with the 

habitat and what values are considered most important for that area. Many techniques have been used to 

inhibit browsing such as fencing, repellents, tree shelters, and hunting. p J Ed?c;ttiq 1 I is the most essential 
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aspect of obtaining a long-term solution. It is vital to educate the general public of the serious and 

permanent consequences of not reducing deer numbers. 

4.3 BIOENGINE ERMG 

Bioengineering is an area of technical specialization with merges engineering concepts with biological 

howledge to design solutions to erosion i d  land stability problems. Coir (coconut fiber) based logs 

and fabric are used in conjunction with woody cuttmgs and herbaceous plant species to stabilize 

embankments. Coir matting provides soil moisture retention, allowing the seeds and vegetation to 

germinate and root. The matting also builds a soil matrix by accumulating sands and silts during storm 

events. The coir material naturally degrades while the root systems are established to stabilize the soil. 

Proper armoring of coir material is an effective device for soil erosion during low and high flow 

conditions. 

4.4 MONI TORING 

The evaluation of each restoration project will emphasize empirical evidence based upon indicators of 

ecological synergy (positive change). Examples of empirical indicators could include plant growth, plant 

species, nesting and rearing species, water retention and resiliency (photo documentation of response and 

recovery to stochastity). This will be determined by the goals of each restoration project. Details of 

measurements, methods and assessment will be determined in the monitoring component of each 

restoration design plan. The monitoring approach will focus on mechanisms to correct problems which 

could lead to failure. At the outset of restoration, evaluation and correction of deficiencies in abiotic 

services such as substrate stability, soil suitability, and moisture availability are initiated to ensure 

ecosystem vitality. Ecological restoration is subjected to natural processes and as such has inherent 

imperfections which require compromise. Restored ecosystems, because of their dynamic processes, are 

always in a state of becoming, from the seral stages to advanced stages of development. 

OOOQIO 
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Energy & Environmental Research Center - 3610' 

SEPZ'EA&ER-29,1995 

Riparian Zone Workshop Focuses on Natural Water Pollution Prevention 

GRAND FORKS, N.D. - The establishment of riparian zones-areas of trees, shrubs and vegetation that 
line the banks of streams and rivers-is one of the best methods for preventing surface water and 
groundwater pollution. 

To assist in the restoration of riparian zones in the Red River basin, a workshop will be held Oct. 3 4 at 
the University of North Dakota (UND), Grand Forks. Participants will be updated on the Red River 
Basin RipaFian Demonstration project which is aime4,at restoring riparian areas and improving surface 
water and groundwater in eastern North Dakota. 

. 

"Riparian zones are vital because they provide natural buffers that reduce the amount of contaminants and 
soil sediments flowing into waterways," says Linda Kingery, riparian project coordinator for the Red 
River Regional Planning Council. "They also provide bank stabilization and wildlife habitat." 

The workshop will include discussions on issues and techniques for managing forested riparian areas; a 
bioengineering workshop on stream bank stabilization conducted by the Michigan State Natural 
Resources Conservation Service Riparian Team; and a field demonstration of stream bank stabilization 
using bioengineering practices. 

"Only two percent of the length of all rivers in the United States is adequately protected by riparian 
buffers," says Kingery. "Ifnutrient loading occurs, the average family will pay $10-15 a month to remove 
contaminants fiom water, which is very expensive compared to the one-time cost of establishing riparian 
zones." 

Kingery says that working with landowners and educating them about the value and benefits of riparian 
zones has led many farmers and ranchers to voluntarily restore riparian areas on their land. Changes in 
farming and ranching practices, along with the replanting of grasses and woody vegetation along stream 
and river banks, can help reverse damage to riparian areas. 

The riparian workshop is being organized by the UND Energy & Environmental Research Center 
(EERC) in cooperation with the Red River Conservation and Development Committee, the Red River 
Regional Council, the North Dakota Society of American Foresters, the North Dakota Forest Service and 
the Glacial Lake Agassu Interbeach Committee. 

For More Information Contact: 

Linda Kingexy, riparian project coordinator, Red River Regional Council, (701) 352-3550 
Gale Mayer, Senior Research Manager/gmayer@,eerc.und.nodak.edu, (70 1)777-5 108 

Back to EERC home page 
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OH75 .G35 1994 
Restoring prairie wetlands : an ecological approach / Susan M. Galatowitsch and Arnold van der 
Valk. 
Galatowitsch, Susan M. 

Personal author: 

Title: 

Edition : 

Publication info: 

Physical description: 

General note: 

Bibliography note: 

Subject: 

Subject: 

Subject: 

Subject: 

Subject : 

Subject : 

Personal author: 

Corporate author: 

Held by: 

Galatowitsch. Susan M. 
RestorinP prairie wetlands : an ecological approach / Susan M. Galatowitsch 
and Arnold van der Valk. 
1st ed. 
Ames : Iowa State University Press, 1994./' 
x, 246 p. : ill. ; 24 cm. 
"A special publication of Ducks Unhmited's Institute for Wetland and 

Includes bibliographical refe6ences and index. 
Wetland conservation. 

i 
Wetland conservation-+!Prairie Pothole Region. 
Restoration ecoloev/ 
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Wetland ecolow--Prairie Pothole Region. 
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QH75.W47 L45 1995 copies: 1 (STACKS) 
Wetland economics, 1989-1993 : a selected, annotated at: FONDREN 
bibliography / compiled by Jay A. Leitch and Herbert R. 
Ludwig, Jr. 
Leitch, Jay A. 

QH541.5 .M3 R47 1995 copies: 1 (STACKS) 
Restoration of temperate wetlands / edited by Bryan D. 
Wheeler ... [et al.]. pubyear: 1995 
Wheeler, Bryan D. 
QH541.5 .M3 W48 1994 copies: 1 (STACKS) 
Wetland management : proceedings of the international at: FONDREN 
conference organized by the Institution of Civil Engineers pubyear: 1994 
and held in London on 2-3 June 1994 / edited by R.A. 
Falconer and P. Goodwin. 
Falconer, R. A. 

EP 1.23/6:600/R-93/240 copies: 1 (GOV-STACKS) 
User's manual [computer file] : Avian richness evaluation at: FONDREN 
method (AREM) for lowland wetlands of the Colorado pubyear: 1994 
Plateau / by Paul R. Adamus. 
Adamus, Paul R. 

QH75 .A44 199 copies: 1 (STACKS) 
Applied wet1 ds science and technology / edited by at: FONDREN 
Donald pubyear: 1994 
Kent1 naldM 

QH75 .G35 1994 copies: 1 (STACKS) 
Restoring prairie we ands : an ecological approach / Susan at: FONDREN . 

M. Galatowitsdhdd Arnold van der Valk. 
GalatowItsch, Susan M. 

pubyear: 1995 

at: FONDREN 

/' . i  . 
.-A. / 

pubyear: 1994 
k t  " 

27164.R33 C69 no.301 
Protecting stream corridors / Lee Nellis. 
Nellis, Lee. 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1993 

I 19.42/4:93-4033 copies: 1 (GOV-STACKS) 
Hydrology, vegetation, and soils of four north Florida River 
flood plains with an evaluation of state and federal wetland pubyear: 1993 
determinations / by Helen M. Light ... [et a].] ; prepared in 

at: FONDREN 
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cooperation with the Florida Department of Environmental 

Light. Helen M. 
' Regulation. 

#9 G1046.G3 W4 1993 copies: 1 (STACKS) 1-1 Wetlands : a world conservation atlas / edited by Patrick at: FONDREK 
Dugan ; introduction by David Bellamy ; [edited and 
designed by Mtchell Beazley]. 
Dugan, Patrick, 1955- 

A guide to wetland functional design / Anne D. Marble. 

pub year: 1993 

#10 QHS7.3 .M37 1992 copies: 1 (STACKS) 

a Marble, Anne D. 
-Np;ez;- =y at: FONDREN 

pubyear: 1992 
#11 A 13.4012:W 53 copies: 1 (GOV-STACKS) 

Wetlands management in the Caribbean and the role of 
forestry and wetlands in the economy [microform] : pubyear: 1992 
proceedings of the Fifth Meeting of Caribbean Foresters at 
Trinidad, and the first meeting of ministers of agriculture to 
consider the economic role of forestry at Saint Lucia / 
edited by Ariel E. Lug0 and Bruce Bayle. 
Meeting of the Caribbean Foresters (5th : 1991 : Trinidad 
and Tobago) 

Y 4.P 96/10:S.hrg.102-450 copies: 1 (GOV-MICRO) 
Implementation of section 404 of the Clean Water Act : 
hearings before the Subcommittee on Environmental 
Protection of the Committee on Environment and Public 
Works, United States Senate, One Hundred Second 
Congress, first session, June 20; July 10; and November 22, 
1991. 
United States. Congress. Senate. Committee on 
Environment and Public Works. Subcommittee on 
Environmental Protection. 

at: FONDREN 

at: FONDREN 
pubyear: 1992 

#13 0' SK355 .P39 1992 
l ,ewE Techniques for wildlife habitat management of wetlands / 

Payne, Neil F. 

Wetlands / general editors, Max Finlayson and Michael 
M o m  ; International Waterfowl and Wetlands Research 
Bureau. 
Finlayson, C. M. (C. Max) 

#13 QHS7.3 .W46 1991 
E x U i e u s  

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1992 

*=. 
copies: 1 (STACKS) 

at: FONDREN 
pubyear: 199 1 

I 19.42/4: 90-4129 copies: 1 (GOV-STACKS) 
Hydrologic relations between streamflow and subalpine at: FONDREN 
wetlands in Grand County, Colorado / by Barbara C. Ruddy pubyear: 1991 
and Robert S. Williams, Jr. ; prepared in cooperation with 
the Denver Water Department. 
Ruddy, Barbara C. 



#16 0 27164.R33 C69 110.265 copies: 1 (STACKS) 

a Gray. Elaine. 

L-1 Wetlands : a threatened landscape / edited by Michael 

aLrB? Wetlands : a partially annotated bibliography / Elaine Gray. 

QH87.3 .W47 1990 copies: 1 (CHECKEDOLT) 

Williams. pubyear: 1990 
Williams, Michael, 1938- 

at: FONDREK 
pub year: 199 1 

at: FONDREK 

#18 0 EP 1.23: 600/3-89 /038a,b v.2 copies: 1 (CHECKEDOUT) -1 Wetland creation and restoration : the status of the science / 
edited by Jon A. Kusler and Mary E. Kentula. 
Kusler, Jon A. 

at: FONDREN 
pubyear: 1989 

/. 

#19 Y 4.P 96/10: S.hrg.101- 301 copies: 1 (GOV-MICRO) -1 The status of the Long Island Sound Study and the Long 
Island Sound Improvement Act of 1989 [microform]: pubyear: 1989 
hearing before the Subcommittee on Environmental 
Protection of the Committee on Environment and Public 
Works, United States Senate, One Hundred First Congress, 
first session ... S. 1722 ... October 2, 1989--Bridgeport, CT. 
United States. Congress. Senate. Committee on 
Environment and Public Works. Subcommittee on 
Environmental Protection. 

at: FONDREN 

#20 0 Y 4.P 96/10: S.hrg.101- 239 copies: 1 (GOV-MICRO). 

Act [microform]: hearing before the Subcommittee on pubyear: 1989 
Environmental Protection of the Committee on 
Environment and Public Works, United States Senate, One 
Hundred First Congress, first session, on S. 630 ... August 
2, 1989. 
United States. Congress. Senate. Committee on 
Environment and Public Works. Subcommittee on 
Environmental Protection. 

- y i e G e  Louisiana Coastal Wetlands Conservation and Restoration at: FONDREN 
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#1 0 QH541.5 .M3 M54 1999 
Wetland restoration, flood pulsing, and disturbance 
dynamics / Beth Middleton. 
Middle ton, Beth. 

QHlO5 .A4 088  1998 
Alaska's Copper River Delta / R k i  Ott ; foreword by Paul' 
R. Ehrlich and Anne H. Ehrlich. 
Ott, Rilu. 

Southern forested wetlands : ecology and management / 
edited by Michael G. Messina, William H. Conner. 
Messina, M. G. 

OH77 .G7 W52 1997 

Y y l e w k  

#2 0 
leuk 

#3 0 SD410.9 .S68 1998 
G a F k ?  

#4 0 - - 
,+-@, . Wicken Fen : the making of a wetland nature reserve / 

edited by Laurie Friday. 
Friday, Laurie, 1955- 

#5 0 SD410.9 .N67 1997 [-I Northern forested wetlands : ecology and management / 
edited by Carl C. Trettin ... [et al.]. 
Trettin, Carl C. 
QH541.5 .S24 E26 1997 
Ecologyiand management of tidal marshes : a model from 

#6 0 
6 E = p W e  

of Mexico / editors, Charles L. Coultas and 

#7 0 I 19.76:95-568 
uyleu- The effect of acidic, metal-enriched drainage from the 

selected wetlands in San Luis Valley, Colorado 
[microform] / by Laurie S. Balistrieri ... [et al.]. 
Balistrieri, Laurie S. 

a Wightman Fork and Alamosa River on the composition of 

#8 0 QH117 .P67 1995 -1 The Pantanal of Mato Grosso (Brazil) : world's largest 
wetlands / by F.D. Por. 
Por, Francis Dov, 1927- 

copies* ON-ORDER 

pubyear: 1999 
at: FONDREN 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1998 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1998 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1997 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1997 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1996 

copies: 1 (GOV-MICRO) 
at: FONDREN 

pubyear: 1995 

copies: 1 (STACKS) 
at: FONDFEN 

pubyear: 1995 
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#13 
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#15 
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#16 
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3610 
DA670 .S5 W5 1995 copies: ~(STACKS) 
Wetlands, Tealham Moor / Robin Williams. at: FONDREN 
Williams, Robin, 1932- pubyear: 1995 

QH87.3 .W475 1995 
Wetlands : characteristics and boundaries / Committee on 
Characterization of Wetlands, Water Science and 
Technology Board, Board on Environmental Studies and 
Toxicology, Commission on Geoscsiences, Environment, 
and Resources, National Research Council. 
Lewis, William M., 1945- 

GF504 .D57 K57 1995 
Poquosin : a study of rural landscape & society / by Jack 
Temple Kirby. 
Grby, Jack Temple. 

QH541.5 .M3 R47 1995 
Restoration of temperate wetlands / edited by Bryan D. 
Wheeler ... [et al.]. 
Wheeler, Bryan D. 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1995 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1995 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1995 

QH541.5 .M3 W48 1994 copies: 1 (STACKS) 
Wetland management : proceedings of the international at: FONDREN 
conference organized by the Institution of Civil Engineers pubyear: 1994 
and held in London on 2-3 June 1994 / edited by R.A. 
Falconer and P. Goodwin. 
Falconer, R. A. 

Restoring prairie wqla s : an ecological approach / Susan 3' pubyear: 1994 

QH75 .G35 1994 

M. Galatowitsch and mold van der Valk. 
Galatowitsch, Susan M. 

QH87.3 .D45 1993 /' copies: 1 (STACKS) 
Wetlands : guide to science, law, and technology / by Mark 
S. Dennison andgames F. Berry. pubyear: 1993 
Dennison, Mark S."' 
G1046.G3 W4 1993 copies: 1 (STACKS) 
Wetlands : a world conservation atlas / edited by Patrick %=. at: FONDREN 
Dugan ; introduction by David Bellamy ; [edited and 
designed by Mitchell Beazley]. 
Dugan, Patrick, 1955- 

QH87.3 .W46 1991 copies: 1 (STACKS) 
Wetlands / general editors, Max Finlayson and Michael 
Moser ; International Waterfowl and Wetlands Research pubyear: 1991 
Bureau. 
Finlayson, C. M. (C. Max) 

I 19.42/4:89-4155 copies: 1 (GOV-STACKS) 
Vegetative changes in a wetland in the vicinity of a well 
field, Dade County, Florida / by Ronald H. Hofstetter and 

copies: 1 (STACKS) 
at: FONDREN 

/ 

at: FONDREN 

pub year: 1993 

. at: FONDREN 

at: FONDREN 
pubyear: 1990 



Roy S. Sonenshein : prepared in cooperation with'the South 
Florida Water Management District. 
Hofstetter, Ronald Harold. 

QH87.3 .W47 1990 copies: 1 (CHECKEDOUT 
Wetlands : a threatened landscape / edited by Michael a at: FONDREN 
Williams. 
Williams, Michael, 1938- 

/- 

pubyear: 1990 

EP 1.23: 600/3-89 /038a,b v. copies: 1 (CHECKEDOUT) 
Wetland creation a p  rest ation : the status of the science / 
edited by Jon A. Kus //- and Mary E. Kentula. 
Kusler, Jon A. 

at: FONDREN 
pubyear: 1989 
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#21 QH541.15 .R45 B48 1994 copies: 1 (CHECKEDOUT) -1 BeyondIpreservation . .  : restoring and inventing landscapes / at: FONDREN 
A. Dwiglt Baldwin, Jr., Judith De Luce, and Carl Pletsch, 
editors. 
Baldwin! A. Dwight. 

pubyear: 1994 

#22 0 C 55.1312:NOS ORCA 73N.- copies: 1 (GOV-STACKS) 

shorelines following the Exxon Valdez oil spill and pubyear: 1993 
subsequent shoreline treatment [microform]. 
Houghton, Jonathan P. 

Restoration 
DennisCook pubyear: 1993 

#24 Y 1.1/7:102-286 copies: 1 (GOV-STACKS) 

Brr=? : Evaluation of the condition of Prince William Sound at: FONDREN 

#23 QH541.15 .R45 R49 1993 copies: 1 (STACKS) 
at: FONDREN =yTE9 ; of lakes and reservoirs / G. 

at: FONDREN =5rk9 . 
Kississimmee River restoration study : communication 
from the Assistant Secretary of the Army (Civil Works) 
transmitting a letter from the Chief of Engineers, 
Department of the Army dated March 17, 1992, submitting 
a report together with accompanying papers and 
illustrations, pursuant to section 116(h) of the Water 
Resources Development Act of 1990. 
United States. Office of the Assistant Secretary of the Army 
(Civil Works) 

pubyear: 1992 

#25 QH87.3 .H35 1992 copies: 1 (LOST) 
fa>?=? Creating freshwater wetlands / Donald A. Hammer. at: FONDREN 1. Hammer, Donald A. 

#26 0 QH545.05 E9 1991 copies: 1 (STACKS) 

pthyear: 1992 

at: FONDREN + ~ ~ 9  . EvaLation of restoration alternatives for natural resources 
injured by oil spills / [prepared for American Petroleum 
Institute], Health and Environmental Sciences Department ; 
prepared under contract by: Pieter N. Booth ... [et al.] ; PTI 
Environmental Service. 
Booth, Pieter N. 

pubyear: 1991 

#27 0 QH541.15 .R45 E27 1991 copies: 1 (STACKS) -1 Ecotones : the role of landscape boundaries in the at: FONDREN 
management and restoration of changing environments / pubyear: 1991 
edited by Marjorie M. Holland, Paul G. Risser, Robert J. 

. -  
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Naiman. 
Hol 1 and. Marj on e. 

#28 QH541.15 .R45 E58 1990 copies: 1 (STACKS) -,F=? Environmental restoration : science and strategies for at: FONDREN a restonng the Earth / edited by John J. Berger. 

#29 17 EP 1.23: 600/3-89 /038a,b v.2 copies: 1 (CHECKEDOUT) 

pubyear: 1990 
Berger, John J. 

Wetland creation and restoration : the status of the science / 
edited by Jon A. Kusl+nd Mary E. Kentula. 
Kusler, Jon A. 

at: FONDREN 
pubyear: 1989 

#30 SB193.3 .N4 B35 1989 copies: 1 (STACKS) L-1 Nature management by grazing and cutting : on the at: FONDREN 
ecological significance of grazing and cutting regimes 
applied to restore former species- rich grassland 
communities in the Netherlands. 
Bakker, Jan Pouwel. 

pubyear: 1989 

#31 0 QHS41.15 .R45 B56 1989 copies: 1 (STACKS) -1 Biological habitat reconstruction / edited by G.P. Buckley. at: FONDREN 
Buckley, G. P. pubyear: 1989 

#32 QH541.15 .R45 R47 1988 v.1 copies: 1 (STACKS) -1 Rehabilitating damaged ecosystems / Editor, John Cairns, at: FONDREN 
Jr. pubyear: 1988 
Cairns, John, 1923- 

a #33 QH541 .R456 1987 copies: 1 (STACKS) -1 Restoration ecology : a synthetic approach to ecological at: FONDREN 
research / edited by William R. Jordan HI, Michael E. 
Gilpin, John D. Aber. 
Jordan, William R. 

pubyear: 1987 
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Record 2 of 2 -  3610 
TITLE The western San Juan Mountains : their geology, ecology, and 

human history / managing editor, Rob Blair ; technical editors, 
Tom Ann Casey, William H. Rome, Richard N. Ellis. 

LISHER Niwot, Colo. : University Press of Colorado : Fort Lewis College e Foundation, c1996. 
DESCRIPTION xiii, 406 p. : ill., maps ; 2 3  cm. 
SUBJECT HDNG San Juan Skyway (Colo.) -- Guidebooks. 

San Juan Mountains (Colo. and N.M.) -- Description and travel. 
Geology -- San Juan Mountains (Co lo .  and N.M.) 
San Juan Mountains (Colo. and N.M.) -- History. 
Ecology -- San Juan Mountains (Colo. and N.M.) 

NOTE Includes bibliographical references and index. 
CONTENTS Origin of landscapes / Rob Blair -- Paleotectonic history / 

' Douglas C. Brew -- Precambrian rocks / Jack A. Ellingson -- 
Paleozoic history / John A. Campbell -- Mesozoic and early 
Cenozoic history / Jack Campbell and Doug Brew -- Volcanic 
rocks / Jack A. Ellingson -- Ore deposits and minerals / Scott 
Fetchenhier -- Energy resources / T.L. Britt and J.M. 
Hornbeck -- Weather and climate / Richard A. Keen -- Ecological 
patterns / Albert W. Spencer and William H. Rome -- Biotic 
communities of the semiarid foothills and valleys / Lisa Floyd- 
Hanna, Albert W. Spencer and William H. Rome -- Biotic 
communities of the cool mountains / David W. Jamieson, William 
H. Rome and Preston Somers -- Wetlands, riparian habitats, and 
rivers / Preston Somers and Lisa Floyd-Hanna -- The foragers of 
the forest / Philip Duke -- The Anasazi : prehistoric farmers / 
Gary Matlock -- The Spanish / Richard N. Ellis -- The Utes / 
Richard N. Ellis -- The miners : they builded better than they 
knew / Duane Smith -- Points of interest along the San Juan 
Skyway / Rob Blair and Preston Somers -- Points of interest 
along the Durango-to-Silverton narrow-gauge railroad / Rob 
Blair -- Points of interest along the Alpine Loop / Barb Byron. 

D AUTH Blair, Rob, 1943- 
0870813781 (alk. paper) 
0870813773. 
33440779. OCLC # 

LC CONTROL # 95041819. 

1 > ANDERSON/GENERAL COLL F782.518 W47 1996 

e 
LOCATION CALL # STATUS 

IN LIBRARY 
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Record 74 of 123 

AUTHOR Galatowitsch, Susan M. 
TITLE Restoring prairie wetlands : an ecological approach / Susan M. 

ZDITION 1st ed. 
PUBLISHER Ames : Iowa State University Press, 1994. 
DESCRIPTION X, 246 p .  : ill. ; 24 ~ m .  

SUBJECT HDNG Wetland conservation. 

Galatowitsch and Arnold van der Valk. 

Wetland conservation -- Prairie Pothole Region. 
Restoration ecology. 
Restoration ecology -- Prairie Pothole Region. 
Wetland ecology. 
Wetland ecology -- Prairie Pothole Region. 

NOTE "A special publication of Ducks Unlimited's Institute for Wetland 
and Waterfowl Research.'' 

Includes bibliographical references and index. 
ADDED AUTH Valk, Arnoud van der. 
COR? AUTHOR Institute for Wetland and Waterfowl Research. 
ISBN 0813824990 (alk. paper) 
OCLC # 29755979. 
LC CONTROL # 93027825. 

LOCATION CALL # STATUS 
1 > ANDERSON/GENERAL COLL QH75.G35 1994 IN LIBRARY 
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TITLE "ant l i f e  i n  a q u a t i c  and amphibious h a b i t a t s  / e d i t e d  b y  R.M.M. 
Crawf ord .  - 

LISHER Oxford [Oxfordshi re ]  ; Boston Mass., U.S.A. : Blackwell  
S c i e n t i f i c  P u b l i c a t i o n s  ; Palo A l t o ,  C a l i f .  : D i s t r i b u t o r s ,  
U.S.A. and Canada, Blackwell  S c i e n t i f i c  P u b l i c a t i o n s ,  1987. 9 

DESCRIPTION x i i ,  452 p. : ill. ; 26 cm. 
SUBJECT HDNG Aquat ic  p l a n t s .  

Aquat ic  ecology.  
P l a n t s ,  E f f e c t  o f  f l o o d s  on. 
Wetland p l a n t s .  
Wetland ecology.  

SERIES S p e c i a l  p u b l i c a t i o n  ... of  t h e  B r i t i s h  E c o l o g i c a l  S o c i e t y  ; no. 
C J. 

NOTE "Produced a s  a t r i b u t e  t o  D . H . N .  Spence." 

ADDED AUTH Crawford, R. M. M. 

ISBN 0632016280. 
OCLC # 14097311. 
LC CONTROL # 86020752. 

1 > ANDERSON/GENERAL COLL QK930.P57 1987 

Inc ludes  b i b l i o g r a p h i e s  and index .  

Spence, David Hugh Neven, 1925-1985. 

LOCATION CALL # STATUS 
I N  LIBRARY 
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TITLE Trends and status of wetland and aquatic habitats in the 
Galveston Bay System, Texas / William A. White ... [et al.]. ; 
principal investigators, E.G. Wermund, Jr. and L.R. Handley. 

[ 1993) 
JBLI SHER [Galveston, Tex.] : Galveston Bay National Estuary Program, 

DESCRIPTION 225 p. : ill., maps ; 28 an. + 3 leaves of plates. 
SUBJECT HDNG Wetland ecology -- Texas -- Galveston Bay. 

Aquatic ecology -- Texas -- Galveston Bay. 
SERIES Publication GBNEP ; 31. 
NOTE "This project has been funded in part by the United States 

Environmental Protection Agency under assistance agreement # 
CE-006550-01 to the Texas Water Commission"--P. iv. 

Plates folded in back pocket. 
Includes bibliographical references ( p .  129-135) 

ADDED AUTH White, William Allen, 1939- 
Wennund, E. G. 
Handley, Lawrence R. 

Texas Water Commission. 
Galveston Bay National Estuary Program. 

OCLC # 29748553. 
29891724. 

CORP AUTHOR United States. Environmental Protection Agency. 

LOCATION CALL # STATUS 
1 > ANDERSON/GENERAL COLL QH541.5.E8P82 v.31 IN LIBRARY 

Record 2 of 2 

TITLE Trends and status of wetland and aquatic habitats in the 
Galveston Bay System, Texas / William A. White ... [et al.]. ; 
principal investigators, E.G. Wermund, Jr. and L.R. Handley. 

[ 19931 
PUBLISHER [Galveston, Tex.] : Galveston Bay National Estuary Program, 

SSCRIPTION 225 p. : ill., maps ; 28 cm. + 3 leaves of plates. 
JBJECT HDNG Wetland ecology -- Texas -- Galveston Bay. 

Aquatic ecology -- Texas -- Galveston Bay. 
SERIES Publication GBNEP ; 31. 
NOTE "This project has been funded in part by the United States 

Environmental Protection Agency under assistance agreement # 
CE-006550-01 to the Texas Water Commission"--P. iv. 

Plates folded in back pocket. 
Includes bibliographical references ( p .  129-135) 

ADDED AUTH White, William Allen, 1939- 
Wennund, E. G. 
Handley, Lawrence R. 

Texas Water Commission. 
Galveston Bay National Estuary Program. 

29891724. 

.--. CORP AUTHOR United States. Environmental Protection Agency. 

OCLC # 29748553. . '  

LOCATION CALL # STATUS 
1 > ANDERSON/GENERAL COLL QH541.5.E8P82 v.31 IN LIBRARY 

000158 



Search Results 
L 

You found 33 items. Below are numbers 1 through 20. 
Use checkboxes 0 below to mark list items for PrinKapture. 

Results list truncated -- too many terms 

#1 0 I 29.2:EC 71998 copies: 1 (GOV-STACKS) -1 Success in the making : an integrated plan for south Florida 
ecosystem restoration and sustamability / prepared by the pubyear: 1998 
Workmg Group of the South Florida Ecosystem Restoration 
Task Force. 
Working Group of the South Florida Ecosystem Restoration 
Task Force (U.S.) 

at: FONDREN 

#2 0 QH541.5 .M3 M54 1999 copies* ON-ORDER 
--;v';--7? Wetland restoration, flood pulsing, and disturbance at: FONDREN 

dynamics / Beth Middleton. pubyear: 1999 
Middleton, Beth. 

#3 cl EP 1.23/6:600/R-971078 copies: 1 (GOV-MICRO) 
Risk management research plan for ecosystem restoration in 
watersheds [microform] / by Eric E. Jorgensen, Chris pubyear: 1997 
Geron, Guy W. Sewell. 
Jorgensen, Eric E. 

#4 0 I 29.2:EC 7 copies: 1 (GOV-STACKS) 
Success in the making : an integrated plan for South Florida 
ecosystem restoration and sustainability / prepared by the pubyear: 1998 
Working Group of the South Florida Ecosystem Restoration 
Task Force. 
Working Group of the South Florida Ecosystem Restoration 
Task Force (U.S.) 

cirE? at: FONDREN 

uylQu= at: FONDREN 

#5 QH541 .G53 1998 / copies: 1 (STACKS) 11 Habitat creation and repair L. Gilbert and Penny -1. at: FONDREN Ypm 
pubyear: 1998 Anderson. 

Gilbert, 0. L. 

Watershed restoration : principles and practices / edited by 
Jack E. Williams, Christopher A. Wood, Michael P. pubyear: 1997 
Dombec k. 
Williams, Jack Edward. 

#6 0 QH541.15 .R45 W38 1997 copies: 1 (STACKS) 
G y I Q U G  at: FONDREN 

#7 QH541.15 .R45 R5 1997 copies: 1 (CHECKEDOUT) 
~ ~ l c u ~  . Restoration ecology and sustainable development / edited 

by Krystyna M. Urbanska, pigel R. Webb, and Peter J. 
at: FONDREN 

pubyear: 1997 
Edwards. \J - 

- -  
. -  

I .  



Urbanska, K. M. (Krystyna M.) 
GE42 .E45 1997 copies: 1 (STACKS) 
Faking nature : the ethics of environmental restoration / 
Robert Elliot. pubyear: 1997 
Elliot, Robert. 1950- 
QHl05 .I3 I36 no.19 copies: 1 (STACKS) 
Illinois wetland restoration and creation guide / Alicia at: FONDREN 
Nugteren Admiraal ... [et al.]. pubyear: 1997 
Admiraal, Alicia Nugteren. 

at: FONDREK 

QHS7.3 .H35 1997 
Creating freshwater wetlands / Donald A. Hammer. 
Hammer, Donald A. 

Restoring diversity : strategies forbeintroduction of 
endangered plants / edited by Donald A. Falk, Constance I. 
Millar, Margaret Olwel-d by Reed F. Noss. 
Falk, Donald A. 
QH541.15 .R45 H37 1996 
Land restoration and reclamation : principles and practice / 
James A. Hams, Paul Birch and John P. Palmer. 
Hams, James A. 

QKS6.4 .R47 1996 /' 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1997 
copies: 1 (STACKS) 

at: FO-'rVDREN 
pubyear: 1996 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1996 

E 1.90/3:0263 copies: 1 (GOV-MICRO) 
U.S.-Former Soviet Union environmental management at: FONDREN 
activities [microform]. pubyear: 1995 
United States. Dept. of Energy. 
QH541.5 .M3 R47 1995 copies: 1 (STACKS) 
Restoration of temperate wetlands / edited by Bryan D. 
Wheeler ... [et al.]. pubyear: 1995 
Wheeler, Bryan D. 
QH541.15 .R45 R47 1995 copies: 1 (STACKS) 
Rehabilitating damaged ecosystems / edited by John Cairns, at: FONDREN 
Jr. pubyear: 1995 
Cairns, John, 1923- 

E 1.90/3:0153 P copies: 1 (GOV-MICRO) 
U.S.-Former Soviet Union environmental restoration and at: FONDREN 
waste management activities [microform]. pubyear: 1994 
United States. Dept. of Energy. 

QH541.15 .R45 R55 1994 copies: 1 (STACKS) 
Restoration of endangered species : conceptual issues, at: FONDREN 
planning, and implementation / edited by Marlin L. Bowles pubyear: 1994 
and Christopher J. Whelan. 
Bowles, Martin L. 

at: FONDREN 

. -_ *--. 
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#18 0 WJ 

#19 
L-1 

#20 
-1 

QH105.F6 E94 1994 copies: -1 ( &FchP 
Everglades : the ecosystem and its restoration / editors, 
Steven M. Davis, John C. Ogden ; associate editor Winifred pubyear: 1993 
A. Park. 
Davis. Steven M. 
QH541.5 .S3 R47 1994 copies: 1 (STACKS) 
Restoring and protecting marine habitat : the role of 
engineering and technology / Committee on the Role of 
Technology in Marine Habitat Protection and Enhancement, 
Marine Board, Commission of Engineering and Technical 
Systems, National Research Council. 
National Research Council (US.). Committee on the Role 
of Technology in Marine Habitat Protection and 
Enhancement . 
QH75 .G35 1994 /' copies: 1 (STACKS) 

at: FONDREK 

at: FONDREN 
pubyear: 1994 

/ Susan at: FONDREN 
pubyear: 1994 

WebCat(tm) 0 I995 - 1997 Sirsi Corporation 

a 
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Search Result 

THlS IS RECORD NUMBER 1 OF THE 1 YOU FOUND IN THE CATALOG. 
0 Check here to mark this record for PnndCapture 

G 3201s C5 var .U5 
Wetlands of modern and ancestral lakes Erie and St. Clair, Michigan, Ohio, Indiana, Pennsylvania, 
and New York, U.S.A., and Ontario, Canada / U.S. Department of the Interior, U.S. Geological 
Survey ; by Eleanora I. Robbins ... [et a1.J. 
Geological Survey (U.S.) 

Corporate author: Geological Survev (U.S.) 
Title: Wetlands of modern and ancestral lakes Erie and St. Clair. Michigan. Ohio, 

Indiana. Pennsvlvania. and New York, U.S.A., and Ontario, Canada / U.S. 
Department of the Interior, US. Geological Survey : by Eleanora I. Robbins 
... [et a1.L 

Map data: Scale 1:500,000 (W 85"30*--W 7S0O0*/N 43"00*--N 41°00* 
Publication info: Reston, VA : The Survey ; Denver, CO : For sale by Map Distribution, 1994. 

Physical descnption: 1 map : col. ; 61 x 124 cm. on sheet 76 x 132 cm., folded in envelope 30 x 24 
cm. 

i 
Senes: Miscellaneous investihations series : map 1-2451 

I 

General note: Relief shown by spot heights. 
General note: Depths shown by . olines and soundings. 
General note: Includes e x t ,  bibliography, and location map. 

i 
Subject: Wetlands- L J  rie Lake, Region--Maps. 
Subject: Wetlands--Said Clair, Lake. Region (Mich. and 0nt.)--Maps. 

\ Personal author: Robbins. EleaAora I. (Eleanora Iberall), 1942- 
Senes. Miscellaneous investigations series (Geological Suivev (U.S.)) : 1-2451. 

Held by: FONDREN 

Copy Material Location : 

Call Numbers for: FONDREN 
1 ) G 320 1 s C5 var .U5 no-1-245 1 1 MAP GOV-MAPS 

*\ '. , ;.. . 2:.: - -  
7 '  1 

. .  L 
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S61Q 
Search Result 

THIS IS RECORD NUMBER 1 OF THE 1 YOU FOUND IN THE CATALOG. 
Check here to mark this record for PrintKapture 

~ ~~ ~~ 

OK142 .C6 
Aquatic and wetland plants of southwestern United States, by Donovan S. Correll and Helen B. 
Correll. 
Correll, Donovan Stewart, 1908- 

Personal author: 
Title: 

Correll, Donovan Stewart, 1908- 
Aquatic and wetland plants of southwestern United States, bv Donovan S. 
Correll and Helen B. Correll. 

Publication info: 

Physical description: 
Series: 

Bibliography note: 
Subject: 
Subject: 

Personal author: 
Held by: 

[Washington] Environmental Protection Agency; [For sale by the Supt. of 
Docs., US. Govt. Print. Off.] 1972. 
xv, 1777 p. illus. 24 cm. 
Water pollution control research series 
Bibliography: p. 1737-1738. 
Aquatic plants--Southwestern States. 
Wetland plants--Southwestern States. 
Correll, Helen B., ioint author. 
FONDREN 

Copy Material Location 
Call Numbers for: FONDFZEN 

1) QK142 .C6 STACKS . -- . 1 BOOK 

-W WebCat(tn1) 0 I995 - 1997 Sirsi Corporation Ea 



You found 4 items. Below are numbers 1 through 4. 
Use checkboxes below to mark list items for PrinKapture. 

#1 0 EP 2.2:EC 7/6 -1 Ecological restoration [microform] : a tool to manage stream 
quality . 
United States. Environmental Protection Agency. Office of 
Water. 

#2 QH75.Al R58 1992 -1 River conservation and management / edited by P.J. Boon, P. 
Calow, and G.E. Petts. 
Boon, P. J. 

Better trout habitat : a guide to stream restoration and 
management / Christopher J. Hunter ; edited by Tom Palmer ; 
illustrated by Ellen Meloy ; foreword by Nick Lyons. 
Hunter, Chris (Christopher J.) 

The Restoration of rivers and streams : theories and 
experience / edited by James A. Gore. 
Gore, James A. 

#3 SH157.8 .HI36 1991 
,=,pFk9 

#4 0 QH75 .R47 1985 
=(p-@, 

copies: 1 (GOV-MICRO) 
at: FONDREN 

pubyear: 1995 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1992 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1991 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1985 

WebCat(tm) 0 I995 - I997 Sirsi Corporation IiiJ 

. .  , . -  000164 4 %  
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Search Result 

THIS IS RECORD NUMBER 1 OF THE 1 YOU FOUND IN THE CATALOG. 
Check here to mark this record for PrindCapture 
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OK604.2 .E28 B75 1996 
Fungi and environmental change : symposium of the British Mycological Society, held at Cranfield 
University, March 1994 / edited by J.C. Frankland, N. Magan & G.M. Gadd. 
British Mycological Society. Symposium (1994 : Cranfield University) 

Corporate author: 
Title: 

Publication info: 

Physical description: 
General note: 

Contents: 

0 

e 

British Mvcological Societv. Svmposium (1994 : Cranfield Universitv) 
Fungi and environmental chanpe : symp osium of the British Mvcological 
Societv, held at Cranfield Universitv, March 1994 / edited bv J.C. Frankland, 
N. Magan & G.M. Gadd. 
Cambridge [England] ; New York : Published for the British Mycological 
Society [by] Cambridge University Press, 1996. 
xvi, 351 p. : ill., maps ; 24 cm. 
Includes indexes. 
Effects of climate change on fungal diseases of trees / D. Lonsdale and J.N. 
Gibbs -- Effects of climate change on fusarium foot rot of winter wheat in the 
United Kingdom / T.R. Pettitt and D.W. Parry -- Effects of UV-B radiation 
(280-320 nm) on foliar saprotrophs and pathogens / P.G. Ayres ... [et al.] -- 
Implications of global warming and rising sea-levels for macrofungi in UK 
dune systems / M. Rotheroe -- Red Data Lists and decline in fruiting of 
macromycetes in relation to pollution and loss of habitat / B. Ing -- Effects of 
dry-deposited SO2 and sulphite on saprotrophic fungi and decomposition of 
tree leaf litter / L. Boddy ... [et al.] -- Effects of atmospheric pollutants on 
phyllosphere and endophytic fungi / N. Magan, M.K. Smith and I.A. 
Kirkwood -- Influences of acid mist and ozone on the fluorescein diacetate 
activity of leaf litter / PJ.A. Shaw -- Mycorrhizas and environmental stress / 
J.V. Colpaert and K.K. Van Tichelen -- Myccorh%as, succession, and the 
rehabilitation of deforested lands in the humid tropics / D.P. Janos -- 
Potential effects on the soil mycoflora or changes in the UK agricultural policy 
for upland grasslands / R.D. Bardgett -- Uptake and immobilization of 
caesium in UK grassland and forest soils by fungi, following the Chernobyl 
accident / J. Dighton and G. Terry -- Effects of pollutants on aquatic 
hyphomycetes colonizing leaf material in freshwaters / S. Bermingham -- 
Fungi and salt stress / L. Adler -- Fungal sequestration, mobilization and 
transformation of metals and metalloids / G.F. Morley ... [et al.] -- Urban, 
industrial and agricultural effects on lichens / D.H. Brown -- Fungal 
interactions with metals and radionuclides for environmental bioremediation 
/ I. Singleton and J.M. Tobin -- Impact of genetically-modified .. . . . . . .. . . . .. .. .,-.- ..I.. 

1 of? 
000165 



microorganisms on tne terrestrial micromom inciuoing rungi I Jm. w nipps -- 
Has chaos theory a place in environmental mycology? / A.D.M. Raper. 

Subject: Fungi--Ecophvsiologv--Congresses. 
Personal author: Frankland, Juliet C. 
Personal author: Magan, N. (Naresh) 
Personal author: Gadd. Geoffrev M. 

Held by: FONDREN 

Copy Material Location 

1) QK604.2 .E28 B75 1996 1 BOOK STACKS 
Call Numbers for: FONDREN 

WebCat(tm) 0 1995 - 1997 Sirsi Corporation 
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Search Results 

You found 2 items. Below are numbers 1 through 2. 
Use checkboxes 0 below to mark list items for PrintlCapture. 

- 3610' 

#1 EP 1.23/5:620/R-97/002 copies: 1 (GOV-MICRO) -1 Pilot test of wetland condition indicators in the prairie pothole 

Dakota for the U.S. 

at: FONDREN 
by the U.S. pubyear: 1997 

Geological Survey, Division, Northern 
Prairie Science 
Environmental of Research and 
Development, Effects 
Research Laboratory, Western Ecology Division, Corvallis, 
Oregon ; Spencer A. Peterson ... [et al.], editors. 
Peterson, Spencer A. 

Restoring prairie wetlands : an ecological approach / Susan M. 
Galatowitsch &;!d a van der Valk. pubyear: 1994 
Galatow it 

#2 0 QH75 .G35 1994 copies: 1 (STACKS) 
at: FONDREN 

- 1997 Sirsi Corporation , 
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[Webcat] LlBRlS Webcat Gateway 

Search Results 

http:l/w w w-ii bnry.rice.edu/uhtbink/cgisirsi/76 
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You found 6 items. Below are numbers 1 through 6. 
Use checkboxes below to mark list items for PrintlCapture. 

Y 4.T 68/2:105-49 copies: 1 (GOV-STACKS) 
Wetlands protection and mitigation banking : hearing before at: FONDREN 
the Subcommittee on Wayr-Resources and Environment of pubyear: 1998 

ortation and Infrastructure, House 
Fifth Congress, first 

copies: 1 (STACKS) 
at: FONDREN 

Re sources and En vi ronmen t . 
QK86.4 .R47 1996 I 

for reintroduction of 
A. Falk, Constance I. pubyear: 1996 
Reed F. Noss. 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1994 

TD1042.T42 F763 1994 
French Limited wetlands mi 
plan / Crouch 
Crouch Environmental Services. 
TD1042.T42 F762 1994 copies: 1 (STACKS) 
French Limited wetlands mitigation : 404 and 401 .permit 
applications, U.S. Army Corps of Engineers, Galveston, 
Texas : Brownwood subdivision sit 
Crouch Environmental Services. 
Crouch Environmental Services. 

French Limited wetlands mitigation : site +lection report / 
Crouch Environmental Services. 
Crouch Environmental Services. 

Y 4.P 96/11 : 101-50 copies: 1 (GOV-MICRO) 
Memorandum of agreement between the United States Army at: FONDREN 
Corps of Engineers and the United States Environmental 
Protection Agency concerning wetlands mitigation required 
under section 404 of the Clean Water Act : hearing before 
the Subcommittee on Investigations and Oversight of the 
Committee on Public Works and Transportation, House of 
Representatives, One Hundred First Congress, second 
session, February 20, 1990. 
United States. Congress. House. Committee on Public 

site restoration 

at: FONDREN 
pubyear: 1994 

1 copies: 1 (STACKS) TD1042.T42 F76 1994 / 

at: FONDREN 
, pubyear: 1994 \ 

pubyear: 1990 

\XT,.-Lm --A 'T+-n-m-n.+nt;n- C..h----<tt-- n- T - . v n m t ; r . n t ; e - n  



[Webcat] LIBRlS Webcat Gateway http://www-libmy .rice.edu/uhtbin/cpisirsin( 

. .  

Search Results 

‘You found 9 items. Below are numbers 1 through 9. 
Use checkboxes 0 below to mark list items for PrintKapture. 

#1 0 SD387.043 E27 1996 -1 Eastern old-growth forests : prospects for redscovery and 
recovery / edited by Mary Byrd Davis ; foreword by John 
Davis. 
Davis, Mary D. 
QH541.5 .M3 R47 1995 

Wheeler ... [et al.]. 
Wheeler, Bryan D. 

Backfilling canals as a wetland restoration technique in 
coastal Louisiana [microform] / R. Eugene Turner, J. M. 
Lee, and C. Neill. 
Turner, R. E. (Robert Eugene), 1945- 

#2 0 -1 Restoration of temperate wetlands / edited by Bryan D. 

#3 0 I 72.1212~94-0026 

#4 0 TD1042.T42 F763 1994 
mj French Limited wetlands mitigation : final site restoration 

plan / Crouch Environmental Services. 
Crouch Environmental Services. 
I 1.2:w 5313 
A national program for wetlands restoration and creation : 
report of the Interagency Committee on Wetlands 
Restoration and Creation to the Policy Coordinating Group, 
Interagency Task Force on Wetlands. 
Interagency Committee on Wetlands Restoration and 
Creation (U.S.) 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1996 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1995 

copies: 1 (GOV-STACKS) 
at: FONDREN 

pubyear: 1994 

copies: 1 (STACKS) 
at: FONDREN 

pubyear: 1994 

copies: 1 (GOV-STACKS) 
at: FONDREN 

pubyear: 1992 

#6 0 QH76 .W47 1992 .copies: 1 (STACKS) [ - I  Wetlands : an approach to improving decision making in at: FONDREN 
wetland restoration and creation / Mary E. Kentula ... [et al.] pubyear: 1992 
; edited by Ann J. Hairston. 
Kentula, Mary E. 

#7 0 Y 1.115:101-375 copies: 1 (GOV-STACKS) 
Coastal Wetlands Planning, Protection, and Restoration Act : at: FONDREN 
report (to accompany S. 1731). pubyear: 1990 
United States. Congress. Senate. Committee on Environment 
and Public Works. 

1-j 

0001’73 
I of2 



[Webcat) LIBRIS Webcat Gateway http:Nwww-library.rice.edduhtbin/cgisirsi/76. 

Y 4.M 53: 101-117 copies: 1 (GOV-MICRO) 
Coastal wetlands management and restoration [microform] : at: FONDREN 
hearing before the Subcommittee on Oceanography and the pubyear: 1 9 9 0 3  6 1 0 
Great Lakes of the Committee on Merchant Marine and 
Fisheries, House of Representatives, One Hundred First 
Congress, second session, on S. 1731 ... September 12, 1990. 
United States. Congress. House. Committee on Merchant 
Marine and Fisheries. Subcommittee on Oceanography and 
the Great Lakes. 

L -  

Y 4.P 96/10: S.hrg.101- 239 copies: 1 (GOV-MICRO) 

Act [microform]: hearing before the Subcommittee on pubyear: 1989 
Environmental Protection of the Committee on Environment 
and Public Works, United States Senate, One Hundred First 
Congress, first session, on S. 630 ... August 2, 1989. 
United States. Congress. Senate. Committee on Environment 
and Public Works. Subcommittee on Environmental 
Protection. 

+trbq- Louisiana Coastal Wetlands Conservation and Restoration at: FONDREN 

WebCat(tm) 0 1995 - 1997 Sirsi Corporation 



Record 4 of 4 

CORP AUTHOR United States. Congress. House. Committee on Transportation and 
Infrastructure. Subcommittee on Water Resources and 
Envi r o m e n  t . 
Subcommittee on Water Resources and Environment of the 
Committee on Transportation and Infrastructure, House of 
Representatives, One Hundred Fifth Congress, first session, 
December 9, 1997. 

Docs., Congressional Sales Office, 1998. 

ITLE Wetlands protection and mitigation banking : hearing before the 

PUBLISHER Washington : U.S. G.P.O. : For sale by the U . S .  G.P.O., Supt. of 

DESCRIPTION iii, 135 p. : ill., map ; 24 cm. 
SUBJECT HDNG Wetland mitigation banking -- United States. 
NOTE Distributed to some depository libraries in microfiche. 

Wetland conservation -- United States. 
Shipping list no.: 98-0229-P. 
Includes bibliographical references. 
"105-49. 'I 

ISBN 0160564107. 
OTHER # 1024-A-01. 

OCLC # 39115897. 

1 > ANDERSON/US DOCUMENTS Y 4.T 68/2:105-49 

1024-B-01 (MF) 

LOCATION CALL # STATUS 
IN LIBRARY 

000175 



AUTHOR Dennison, Mark S. 
TITLE Wetland mitigation : mitigation banking and other strategies for 

development and compliance / Mark S. Dennison with 
contributions from James A. Schmid. ab LISHER Rockville, Md. : Government Institutes, c1997. 

DESCRIPTION xvii, 305 p. ; 24 cm. 
SUBJECT HDNG Wetlands -- Government policy -- United States. 
NOTE Includes bibliographical reference and index. 

ADDED AUTH Schmid, James A., 1945- 
ISBN 0865875340. 
OCLC # 35042747. 
LC CONTROL # 96030343. 

LOCATION CALL # STATUS 
1 > ANDERSON/GENERAL COLL QH87.3 .D44 1997 IN LIBRARY 

Wetland mitigation banking -- United States. 
vag. 



Record 2 of 4 

AUTHOR .I 

TITLE 

JBLI SHER 
DESCRIPTION 
SUBJECT HDNG 

NOTE 
CONTENTS 

ADDED AUTH 
ADDED TITLE 
ISBN 
OCLC # 
LC CONTROL # 

LOCATION 

Dennison, Mark S. 
Wetlands : guide to science, law, and technology 1 by Mark S. 

Park Ridge, N. J., U.S.A. : Noyes Publications, c1993. 
xxiv, 439 p. : ill., maps ; 25 crn. 
Wetlands. 
Wetlands -- Classification. 
Wetlands -- Law and legislation -- United States. 
Wetland ecology. 
Includes bibliographical references (p. 352-383) and indexes. 
Overview / Mark S. Dennison and James F. Berry -- Ecological 

Dennison and James F. Berry. 

principles of wetland ecosystems / James F. Berry -- 
Freshwater wetlands / James A. Kushlan -- Estuarine wetlands / 
Robert J. Livingston -- Field recognition and delineation of 
wetlands / Ralph W. Tiner -- Problem wetlands for delineation / 
Ralph W. Tiner -- The regulatory framework / Mark S. Dennison 
and James F. Berry -- Wetland mitigation / James F. Berry and 
Mark S. Dennison -- Assessing risks to ecological resources in 
wetlands / Thomas P. Burns -- Restoration and creation of 
wetlands / Robert P. Brooks. 

Berry, James F. 
Wet lands. 
081551333X (cloth) : 
28421821. 
93005635. 

CALL # 
1 > ANDERSON/GENERAL COLL QH87.3 .D45 1993 

STATUS 
IN LIBRARY 

. 

0001’77 



* 8610. 
Record 1 of 4 

CORP AUTHOR United States. Congress. House. Committee on Transportation and' 
c 

Infrastructure. Subcommittee on Water Resources and 
Environment. 

Recent regulatory and judicial developments on wetlands : hearing 
before the Subcommittee on Water Resources and Environment of 
the C o d t t e e  on Transportation and Infrastructure, House of 
Representatives, One Hundred Fifth Congress, first session, 
April 29, 1997. 

Docs., Congressional Sales Office, 1997. 
PUBLISHER Washington : U.S. G.P.O. : For sale by the U.S. G.P .O. ,  Supt. of 

DESCRIPTION iv, 461 p. : ill. ; 24 an. 
SUBJECT HDNG Wetland conservation -- Government policy -- United States. 
NOTE Distributed to some depository libraries in microfiche. 

Wetland mitigation banking -- United States. 

Shipping list no.: 98-0029-P. 
Includes bibliographical references. 
"105-36. 

ISBN 0160555728. 
OTHER # 1024-A-01. 

OCLC # 37948801. 

1 > ANDERSON/US DOCUMENTS Y 4.T 68/2:105-36 

1024-B-01 (MF) 

LOCATION CALL # STATUS 
IN LIBRARY 

000178 
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- 8 6 1 Q  Lakeshore and Streambank Erosion Control 

What causes lakeshore and streambank erosion? 

Lakeshores and streambanks are areas of dynamic energy. The 
powerful forces of waves, currents, and ice move soil particles 
toward, away fiom, and along the shoreline. 

Streams are continually downcutting into their valley, carrying 
sediments downstream particle by particle. The current moves 
fiom side to side, undercutting banks and causing the stream 
channel to meander. 

The ice of frozen lakes can expand shoreward with a force of 
many tons per square foot, moving most obstacles in its path 
(including shoreline soil). Masses of ice put in motion by winds 
or currents can scour the banks of lakes and streams. 

Even in quite small inland lakes, breaking waves and nearshore 
currents can dislodge sediments. Headlands (points) usually 

have relatively high erosion rates because the waves, currents, and ice attack fiom all sides and eventually 
transport the sediments to bays, where they are deposited. Bays are usually the most erosion-resistant 
areas. 

Erosion and the transport and deposition of sediments is a natural process along shorelines. Typically, 
atural erosional processes proceed very slowly, and the plants and animals that live along the shoreline 

adjust to these slow changes, maintaining a stable, healthly, productive ecosystem. When some 

Examples of natural disturbances include large trees uprooted by a windstorm, or a flood resulting 
torrential rainstorm. Human disturbances include vegetation removal, dredging, filling, or 

catastrophic natural or human disturbance causes this equilibrium to be upset, accelerated erosion can 

on or near the shoreline. 

the impacts of shoreline erosion? 
Y 

Eroded soils are, by volume, the greatest pollutant of lakes and streams in the United States. Although 
most sediment comes fiom overland erosion throughout a watershed, shoreline erosion contributes its 
share. In aquatic environments, sediment pollution: 

Degrades aquatic and nearshore land habitats, killing aquatic organisms and negatively impacting 

Reduces water clarity, light penetration, and plant productivity. 
Causes warming (which is most serious in cold water trout streams). 
Releases nutrients stimulating undesirable plant and algae growth. 
Affects angling success and fish feeding. spawning, and gill function. 
Changes bottom substrate, reduces channel capacities, and increases flooding. 

birds and animals which depend on aquatic habitats. 

Shoreline erosion can also cause the loss of valuable waterfront 
property, including nearshore buildings' and other structures. 

How do you know if there is a serious erosion problem on your shoreline? 
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Signs of serious problem situations include: 

A large area of bare soil on a steep, high shoreline bank. 
A noticeable recession of the shoreline over a period of time. 
Leaning or downed trees with exposed roots on the shoreline. 
Large patches of muddy water near a lakeshore, or unusually muddy streams 

Excessive deposits of sand or other sediments on the stream bed, or very wide, 
during periods of high water or following a rainstorm. 

shallow areas in a stream. 

How can shoreline erosion be controlled? 

One of the best ways to control shoreline erosion is through 
preventive measures. Some basic preventive guidelines include: 

Preserve the rocks and vegetation which naturally occur along the shoreline. 
Prevent impervious surface (i.e. roofs, driveways) runoff fiom flowing to the shoreline, especially 

Avoid construction within 100 feet of the shoreline or the edge of nearshore bluffs. 
Protect nearshore berms pushed up by ice action along lakeshores. They prevent excessive surface 

Limit the amount of foot t r a c  and other recreational activities in erosion prone areas. Regardless 

bluff areas. 

runoff and trap sand which "nourishes" the beach. 

of preventive measures, the right combination of conditions (such as high water level, violent 
windstorms, drastic ice movement, and certain shoreline configurations) may result in serious 
shoreline erosion. 

- 
There are three basic types of reactive shoreline erosion control 
methods: 
Vegatative: This method involves planting trees or woody shrubs for the soil binding properties of their 
large root systems, grass and other herbaceous plants to protect against raindrop impact.and scouring 
from surface mno& or emergent aquatic plants to stabilize bottom sediments and dampen wave action. 

Structural: This includes protective structures. The placement of rock of various Sizes (referred to as 
rip-rap) has traditionally been the prefemed and most common method. Other structural methods include 
bulkheads, gabions (rock filled baskets), sandbags filled with concrete, and railroad ties. However, these 
other methods are often most visually unappealing, require more heavy equipment and technical 
expertise, and may be more prone to failure in comparision ro simple rip-rap. 

Manipulative: Mostly used on streams, this includes removing streamflow obstructions, grading 
shoreline banks, or, in special circumstances, rerouting the stream channel. 

A new technology called soill bioengineering is now being used with good success. Soil bioengineering 
combines mechanical, biological, and ecological concepts to arrest and prevent shoreline erosion. An 
example is the planting of willows interspersed with rock riprap. The rock provides immediate resistance 

binding them together into an erosion resistant mass. The willows also impart a more " ~ t ~ r a l "  looks t 
the shoreline. 

to erosion. As the willows become established, roots invade and permeate the rock and underlying 
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Planning an erosional control project 
Before beginning any actions to correct erosion, determine why the erosion is 
occuring. Without understanding the problem, any actions may be a waste of 
time and money. Decide ifthe problem is serious enough to warrant correcting. 
How is the habitat or water qualiuty of the lake or stream being degraded? What 
are the threats to private property? 

Even though there have been numerous studies and publications on this topic, 
each problem is unique and there are no manuals with generic plans for bank 

36510 

protekion projects which are guarunteed to work. Although &may be possible to install a simple erosion 
control structure by yourselfj most techiques have techinad standards for size, height, shape, 
underlayment, and placement of structures. It is best to c o d  with a resource professional famila with 
geotechnical engineering when planning the installation of erosion control structures. 
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FOR IMMEDIATE RELEASE 

May21,1997 

CONTACT: 217/785-0970 

TDD: 217/782-9175 

FAX: 2 17/524-464 1 

http://dnr.state.il.us 

STREAM STABILIZATION PROJECT UNDERWAY AT SITE M 

ASHLAND, ILL. - The Illinois Department of Natural Resources, in cooperation with the Cass County 
Soil and Water Conservation District and the Natural Resource Conservation Service, is undertaking a 
unique, long-term stream stabilization and erosion control project at the Site M State Fish and Wildlife 
Area in Cass County, Natural Resources Director Brent Manning said today. 

"Management of the Panther-Cox Creek Watershed, along with construction of a d u m - s i z e  lake and 
several smaller lakes, are among our top priorities in protecting and developing Site hi," Manning said. 
"The watershed stabilization work now underway will not only d a n c e  this ecosystem, but will serve as 
a model for stream and river basin stabi-on projects statewide." 

Work crews have stabilized several severely degraded segments of Panther and Cox aeeks near their 
confluence in an area located in the northwest corner of Site M 

"When we first surveyed the creeks in 1994, we found that decades of bank slumping and collapse had 
caused IS to 20 feet of bank to be lost into the stream," said Jim Mick, Departma of Natural Resources 
Streams Program Administrator. "With the help of our Illinois State Water Survey e we chose a 
restoration technique often used in Canada that virtually rebuild+ the creek bed and stream bank, 
protecting them against fbture degradation" 

0 

The stream stabilization consists of three main components: 

- Installation of in-stream "lunker" structures, large wooden boxes partially buried neat the base of the 
stream bank that s t a b i i  the bank "toes," the lowest portion of the bank where it meets the stream bed. 
The lunker structures also provide fish habitat and concentrate fish for anglers. 

-more- 

D m 2 2 2 2  

-- Grading of the stream bank to reduce slope, and the planting of dormant willow posts to stabilize the 
upper portion of the bank and, eventually, to provide shade. 

- construction of rock "rif€les" in the stream bed, which provide a lasting foundation for the stream bed, 
help control water flow and prevent fbrther deterioration 

The initial phase of work on the stream stabilization project involved several locations along an 
1,800-foot section of Cox and Panther creeks. Project planners hope to do more rBle construction, 
lunker installation and stream bank stabilization downstream on the creeks in fbture years as fbnding 

* 
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allows. . . -  3 6 1 0  
Stabilization of the Cox and Panther creeks should allow for flooding of traditional floodplain areas in the 
northern part of 

Site h4, improving natural species plant growth prospects and wildlife habitat. 

The project also includes relocation of the nearby Creek Road and planned construction of a bridge near 
the low-water ford on Cox Creek. A surfaced trail is to be built to connect a scenic overlook for the 
project site and the surrounding Cox Creek Hill Prairie Natural Area to the Creek Road equestrian 
trailhead in the northernmost section of Site M. 

Other Site M watershed improvements include riparian floodplain plantingS, terrachg, riprapping and 
installation of dry dam berms and other water control structures to reduce cropland erosion. 

The Department of Natural Resources and the Illinois Department of Agriculture are cooperating in a 
multi-year study of soil erosion abatement techniques and sus@nable agriculture farm management 
practices on Site M property. ApproxhteIy 5,000 acres out of the 15,574 acres *ch comprise Site M 
are being used for agricultural crop production. 

The DNR is working with the Department of Agriculture, the Natural Resource Consemtion Service, 
the Cass County Soil and Water Conservation District and neighboring landowners on all elements of the 
ecosystem-based watershed management and development plan for Site M 

Other projects at Site M underway or due to begin this year mclude an equestrian campground, scenic 
driving loop and bicycle trail in the northern portion of the site, improvements to primary access roads 
and initial work on a 210-acre lake. 

### 
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Stabilization of'Earth Slopes with Fiber Reinforcement 
Garry H. Gregory 
Vice President - Senior Geotechnical Consultant, Fugro South. Inc.. Fon Worth. Texas. USA 

David S.  Chill 
Business Manager - Geofibers Business Unit. Synthetic Industries. lnc.. Chananooga. Tennessee, USA 

ABSTRACT: The use of fiber reinforcement (geofibers) for stabilization of eanh slopes was investigated by laborator). 
testing of non-reinforced and fiber-reinforced clay soils in the direct shear and uiaxial shear apparatus. Fiber contents 
included 0.2 and 0.25 percent by dry weight for this study. The test results show increases in maximum shear Stress (q at 
failure in the range of 20 to 50 percent for the fiber-reinforced specimenr Slope stability analyses were performed for a 
highway interchange embankment in Beaumont, Texas, USA, which had experienced repeated slope failures. The stability 
analyses produced an increase in calculated factor of safety from essentially one (imminent failure) for the non-reinforced 
case, to above 1.5 for the fiber-reinforced case. The slope was repaired with fiber-reinforced soil at a dosage rate of 0.25 
percent, and has performed well to date. 

KEY WORDS: Geofibers, Micro-reinforcement, Slope Stabi!ization, Earth slopes, Factor of Safety 

1 MTRODUCTION 

The use of geofibers for earth slope reinforcement -has 
attracted significant interest in the past five years. Geofibers 
consist of relatively small fiber inclusions, distributed as an 
additive throughout the soil mass in the reinforced zone. 
Accordingly, the geofibers may be categorized as micro- 
reinforcement. Planar or continuous-sheet reinforcement 
elements, such as geotextiles and geogrids, are placed at 
discrete locations (usually horizontally) within the soil 
mass, wiih non-reinforced soil intervals between. Planar 
materials may be categorized as macro-reinforcement 
Geosynthetic macro-reinforcement materials provide an 
effective solution to a wide variety of slope reinforcement 
problems, but have limitations in applications where the 
required anchorage zone is not available due to 
obstructions, as illustrated in Figures l(a) and I@). Micro- 
reinforcement materials do not have these limitations since 
they reinforce the entire soil mass as a soil additive. The 
large anchorage zone is not required, and it is only 
necessary to extend the fiber-reinforced zone approximately 
0.3 to 0.6 meters beyond the critical failure surface as 
illustrated in Figure 1 (c). Therefore, micro-reinforcement 
geofiben can provide ideal solutions to slope stability 
conditions which previously were not practical with 

eosynthetics. The geofiben used in this stud2 consisted of 
gbrillated polypropylene (FIBERGRIDS , Synthetic 
Industries, Chattanooga, Tennessee, USA) in nominal 25 
rnm and 50 mm lengths. 

2 BEAUMONT SLOPE 

2.1 Project Description 

The highway interchange embankment (Beaumont slope) is 
located at the intersection of U.S. Highway 69 and F.M. 
347 in Beaumont, Texas. USA. The embankment is 
approximately 6 m in height at the tallest section, and has a 
slope ratio of 2.5 horizontal to 1 vertical (2.5H:lV) at the 
steepest section. 
The f i l l  soil in the slopes consists of a brown clay with 

some sand, gravel, and shells. The embankment soil has a 
liquid limit of 50. and a plastic limit of 17, with 68 percent 
passing the US No. 200 sieve. The material classifies as fat 
clay (CH), in accordance with ASTM D 2487. The . .  

* .  . ' 
I!' 

(a) anchorage-zone limitations from highway obstructions 

(b) anchorage-zone limitations from pipeline obstructions 

(c) large andwage zone not required for geofibers 

Figure 1. Anchorage-zone limitations of planar reinforce- 
ment cornparut to reinforced zone for geofiben. 

embanlanent slopes on the nonheast and northwest 
quadrants of this intersection had experienced repeated 
slope failures over the years. The failure-surface georneny 
typically consisted of a near-venical scarp near the slope 
crest, a central failure surface about 1.5 to 2 m deep parallel 
to the slow. with an exit Doint about I to 1.5 m above the 
toe. The& failures were Gical ly  repaired by excavating the 
failed areas and recompacting the same soil back into the 
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slope without the use of soil additives or reinforcement. In 
the fall of I995 both the nonheast and nonhwesc slopes had 
failed again. The northeast slope was repaired as previously 

without reinforcement or additives. The 
.est slope was repaired with geofiben reinforcement. 
borator). testing program. slope stability analyses. and 

slope repair details are presented in subsequent sections. 

2.2 Conceptual Model 

A conceptual model was developed of the slope failure 
mechanism for use in planning the laboratory testing 
program and slope stability analyses. Embankment slopes of 
clay soils, with height ranges of 6 to 10 m and slope ratios 
in the range of2.5H:lV to 3H:lV. often experience shallow 
failures within a few years after construction. The 
compacted soils initially have relatively high shear strength 
values throughout. and may have a significant level of 
preconsolidation stress induced by the compaction process. 
Slope stability analyses using the "as compacted" shear 

strength properties do not predict the shallow failures. From 
these analyses, it is apparent that the initial as-compacted 
shear strengths deteriorate with time in the shallow zone. 
The strength loss is caused by a number of factors such as 
desiccation, shrink-swell, water infiltration, and down-hill 
Cree . The principal author has investigated a large number 

strength is not uniform throughout the shallow tone. Three 
distinct soil zones are usually present, consisting of a weak 
zone along the failure surface, a weathered zone above the 
failure surface, and the relatively undisturbed zone below 
the failure surface. The actual failure surface may be less 
than IO mm thick in many cases. The material in the thin 
failure zone is usually of a soft, paste-like consistency, with 

moisture content. This zone has obviously lost the 
solidation stress induced during the compaction 
, and has degraded to a normallyconsolidated 

se uently, under effective-stress conditions, the soil in the 
fai 4 ure tone will have c' = 0. The principal author has found 
similar thin, paste-like weak zones paralleling the surface at 
depths of about 1.5 to 2 m in adjacent embankments which 
had not experienced slope failures, but which later failed. 
Accordingly, it is believed that the weak nonnally- 
consolidated zone is created prior to actual failure by the 
weathering processes reviously discussed, and by stress 
concentrations at the 1 ase of the weathered zone due to 
down-hill creep. The weathered soil in the zone above the 
failure surface generally contains many desiccation cracks 
and secondary weathering features, and the soil mass in this 
zone has a substantially lower shear strength than when 
initially compacted. However, this zone may still retain 
some long-term cohesion, and will exhibit a higher mass 
shear strength than the failure zone. The embankment soil 
below the failure surface in the deeper zone may remain 
relatively undisturbed and retain most or all of its initial 
shear strength. The laboratory testing program and slope 
stability analyses were performed in a manner consistent 
with the three distinct soil zones. 

of s E allow slope failures in clay soils. The loss of shear 

at the shallow overburden pressure. Con- 

3 LABORATORY TESTING PROGRAM 

3.1 Sample Preparation and Testing 

testing program included non-reinforced 
01) and fiber-reinforced soil specimens. The direct 
tests were performed as consolidated-drained (CD) 

tcsts. and included nominal 100-111111 and 300-nim square 
sprcrmens. and the ICL' triasial tests were perlomed on 
nominal 70 mm-diameter by I50 mm-length specimens. The 
direct shear tests included specimens prepared by standard 
compaction methods (95 percent ASTM D 698). and slurry- 
processed normally-consolidated (SPNC) specimens. All 
triasial tests for this study were performed on specimens 
prepared by standard compaction methods. A consolidation 
test was also performed on a compacted specinien of the 
Beaumont clay, to determine the preconsolidation stress 
induced by the compaction process. The preconsolidation 
value w'as used in interpreting the direct shear test results. 

The SPNC specimens were prepared by blending the soil 
in a mixer with sufficient water to form a thick slurry. The 
slurry was then partially consolidated in a 150-mm diameter 
CBR apparatus under approximately 70 percent of the 
normal stress to be used in the direct shear device. 
Following a consolidation period of about 24 hours, the 
sample reached a thick paste-like consistency, at which time 
it was removed from the CBR apparatus and trimmed into a 
100-mm square shear box for testing. The remainder of the 
consolidation stage was completed in the direct shear 
machine, with the final consolidation stress equal to the 
normal stress to be used during the shear test. The normal 
mess range was selected to represent conditions along the 
actual failure surface in the slope. This procedure assured 
that the specimen would be normally consolidated during 
the test, to model the condition along the actual failure 
surface. Standardcompaction specimens were prepared 
using a controlled weight-volume relationship and static 
compaction techniques. The reinforced specimens were 
prepared by mixing the fibers and soil in a heavy-duty 19- 
liter mixer. Detailed dexriprions of the sample preparation 
methods are available in a design guide for fiber-reinforced 
slopes (Gregory 1996). 

3 2  Test Results 

A total of 86 direct shear specimens and 32 triaxial shear 
specimens of clay soils were tested for this study. Twenty - 
one of the direct shear specimens were tested in the 300 mm 
square shear device, and the remainder were tested in the 
100 mm square shear device. Twenty of the direct shear 
specimens and 12 of the triaxial shear specimens were 
performed for the Beaumont slope project. The remainder 
of the tests were performed for other slope projects or for 
research purposes. 

Direct shear test results performed on 12 specimens of the 
Beaumont clay an presented on shear stress-normal stress 
plots in Figure 2. These tests were performed in a 100 mm 
square by 30 nun deep shear box. The geofibers were 25 
m in length for the reinforced specimens. The strain rate 
was 0.0076 d m i n u t e  for all direct shear tests. 

Figure 2 contains results for 8 specimens prepared with 
standard compaction methods. Figure 2 (a) was plotted 
using a bilinear fit The first three points on each envelope 
have normal stress values below the preconsolidation stress 
induced by cornpaction (P, ), and the fourth point is above 
the P, value. Clay soils during shearing, with normal 
stresses below the preconsolidation stress, may exhibit 
significant effective cohesion (c'), while those with normal 
mess values above the preconsolidation value exhibit c' = 0 
(Gregory and Doane. 1996). Accordingly, the strength 
envelopes in Figure ?(a) were fit with a bilinear line to 
obtain shear strength parameters in both the preconsolidated 
and nonnally consolidated (NC) ranges of normal stress. 
The test results show an increase of approximately 35 
percent in c' for the reinforced specimens compared to the 
non-reinforced. 
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Increases in 4' were I5 and 27 percent. respectively. for the 
preconsolidated and NC ranges of normal stress. 

Figure 2(b) contains results perfonned on 6 specimens 
prepared by SPNC methods. The results in this figure were 
ploned with a linear fit since all specimens were normally 
consolidated during the tests. These results show an 
increase in 4' of 33 percent for the reinforced specimens 
compared to the non-reinforced. Triaxial shear test results 
performed on 6 specimens of the Beaumont clay are 
presented in Figure 3. These specimens wererpared  using 
standard compaction methods, and were pe ormed as 1CU 
tests, with pore-pressure measurements. A strain rate of 
0.0 15 mm/minute was used for these tests. 

Figure ;(a) contains the results of three non-reinforced 
specimens ploned on a mohr-coulomb shear stress-normal 
stress diagram. Figure 3@) contains the results of three 
specimens reinforced with 0.25 percent, 25 mm-long fibers. 
The test results on the specimens reinforced with 25 mm- 
long fibers in Figure 3@) show an increase in 4' of 16.5 
percent, and an increase in c' of 8.5 percent, when 
compared to the control test results. 

0 20 40 60 80 100 120 140 160 
NORMAL STRESS - kPa 

(a) Standard Compaction 

Figure 2. Direct shear test results on 100 mm Specimens. 
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(a) Non-reinforced Specimens 

Figure 3.  Triasial test , - res$& $.?'. :4 on 70mm diameter specimens. 

Four mechanisms are believed Io be involved in the 
increased shear strength of fiber-reinforced soil. These 
mechanisms are : ( 1 )  friction between individual fibers and 
the surrounding soil, (2) adhesion between individual fibers 
and the surrounding soil. in soils exhibiting significant 
cohesion propenies, (3) micro-bearing capacity of the soil 
mobilized during pull-out resistance of looped fibers 
crossing the shear plane, and (4) increased localized normal 
stress in the soil across the shear surface resulting from the 
pull-out resistance of the fibers during shearing of the soil. 
The individual interaction and contribution of these 
mechanisms to the apparent increase in shear strength is 
com lex and difficult to determine accurately. However, the 

relatively easy to determine by conducting shear strength 
tests on both non-reinforced and reinforced specimens, as 
was performed for this study. 
A summary of average direct shear and triaxial shear test 

results from all specimens tested during this study is 
presented in Table 1. 

corn E ined effects, including any synergistic effects, is 

0 10 20 30 40 50 

NORMAL STRESS - kPo 

(b) SPNC Preparation 

(b) Reinforced Specimens 
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Table I. Summary of Direct Shear and Triaxial Shear Test 
Results (Average -values. including 0.2 and 0.25 % fibers) 
Test Description Number of 4' c' 

Specimens (Deg.) (kPa) 

25 32.6 6.6 
ect Shear - IOOmm 

Direct Shear - lOOmm 
Reinforced - 25mm Fibers 40 38.0 10.0 
Direct Shear - 3OOmm 
Non-Reinforced 6 27.7 3.1 
Direct Shear - 300mm 
Reinforced - 25mm Fibers 9 27.3 6.7 
Direct Shear - 300mm 
Reinforced - 50mm Fibers 6 22.8 9.5 
Triaxial Shear 
Non-Reinforced 9 22.0 14.8 
Triaxial Shear 
Reinforced - 25mm Fibers 16 24.4 15.9 
Triaxial Shear 
Reinforced - 50mm Fibers 7 30.8 15.4 

It should be understood that the results in Table I are 
average values, based upon a range of f i t  clay (CH) and 
lean clay (CL) soils tested for this study. The averages for 
the direct shear tests in the 1 OOmm device show increases of 
approximately 17 percent and 52 percent in and c', 
respectively, for the reinforced specimens. The averages for 
the direct shear tests in the 300mm device show essentially 
the same 0' values, and an increase in c' values of 116 
percent for the specimens reinforced with 25mm fibers. The 
average results from the 300mm direct shear device also 
show a decrease of 21 percent in $' values and an increase 
of 206 percent in c' values for the speclmens reinforced 
with 5Omm fibers. The triaxial shear test average results 

ow an increase in I$' values of 11 percent and an increase 
values of 7 percent for the specimens reinforced with 
fibers. The average triaxial results with the 50mm * bers show an increase of 40 percent in $' values, and an 

increase of 4 percent in c' values. In all cases where one 
shear stren=& parameter increased only a small amount or 
decreased slightly, the other parameter increased by a 
relatively large amount. Averaging the results in Table 1 for 
all clay types tested resulted in considerably more scatter 
than was observed for each individual soil type tested. 

4 SLOPE STABILITY ANALYSES 

4.1 Slope Geometry 

The geometry of the existing slope, slide geometry, and 
subsurface stratigraphy were obtained from observations 
and measurements in the field, and from existing data and a 
new soil boring provided by the Texas Department of 
Transponation (TxDOT). 

4 2  Soil Parameters 

The soil parameters were obtained from the laboratory test 
results, adjusted in accordance with local practice. The unit 
weight values for the in situ soils were obtained from thin- 
wall tube samples taken from the boring. The unit weight 
values of the compacted soils were taken as 95 percent of 
maximum density as determined by ASTM D 698. Soil 
shear-strength parameters selected for +e analyses are 

sented in Table 2. The labels and soil type numbers 
ch those on the graphical output sheets from the 

computer analyses. presented in subsequent sections. The 
unit weight values are not included in Table 2. in order IO 
conserve space. Unit weight values of 18.9 and 20.9 KN/m' 
were used for moist and saturated unit weights. respectively. 

4.3 Analysis Methodology 

Slope stability analyses of the Beaumont slope were 
performed using the computer program GSTABL7, an 
enhanced version of PCSTABL6 (Humphrey and Holtz, 
1986). modified by the principal author. The limit 
equilibrium method, using a sliding-block search routine 
and the Modified Janbu method (Janbu 1954, 1973). was 
used in the analyses. 

Table 2. Soil Parameters Selected for the Stability Analyses 
Analysis of Initial Failure Won-Reinforced) _ . .  - .- 
Label Soil type C' df 

NO. (kPa) (Degrees) 
Surface-CH clay 1 9.3 24 
Shoulder-CH clay 2 9.3 24 
Weak-CH clay 
(failure surface) 3 0.0 

Fill-CH clay 4 1 1 . 1  
Base-CH clay 5 11.1 
Deep-CH clay 6 11.1 

Surface-CH clay 1 10.2 
Shoulder-CH clay 2 10.2 

(failure surface) 3 0.0 
Fill-CH clay 4 11.1 
Base-CH clay 5 1 1 . 1  
Deep-CH clay 6 11.1 

Analysis of Repaired Slope (Fiber-Reinforced) 

Weak-CH clay 

32 
24 
24 
24 

24 
24 

42 
24 
24 
24 - 

The shear strength of the failure surface zone (Weak-CH 
clay) was obtained from the direct shear test results on the 
SPNC specimens. The shear stren,h of the undisturbed 
embankment fill  (Fill-CH clay) below the failure surface 
and in the protected shoulder of the roadway was obtained 
from the direct shear test results on the specimens prepared 
with standard compaction methods. In accordance with 
local practice and experience with similar soils. the 4' and c' 
values obtained in the tests were reduced by approximately 
12 percent for use in the analyses, to account for 
uncertainties in matigraphic distribution and construction - -  
quality control. 

The shear strength of the suficial soil in the weathered 
zone (Surface-CH-clay) above the failure surface cannot be 
obtained readily with laboratory tests. Samples taken from 
this zone will not be representative of the desiccation cracks 
and secondary weathering features throughout the soil mass. 
However, the apparent shear strength of the weathered zone 
may be obtained by computer analyses, using the known 
data. 

The shear strength values of the failure-surface and 
undisturbed-fill zones are known from laboratory test 
results. The geometry of the failure surface is known from 
observations and measurements in the field, following 
failure. It is also known that the stability factor of safety 
(resisting forces and moments divided by the driving forces 
and moments) for the slope at the time of failure was one or 
slightly below one. Therefore, stability analyses of the 
failed slope can be performed with the known shear 
strengths of the failure-surface and undisturbed fill zones. 
and an initial estimate of the mass shear strength parameters 
in the weathered tone. An iterative analysis can then 
be performed by changing the estimated shear strength 
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Figure 4. Graphical Computer output for the fiber-reinforced slope analysis. 

parameters in each successive run until the calculated factor 
of safety converges to one or slightly below one. The 
changes in strength panmeters can generally be applied 
uniformly to both 6' and c'. It has been found from 
experience that a good initial estimate of the shear strength 
parameters for the weathered zone is approximately 50 
percent of those of the undisturbed fill zone. 

The mass shear strength of the fiber-reinforced weathered 
zone may be determined as follows. Assume that the ratio of 
the shear strength of the reinforced weathered zone to the 
shear strength of the fiber-reinforced laboratory s cimens, 

reinforced weathered zone to the shear strength of the non- 
reinforced laboratory specimens. The shear strength of the 
non-reinforced weathered zone to be used in the ratio 
comparisons is the value determined in the iterative 
analyses discussed previously. This approach provides 
rational values of shear strength parameters in all soil zones, 
for both the initial failure condition and fiber-reinforced 
slope condition. 

The stability analyses were performed using the sliding- 
block search routine by forcing the trial failure surfaces to 
pass through'the failure zone parallel to the slope, while 
allowing the trial surfaces to exit near the upper and lower 
ends of the slope in a more random manner: The weathered 
zone was assigned anisotropic propenles In the analyses, 

.is the same as the ratio of the shear strength o r the non- 

with zero shear strength within zones plus or minus 10 
degrees &om vertical, to model tension cra&s. The failure- 
surface zone was modeled as 150 mm thick for convenience 
in the analyses, although it is much thinder in the actual 
slope. For each adys run, 110 trial failure surfaces wen 
evaluated. The resu ts of the slope stability analysis for the 
fiber-reinforced slope are presented in Figure 4 for 
illustration purposes. The initial failure analysis is not 
shown to conserve space. The 10 most critical (with respect 
to calculated fiaor of safety) trial failure surfaces are 
plotted in the figure. Tbe most critical trial failure surface is 
shown with the heavy line. The failure s 6 c e s  are labeled 
with lower case letters, in ascending order of calculated 
factor of safety. The soil s are numbered below each 

slope was included as a uniformly distributed load with an 
intensity of 9.6 kPa, and is shown on the figure by the 
designation L1. The ground-water surface detected in the 
boring is shown near the toe elevation with the designation 
wl.  The ground-water surface and soil zona below the 
failure-surface tone were not used in the shallow failure 
analyses, but were used in a deep-seated global analysis 
performed for this slope, but not included in this study. 
The slope stability analyses show amincrease in calculated 

factor of safety from 1.007 (imminent failure) for the initial 
failure to 1.508 for the repaired, fiber-reinforced slope. This 

boundary. The highway s IC loading at the top of the 

000217 1998 Sixth International Conference on Geosynthetics - 1077 



is an increase in calculated factor of safcty of appros- 
iniately 50 percent due to the geotiber inclusion. 

CONSTRUCTION AND PERFORMANCE 0 
5.1 Construction 

The slope was repaired in late November of 1995 in general 
accordance with the assumptions made in the analyses. The 
area was prepared by excavating the failed area 
approximately 0.6 m below the primary failure surface. The 
excavated soil was spread in approximately 200 mm-thick 
loose lifts prior to compaction. Geofibers were spread at the 
calculated dosage rate of 0.25 percent by dry weight of soil, 
and each lift was processed and the 25 mm-length fibers 
mixed into the soil with a minimum of three passes of a 
roto-till pulverizing mixer of the type commonly used in 
lime-subgrade stabilization. Each lift was compacted to 
approximately 95 percent of maximum dry density at a 
moisture in the general range of optimum to 5 percentage 
points wet of optimum in accordance with ASTM D 698. 
The fill was placed in essentially horizontal lifts. 

5 2  Performance 

The fiber-reinforced northwest slope has perfonned well to 
date. No additional signs of movement have been observed. 
The northeast slope at the same interchange was repaired 
without fiber reinforcement approximately six weeks prior 
to the northwest slope. The non-reinforced slope has again 
hiled. 0 ADDITIONAL PROJECTS 

Th authors have been involved in more than 10 slope 
projects on which geofibers were utilized for slope repair 
and stabilization. These projects have included roadway 
embankments, pipeline embankments adjacent to rivers or 
creeks, and an earth-fill dam. One of the pipeline projects 
involved the use of geofibers for deep-seated stability, as 
well as shallow stability. The oldest installation of geofibers 

. on these pro’ects was completed approximately six years 
ago. Most o/the other projects were completed within the 
past three years. These installations have performed well. A 
detailed discussion of these projects is not possible due to 
space limitations. 

7 CONCLUSIONS 

The use of geofibers for earth slope reinforcement was 
investigated by laboratory testing of non-reinforced and 
fiber-reinforced specimens of compacted clay soils. A 
highway embankment slope in Beaumont, Texas, USA, was 
used as the primary case study. Ex!ensive slope stability 
analyses were performed for the initial failure and fiber- 
reinforced slope conditions. The factor of safety was 
increased from essentially one at the initial failure 
condition, to approximately 1.5 for the repaired slope using 
the same soil reinforced with geofibers. 

lncreases in effective shear strength $7‘) in the range of 20 

dy. based upon $’ and c‘ increases from laboratory 
d the slope geometries considered. Similar increases 

due to geofibers inclusion were observed for 

in shear-strcngth parameters using fiber reinforcement have 
been reported by other researchers (Maher and Ho 1994. 
AIwahab and AI-Ourna 1995. Nataraj and Mch-lank 1997). 
Additional research and development of analysis methods 
for the reinforcement mechanisms and influence of fiber 
properties are needed. Ranjan, et a1 (1996) performed a 
study of these influences and proposed a model for analysis 
of fiber-reinforced cohesionless soils. 

Based upon the results of this study. observation of actual 
installations of fiber-reinforced slopes, and research 
performed by others, the geofibers are a viable and cost 
effective method for slope repair using micro-reinforcement 
where macro-reinforcement elements may not be practical 
due to space limitations for the anchorage zone. The 
geofibers can provide solutions to an entire class of slope 
problems which were not previously practical with 
geosynthetics. 

Additional research is desirable using a broader range of 
fiber lengths and soil types. Standardization of laboratory 
testing and analysis methods is needed. Additional case 
histories are needed, and are expected to occur at an 
accelerated rate due to the increased use of geofibers. 

’ 
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ABSTRACT: Planar geosynthetics such as high-strength geotexti i  and geogrids have been in 
widespread use as earth sbpe reinforcement for more than a decade. The use of the& 
materials in slope applications has been highly successful. Common practice has been to 
provide primary reinforcement in discrete layers throughout the reinforced zone, with shorter, 
intermittent layers of the planar reinforcement placed between the primary layers at the slope 
face to act as secondary reinforcement. The primaty reinforcement provides overall stability, 
while the intended purpose of the secondary reinforcement is to reduce raveling a x l  mini- 
failures of the slope face between the primary reinforcement layers. However, in many cases 
the secondary reinforcement does not effectively reduce the raveling and mini-fatlures long 
term. This has resutted in significantly increased maintenance costs on many projects. Until 
recently, no viable solution for this problem was available. Within the past seven years, short 
geosynthetic fibers (Geofribersq have been successfully used on more than 25 slope pro-ects m 
the United States. These projects have involved repairs of shallow slope failures, repair of deep 
seated slope failures, and veneer reinforcement in new dope COCIStrUCti 'on to reduce future 
maintenance cusk. These fibers also have tremendous potential for use as veneer and 
secondary reinforcement in geotextile - fibers composite reinforcement of slopes. This 
combination of geosynthetics has the potential to virtually eliminate any significant future 
maintenance problems due to raveling and mini-failures at the slope face, for properly designed 
reinforced embankments. Brief cas8 histories of slopes constructed using fiber-reinforced soil, 
and design examples using high-strength geotextile - fibers composite are discussed. 

0 

INTRODUCTION 

Planar reinforcement materials, such as geogrids and highstrength geotextiles, provide an 
effective solution to a broad range of slope stabiii applications. The phnar material provides 
'tnacro-reinforcemerf by adding tensile strength to the soil-reinforcement composite at the 
discrete reinforcement locations. The vertical spacing of the primary geotextiie layers has 
typically been in the range of 2 to 5 feet for many slope appGcations. It is more effident to 
increase the vertical spacing of the primary geotexb'le for taller slopes. It is desirable to maintain 
a similar spaang ratio SAi (geotextiie to slope height ratio), for each different height slope. 
However, as the slope height becomes taller, the driving forces become greater, so it is also 
desirable to gradualty decrease the spacing ratb for taller dopes. This can be efficiently 
achieved by use of equation (1) below (Gregory, 1995). 

'Principal Consultant, GREGORY GEOECHNICAL, Fort Worth, Texas, USA 817-244-5569 
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Where S equals the geotextile vertical spacing and H equals the total slope height As a 
practical matter, the spacing calculated using equation (1) should be rounded to the nearest lift 
thickness in the embankment. Equation (1) results in a 5-foot vertical spacing for a =foot slope 
height, as used in the example slope discussed later. 

Common practice has been to supplement the primary planar reinforcement layers with short, 
intermediate "secondav reinforcement layers in a attempt to prevent raveling and mini-failures 
of the slope face between primary layers. In many cases, especially on steeper slopes, the 
secondary reinforcement layers have not prevented long-term raveling and mini-failures. This 
has resulted in large on-going maintenance costs on many grojects. While the use of planar 
reinforcement has been a tremendous solution to steep slope Mi problems, the long-term 
deterioration of the slope face between primary reinforcement layers has resulted in the lack of 
a complete solution. The dilemma has been how many layers should be placed 
between primary layers. There is a practical Mi on the number due to construdabiQity as well 

and resutts in mreinforced intervals at the dope face. 
as cost considerations. In any case, the s8cond81y reinforcement is still macrweinforcem ent 

GEOTEXllLE-FIBERS COMPOSlTE 

About seven years ago, short (1 to 2 inch) geosynthetic fibers became commercially a v a i i e  
for soil reinforcement purposes. Since that time, more than 25 dopes have been successhrlly 
reinforced with fibers in the United States. These projects have included highway 
embankments, riverbanks, general earth embankments, and a major earth dam. These fibers 
are mixed into the entire soil mass in the reinforced zone, as a soil additive. Accordmgty, the 
fibers provide micrereinforcement by reinforcing the soil throughout, not just in discrete layers. 
A 2inch long fiber, for example, requires onty 1-inch for full anchorage, whereas planar 
reinforcement materials may require 2 feet or more for the anchorage zone. The fiber 
reinforcement increases the shear strength of the soil by resistance to pullout across the shear 
p&ne. Large increases m shear strength can be achieved with economical amounts of fiber 
additive (Gregory and Chill, 1998). It is should be immediately apparent that a combination of 
the planar reinforcement and fibers (geotextile-fibers composite) has the potential of providing a 
very efficient, effective, long-term solution to slope reinforcement problems. The combination of 
the macro-reinforcement function of the geotext-le in the primary zone, and the micro- 
reinforcement function of the fibers in the secondary veneer zone, can provide a synergistic, 
virtually complete solution, which was not previously available. The use of geotextiifibers 
composite is illustrated in the following example slope. 

EXAMPLE SLOPE ANALYSIS 

An example slope was selected for analysis for illustration purposes. The SrOQe has the 
following characteristics. . 

0 30 feet tan, 1.5H:l V slope ratio 

Gravelly, clayey sand (SC) fill, raw soil = 35.9 degrees (actual test mutts) 

Primary Geotextile: T- = 1,500 lblft 

0 Fiber Reinforcement = 2-inch long, 360 denier polypropylene fibrillated fibers 

0 Fiber-Reinforced soil with 0.2 percent fibers, 4 = 45.1 degrees (actual test results) 
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Fiber-Reinforced soil with 0.4 percent fibers, t$ = 53.9 degrees (actual test results) 

The actual laboratory tnaxial shear test results on the non-reinforced (control) soil and fiber- 
sinforced soil, are presented on the attached test-result summary plate. All shear strength a lues should be understood to be effective stress values. The geometry of the example slope 

is presented on the attached Example Embankment Slope plate. The various slope stability 
analyses are shown in graphical form on the attached plates, and d i i e d  below. The actual 
graphical computer output plates are attached at the end of the paper for reference purposes. 
All slope stability analyses were performed with the computer program GSTABL7, developed by 
the Author from the original STABLG by Purdue University. The Modified Bishop Method 
(Bishop, 1955) was used in the analyses. 

Non-Reinforced Slope 

The non-reinforced slope analysis indicates a shabw faiiure with a calculated factor of safety 
(FS) of 1.109, considerably blow the required 1.5. This COnditKxl . re@res reinforcement for 
stability. 

Geotextlle-Reinforced Slope 

In thii analysis, a vertical spacing of 5 feet was selected for the geotexlh, using equation (1). 
The analysis was iterated with various lengths of geotextile until the critical failure surface was 
pushed back into the slope far enough to achieve a FS just above 1.5. The required effective 
length of geotextile was 18 feet to achieve a calculated FS of 1.512. It should be noted that the 
geotextile length shown on the analysis plates is the effective length The total length must 
include the required anchorage length, which is not shown on the plates. This analysis does not 
consider the raveling and minkfailures on the slope face. 

This analysis includes a $foot thick (perpendicular to slope face) fiber-reinforced zone for 
secondary and veneer reinforcement, along with the geotexb’le primarV reinfornerd The 
anatyses were again iterated based upon geotextile length until a caladated FS of 1.513 was 
achieved with a 16.5-foot length of geotextile. This is a reduction of 1.5 feet in required effective 
length of the geotextile. 

Geotextile-Fiber Reinforced Slope with 0.4 Percent Fibers 

The Sfoot thick fiber-reinforced m e  was also included in this ana)ysis, except the shear 
strength representative of the 0.4 percent fibers was used. A geotextib length of only 125 feet 
was .required to achieve a calculated FS of 1.517. This represerrts a reduction of 5.5 feet in 
required effective length of the geotextile. 

Truncated Slope Surface Z o n e  Analysis wlth Primary Geoteldae olriy 

This analysis is for a truncated Sect-on of the slope to evaluate the potential for raveling and 
mini-failures between the primary geotextiie layers. This analysis assumes that there is no 
secondary planar reinforcement and no fiber-reinforced zone. The calculated FS for this 
condition is 1.092, significantly below the required 1.5. Accordingfy, as expected, secondary 
reinforcement is required. 



Truncated Slope Surface Zone Analysis with Primary and kecondary Geotextile- 5 ft Zone 

This analysis considers the stability of the entire 5 - f d  zone between primary geotextile layers, 
with an intermediate secondary geotextile layer, but Without fiber reinforcement. As would be 
expected, the calculated FS for the entire $foot zone is well above 1.5, at 1.886. 

Truncated Slope Surface Zone Analysis with Primary and Secondary Geotextile - 2.5 ft 
Zone 

The geometry for this analysis is the same as for the previous an-, except the search zone 
was forced into the non-reinforced zone between the primary and secondary geotextile 
reinforcement. The calculated FS is 1.388, wbkh is substantially below the required 1.5. 
AIthough the FS is comfortably above one, Over the long term, with surface saturation, downhill 
creep, and weathering, the raveling and minI-faitutes are likely to occur (Oesi, et al, 1995; 
Gregory, 1998; Sowers, 1979). 

Truncated Slope Surface Zone Analysis with Primary Geotextile and 0 9  Percent Fibers 

In this analysis, the primary geotextile is included without the SeCMIciary geotextile, but with the 
fiber-reinforced veneer zone for secondary reinforcement. The calculated FS is 1.684, well 
above the required 1.5, and can be expected to have long-term stability with low maintenance 
costs. If the fiber zone was reinforced with the 0.4 percent fibers, the FS would obviousfy 
increase signifiitfy, but the FS with the 02 percent is fully adequate for secondary 
reinforcement purposes. 

SUMMARY AND CONCLUSIONS 

Short geasynthetic fibers have proven to be very effective in stabilization of &e than 25 slopes 
in the US in recent years. These same fibers have tremendous potential in combination with 
planar reinforcement, for providing a long-term, vim complete soiution to steep dope 
stabirity problems. The example slope analysjs Muded in this paper has indicated that the 
required effective length of the primary planar reinforcement may be reduced when used in 
combination with the fibers, and the planar reinforcement can be eliminated. The 
fiber-reinforced veneer zone can provide fun secondacy reinforcement over the entire zone 
between the primary reinforcement layers, and in many cases may reduce the required length of 
the primary layers. The geotextiie-fibers composite approach can provide project owners with a 
viable, long-term cost-effective sdution for steep slopes, w h i i  previously was not available. 
Additional research, testing, and actual case histories are needed to further refine the 
geotextie-fibers composite sdubion. 
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GEOFISERS~-  FIBER REINFORCEMENT FOR SOIL 
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