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ABSTRACT

In this study, which addresses the technical, economic, and
environmental feasibility of common bank revetment techniques, a
review of existing environmental impact assessment methodologies
and their pertinence to assessment of bank revetment projects has
been presented. This review of assessment procedures along with
visual evaluation of various revetment projects, provided the basis

for the establishment of an assessment procedure to be utflized in

bank revetment projects.
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Alluvial rivers have benefited mankind in a vé.ricty of ways.
Since early times, rivers have been utilized iorv travel and trade.
Frqm their fertile floodplains man has fed and ‘clothed himself.

Rivers were, and still are, major arteries of comrﬁcrce. Early
alluvial rivers provided trade routes which could bé navigated with
little or no improvement. . As cultivation and settlement of the flood-
plains occurred, concern for agricultural,» industrial, a}nd residential
developments evolved. Not only were these concerns occassionally
damaged by flooding, but the meandering rivers were often destroying
productiv.e areas through bank erosion.

| It is de;ireable to minimize bank caving in all rivers since eroded
materials returned to the riverv may form bars that obstruct navigation
or cause .additional bank erosion endangering both public and private
developments, The regulation and control of alluvial rivers requires
" that these water systems be partially stabilized and held to 2 minimum
length consistant ';vith the demands for navigation.

One means of channel stabilization in alluvial rivers incorporatcs
bank revetment whicil may. be defined as any protection which directly
protects the river bank slope by providing a continuous protective
cover, Although bank revetments providc only localized proicction,
they can generally be justified to prevent the undermining qf levees,
the destruction of valuable land, and the deteiioration of natural

channels. Numerous materials have been utilized for revetment type

protection, including: hand-placed or dumped riprap, gravel, portland




.

cement, asphalt, lumber, metal, and vgrious comginalions of thc‘sé_.'
Several major factors play a fole in revetment tcchniq'ue selec-
tion, including: iechnical feasibility, cost, and environ.m‘cntal effects.
Envir;)nmental effects have often emerged as a dec;ding factor since
the implementation of the National Environmental P.olicy Act of 1969

(NEPA). Bank revetment projects now require the preparation of

impact statements since they fall under the guidelines established by
NEPA, Preparation of an impact statement for a bank revetment pro-
ject is noi a simple task. The one major drawback with regard to the
impact a.ssessment of revetment projects is the cost of the environ-
mental study.- Although bank revetments are usually sig;ﬁificantly less
expensive than many major prqject.s (such as the construction of dams
or power plants), bank revetment impact studies require the review of
all the environmental parameters considered in the review of costlier
projec;ts. Cons.céuently,. an assessment procedure must be devised
which simplifies the evallu.ation of bank revetment impact assessments,
thereby reducing the cost of such studies. |
Before such an impz.lct procedure can be developed, visual evalu- A .
ation on various revetment projects must/take place %o develop a basic
undérstanding of the environmor;lal parameters affectod by \;atl*ious H
types of channel stabilization. Possible alternatives which exist with

regard to the development of impact assessment procedures specific '\'

to bank revetment projects include the utilization or revision of an

existing methodology, or the development of a new procedure based on




a review of existing impact assessment methods.
The purpose of this study, which was fundéd by the Louisville
District, U. S. Army Corps of Engineers, was to evalula'tev the various
revetment p‘rocedures currently utilized as to their technical and
economic feasibility and their environmental effects.. An optimum

model for the environmental impact assessment of river bank revet-

'mcnt was also to be established.

-
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BANK REVETMENT TECHNIQUES
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2.1 NEED FOR BANK PROTECTION

L As the bank of rivers are erodible, it is necessary to provide

protective measures to halt this erosion when required. " In the

" absence of defcnces against bank cutting, .settlcmcnt and urbanization
which resulted from the transportation and fertile land'provided by the
river, may be destroyed by direct attack of the water.

Protection of banks along navigable Waterways in the United States
is a form of engineering art rather than an applied science. Bank
stabilizgtion works are generally chosen on the basis of subjective
judgement instead of sound engineering practice. This is"duc in part to
the lack of direction in selection of pank pro.tection fcchni;ues and to o
poor communication bétween responsible engineering agencies, Thé

principle objectives of channel stabilization are a fixation of the bank

to pre\{eni removal of the alluvial soil, and the preservation of develop-

ments thereon.

Various methods have been utilized to, prevént bank erosion along

alluvial rivers, one of these methods being revetment. Revetment _

protection provides for direct continuous 'p‘rotection of the bank surface \i
prevgnting bank cutting. In orde}' t.o best evaluate revetment tebhniques '

three different types of study are necessary. These area; of study i
include: technical feasibility, economic feasibility, and environmental

impact. . : N

The determination of technical feasibility involved the analysis




of six criteria (l): durability, strength, flcxibilify; pei‘meab.il'i.ty .ax'm_(’l
filtering properties, weight and anc}.mrage. and placcmcnf condition and
-methods. While not all of these criteria are di.ser}uablc_ir;'each r.evet-
ment fechnique, each plays a role in determining technical feasibility.

- The economic study.involved assessing the material and in place
cost of each method used in bank revetment. While data was often
unavailable for some methods and there were inconsistancies in units
(lot, yd3, ftz, etc.), every effort w‘as. made to determine the ft2 (mz)
cost of each method after establishing an average depth of placement
for each method.

The environmental analysis of revetment techniqugg, as pre-
sented in Chapter 3, involved the evaluation of a set of established
environm.ental parameters. These parameters, which were est;blished
by an interdisciplinary environmental team from the Louisville District
Corps of Enginéers, include environmental concerns within the eco-
logical and physi;c'al envirc;nments and also aesthetics. While socio-

economic parameters also play an important role in environmental

assessment, they were deleted in this study due to their site dependency.

2.2 RIPRAP REVETMENT TECHNIQUES . )

”,

The conventional stone riprap revetment is the most widely used
bank protection technique. In this study, riprap revetment techniques
included any type of bank protection formed by unconnected pieces of

material. Four types of riprap have been assesed. They include:




.

conventional stone riprap, ceramic riprap, soil .b!e:'cks,' and ihdur;at'cf'd
low- grade rock.® |

Riprap revetment tecimiques are vér')' permeable Qué.to void
space between the unconnected pieces. While a syn.thétic filter blanket,
or layer of dumped grével, is often needed to preveﬁt leaching of the
fines, no infern'al drainage is required. Another desirable featurc of
'fiprap techniques is their ability to settle and fill minor holes and
otherwise adjust themselves to irregularities in the subgrade. The

stability of riprap revetments tend to increase with the size of the

individual pieces, making possible any desired degree of protection.

‘s
.
&

2.2.1 Conventional Stone Riprap

One of the most widely used, and most satisfactory forms of bank
Protection consists of placing a loose rock facing on the bank slope.

. This typﬁ of protection can be either dumped or hand placed depending
on the site conditions and' degree of prote;ction desired. Hand place-
ment tends to provide better gradation.

Much research has gone into the study of more effective means
of bank protection. The effectiveness of a procedure has in general
been found.to increase as the cost increases. However, stone riprap
is one major exception. Due to the availabilit.y of quarried stone in the
Louiaville, Kentucky area, the initial cost of this type revetment rep-

resents a much smaller investment than other methods which meet the

same design requirements.




2.2.2 Ccramic Riprap

There arc two types of commercially availasle ceramic which
could be utilized to fo;'m riprap. These are: v'itrif.ied clay'masonary
‘ units and poreen. These matcrials have the same g_éneral propertics
of conventional riprap including flexibility and permcability but they
are each inherently differént.

Vitrified clay masc;nary units (common clay brick' and tile) have
been found to be too light in weight to provide adequate stability.
Because '_sufficicnt weight is needed in the individual pieces for adecquate
revetment protection, several units would have to be bound together to

‘.

form mats increasing the production cost of this method ,éonsiderably.

Poreen, a cerafnic material \;hich has a higher density and hi'gher
strength than hormal vitrified clay masonary units, could be manu-
factured in sufficient size and with interlocking features to allow units
to be p.laced directly on the slope. While these interlocking features -
provide a good continuous ;:rote ctive cover, some migration of founda-
tion material would probably o;:cur without a filter blanket. ’fhe inter-
locking blocks would have.to be hand plac}d on the bank fo provide the
protection for which they were designed. Poreen could also be fabri-
cated into mats, as were the vitx.-i[ied clay units, ‘ -

The use of ceramic units such as common clay brick-and tile or
poreen would be technically feasible; however, the production costs

associated with this method is excessive and the standards for finished

products are hard to meet.




Another form of ceramic riprap (crude glass'ripr-ap) formed l}y
melting sand is another alternative éo conventiox.xa.l riprap; bgt the
present methods and equipment used in p.ro.duct'ion have .x;tc>.t~been '
adcq'uately tested and proven. This method forms l;alis or blocks of
riprap rather than pla'cing a layer or mat on the ban.k surface. f‘rom
the féw stucﬁcs that have been conducted with gl%ss riprap, it is believed
that it is quite brittle and has the tendency to form shrinkage cracks

which cause it to break apart.

2.2.3 Stabilized Soil Blocks

Consideration has been given to the feasibility of us‘i'ng materials
to stabilize the nat\;ral'soils existing at or near the revetment site and
forming the soil into blocks suitable for use as riprap. Cement, asphalt,
andAchemi‘c.als have been considered as stabilizing agents. |

So.il cement blocks as well as sacks filled with soil cement have
. been used as artificial riin"ap. The norn:lal procedure utilized in making
soil cement consists of.either breaking up hardened soil cement slabs,
or casting individual blocks. The preferred method is casting of indi-
vidual blocks. Soil cement blocks have the lowest material cost of any
type of artifiqiél riprap. Howe vér, more economical construction
methods must be developed. Curing mcthods.. cement contents, dur-
ability, and methods for manufacturing individual pieces should be

reviewed.

Cationic asphalt emulsion in soil stabilized blocks could produce




riprap which is slightly less expensive than soil cement but more
expensive than quarried stone. The thickness oi' the protéction required
for this method, durability, and filter requirements, n.egd' further study
to determine the full economicl fcasibiiity of this méthbd. Asphalt- 3
sulfur hot mix blocks are some what more e'x'pensivé‘, but they offcr
a shorter cooling time and ease of handling. Ra‘w material costs
are rather high in this method. Asphalt stabilized soil blocks are
flexible when new, whose properties g;ives them the tendency to mold
to one another. This tendency to bind together prov:idés added resistance
to erosion and increases the filtering properties.

Chemically stabilized soil blocks have been researched a great

deal within the past 30 to 40 years. Some of the various agents harden l

very quickly, which eliminates the problem of storage. However, there

is no known chemical which will provide adequate strength in soil blocks

at 2 competitive price.

‘ 2.2.4 Rock Induration

Rock induration is simply the stabilization of weak, low quality
rock which has insufficient strength and durability to be used as riprap.
Methods of rock induration include surface coatings, elcctro-chemical
stabilization, and thermal stabilization. These methods do not appear
technically feasible because the standards for finished products are

too hard to ac'ﬁieve. There have been very few recent developments

in this aréa and the expénse of thése methods do not warrant further




consideration of their use for bank protection.

et s 2 e s

Sandbags have been utilized spﬁringly as a type of riprap pro-
tection, but usually only in emergency situations when no 6ther material

was available. No information as to their cost or technical feasibility

‘was available. : . : 4

L 2,3 MATTRESS TECHNIQUES

Mattress revetment techniques consist of those methods of bank
px:otection which provide a continuous covering for the bank by means |

of an interwoven system of individual components. The components

which are incorporated in the mattress system, may be concrete,
ceramic, asphalt, quarried stone,’ timber, old auto tires, or various
other types of material. The components are usually woven together -,

by means of wire, but cloth is sometimes used both by itself and as

" the bir;ding material for the individual pieces.

The components wl;iéh make up the weight and mass of the matt-
ress system are usually considered rigid. '.The binding materials give
the system its fl'exibility. " Mattress revetments are usually fabricated
in large sections and sunk against the underwater bank. For thp most
part, mattresé revetment applic:ations have been limited to subaqucous

- bank protection. The permeability of a mattress type revetment is
much like that of riprap. The voids between the interconnecting picces

allows for sufficient drainage and in most cases mattresses require

a filter blanket to retain the soil. The strength and durability of a




mattress revetment depends mainly on the material used to fabricatc

the mattress. While mattress revetments are flexible to some degree,

the continuity of this type of revetment limits the ﬂexibilify.someivhat.

The large sections of a mattress revetment usually provide the weight

‘needed to stabilize the system. Constraints in the fabrication of malt-

ress revetments consist of time, labor costs, and lack of availability,

of materials.

2.3.1 Articulated Concrete Mattresses

The ;rticulated concrete mattress (see Figure 2.1) is fabricated
on launching barges from precast units 25- ft. (7.5 m) lon'g and 4 ft,
(1.2 m) wide. These precast units consist of 20 coxhlcret; blocks,
3in. (7.2 cm) thick, 4 ft. (1.2 m) wide, and 14 in. (35.6 cﬁ) long,
connectgd’ t‘ogether by corrosion resistant wirg. The individual blocks

are separated by one inch and have two strands of reinforcing wire

. running their width. The reinforcing wire is continuous in each direc-

tion in order to facilita.te fabrication of the units into a mattress. The
final mattress is approximately 90 ft. (27 m) wide. The fabrication
and launching of the mattress is a continuous operation after each row
of precast units is fastened to thé preceding row. The launching'barge
moves away from the bank to allow most of the row to slide. into the
water making room for fabrication the next extension. This process
is repeated until the desired length of mattress is compl;:'ted. |

The concrete revetment mattress is durable, flexible, permeable,
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and has sufficient strength and weight. The one disadvantage is the "

lack of adequate filtering. The foundation materials have a tendency

to be sucked out through the intricies in the mattress. 'Thi's.method
of protecting the banks is not economically feasible ‘fo_rb all, but the
largest sites. The articulated concrete mattress re.gui‘res the initial
construction of a $4,000, 000 plant to precast the system before it can

be launched.

2.3.2 Ceramic Mattresses

As stated in Section 2. 2.2, the only technically feasible way for
ceramic material to meet the weight requirements of revetment type
protection is to bind the individual units into mats. These fabricated

ceramic mats could be launched just as the articulated concrete matt-

ress was and would have approximately the same properties as the

. concre.te mattré.ss'. The only difference would be in the weights of the
separate system;; The ;:e'ramic mat would be somewhat lighter and
would have the tendency to move when subjéct to severe current action,
The cost of the cerar.nic mattress would be reduced by barge fabrication
and launching, but the co.st would still be slightly higher than quarried

. . 1
stone.

2.3.3 Asphalt Mattresses

"I’he reinforced asphalt mattress (see Figure 2.1) was used

extensively along the lower Mississippi River from 1934 to 1943, In




»

1943, the articulated concrete mattress replaced the ;sphalt matlress
due to the many short comings involved in its fai)ricat_ion and placement.
The asphalt mattress required a specialized and costlylpla.nt for ils
manufacture and placement. The asphalt mattress ;:oﬁld be placed
only when the river was low and currents in excess %;f normal were

‘major problems.

2.3.4 Timber-Mattresses

A x‘mmber of types of timber mattresses have been developed and
utilized to some extent for bank revetment. Timber mattresses have
been known to 'possess long lives, if continually submerged. However,
when they are exposed to the air they deteriorate rapidly: particularly
where they are subjected to intermittent submergence and exposure.

<.The'woven willow mattress (see VFigure 2.1) consisted of willow
“brush woven around willow poles, reinforced with wire and iron rods.
This type of mattress wa's éontructed on barges, launched and sunk
into place with ballast. The woven willow mattress lacked flexibility
and it was so permeable the soil on the banks was washed out through
the strands. /

* The framed willow mattress (see Figure 2.1) was fabricated by
constructing upper and lower frames of timbers and securir-xg willow
p'oles between them. This type of ma;tress was erected on the bank

and when completed floated.and sunk into place by rock ballast. This

type of mattress was found to be durable and was effective if properly




placed.

The willow facine mattress (see Figure 2..1) consisfs of tightly
bound bundles of willows fastened together to form a cor?.ti‘nuous mat.
This method was also constructed on the bank and s'u_n1'< into place.

The mattress is heavy,v and sp;zcial equipment was %eq_uired to fabricate
and place it. Because of the labor involved in this method, it was very
expensive to implement.

The woven lumber mattress is a development of the woven willow
type mattress and was used where lumber could be procured at a rel-

atively low cost,

-y
..

2, 3.5 Synthetic Mattresses

Syn.theti'cs have been used by themselves in individual sheets, and
also to form cloth revetment mattresses which have pockets in which
" concrete or sand could be injected to stabilize and sink the material.
Synthetic materia:._i has th.e ‘greatest potential for economical bank pro-
tection., There are many materials availabie, but nylon has been most
widely used in bank p'»rotec‘tion. Nylon is not resistant to deterioration
from sunlight when used above the low water level. Although acrylics
are more resistant to the sun, tfiey are not as strong as nyloh. It
is believed that synthetics, when used in the form of sand or concrete
filled mattresses, will provide bank protection greater than that of

the articulated concrete mattress in terms of filtering, flexibility,

and anchoring. Reservations have been expressed in the use of a




single layer or synthetic material for bank protection, due to the

anchoring problems and also the effective life of the material.

2.3.6 Other Mattress Tecl{niques

GabiOpS. which are essentially riprap enclosed in a wire basket,
is one method of bank revetment which has recently received much
attention. Gabions cost approximately 50 percent more by volume than
graded riprap. However, evidence shows that a large reduction in
volume can be obtained with gabions because of the bulkiness and their
ability to be used with soil anchors.

Another mattress type revetment method which ha§:-'lbeen found
satisfactory by the Soii Conseryation Service is a net of auto tires
wired tog;:ther and partially filled with concrete. This method is
known to be durable and flexible, and when used in conjunction with a
filter bl'anket pfe\}ents leeching of the fines. Weight can be added in
this method if mc;)‘re stabili.zation is required by simply increasing the

concrete content of the tires.

2.4 MONOLITHIC REVETMENT TECHN{QUES

Monolithic bank revetment‘ techniques involve covex‘ing.t,he slope
with an impermeable layer. The methods described here cover not
only pavement protection techniques such as concrete or asphalt, but
also stabilization of the soil layer itself by means of chemicals or

thermal stabilization,




Monolithic revetment techniques provide a cor‘xtinuing, non fleici.‘blc,
and impermeable protective cove-riné. In most cases, monoljthic pro-
tection has been limited to use on the upper banks (above ﬁormal pool
levels). of streams and rivers, due to the drainage p.roblems it creates.
The impermeable layer tends to cause a buildup of h.ydrostatic pressure
behind the revetment as the water level in the. river or stream drops
and water behind the revetment can not escape. Even though weep holes

are usually provided to reduce the pressures, ruptures often occur,

2.4.1 Soil Cement Paving

Soil cement has proven reliable in earth dam proteé'tion, but
this technique needs further in\{esti.gation to determine if a thinner
protective layer will be effective and economical on a river bank,
One Problem associated with the soil cement is the placement techniques
requir.ed to pro;»:icié reliable protection. Soil cement must be compacted
to provide this pl;étectioz; and after compaétion, it must be undisturbed
for a few days. Another problem that is ini;erent in most paving
revetment techniques; is the rigidity. Soil cement does not have

sufficient flexibility to conform to slight changes in the slope which

may occur after it is placed.

2.4.2 Asphalt Paving

Asphalt has been used to some extent for upper bank paving.

Unlike soil cement, asphalt is more flexible and conforms to minor




changes of the slope. Asphalt can be applied to ‘the bank by ei.tiiér.
spreading or spraying, and various .mixtures have been te'stcc,l as to
their effectiveness.

Asphalt is available in three basic forms; pure asphalt, cut back
asphalt, and asphalt emulsions. Pure asphalt heated above its melting
point and mixed with soil or aggregate is most commonly used for
uncompacted upper bank pavement. Cutback asphalt consist of pure

asphalt dissolved in volatile solvents. Cutback asphalt can be applied

warm or cold to dry aggregate and will harden as the solvent evaporates.

A;phait emulgion is asphalt which has been mixed with water and an
emulsifying agent to form a suspension of‘asphalt globulgé. Emulsions
can be mixed with agregate and.will. harden upon the evaporation of
water,

. Emulsifigd asphalts have an advantage over hot mix asphalts,l
becaus-'e they calx} be used at lower temperatures. They also have an .
advantage over cx;z.-tback a.s;;halts because there are no flammable sol-
vents to evaporate. Asphalt emulsions are. slow to harden though
and they do not adher.e well to the aggrega/te. This adherence problem
has been eliminated though by the development of a cationic asphalt
ému.lsion which adheres well to r:nost mineral aggregate.

Spreading the asphalt has been found to be far less castly than
spraying because of the available equipment. |
Appcarance is one disadvantage to using asphalt in a residentially

developed area. The material does not blend well with the land water




interface, and for the most part has limited its use to undeveloped arcas.
Permeability is another limiting factor in the usc of a_sphallt. No reliable
‘method has been found to providec adcquate drainage and without this

drainage, rupture failure is likely.

2.4.3 Other Monolithic Revctment Tcchniques

Metal sheeting and chemical and thermal stabilization have been
considered for use in bank revetment.. Chemical soil stabilization and
metal shéeting are considered far too costly when compared to other
techniques. The basic material costs of these methods are not likely
to drop, which keep them from being a common means of 50il stabili-
zation. The equipment for thermal stabilization has not éeen refined

to the point where it can provide consistant and reliable results. v

2.5 DISCUSSION OF REVETMENT ALTERNATIVES

Approximately 80 t; 90 percent of the bank protection constructed
by the Corps has been quarried stone with steel or timber drift barriers.
Protection by vegetation is second to stone revetment as the most
utilized means of controlling bank erosion. ;Other methods have
included ch.annel improvement, g:route'd stone or gravel revetments,

.- gravel revetments, asphalt revetments, wooden bulkheads, pile dikes, |
and stone groins. Pile dikes and treated timber bulkheads are suitable

for protecting short lengths of bank where space is minimal. Expcrience

with grouted stone and asphalt revetments indicate that they arc more




-

costly than quarricd stonc and less durable.. Grave.} ‘revetmch'ts are’
suitable for temporary protection oxily, as they -requi?e rép_a.ir after
.every major flood. Maintenance costs for grouted or égpﬁalt revet-
ments have been found to be h‘igher than for quarrie.cl sfone because

rigid revetments do not adjust to damage as well as quarried stone

does. For streams with large drainage areas (25-50 square miles),

satisfactory bank protection has been obtained by simple slope reduc-
tion but this requires expensive land ;cquisition.

The methods now under consideration for bank protection by the
Louisville District, U. S. Army Corps of Engineers include: the con-
ventional stone riprap revetment; gabions; a net of auto tires wired
together; partially filled with concrete; concrete mats si;nilar to those
used on tl.xe lower Mississippi; spoiling dredged soil against banks and
planting trees to contain the soil; filter cloth Fov_ered with bedding
material (gradéd étone), then covered with chain link fence or wire mats
held in place by ;i:eel poéts’; channel cutoffs to relieve cutting tendencies
in bends; sheet piling and rock placed in front of the piling (114).

(0}3 thcsevmetho‘ds, oialy two seem unfeasible and these could be
used in remote emcrgency cases. The use of concrete mats would
require construction of a $4, 000",000 plant necar each site.maicing it
economically unfeasible at all but the largcst sites. Chann.ol cutoffs
would require tremendous amounts of both tixhe and money and would

probably have adverse environmental effects. There have also becen

some reservations expressed as to the effectiveness of filter cloth




covered with bedding material,

Some nonstructural mecasures now;v being considered by the
Louisville District to control slope erosion include: p'u‘blié"_nc;ticc- to
barge lines to avoid problem areas; purchase of add'i.tion.axl land in the
vicinity of navigation projects; aerial photo inspectién to evaluate cav-
ing problems; and changes in the operation of tainter. gates to relieve
forges on caving banks at navigation projects.

All of the previously discussed methods under consideration for
use in bank revetment by the Corps .are quite adequate. As previously
stated, approximately 80 to 90 percent of the bank protection constructed
in the Louisville District has been done with quarried stone. Because

h
of its permanence and low cost in relation to other mater’ials. quarried
stone seer.ns the obvious choice for future revetments. It seems in
lieu of this fact that the most economical approach to slope protection
would be finding a"strong economical replacement for the standard

quarried stone revetment. - Available replacements for quarried stone

include so0il cement blocks, asphalt soil blocks, crude glass riprap,

and ceramic riprap. Economic and durability studies should be focused ' 4

at evaluating each artificial riprap methd{. Of the methods dis;:ussed
earlier in this report, most are still only in experiméntal, sta;gcs and
are not 'applic‘ablc to the specific problems of the Louisville Di'strict.
Their applications have been limited to specific problems a;xd a com-

plete evaluation of the function of a specific type of revetment is not

possible. Economic analysés of various revetment techniques pre-

S,




sented in Tables 2-1, 2-2, and 2-3 are incomplete and approximate.
In place and material costs were. estimated as close as avéi_lable

information allowed.
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CHAPTER 3 ¢
: EVALUATION OF ENVIRONMENTAL '
IMPACTS OF BANK REVETMENT
i
1
g
29




3.1 PURPOSE AND REQUIREMENTS OF EVA LUA'i"ION PROCEDURE

In order to select a method for evaluating the. environmental im-

pact of a bank revetment project, it was necessary to .de'te rvr'nine which
"environmental parameters would be beneficially or détrimentally_
affected by bank revetment procedures. Deterr;mination of both specific
and general environmental parameters impacted in bank revetment pro-
jects was accomplished by field reconnaissance and visual evaluations
of various revetment projects in the Louisville District of the U. S.
Army C_c'rps of Engineers. In addition to visual evaluations, various
| Environmental Impact Statements pertaining to bank revetment projects

were consul.ted to determine the impact evaluation s.ystem:s presently
. in use, what parameters were utilized in each impact evaluation,‘ and

the environmental impact on each parameter. Both field surveys and

literature reviews of various Environmental Impact Statements on bank

- revetment projects were ,important in determining those parameters
to be discussed in an environmental assessment of bank revetment.
The field survey was also useful in evaluating long term environmental
effects, long term reliability of specific yvetment techniques, and
long term maintenance and upgra;ding costs,

The field evaluation program was initiated with an e.nvironmental

impact assessment matrix developed by the Louisville District Corps
of Engineers (see Figure 3.1) as the basis for the evaluation. Due to

time and monetary constraints, it was impossible to rate all parameters




ENVIRONMENTAL IMPACT ASSESSMENT MATRIX

*5
+4
)
)
“
)
-1
2
-3
-
-5
RED FLAG

POSITIVE ENVIRONMENTAL QUALITY

REGATIVE ENVIRONMENTAL QUALITY

UNIQUENESS (zd)
KAN-MACE 00JECTS (20)
SPATIAL COMPOSITION (20)
PHYSICAL FACTORS (40)

CULTURAL FEATURES (30)
TRANSPORTATION (30)
RECREATION (30)

HISTORY {30)

ARCHAEOLOGY (30)
£CONOMIC DEVELOPMENT (50)
LAND USE (50)

HOISE LEVELS (50)
GEOLOGY (50)
HYDRCLOGY (50)

AIR QUALITY (75)
LAKD QUALITY (75)
WATER QUALITY (100)

TERRESTRIAL FAUNA (65)
AQUATIC. FAUKA (65)
TERRESTRIAL FLORA (60)
AQUATIC FLORA (60)

/

AESTHETICS (109)

SOC10-ECONOAIC FACTORS (250)

3.1

PHYSICAL EMVIRONMENTIAS
Fig.

QUALITY (400)

ERVIRQUMENT {250)

ECOLOGICAL
Environmental Assessment Matrix - Louisville District Corp of Ingineers




in the matrix i. e. water quality, aquatic flora, etc. Therefore, indi-

vidual evaluations involved only those parameters which could be

visually evaluated, required short personal interviews, or neccssitated

- .

research of the literature. Included in each projec£ report.. together
with a discussion and evaluation of various environn.}en_tal parameters,
was the history of the project and the geographic setting of the revet-
ment site.
The following is a basic outline .Of each field project report:
I. Project History
A. Causes of erosion

B. Authority for starting project

*y

C. Description of work
D. Mpnetary expense
II. Geographic Setting

A. Location with respect to various landmarks

B. De‘scriptio.n'of surrounding terrain
III. Environmental Qualities of the Project Area’

A. Ecological énvironment
1. Terrestrial flora (general description)

B. Physical environment
1. Land quality (visual evaluation)
2. Hydrology-flow in relation to reveted bank
3.. Geology

a. soil description




b. soil properties
c. structural fegt'ures
C. Socio-economic factors (general'des'cripti.oﬁ).
1. Land use

2. Economic developments

3. Archaeology sites (if present)

4, Historical sites (if present)

5. Recreational uses (i‘f present)

6. Transportation facilities (if present)
a, water facilities

b. 1land facilities

- -
.

D. Aesthetics
1. Aesthetic characteristics of the area
2. Aesthetic characteristics of revetment in
relation tp land . water interface
Iv. Environmenta{ Impact of the Project
A. Null alternative - what would occur
(effects on each environmental parameter)
B. Project implemented - what has occured since
| the implementatio';n of the project (effects on
each environmental parameter)
Each project was evaluated as c;bjectively as possible. Although
any system utilized to evaluate and compare environmen;al im;;acts

is subjective to some extent. As much factual information as possible,

% emdei it e




.

(including personal interviews) was utilized to form the basisof . -

opinions.

3.2 NEWBURGH BANK REVETMENT

Project History

| The C'orp's of Engineers was directed firs.t by .the 1970 Flood
Control Act and later by the 1974 Water Resources Development Act
as part of the new Newburgh Lock and Dam project, to complete bank
re.vetment work along approximately 1.1 mi. (1.8 krﬁ.) of the Ohio
River at Newburgh, Indiana to protect public and private facilities
endangered by caving b#nks. The remedial work on this ;revetment
began in Tuly, 1957' at a federal cost of $18, 200. Additic;nal work
performed in May, 1970 was limited to locations where Corps of
Engineer§ .inspections indicated bank conditions were most cx;itical.

This Ma;y, 1970 work required the full use of the $50, 000 monetary

- limit allocated. The pro'je'ct as it now stands as completed in April,

1974 at a federal cost of approximately $1, 700,000 and involved the
acquisition of la;ad. slight slope reduction, the placing of a dumped
gravel filter blanket, and the final placefnent of a 2 ft. (0.6 m. ) thick-
ness of 150 lb's. (68 kg.) maximum weight limestonc ;::omprising
approximatel>y 37,500 yd. 3 (28, 500 1n. 3) (see.Figure 3.2). ’

The revetment design took into account both seasonal and per-

manent changes in Ohio River pool level at Newburgh, The scasonal

pool changes at Newburgh are caused by alternate periods of flooding
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and drought, A permalnent increase in pool level at Ncwbur.'gb-has .
resulted because of the two new dams recently Eonstructe‘d, upstrca..m
. (Newburgh Lock and Dam) and downstrcam (Urrionfown' Lock and Dam)
from the revetment site. The predominate cause o‘f,_e'rosion in this
area has been the concentration of flow released to\.naxjd thé project
area from Dam 47 during periods of high water. Another contributing
factor t6 erosion problems in the project area is the turbulenc;a caused
by tow boats locking through Dam 47. These conditions have been
remedied by the removal of Lock aﬁd Dam 47, and the rerouting of

v

the tows to a new channel, which has been dredged in midstream.

‘.

.
L]

Geographic Setting

Th'e gife of the revetment project is located on the north (Indiana)
bank of tbe Ohio River at the town of Newburgh, in Warrick County,
Indiana, just dbwhstrean_u from the existing Lock and Dam 47 and the
new Newburgh L;q.ck and Dam under construction (see Figure 3. 3).
The terrain of the surrounding area ranges from level to steeply
sloping. The bottonr.l lands near the Ohio River are relatively level. ' .
The area near the river valley contains some hills which are dissected

by many tributary streams of the Ohio River. . ¥

Environmental Qualities of the Project Area

Ecolegical . . '

The project site contains terrestrial vegetation ranging from a

few large, scattered trees dotting the upper bank to a dense brush and
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grass cover at the head and toe of the revetment. S'incé the p.r.c;jet.:t}.s.
completion in April, 1974, the revet.ment area has cxperio;:ncgd some
vegetative growth thréugh the voids in the ripra.p. "The rei‘ative newncss
of the revetment, the inability for vegetation to take hold il;l such a
short time period, and the fluctuating water levels have left the lower

portion of the bank almost'void of vegetation.

PhZSical

The soil at the project site consists of a thick heavy layer of

silt depos.ited over glacial alluvium at depths below 5-6 ft, (1.5-1, 8 m).
These soil materials along the riverbank are deep and tyﬁically well
drained. The surface soils which formed in loess are unstable when
wet and are susceptible to high degree of erosion. During construction
a.ctiv‘ities, loess is cut on a vertical slope to prevent erosion by su‘r-

" face r\'moff and é'eiceding fiood waters, but. the vertical slopes at
Newburgh were ﬁndesirabl.e an'd are still sﬁsceptible to erosion from

wave and current action and receding flood waters. A physical barrier

to water action was a necessity at Newbuyh.

Socio-Economic 1

The land area located between Water Street and the river consists
of gradually sloping river bank. Only a small portion of land located
at thec downstream and/or toe of the revetment is used for residential

purposes. The north side of Water Street at the upstream end or head
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of the revetme‘nt‘is commercialized. App.rog(ima'tcl'y two blc;c}cs» in ;.his
area are lined with retail businesses s;xch as reétaur;nts,' antique sl;ops.
gift shops, and other similar businesses. Those builc.li.ngs' ‘alxt.thc head

of the revetment are in a poor'state of repair. The'd.owrhxstream cend of
the revetment area to the north of Water Street is lined witfx private
‘residential homes. Many of these structures are re.storations of the
.e:arly Newburgh riverfront settlements and some are still being re-
habilitated.

Mt;ch of the economic growth in Newburgh has occured within the
past fifteen years. While much of the northern portion of the Newburgh
area is still rural farmland, the southern portion has the appearance

:
of a modern suburbia with many new .subdivisions, a few!-small shopping

centers, and all of the other conveniences of modern living. The

central business district of Newburgh lies approximately one block

north of the revetment sif:e. This area is a collection of many older
.reétored homes from a former river settlement. Many of these
dwellings are still private homes, but some have been converted into
business establishments, A substantial population in Newburgh occured
in the carly 1960's, because of its proxixéty to Evansville, Indiana

and the ex;.>anding job market there. Although Newburgh is of a rural
nafure it had adequate transportation arteries to provide for ﬂ"liS
érowth. The Newburgh area itself ha:s very little industria.lization

other than the new Alcoa plant located just upstream from the p.n-oject.

The history of the area lies mainly in the restored old rivertown

B
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homes and their heritages. Most of these homes are located withih a’
few blocks of the revetment site, Récreation is quite limited but there
are many boating enthusiasts who use th_e'wabLirgh- waterfront for

pleas"ure boating and skiing. Transportation which was directly effected

by the project's implementation includes, Water Street which runs along

the top of the reveted slope and its side arteries which extend back one
block to the main highway (state route 662_). Water Street was in danger

of caving if the project had not been implemented.
Aesthetics

Rennovation and restoration of many of the older strl:Ucturcs in
the Newburgh riverfront area has greatly increased the aesthetic

character of the area. The entire riverfront area has been enhanced

by a return to the original river town atmosphere.

e

Environmental Impact of ,ihe Project

Null Alternative

The consequences of the null alternative or 'letting nature take
its course’ instead of following through with the riprap revetment at
Newburgh would have resulted in"many detrimental long term impli-

.

cations. There would have been continued erosion of the river bank
if no protective measures were taken. Instability of the slope would

have endangered persons in the area using the bank as a recreational,

residential, or commercial area. The socio-economic impact of river




bank failure would have been detrimental because of the dcstrfuvé.tidn'éf
a revitalized area which includes commercial estéblishments. as well

as a number of homes of considerable age and value. Continued '

ok Besia

colla.pse of the river bank would have'represenlcd severe degredation
“of t}_xe land along the ﬁewburgh shore. There wQuld-..a;lso have be"en the
poss.ibil’ity c;f sévere buildups of sedimentation i.n thé stream, deposits
in the main channel restricting flow and river traffic in the area.
There would have been direct destruction of vegetation in the project
area if the bank was continually allowed to collapse. .Lack of bank
protection would have caused aesthetic degredation of the entire
riverfront area at Newbﬁrgh. Although th;are would_B‘e no’ economic

loss to the town of New'burgh due to construction costs, there would be

! severe economic losses if the bank had continued to erode.

- Project '-Implemented

. M k:

The use of riprap has virtually eliminated the erosional problem

in the project area. Although the revetment has increased the land

use potential in the riverfront area, no new developments have taken

place. The riprap has made the project site more visually appealing

. !
from both the land and the water viewpoints,

-

Although the revetment itself is not aesthetically pleasing in the

sense that the natural surroundings are invaded by foreign material,

the revetment is more aesthetically pleasing than an eroded shoreline.

| The bank.now offers a féeling of security and future stabiliiy.




o

The cultural and social interests impacted by' this project, such
as the rehabilitated residential homes and bUSin‘es'ses'alorig‘ Water
Strget, have all received th_e benefit of both economic alqd ‘persona'l
security. The river is no longer endangering the pixys&cal and mental
well being of resAidents in the area. This project is..also beneficial to
those who are involved in community development, in that planning
can be undertaken with some degree of assurance of future conditions.

Since the revetment has decreased the friction at the land water
interface, which in turn increases velocity, there is a possibility of
further e;'osion down stream from the project area. The use of riprap
is an added pl'us in this respect since it has voids which help to dissipate

.

energy.

3.3 CANNELTON BANK REVETMENT

~Projéct History

The Corps :(_;f Engix.leérs completed approximately 5, 290 ft.
(1590 m. ) of riprap bank revetment in 1967'in conjunction with the con-
struction of thé Canr;elton Lock and Dam. This revetment was con-
structed to protect the bank adjacent to the locking facilities from
erosional problems caused by tu‘rbulence and wave action-fro.m boats
locking through the dam. All of the land involved in this revetment
project was acquired under provisions involved in the construction of

the lock and dam. The cost of the Cannelton revetment was approxi-

mately $315, 700 and involved cutting the slope back to 2:1 and placing




a dumped gravel filter blanket, and apﬁroximatcly 45,100 yd. -3~(.34', 280 m
of a 2 ft. (.6 m.) thickness of 150, 3 (68kg.) maximum wcight limcstone

‘over the filter.

Geogi-aphic Sctting

The Cannelton revetment project is located on the north (Indiana)

bank of the Ohio River at both the upstream and downstream entrances

to the Cannelton Locks in Perry County, Indiana (see Figure 3,4). The
locks ar;e approximately 2 miles upstream from the Lincoln Trail Toll
Bridge which crosses the Ohio River between Cannelton, Indiana and
Hawesville, Kentucky. Most of the area adjacent to the Iz;:i-oject site
consists of steeply sloping knobs with some exposed vertical cliffs.
Though most of the terrain in the area is relatively high. The a;',ea
aloné the.river bank is fairly level, but still well above the river's
normal pool elevation. There are several streams which empty into
the Ohio River in close préximityAto the revetment site, cutting through

the knobs in the immediate area.

Environmental Qualities of the Project A/cé

Ecological !

The revetment site is nearly void of vegetation except for a few

instances of tall grass which have grown through the voids in the rip-

rap. The lack of vegetation at the site can possibly be accounted for

because of the recent placement of the riprap, fluctuating water levels,
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and wave action caused by boats locking through _the. dam, extremcly -

close to the reveéted area.

Phxsical

The soil at the site consists of déep, well drained silt loam
‘deposited o(zer mixed alluvium at depths below 5 ft. (1.5 m). The
-éubsoil has good stability and is easily compacted when.it is used for
embankment purposes. The subsoil also has a low permeability and
good reéistance to piping failures when compacted. Unlike the subsoil,
the substratum has poor stability and compaction potential, modecrate
permeability, and poor resistance to piping. The potenti;al for erosion
in this area was siénificant, due to the permeability and 'Weak shearing
resistance of the soil, eddy currents from barges, and fluctuations
in water levels. A revetment was needed in this instance which would
dissipaté the energy of the waves and also allow drainage. This revet-
ment would need to resist bnderrﬁining a's well as blow out from

internal buildup of hydrostatic pressure.

Socio-Economic / :

Land' use in the project aréa is devoted mainly to woodlands and
the location of U. S. Highway 66 which runs aiong the Indiana 'shore
within 100 yards of the reveted bank.. The revetment was specifically
designed to protect this main southern Indiana transportation artery

from failure by undermining. Just north of the dan1 site the Corps of




Engincers has constructed an observation center and park on the rock
bluff overlooking the dam. There is also a radio transmission tower
located on this knob. There are no homes on the Indiana shore within

0.5 mi. (0.8 km.) of the project.
Aesthetics

This revetment has very little effect on the aesthetic values of
the immediate area. Though the riprap is protecting the bank from
erosion and blends well with the surrounding environment, there is a

minimal amount of people who come in direct visual contact with the

revetment, ! _ )

Environmental Impact of the Project }

Null Alternative

The environmental effects c_>f the null alternative at Cannelton

would invoke many detrime;ntal involvements other than just the erosion
of the bank itself. Erosion would deter vegetation within close prox-
imity of the eroded area. The quality ofl;qd would be detrimentally
impacted because it would no longér be suitable for any purpose.

' i
River hydrology would be unchanged and uninhlibited if no measures
were taken to retard the flow directed at the bank. Geology, another
.physical factor, would also be endang.ered if the bank were left to

erode indifinitely. Both the soil and structural features would be

eventually destroyed.




The land use potential of the immediate area would be minimal
if the bank were ‘left unprotected. The economié development of the
area would also be negatively effccted if the null alte rnﬁtix)e, were’
implemented. Continued eros'ion of the bank would é,ventually result
in the channel having to be dredged, which would slow river traffic
and transpoftation of marketable goods. There would be little or no
effect on history in the area if this alternative were chqsen, because
there are no significant historical landmarks in the area. Recreation
itself would be only slightly impacted by channel degradation. Recrea-
tion activities in the project area are related primarily to the Qhio
River. Although the eroded bank would be aesthetically u"nsightly
under the null a]ter.nati've, the river's recreational char;cteristics
would be .uneffected by aesthetic degradation. The transportation
facilities 'would be the most endangered element of the socio-economic
environment. U S. Highway 66 which runs parallel to the Ohio River,
passes within oné: hundred yards ;>f the.r;vetment. This transportation
artery connects many towns all along the Ohio River in southwestern
Indiana. There are .no significant cultural features in the area which
would be effected by the null alternative.

Aesthetically the erosion of the bank would be disp\easing, but

only a minimal number of pcople come into direct visual contact with

the site.




Project Implemented

The revetment appears to i'lave eliminated potenltial pi-o'blen}s in
the pr?ject area. Little vegetative growth has occured in t};e revetcd
area to date, however, the land environm.ent is stable. The river
flow directed at the bank in the project area has been eounteracted
by the use of a riprap revetment which lends itself to a more stable
physical environment. The geological quaiities of the area are no
longer in any danger of water action.

Land use potential in the immmediate area has increased but at
the present time there are no new developments in the area other
than Corp projects. Economic development has had little: impact

from stabilization of the bank at the dam site. The dam itself, though,

is a major influence on economic growth of the entire river system.

~ No historical sites have been destroyed or protected by the stabilization

of the ;'iver banks. Thourgb the dam has increased the recreational
uses of the river;' the bank revetment ie not solely responsible for
this increased use, | ‘The transportation artery which runs parallel to
the reveted bank has received needed prq/ection from the riprap revet-
ment which benefits the entire ax_‘ee by making it more accessible.
There are no significant cultural impacts resulting from ;he imple-
mentation of this project.

Aesthically the revetment has made the site more visually
appealing than an eroded bank. Although the materials used in the

revetment invade the uniformity of the natural surroundings, the

-




reveted bank offers a settled or stable fecling.

I

3.4 BRAZIL BANK REVETMENT

Project History

The Brazil Indiana Waterworks Reservoir rev‘gtment was .com-
pletéd in 1932 with funds from the Works Proje;:t Administration, a
federal agency set up during the depression to create jo'bs. The type
of revetment u‘tilized at Brazil is a system of flat rectangular vetrified
ciay tiles embedded in the bank. Before the reservoir was converted
for use.a.s a water supply facility, it had been a sand and gravel pit,
The reservoixl has since been abandoned as a water_ supply source,
when it was found that much of the ¢ity's wastewater was‘ fed directly
into it. The reservoir is now used as an emergency water source and

swimming.

Geographic Setting

The revetment project is located on the southern edge of the

former water works reservoir just east of state Highway 340 in ' j

western Brazil, Indiana (Figure 3.5). Brazil is approximately 60

miles west of Indianapolis on . 's. Highway 40. The surrounding

terrain is relatively level except where strip mines have cut into the
landscape. Brazil is a small town of approximately 8, 500 people in
a predominate coal mining.region in west central Indiana. The area

|
is dotted with small farms, strip mines, and brick kilns. !ij

|

|
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Environmental Qualities of the Project Area

Ecological

The Brazil revetment site has a .variety of térrestria;i vegetation.

including many types and sizes of trees, scattered b}\xsh ranging in

' density, and grass. The revetment itself has éxperiehced extensive

_ vegetative growth (both trees and grass cover) within and around the
spacing between the clay tiles. Reasons for significant vegetative
growth within the revetment are the slight water level fluctuations
which occur in the reservoir, and the age of the revetment. These
small variances in water level allow the flora more time to become
rooted, thereby making them more effective against inunéation and

wave action.

thsical

The soil at the Brazil revetment site consists of a silt loam
alluvium deposited over layers of sa;ld and gravel. This soil possesses
moderate permeability, and is deep and well drainea. This type soil
is not normally eroded in an embankment/setting, unless the water
level extends over the reservoir banks and suddenly drops, or if

) .

water remains on top of the embankment without draining off. -

Socio-Economic

.Land on the southern side of the reservoir where the revetment

project is sited is lined with private residential homes directly adjacent

[PERSENTIR
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to the reservoir. Many homes here are rather large and elegant f)i-é

World War I era. The one house on the northern cdge of the reservoir,
which faces the revetment, is a small farm house in a poor state of

repair and could be considered an eyesore. There is a east-west

FIFEPOINS WSy

public road disecting i:he reservoir. The reveted pt.)rtion of the bank
lies in the v.vest.ern sector of this division, The reservoir itself is in
poor shape of maintenance, with old tircs and debris littering the area.
The old pumping house is now being used for an asphalt batch plant,
which also adds to the dissonance of the reservoir with the surrounding

area,

o

Aesthetics . !

Homes along state Highway 340, adjacent to the revetment, are

in good repair, many having been restored to their original turn of the
century ‘condition.. The atmosphere of the entire area has been added
to by the upkeep and restoration of all the homes both old and new in

this area.

Environmental Impact of the Project J/

Null Alternative

The null alternative at Brazil would have had unfavorable effects
on land and people in the immediate area, as well as people who used
the water supply before the revetment was completed. Erosion would

have destroyed a significant portion of the vegetative growth in the
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project area. The quality of the land would have be'er'\ physically and’
economically degraded making it unfit for resid(.ential or a'g;iculmral
use. The hydrology of the _reservoir itself would have .b'ele‘n- unchanged,
by not altering the flow. | The ‘soil on the bank thoug-h, Awouk-l eventually
have filled the reservoir, thereby eliminating tﬁe us;.e of the reservoir
as a Wate:" supply facility.

Further development of land in the area would have been inhibited
by letting the reservoir stabilize itsel'f. The owners of previously devel-
oped land would be insecure and thé owners of undeveloped land would
not want to risk their money on further development in the project area.

The economic development of the entire area would have been in
jeopardy if the bank were left to erode, because the city !'would event-

. . )
ually have been forced to find a new water supply facility before fgrther

growth could occur. The unprotected bank would have little effect on
the area's history because most of the development here occurred just

prior to the time of the revetment. The erosion of the bank would not

have effected recreational development in the project area. Trans-
portation facilities v;ould have been uneffected by further erosion
because the roads bordering the revetment are either far enough away
for it to have no effect, or not in the path of the eroding bank.
Aesthetically, the erosion would not have been in ha rmony with
the surrounding environment either physically or emotionally. The
degradation of the area would have had detrimental effec.ts on tl;e lives

of people in the immediate area, as well as outsiders who considered




this area as a potential home.

Project Implemcnted

- The clay tile revetment has eliminated any fu'rgher. erosion in the
reservoir. The revetment has also preserved and enhanced the vege-
tative growth at the site. The site has vegetation bo'th through and
iro.und the revetment and the earth colored tiles blend well with the
surroundings.

The land development at the site has since been completed, but the
banks are now stable and protected. The flow in the reservoir has been
altered but no further erosion was created by diverting the flow from

:
this one bank. The ceasing of the soil erosion has created a stable
physical environment,

Land use potential was increased when the reservoir was stabi-
lized in'.l'932, but'knowledge of the development sequence was unobtain-
able. Economic development potential was also increased with the
stabilizing of the water supply source. No historical points were
either preserved or destroyed by this bank revetment. The stabilizing
of the water supply reservoir bank enablé the preservation of the
swimming.hole created when the reservoir was moved to a differcnt
location. The transportation facilities of the area have been \;x1cffcc(ed
Sy the revetment, )

Aesthically, the revetment is more physically and emotio.nally

pleasing than an eroded bank, though the materials uséd in the




——
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revetment are foreign to the natural setting, The revetment nhow gives

the property owners at the site a sense of security.

3.5 NEW HARMONY BRIDGE BANK REVETMENT.

'_ Project History

‘The New Harmony Bridge Bank Stabilizat.ion Project dates back
between 1941 and 1955, when the White County Illinois Eridge Com-
mission acquired the bridge. Large expenditures were made during
this period by both local interests and federal goverﬁment to maintain
this important river crossing. Remedial work at the New Harmony
Bridvge consisted of émérgency riprap revetment on the INinois bank
at the west apprqaéh to the bridge to arrest and prevent’further bank

caving which would endanger the bridge foundation. This remedial

work was accomplished at a total cost of $257, 000 of which $120, 000

was suﬁplied by the federal government and $137, 000 was supplied by
the Bridge Commission.. Furthe-r work .at the New Harmony Bridge
started in July, 1957 with the construction of a cutoff channel. This
channel was dcs.igned to decrease the velocity and the amount of water
directed at the bridge structure, which léd since destroyed thg’ pre-
vious revetm;:nt work. The cutdff channcl was compictcd in February,
1958 at a cost of approximately $298, 000 whiéh was borne by the
Federal Government. The remaining work at New Harmony was com-

pleted in 1971 at an estimated cost of $1,061, 000 of which $962, 000

was provided by the United States and $99, 000 by local interests.




~ land.

This final phase of the project consisted of enlargc;’ncni of thé'éxié[i_hg
cutoff channel, riprap revetment on'the west bank of the \&ide.ned
channel, and the building of a dike at the north 'end. of thé Q'l-d channel.
The dike was intended to slow' the channel velocity L'o. t'he point where
only seepage would oécur-through the dike, to keep .thc, retired channel
active with the environment. The enlargement and revetment pf the
existing cutoff also decrcased the velocity downstream which could
possibly prevent future erosional p'rol;lems. Future work at the New
Harmony Bridge will consist of periodic obse.rvation to insure perman-
ence of the initial measures and any further stabilization work necessary.

.
L)

Geographic Sctting ’

t

The revetment project is located on the western bank of the
Wabash River at and above the New Harmony Bridge in Posey County,
‘Indiana and Whité County, Illinois (see Figure 3.6). The bridge carries
U. S. Highway 46;0, an i;niyortant east-west traffic route in the federal
highway system. This bridge across the Wabash River provides the
only highway crossing of i;he river for a distance of 70 river miles
(113 km) below Mount Carmel, Illinois. The terrain of the entire arca

\ :
on both the Indiana and Illinois banks consists of nearly level bottom-

Environmental Qualities of the Project Site

Ecological
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The island on which the revetment work i; located is cc;\lrc.:'rc.d'..
with a dense forest of trees and ~bru'.sh. The only 'parts‘ ofi the island
not overgrown include the access road through the ‘c.:ente,r of the i.sland,
the eastern edge of the island which was ¢leared for channel enlarge-
ment and revetment, and the revetment itself. These areas have not :
been covered by vegetation as yet because of the recent placcmcnt of
the revetment and channel widening, and the time required for vege-

tative growth. The area through the old channel itself is lined with

trees and is almost inaccessible due to the dense brush cover on both

the island and the old river bank,

~

Physical

The.a soil at the site consists of a thick heavy layer of silt loam
to light silt clay deposited over alluvium. The soils are deep, weli
'drainec'i and modf:rately permeable. When used on embankments the
subsoil possesse; good s;al.aility. When compacted, the subsoil also
has a low permeability on compaction and gc;od resistance to piping.
The substratum is ur'15tab1.e when compacted and has poor resistance
to piping. Erosional tendencies were quite a problem here because

1

of the soil properties, the swift current in the river, and fluctuating

water levels.

Socio- Economic

Land use in the vicinity of the revetment is composed entirely




of farmland on the Illinois side of the river with a few active and
inactive oil wells dotting the landsqa'pe. On the Indiana side of the

river a bascball park is located just north of the bridge and-a boat

it ansinlioi

ramp is located just south of it

The entire town of New Harmony, Indiana derives much of its

ST —

"income from the tourist trade. New Harmony is an old Rappite :
.;:ommunal settlement with many of the former buildings restored to
their original condition. Many small shops selling handmade goods
and antiéues are scattered throughout the town.

Recreational uses of the area consist of boating, hunting, and 3

various other.recreational activities associated with the park located
just north of the Indiana approach to 'the bridge and the b'oat launch
just south of the bridge. The island created by the cutoff channel is
a large source of game and many duck blinds are located along the
Ilinois bank. _

.Transportation sys.te'ms played a major role in the development
of this bank stabilization project. With U, S Highway 460 serving
traffic crossing the Wabash River for a distance of 70 river mi.

(113 km) below Mount Carmel, it was necessary that this river crossing

. . . i .
be sccured to insure economic growth of the surrounding arca.
Aesthetics

Rehabilitation of many old Rappite settlement structures has

increased the acsthetic character of the area. The town has taken
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E on the atmosphere of the former settlement -both physically and

emotionally, The quict slow pace of an carlier time is still present,

Environmental Impact of the Project

Null Alternative

The effect of no direct intervention at the New Harmony UBridge
site would have many unfavorable consequences. Continued erosion of

the bank would have inhibited any terrestrial vegetation on the effected

bank and would also have jeopardized any vegetation in the immediate
area. T};e land quality would have been adversely effected because of
the soil erosi;)n and cffects the erosion would have had on further land
quality and development. River hyérology would not have been changed, ' 1

if no alteration occurred in the flow itself. Geology of the project area

would have been placed in danger if no alteration of stream flow ha..d
~ taken i)lace and erosion had continued.

The potentiél uses.of' the land effected by no action at the site,
would have been far reaching and detriment'a.l. Though most of the land
effected by the proje'ct is of an agricultural nature and already lies
within the flood plain of the Wabash River. The null alternative could
possible have caused total washilng away of this land and left.tl’me popu-
lation with no land, or land unfit and unsafe for any use. The continued
erosion of the land and the bridge structure could have led to a slow-

down or complcte destruction of the economic growth of the area

because not only the land would be unuseful, but the increased
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economics of transporting materials by another route would have led
people away from the area. The tourist trade in New Harmony would

also have suffered because people would no 1onger nced to pass tlirough

this city when crossing the Wabash River. Recreational facilities

e ——

would have been endangcred if no action were taken to alleviate the
’ caving banks. Most of the recreational facilities lie within the rcach

" of the river and boating, hunting, and park facilities would have been

PR bvrinbn ol o aiing

eliminated if erosion had continued. Transportation would have been

the majc;r Socio- Economic factors effected by continued erosion.
H.ighway is a major factor in both physical and economic growth of
the area. Th;a cultural features of the present or past in.ii’abitants
would have been in little danger if no action was taken to halt the
erosion, other than the degradation of land and its associated uses
along the river banks.

The aesthetics of the area would have been only slightly degraded

in that most of the aesthetic character of the area is associated with

the town of New Harmony, and its rehabilitz;tion and the town is not close
enough to the project itself to be directly effected. The aesthetic
character and uniformity of the river bank and bridge structure would
have been .severly degraded and t‘his would have eventually led to

degradation of the town itself.

-Project Implemented

The revetment project has minimized the erosional hazards and




the concurrent problems at the New Harmony Bridge Pi‘ojcct?éi.fc.. '.'

The vegetative growth in the area is nearly stable exccpt on land that

has continuous water level fluctuations, The flow previously directed
at the bridge structure has been channelized away and the old channel
filled with impervious material to help stabilize the physical and

“ecological environment of ‘the retired channel. The quality of the land

"and the geology of the area is no longer in danger of water action other
than the periodic seasonal flooding of the land unprotected by levels.
Land use of the area has neither increased nor decreased since

the stabilization project, but the protection of the bridge between

Indiana and Illinois could have some long term benefits on the potential
land uses which have not yet surfaced in the area. Economic develop-

ment of the area has neither increased or decreased since the project's

implementation but the stabilization of economic growth more than

. ma.kes.-up for the loss that would have incurred had no steps becn taken
to eliminate erosion. Nc.> historical points have been directly effccted
by the project, but the indirect protection tc.o the town of New Harmony
in the way of security has provided historic and personal protection.
Though the project was implemented after tl"1e completion of recrcational
facilities j.ust above and below thze east approach to the bridge (Indiana
side), and the project itself is not protecting these locations, the
revetment has increased the recreational uses of the Illinois bank.

The project is protecting game and at the samec time providing a

hunting arca for local sportsmen. The protection of transportation




in the area (U. S. High'way 460) has also rcgulted in a posit.iv.e' imp.act
on many other environmental factors, such as tl.xe- benefits by economic
development and land use, By protecting the transport.atibn ;ystcm. thf:
area's lifeline, the potential of land use, .and econo.mi;: development
have both been beneficially impacted.

Aesthetically, the riprap revetment has invaded the natural
' éetting of the area but the aesthetic appeal of .an eroded' bank is much
less than that of a protected bank even if the material is foreign to
the site. The aesthetic character of the town has been indire ctly

protected in that people now feel more secure in knowing that their

economic future is protected.

3.6 ROCKPORT BANK REVETMENT

Projeét History

The Rockport, Indiana bank revetment project provided for the _
repair and prot;ction of a 'segment of caving bank which was endanger-
ing a city street lying between a rock bluff and the Ohio River. After
receiving the assurance of local cooperation from the Rockport,
Indiana city officials, the project was undertaken by the Corp of
Engineers'. The project was corl'npleted in 1960 at a fedcral cost of
$25, 900, and involved the placing of a 9 in. (23 cm) gravel filter
Blé.nket and final placement of an 18 in. (46 c¢m) thickness of dumped

| riprap over a length of 1400 ft. (420 m). In 1969 the city of Rc;ckport

again requested assistance for repair of an adjacent segment of caving




bank which is endangering the same city street. A repc;rt on this new
work was prepared in 1970 and is still under review. The main rcason
for the erosion hazard at Rockport is the concentration of flow directed

at the bank from a large bend in the Ohio River just upstream from

" Rockport.

Geographic Setting

The Rockport revetment project is located on the north (Indiana)
bank of the Ohio River at the City of Rockport, in Spencer County,
In_diana'(s.ee Figure 3. 7). Rockport lies in the Newburgh pool between
the n.ewly constructed Newburgh and Cannélton Dams: T};e terrain of
the surrounding area ranges from s.teeply sloping hills to nearly level
bottomland. The area at the revetment site is on a steep siope and

much of the development in the area lies on a steep sandstone rock

. bluff which overlooks the.project site. The areas just upstream and

. downstream from the revetment both lie in the flat level bottom lands

of the Ohio River,

Environmental Qualities of the Project A)/ea

Ecological .

The Rockport revetment site has extensive terrestrial vegetation
ranging from a few scattered trees on both the upper and lower banks
to a dense tall grass cover on the upper bank, and scattered grass

cover in patches throughout the remaining portion of the revetment,

e e -
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Many of the trecs on the lower bank have their roots exposed.duc to
undermining of the soil in this area. The revetment has qun in place

a sufficient amount of time for the vegetation in the arca to-become

rooted, thereby contributing to the stability of the slope.

thsicé.l

The soil at the project site consists of a very steep silt loam
which generally occupies the short bluffs between the nearly level
alluvial soil and gentle slopes. The surface soils which have formed
in loess ére unstable when wet and are susceptible to high rate of
runoff which i.s a definite erosion hazard. The silt loam at the site is
approximately 3 ft. (.9 m) thick and overlies a thick healvy silty
material which is deep and well draiﬁed. The permeability of the
s0il made the use of a permeable revetment necessary because of the
' dra.wd;>Wn, which occurs when there is a sudden drop in water level.

This sudden drop in water level causes a pressure buildup behind an

impermeable revetment which could result in a rupture.

Socio- Economic / :

Lanti between the city stre‘et and the river affected by ex:osion
at the project site consists of a steep sloping river bank. A small
i)ortion of land downstream from the revetment is used for residential
purposes. There are four-cottages located on the upper level river

bank, approximately one block downstream from the project site,




M : —
On the west side of the street, which paréli?ls tbc ;l"evetmcﬁt,. is a.'. .
stecp sandstone rock bluff with carved ;tcps ext'cr)dirl\-g to a protectec; : ]
vhollowcd overlook. This rock bluff is the setting for 'a' p'a'r‘}:< 'com.
memorating the first settlement of Réckport. Thcfg is .a.lso a Lincoln
: Memori;l marker at the downstream end of the rev,étment,- commemor-

ating the Lincoln Heritage Trail.

The city of Rockport is rather small and scenic with most of the

city being situated on top of a knob which overlooks the river valley.

Some homes are located on the bluff which overlooks the city. The

historical sites effected by the erosion of the bank include the first
&

settlement site of Rockport, and the Lincoln Heritage Trail. Both

]
of these sites are imr_hediately adjacent to the projcct site. . ;'

Recreation in the project area consists of the use of the park
directly across from the revetment and the river itself, There are

no other sites in the immediate area which are directly affected by

-

.

‘erosion potential, .
The only transpc;rtation facility affected by the project is the
street which runs parallel to the revetment between the rock bluff
and the river. This is not an artery of r(ajor concern other th_an the
fact that the street provides access to the park. The houses at t'hc
downstrcam end of the revetment would be accessible from tvu;o other

side streets if this street were removed.




g Aesthetics B o | . SRR |

The preservation of the park and the Lincoln Trail is in keeping
with.thé aésthetic character of the natural river 'settix_lg.. Aithéugh
the revetment has been accon:xplished wit}.'n dumped s;rap concret'e
fi.ll‘rath_er than stone riprap, the setting at the riv_er'frc.mt is still quite
scenic, The area could have been given a more pleasing appearance

by the use of a uniform and consistant means of revetment.

Environmental Impact of the Project

Null Al.te rnative

'y
.

. . 4
The null alternative at Rockport would have impacted on a long

term basis, many parameters previously discussed. Continued erc;sion
of the bank would have voided any vegetation previox;lsly growing there

- and woﬁ;lci have detered any further vegetative growth as a result of
the unstable condi.tions. «f'I:he quality of land in terms of appecarance
and soil properties would have been degraded to éhe point where it
would no longer.be usable. River flow, though left in its natural
state, would continue the destruction of tﬂe land unless it was
inhibited by physical means. The geology of the area would ch:ahge
congiderably if erosion continued over an extended period of time.
The sandstone rock bluff opposite the river bank would be attacked

by the erosional forces of the river. The bluff consists of a loosely

cemented, easily weathered sandstone and shows extensive signs of




wear. This bluff is actually part of the knob on which the city of

Rockport stands.

The socio-economic impact of bank collapse would have been

detrimental in both long and short term effects on land use, economic

development, history, recreation, and tran'spox;tatic.?n in the immediate
vicinity of the now reveted area. Land use potential would have been 1
decreased due to appearance, safety features, soil properties, and
agricultural capabilities of the crodeci land, Economic development
would have decreased in the immediate area for much the samc reasons
land potential would be expected to decrease. The risk involved in
developing this unprotected land would have increased as erosion
continued. The history of the i.mmediate vivinity would ﬁave deteriated
with furt};er erosion, because of the destruction of the first settlcment - ;

site’ of Rockport and the Lincoln Heritage Trail. The history of Rockport

in general wouid have been endangered if erosion were allowed to con-
tinue. The i'ecrcze;ational.uées of the park opposite the revetment would
have been destroyed if no changes were made in haulting erosion. A
minor transportation. facil.ity (the street paralleling the revetment and
the river) would have been destroyed if no protective measures arc
taken to deter erosion, l

- Continued instability of the bank would have caused continued

degradation to the aesthetic characteristics of the vicinity, in that

the ecological, physical, and socio-economic environments would

have been physically damaged. The damage accrued by the environment




in the project area would have becn discordant with t_he‘qualit'.i'c's o'f'_'

the adjacent unaffected areas.

Project Implemented

hydrologic system.

The riprap revetment project implemented at Rockport has

" virtually eliminated the erosion resulting from the flow of the Ohio

' River directed at the bank opposite the city street. Though the vege-

tative growth associated with the reveted area has not increased
tremenéously since the placement of riprap, the environment has
been stabilized to the extent that vegetative growth adjacent to, and
incorporated in the revetment has been preserved. The iand quality
in the immediate vicin'ity of the revefment has not improved since the

use of the riprap stabilization techniques, but the land quality has

. been stabilized through revetment.

This means there is a better land quality now that the revetment
is complete, 'tban if no act'ion had been taken and erosion we re allowed
to continue. The geology of the area, in the sense of soils along the
river banks and the adjacent associated rogk, has been preserved
by the use of a physical means of retaining the bank. River flow,
associate(i with the reveted a.real has been checked by the use of
riprap stabilization procedures, but this pose.s little effect on the

‘Land use potential in the area of the revetment has increased

slightly since the implementation of the project. The revetment has




caused no new devclopx;ncnts along the banks of the ‘Ohio Ri\‘/e;;"but.- .
land for potential devclopment exists anc.l is pro.tectcd from erosion..
Econorpic development in the vicinity has also not incréas'ed since
the project was realized, but again tl;ere,exists pot.e,xifial for develop-
" ment associated with the now stable physical cnviro-nnjent. The.
revetment procedure has preserved the histori.ca.l points of interest -
in the area immediately adjacent to the prpject sitec and has also
preserved the general historic nature of Rockport, by eliminating
future erosion in the area. Recreational uses of the >park and the
river are still evident and are further enhanced by the stabilization of
tl.me land. Tr#nsportati&n in the area, (the city street wh:‘;ch parallels
the project) is protected from further damage by the sta;ailization of
the bank.

Th(? aesthetic character of the immediate area has been enhanced
“in th;a'.sense that it is now protected and secure from erosion. The
type of protectic-)n that was used though is not physically ‘appealing in
that it has no continuity with the natural surroundings and it is not
uniform or cons.istant. The revetment was supposedly done in lime-

stone riprap, but it appears that the con(actor incorporated some

scrap concrete fill along with the limestone.

3.7 CLOVERPORT BANK REVETMENT

Projcct History

Annual fluctuations of the Ohio River have caused erosion of




the bank at Clovcrport, Kentucky. This localized e‘rosi’on of the
Cloverport bank was cndangering api)roximately'600 ft-. (180 m) of
U. S. Highway 60. The work done on this projcct was i)ég.un undeTr
authority of Section 14 of the Flood Control Act of 1946, which pro-
vides for the construction of emcrgency bank protecition works to
'prevent flood damage to highways, bridge approaches, and other
.bublic works. The project, when completed in August, 1973 at a
federal cost o£.$l9, 600, involved the filling and shaping of the natural
bank, th;a placing of a dumped gravel filter blanket, and the final
placemen{: of an 18 in. (46 cm) thickness or 26 1b. (11. 7 kg) maximum
weight limestc;ne comprising some 1,400 tons (1,270 mg) .and extending
325 ft. (98 m). The Cloverport revetment project was d;:signed to
withstand water level fluctuations caused by flooding, and the building
of the new Cannelton Dam approximately 9 mi. (14. 5 km) downstream

“which caused a rise in pool level at Cloverport.

Geographic Setting

The Cloverport revetment site lies approximately 25 ft. (7.5 m)
north of U, S. Highway 60 where the highway parallels the Ohio River
as it passes through the city of dlove rport (sce Figure 3.8). Clover-
port's terrain ranges from steep slopes to fairly level plair_:s. The
area just west of the city is steep and' hilly. The city itself has some

variance in elevation but generally lies on a level portion of the river

terrace. The river bank from the revetment site continuing downstream
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to a local sand and gravel pit is fairly stecp,. and there is no terracing

of the slope. Upstrcam {rom the rp(rctmcnt site the slope at the land

water intcrface is stcep, but the land appears terraced.

Environmental Qualitics of the Project Area

Ecological

The area in the immediate vicinity of the bank stabilization pro-
ject possesses a variety of vegetative covers, bult most of the arca has
a short grass covering. Both east and west of the protected bank, there
is tall wil.d grass and a few small trees at the perimeter of the stone
protection. 'I:here has been no vegetative growth on the réevetment
itself since its completion in August, 1973. This lack of cover on the
reveted area can be attributed to the recent placement of the stone pro-

tection and the fluctuations in water level at the site.
Physical : .

The soil at the project site is a deep well drained silt loam
deposiled over thick unconsolidated alluvial stream deposits. These
soils are unstable when subjcct.ed to water and provide very liltle
resistance to erosion. These soils are quite permcable and have a
tendency to retain water, which further increcases their crqsiun
ﬁazard. The permeability of the soil’ at the project site necessitated
a soil stabilization method which provided drainage to relicve hydo-

static pressure buildup, and still maintained good erosion resistance.




Socio-Economic

The land between the highv(ray and the rivgr is composed mainly
of a steep sloping river bank. The area Lo the eé.si.or u‘pst';'cam cnd
of the revetment along the lower terrace 6{ the rivert contains a small
roadside park. North of the revetment is U. S; Highw'ay 60 along
which is located well pres.erved older homes in addition to relatively
new modern homes. At the turnin U. S. Highway 60, directly opposite
the reveted area, is a gas station which is the only commercial develop-
ment in close proximity to the project.

Transportation protection was the basic reason for‘the Cloverport
bank stabilization project. U. S. H.ighway 60 which pass;s with 25 ft.
of the project is a major artery in the federal highway system, serving
both central and western Kentucky. Highway 60 extends from lLouisville,
_ Kéntugky'and serves all of the cities westward along the Ohio River
until it. reaches ‘Cairo, Ilii.xxois. This major transportation iacility
had to be protect;d to insure safe and aLdequate transportation, as
well as continued e"conomi.c growth of the entire state along the reaches

of the Ohio River, /
Aesthetics

The preservation of older homes in the area of the Cloverport
revetment, as well as the newer modern structures, has preserved
the Aesthetic.character of the immediate areca. The area is now more

secure and visually pleasing than the eroded bank.




r—

Environmental Impact of the Project

Null Alternative °

Continued erosion of the river bank at Clovéréort Wou'l.d have
induced many serious problems associgtea with the p;'cvisouly related
_enviropﬁqental qualities. No effort to halt erosivon would have resulted
in the destruction of all vegetation in the immediate area of the bank
collapse, endangered any vegetation in the surx;ounding area, and

hindered any further growth due to unstable conditions. The land

quality at the site would have been destroyed if erosion were not

halted. The soil properties, if erosion had occured, would have been

‘.
.

significantly altered, making the land unusable. River flow patterns

would not have been altered by letting nature take its course. The
initial erosional problems were caused by water level fluctuations.
Land use in the vicinity of the revetment would have been neg-
atively affected by.furthe;’ land degradation, because most of the land
was previously deveioped before e.rosion occured and these develop-
ments would be in danger. Economic development Qould have received
a set back if erosion continued, not only i/p’the immediate area,.but
also in all areas served by U. s.ll-.lighway 60 because of its great
importance to the transportation industry of central and w.estern
Kentucky. Recreation could possibly have been damaged if erosion
‘continued in this area, not only because of possible damage to th-

park upstream from the eroded bank, but also because of possible




-

damage to the recreation potential of the river. '_Tr'ansportation would

have bornec the impact on socio-economic due to the possible failure

of U. S. Highway 60, which would have necessitated its rebuilding to

insure adcquate transportation facilities for the arcé:.

The aesthetic impact of doing nothing to d,eter.erosion would
"have been damaging to the physical environment as v;/ell as the
'émo_tions of the residents in the project area. The eroded bank would
have presented a discordant picture because of th.c discontinuily with

the surrounding environment,

Project Implemented

¢
The revetment while eliminating the erosion at Clo;/erport, has ;

also contained the damages incurred by the environmental qualities

of the area. The vegetation in the area of the project now has a stable i

environment in wh'ich to grow even though vegetative growth has not

occured on the revetment to date ‘(1975). . The land quality, while not

actually improving, has stabilized and is better now than if no changes

were made, The flow of the river has not been noticable altered by

e

the riprap revetment, . /

La.nd. use has not been appreciably increased by'th‘e bank
stabilization methods used because most of the land around thc. sile
i's either steep sloping river bank or was previously developed. I.and
development has been stabilized by halting erosion. Economic ;icvelop-

ment has not noticably increased in the area because of bank revetment,




-

but the intangible effect on this socio-cconomic factor would only. be ’

realized if the bank eroded.

Recreational uses of the area have likewise not grown at any

significant rate because of the incrcased stability, however, the

potential for futurc use is evident, Transportation facilities in the

area have shown no increascd use but by creating a stable physical

on aeersacaca

environment the bencfits of transportation will be realized in time by
the incrcased economic development and land use of areas served by
U; S. Highway 60,

'fh<=: aesthetic benefits register immediately, bul are often taken
for granted. .The area flow has a stable ch\rironmegt; sefured physically
by the riprap, and emotionally by the sense of well beiné reccived by
the residents of the area. The reveted bank, though foreién to the
surroundjngs, has more appeal than an eroded slope. The u;;e of rip-

rap has caused an accumulation of debris on the lower portion of the .

bank due to water fluctuations and the debris in the river.

3.8 COOPER LEVEE BANK REVETMENT

Project History /

The Coc;per Levee bank st;bilization is a project undcr?aken by
local interests to stabilize a portion of levee under attack by water
action. Cooper Levee ilself is an addendum to Levee Unit - 5, which
is a Corp of Engineers project located along the Wabash River'in

Gibson and Poséy Counties, Indiana. The stabilization method used




.

at Cooper Levee involved the random placement of old car bodies and

various other junked objects., The carbodies were appareht_ly rolled

haphazardly off the stecp river bank. The age of the revetment is

unknown, but the cars have collected large amounts of sediments and

'somec are nearly covered.

Geographic Setting

The Cooper Levee rcvetment sit.e is located on the Indiana bank
of the Wabash River in Gibson County, Indiana. The >revetment site
is approximately 5 miles north of Griffin, Indiana at the Schuh Bend of
the Wabash River (see Figure 3.9), The terrain of the area is nearly
all bottomland well within the flood plain of the river. Ti'ie only
variances in elevation occur at streams where the land ele;ration;'

drop and the levees where elevations increase.

" Environmental Qualities of the Project Area

Ecological

The projeét area possesses terrestrial vegetation along the bank
in the area of the revetment. The vegetation on the bank includes both
large and small trees and tall grzass. The top of Cooper Levee is v
lined with trees. Some of the trees closer to the river have exposcd

roots duc to the undermining of the slope.
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Physical

The soil at the site is a dcep,j well ‘drainled :;ilt lloam. overlying
consolidated sand and gravel deposits. | The silt io:;,m topsc;il is not
normally affected by overflow because of 'its elevatig;) above the flats,
but it is easily groded when subjected to floodiﬁg and river currents.
.’.I‘his soil type is light in weight and is usually found nearer a channel
thax; heavier soil. This light weight and nearness to channel currents

add to erosion potential.

Socio- Economic

]

Land around the levee is generally considered agriéuitural
although there are many dry and operational oil well scattered

throughout surrounding fields. Just opposite the revetment is an old

dilapAidatA:e'd farmhouse which is still occupied. There is a hand pump

for water less than 10 ft..’(3 m) from the.edge of the river., This
house is the only residence within ont.e mile of the car body revetment.

The economic development of the area consists mainly of farm-
ing and oil well operations. There are n%ublic or private com-
mercial facilities affected by thel p.rotection of the levee.

There are no historical sites in the area of the proj.ect and
recreational uses of the river in the area by anyone, but canocists is
limited because of the swift currents, and rapids just downstream of

the project area. There are no transportation facilitics affected by

the project other than the dirt roads to the oil pumping facilities, but




these roads are not close enough to the bank collapse‘to' be conside rcd

in danger,
Acsthetics

The aesthetic character of the area lies only in the natural

'picturé of the river and the scenic beauty of the undeveloped land.

"This picture is marred by the oil wells and the revetment with its

old car bodies.

Environmental Impact of the Project

Null Alternative

A
.
4

The environmental impact of not placing the old car bodies to
protect Cooper Levee from eroding would have many major and minor
. effects on the local enviroament. The effect onthe vegetative growth
’ along thé river bank would have been negative because of the unstable
bank conditions and the ix;aBility f;)r vegetation to exist albng the

eroded bank. Continued erosion would have jeopardized more vege-

tation as the slope failure moved inland. The quality of land would

R

have been degraded if no protective measures were taken, bccause

: |
the land would no longer be fit for any vseful purpose. River hydrology

|
!
!

would have been unaltered by the null alternative, however,, the cffects
on the physical environment would have been more severe than the
effects on other environmental qualities if flow were altered by a

physical barrier. If the levee continued to erode the soil properties




and the agricultural potential of the land behind the levec would be ..'
ruined.

Land use and economic developmer;t ‘;/oula ‘definitely suffer .if no
reme:dial action were taken, The agricultural users:as well as the oil
companies would have to move from the land if no flo.od protection was

'providAed.

The aesthetics of the car bodies dumped into the river, and the
oil wells scattered throughout the area are not very pleasing. However,
the erod.ed bank would be even less appealing in both a physical and
emotional sense. The levee would be eventually destroyed, leaving

‘.

the land unprotected. ¢

Project Implemented

. The dumping of the old car bodies has minimized erosional
hazzards and associated detrimental environmental impact at the
project site. While halti.ng. the land erosion the car bodies have also
been collecting sediments which is adding more land for vegetative
growth. Land quality has not increased since the revetment but. the
land used for agricultural purposes have been stabilized. Though
river flow.has been altered by th1e use of these sediment collection
traps, the positive impacts of stabilizing the }:;hysical environment far
e.xceeds possible damages to the ecol.ogical environment and ae;thetics.

Land use and economic development of the area has remained

constant gsince the action to halt erosion was taken. The land users




and developers are now more secure cha‘usé of_thc stai)ility ofthe ia;nd
in the project area. History, recre;tion, and trahspor_tation,features
of the area have been unchanged by the imp.lcméntat?on or this re\;et_
ment:

] ' The aesthetic character of the natural environment has been

severely degraded by use of the old car bodies to complete this revet-

ment. The project is totally discordaint with the natural qualities and

has no place, even though the revetment is not under public scrutiny.

3.9 EAGLE CREEK DAM REVETMENT

Project History : .

v
The Eagle Creek revetment is not actually a revetment in the .

sense that revetments are protective measures used to halt; previous
,erosion. .'I:he stabilization at Eagle Creek Dam is actually a pre-

' ventative meaﬁure-incorporated in the ini'tial construction of the dam

. to deter erosion. The dam'with stabilization measures was completed
in 1969. The stabilizat.ion technique utilized on the dam face was a
soil cement mixture consisting ;)f a 9 to 1 soil-cement ratio. The
placement of the soil cement was accomplished by rolling the mixture
out in layers 9.5 ft. (2.9 m) widei, .5 ft. (.2 m) high as the eartﬁ fill
was rolled to increase the height of the dam (see Figure 3,10), The
soil cement extends approximately 17 ft. from top to boitom on 2

45 degree slope, 5 ft. (1.5 m) of which is covered by water during

normal pbol. The revetment runs the entire length of the dam face,
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4,200 ft. (1260 m), and has a thickness of approximately 2.5 ft, (. 75 m).
The planni;lg for the dam was initiated follovizing'diastrqus floods
on Eagle Creek in 1956, 1957, and 1958, The fese'rvoir_ is"operaied

for flood control, pollution abatement, and water supply.

Gcographic Setting

The dam is located about ten miles. north-west of the center of
Indianapolis, Indiana in line with 38th Stireet extended to Eagle Creek
(see Fig'ure 3.11). It will be located a few hundred feet above where
Interstate No. 74 crosses Eagle Creek. The flood control reservoir
extends upstream to above Traders Point, a distance of géproximately
8 mi. (13 km) above the dam. The I#nd in the immediate vicinity of
the dam ranges from nearly level on the eastern edge of the reservoir
_to a steep. slope on the western side. The land all along the shore of
the reservoir is severely.eroded because of water level fluctuations

which develop when control'ling floodwaters.

Environmental Qualities of the Project Area

Ecological / ’

: 1
The vegetative growth at the reservoir is quite variable both up

and down stream from the dam. The vegetation on the dam face itself

is thick regularly kept grass cover from the high water mark on the

dam face to the top of the dam. There is no vegetation on the soil

cement slope. The soil cement is impermeable and has the consistency
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of rock. Vegetative growth along the shore of the rescrvoir is usually

limited due to the erosion continually taking place-in the area.

Physical

The soil on the protected slope is not of a uniform naturc because
of its withdrawal from many soil types of the sﬁrrounding area. The.
soils in the dam are well compacted due to placement cgmpacting tech-
niques and overburden pressure. The compaction has decreased the
permeability of the soil in the dam to only minimal amounts. The
soil cement is used to protect the dam face from erosion as well as

maintain the impermeability of the soil. - L Y

T e s

Socio- Economic

The' e;,ntire Eagle Creek Reservoir area is in the initia1>stage's of
'hOUSi;lé development. qut of the homes in the area ﬁave been com-
. pleted since work on the .re'servoi;- project began. The new homes,
as well as the old, could be considered exclusive full time residences.
There is a small airport just northeast of the dam which will handle
small planes. On the eastern edge of the reveted area there is a naval
avionics testiﬁg arca. The entire reservoir area is a game preserve
and no hunting is permitted. Most of the developed arcas a_t Eagle
Creek are some distance from the erosion occuring around the
rescrvoir perimeter and appear in little danger at the present.

The historical points of interests in the arca of the dam are the

R



R S I A -

4

— - -+ uiniR RSt outiama s . ol L =

two Eli Lilly Mansions on the downstream side of t};c_dalm. These '.'
homes are now occupied by the parké superintcn'da'nt of Indi;napolis
and the manager of Eagle Crcek Rescrvoir. |

Recreational uses of the area rely heavily on”the. reservoir for
boating, fishing, 'and various other water related ac.t.iv';ties. There
are also park and picnic facilities throughout Fhe area for public use.

Transportation facilities in the immediate area consist of a road
which runs along the crest of the dam and Interstate 74, which crosses
Eagle Creek a few hundred feet downstream from the dam. These are
important. facilities not only from a transportation viewpoint, but also
for economic reasons. Interstate 74 provides transportafion for all

of central Indiana and the road crossing the dam is a useful access to

all points within the park.

Aesthetic'

The aesthetic characier of the area takes into account many of
the environmental qualities. The natural beauty of the reservoir,
dam, and the park, along with the historical sites and various economic

developments make the area a pleasing aesthetic picture.

i

Environmental Impact of the Projcct

Null Alternative

The environmental impact of not preventing the ecrosion on the

face of the dam would have many detrimental effects., The erosion




would not onlyidamage the environmental qualitics of the immediate’
area, but also of the area which .dcpénds on the .rcser.voir.fqr flood
control, water supply, and pollution abatement. -Erosion of the dam
face would have little effect on the vegetation on thcv dam itself, but
long term erosion could damage the structure of tlle'.dafm. This could

adversely affect vegetative growth downstream. The land quality of

the lower reaches of Eagle Creek would be in danger if the reservoir

were not contained and flooding eliminated. If the dam face had no
physical protective barrier there would be no resistance to water level
fluctuatio;xs and water currents caused by storms.

The lané use and economic development both around the reservoir
and downstream along Eagle ijeek would be in danger if the dam were
undermin;:d. ‘While the land downstream would be in continual danger

of flooding and erosion, the developments around the reservoir would

’ be in d.anger ofAbe‘ing left without the use of the reservoir and its
scenic beauty. &‘he scen‘ic' beauty was specifically the reason behind
developing this area.

The history anél traﬁsportation factors associated with this area
would be unaffected by erosion at the face of the dam,

" Recreation facilitics associated with Eagle Creek Resc.rvoir
would be rendered uscless if the dam face werc eroded to the point
where the dam no longer held water,

The aesthetic character of the reservoir and the surrounding

area would be ruined if nothing was done to prevent undermining.




The natural beauty of the arca would be eventually left straﬁdgd wi't.hout
the aesthetic character and qualities of the water which make the sit;
‘more visually appealing ané more markctable.
Before erosion damaged' the structure of the (.iam, thereby causing

detrimental impacts to the area which depends on the resec r;roir for flood
control, water supply, and pollution abatement, remedial mecasures
'\:would be most likely initiated to prevent the full impact of the null
alternative being felt. Thesc measures would be beneficial to parameters
of the ec;ological, physical, and socio-economic environment as well

as to aesthetics. Though now more difficult to install than if done as

part of the initial project, these remedial measures would considerably

increase the cost.of maintaining the dam and reservoir.

Project Implemented

The use of soil cement on the dam face has ended the erosion
ilazard and with it many he’gative effects on the environmental qualitics
of the area. The soil cement stabilization technique has changed all
the environmental factors associated with the site; increasing their
value in most cases. The one factor whiéx was not increased by the
soil cemer;t stabilization method'was the vegetation at the site. Though
the project is prolecting vegetation above the water level of the reservoir,

vegetation cannot grow on or through the revetment itself. The soil

cement has no voids and has the consistance of concrete.

" - AT . 9 : I“Il'i - -
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The land around the perimecter of the reservoir is still subjcct’'to

the crosional hazards associated with water level fluctuations within the

reservoir. Land quality downstream from the dam site is protecied

from flooding through the sta.l:;ilization of the dam féc'eA. The funda-
mental reason for the development of the rcscr‘voir..wa‘s to protect
land along Eagle Creek from floodwaters. Thec hydrology of the
reservoir though altered has not been changed enough b}' the imple-
mentation of the soil cement dam face to damage the hydrologic flow
pattern. Geology of the area has been significantly protected down-
stream {from the dam. Now no further damage will occur to lands
previously subject to flood damage before the dam was cahstructed.
Land use in the area has .not increased specifically;' because of
the stabi{ization of the dam face. Land use and economic development
have incr_eased due to the dam itself and the soil cement stabilization
technique plays' a role in stabilizing the dam. History of the area has
.received some p;-;otectiox': from the revetment in that the two Eli Lilly
Mansions behind the dam are indirectly protected by the impermecable
dam face. Reﬁreati;n in the area also benefited significantly from
the building of the dam and reservoir development. Again the stabili-
zation technique utilized on the dam face is indirectly protec.ting this
important environmental resource. Transportation in the area is not
positively effected by the stabilization of the dam because therc would
actually be little effect on transportation in the immediat.e area.if the

dam were not protected,




The major impact affccted by the stabilization of the dam is the
aesthctic character of the reservoir itsclf and all of the environmental
‘qualities related to the reservoir, including historic sites, -economic

development, and recreational land. All these factors are indirectly

made more aesthetically appealing by the st'abiliza.ti.on'of the dam and
thereby the stabilization of the reservoir. The aesthetic appearance-

of the dam face itself in relation to the land water interface is quite

natural. The soil cement has the app(;arahcc of natural soil both in
cc.>lor and slope retention. This type of stabilization ﬁethod requires'
less maintenance than the conventional riprap stabilization in that
there is no.weeding or (iebris cleanup required. The' soil’cement
with no apparent voids does not allow vegetation to grow and the

relatively smooth slope and surface of soil cement permits debris to

recede as the water level does. This type of stabilization (soil-cement)

could possibly be utilized for other purposes such as boat ramps or

roads, further increasing it environmental suitability,

3.10 MOUNT VERNON BANK REVETMENT

Project History /

The Mox.mt Vernon, Indiana bank revetment is being placed in
conjunction with the building of a new river port, the South\yind Maratime
Centre. This project is being developed by the Indiana Port Commission,
The ﬁank erosiion' control measures at the site are now c;mplcte, but

the project itself is still in its initial stages. A dumped ri.prap technique




‘terrain and vegetation.

was utilized at the site and involved the placing of a.n 'initial dumped’
gravel filter blanket and the final pléccment of 2.50 1b. (11'3.kg) maximum
weight litnestone. The revetment work is a safetypre;:g.u’tion to pre-
vent d'etrimcnta.l wave and current action associateé .,w‘ith large cargo
boats, barges, and the river itself, and from destréying the land.

The riprap is intended to provide protection from the construc?ion

barges during the construction phase of the port, and will also prevent

erosion from the river traffic after the port is in use.

Geographic Setting

The Southwind Maratime Centre is located approxirhately 1.2 mi.

. (1.9 km) southeast of the central business district of Mount Vernon,

Indiana along the north (Indiana) bank of the Ohio River (see Figure 3. 12).
The port was constructed around a natural river inlet. Before con-
struction began on the po,ft, the land in the area was flat fertile river

bottom farmland. Most of the surrounding area is flat agricultural
land. Since work on the port began, much 'filling and grading has taken

Place to raise the elevation of the land around the opening to the port.

This filling and grading has removed all traces of the former natural

Environmental Qualities of the Project Area

Ecological

The land at the port affected by the riprap stabilization is void
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of natural vegetation at the prescnt time.- The area will be sceded
aftecr completion of the entire projcét, including the r_ipraj)pcd banks.
Vegetation along the banks will provide more complele protcctior{

P

from erosion.

thsical

Due to the tremendous amount of filling and grading at the site,
the soil is not homogeneous in type_or properties. The soils at the
port are well compacted and have only slight permeability due to the
high degree of compaction. Riprap is used as a stabilization measure

to prevent erosion and not to prevent water infiltration. |

Socio- Economic

The land area around the new port development is devoted mainly
to agric;'ulture.. The Mount Vernon Municipal Airport is located just
outside the noru;‘.\.vest co.rn'er of the proj;aét site, There are only a few
homes in the immediate vicinity of the new port, most of which are
widely scattered fa.r'm hou.ses.

Recreational uses of the area are associated mainly with the
Ohio River. The river is used for all types of water 'relatedA recreation,
Transportation affected by the port include bath water and land facilities.
The Ohio River which passes the port will réceive both the benefits
and the losses associated with increased river traffic. The ro.ad which

parallels the river and runs past the north perimeter of the new port




will also receive increased traffic because of the new jobs created and

the transportation of goods to and from the port,
Aesthetics

The aesthetic character of the area lies basically in the rural
nature of Mount Vernon and the surrounding countryside. The small
town of Mount Vernon is enhanced by small specialty shops, vast

expanses of farmlénd, and casual atmosphere of the entire area.

Environmental Impact of the Project

Null Alternative

.t

The environmental impacts resulling from not preventing erosion
at the Southwind Maratime Centre would include many long range
detrimental effects on the ecological, physical, and socio-economic

characteristics of the area. There would be no effect on vegetation

growth at the project site at the present if no preventative action were
taken, because there is no vegetation that is under attack. The land
quality at the site would be severely effected by erosion in that the

land would be unsuitable for future vegetative growth if there was no

1

action taken to halt erosion. The hydrology of the area would be

unaltered by the null alternative, however, the land would be subject
to continual surface and subsurface water currents if the existing
flow pattern was not changed.

The land use in the area of the port facilitics would be eventually




destroyed both physically and in terms of safety if erosion went unaltered.
If bank collapse did occur remedial mcasures to halt the erosion would

most likely take placé. These remedial measures would involve revet-

ment of the bank to prevent further erosion and possfble dredging of

the channel if the erosion was severe. In the long run the null alterna.

tive would increase the cost of the project by'necessitating secondary 3
! stabilization of the bank and dredging of the channel. Remedial
measures to halt erosion would be necessé.ry to prevent damage to
e;:onomic developments present due to the implemenfation of the port'
p‘rojecf. ‘ The remedial measures would glso prevent degradation of
other environmental qualities. The aesthetics featgi'es af the area at
present would be neither preservecf nor destroyed by the null alternative.
The aesthctic character of the area surrounding the site is being detri-

mentally invaded by a physical feature not ccherent with the surround-

-

ing environment. -

Project Implemented -

The use o.f riprap to control erosion at the Southwind Maratime
Centre has virtually eliminated erosional possibilities at the port
from constru.ction activities as \lwvcll as from increased river traffic.
Vegetation will be unaffected by the stabilization technique because
there is actually no vegetation to be affected until the project develops
furtﬁgr. |

Land quafity at the site will be preserved by the pre.vention of




Project History

-

erosion in that there would now be a stable physicai environment iln'..
which the ecological environment could exist in a ‘con(rolléd manner,
The hydrology of the river currents would be altercd b;"ll;c' usc of
stabilization methods, but aga‘dn this would lead to a;. more ;table
physical environment.

Land use in relation to port facilities would be prescrved by
controlling erosion and stabilizing the port area. This land stabili-
zation would also enhance the possibil'ities of continued economic
development. The recreation uses of the river would be preserved
in their present state. Increased recreational uses of the river
would be doubtful due to the volume of heavy river traffic;.' Trans-
portation uses of ‘the river woqld be preserved and very iikcly increasecd

by detering erosion at the port,

The aesthetic character of the area with the building of the port

will eventually be changed. At the present it is impossible to determine

to what degree this change will occur and how much the stabilizing of

the port will affect this change.

3.11 FALLS OF THE OHIO BANK REVEZMENT

The revetment project located just below the Falls of the Ohio
was authorized and completed in 1965 by the Louisville District Corp
of Engineers. The revetment involved the aquisition of land, placing

of a dumped gravel {filter blanket and the final placement of an 18 in,




(46 gm) thickness of 200 1b. (90 kg) maximum weight qbarry run lime-
stone riprap, cbmprising approxim;'stcly 6, 500 cu. yd. (4.900 m3).
This project was accomplished at a cost of $70, 140, At the present

time approximately 1000 ft. (300 m) of the initial 2138 ft. (640 m)

i protected have eroded away. This partial failure of the revetment

is due to the unusual river currents generated by the water flowing

through the hydroelectric plant at the McAlpine Lock and Dam.

Geographic Sctting

The revetment work is located on t.hé north (Indiana) bank of
the Ohio River approxiﬁaately 1 mi, (1.6 km) down_st'rear.r'l from the
Falls of the Ohio h'isto'ric geologic site in Clarksville, Indiana (see
Figure 3.13). The revetment parallels Harrison Avenue and lies
directly across from the McAlpine hydroelectric gengrating plant.
The tex;'rain in the immediate area varies widely from site to site.
To the north and east .of' the revc;.tment, the land rises in a gentle slope
and then levels off, To the west or downstream from the revetment,
the land is fairiy level and remains that way until it reaches Silver

Creek further downstream.

Environmental Qualities of the Project Area -

Ecolo gi cal

The terrestrial vegetation at the Falls of the Ohio revetment

ranges from tall grass along the upper bank to a cover of ‘small
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trees along the upstream or impact portion'of the reveted bank, There
is very little grass growing within the revetment itself due to the swift
currents associated with the falls and dam and also the local fluctua-

tions in the water level. From the revetment failure downstream to

Silver Creek the Ohio River bank is nearly void of any vegetation.
Physical

The soil at the project site is a deep well drained silt loam
deposited over mixed alluvium. Though the soil is subject to frequent
flooding, it is fairly stable when compacted and has a low to moderate
permeability. The soil is subject to piping because of \y;{ter infiltera-
tion and the low perméability of the soil. The soil has a good resist-
ance to shear failures. A revetment was needed here that was strong
enough to resis! direct current action, yet permeable to prevent

pressm:e buildups and piping failures.

Socio-Economic

The land adjacent tc.) and pro'tected/by the revetment is de.velopcd
and used for both residential and agricultural purposes. The housing
near the upper end or head of th‘e revetment consists of botl; small
farms and an ultramodern river front development. The land at the
lower or downstream end of the revet;'nent is necarly all agricu!tural

and the homes arc all rather small and apparently uncared for. There

is a landfill further downstrcam which borders Silver Creek and has

o

-aai




a few small shantys surrounding it. Tbis area is not pi'otcct::d' byA thc
revetment but is. also under attack b'y erosion. Harrison ;/\vgnuc,
which borders the caving bank, is in danée.r of.collapse .at. other
loca;ions along the bank, |

The only histori'c site in the area is the Falls of the Ohio |
Geovlogi'c Dig ubstrea.m from the revetment an:l' thei-e are no recrca--
tional facilities which would be endangered by further erosion.

Transportation associated with the bank stabilization project
c.onsists only of Harrison Avenue, which runs along fhe perimeter of

the erosion., At one site, Harrison Avenue is now barricaded because

of a large bank failure which collapsed part of the road. 3

Aesthetics

The ‘aesthetic factors influenced by the possibilities of either
stabilizing the slope or letting nature take its course are associated
mainly with the natural l:)e.a.uty of the land-water interface. The
aesthetic feeling of security or insecurity is also present to the

residents of the immediate area and all others utilizing the area.

Environmental Impact of the Project

Null Alternative

The environmental impact of no intervention to halt the erosion
in this area is evident becausc thcre is a portion of this bank which

has continued to erode. This continuing erosion has had detrimental

e e e e e o e o




impacts on the ccological, physical, and 'sog:io-e.cohomic cr;vironmcnts
of the entire area adjacent to the site. .

The vegetation along the caving bank was: c_omple.te'ly.destroycd
when the bank fell into the river and ;'nucb of the lar.:c__l'was Qashcd
- away. I}f further erosion occured only more ve_getat':ior‘n would be.
dest-royed.

The degradation of land in the project area will also continue with
further erosion. Nearby agricultural land will soon be under attack
if erosion control measures are not taken. River hydrology will be
unaltered if no preventative measures are utilized, but it is evident
thalt by not altering erosional currents the bank will éonti?ue to rnove‘
inland. The soils alohg the bank, in some areas, have aiready been
destroyed and the soil further inland is now in jeopardy. | !

. T'hou'gh the land use where erosion has already occured’ is only

marred by the loss of a portion of a road, further erosion could

. ;andanger both the agricultural and residential developments along the
river bank in this area; The history associated with the Falls of the
Ohio Geologic Dig will be unchanged by further erosion in this area
because it is upstream from the site and ﬂ{is not subject to the direct
current flowin.g from the hydroeléectric plant. Transportation is effected
by the erosion at the site but the value of this transportation is limited
because all of the traffic using this road can be rerouted around the

cave-in without much delay.

The aesthetic beaﬁty of the bank has already been destroyed at

'
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the force directed at the bank.
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onc portion because of the failure which has.occured. Though the "’
riprap revetment is not a true part of the natural surroundings, it is
more appealing than an eroded bank. If no action is taken to halt the

erosion, the acsthetic beauty of the entire land watcr interface will be

destroyed. This crosion will also destroy the sense of aesthetic

" security achieved by the initial stabilization of the bank.

Project Implemented

It is clear that further action must be initiated to halt the erosion
in the area of Harrison Avenue., If further measures are taken, vege-
tation will possible begin to grow on the stabilized bank. ';’This action
must be taken soon‘ or the damage wiil be hard to reversé without
tremendous expense.

The land quality at the site will be stabilized if revetment work
is compieted, to allow for vegetative growth and development. The
hydrology will be change;:l by alte.i'ing the. currents from the dam, but
care must be taken in stabilizing the bank to insure that the currents
are not merely directed further downstream. If erosion occured
further downstream, an even larger section of Harrison Avenue
would be endangered. The soils'would not be subject -to the direct
effect of the water if a protective revetment Qas utilized to‘dissipatc
Land use and economic development potential would be enhanced

by the stabilization of the physical environment, Transportation could




be rerouted onto Harrison Avenue if the bank were stabilized, but the

increased use of the land area and the transportation fac.iliii.cs would
only be slight. The arca is not in a good location for ng;ar.dcvcloﬁnxcnt
because of the aesthetic appearance of the land itse‘lf and existing
developments.

‘The acsthetic character of the area cou.ld only be enhanced by
protective measures. Currently, the aesthetic qualities of the land

surrounding the site are limited. However, stabilization of the water-

front will make the environment more desirable and useful, enabling
the land environment to take on some of the aesthetic characteristics

of the land water interface, ’ .

3.12 BEARGRASS CREEK BANK REVETMENT

Project History

The Beafgfa.ss Creek revetment is actually a retaining wall
built to hold bacllcva dirt 1"i1'1 at the site of a new condominium develop-
ment. The bank stabilization was accompli.shed by the construction of
a gabion wall, a hea.vy guége wire basket containing riprap. The
gabions are tied together to form a uniform flexible barrier against
water currents, and yet still prc;vide drainage without the us.e of \
filter material. This bank stabilizalion was completed in July 1973,

and was constructed by two seventeen year old boys. The gabions

4,‘_,_-__,,,_

were designed so that silt and vines would hold the wall in place by

the time the wire eventually corrodes away. This retaining wall was




-

constructed undcr the authority of chf-erg;on_ County gove rnment,

Geographic Setting

The retaining structure is located along the s.outh fork of
Beargrass Creck in Jefferson County, Kentucky at ihc'norlilwest
 corner of the intersection of Hikes Lane and Beargrass Creck (sce
. .Figure 3.14). The land in the vicinity of the stabilization structure
consists of nearly all level recontoured, residentially developed

land.

Environmental Qualities of the Project Area

. -
* 0

Ecological :

The terrestrial vegetation at the site is fairly uniform and ton-
sists mainly of grass which runs along the plain below the retaining
wall, and' the bank opposite the structure. At the present there is no
;legetation on top of the bank which the wall is supporting or anywhere

within the voids of the gabion structure.

Physical / '

The soil along Beargrass Creek, at the intersection of Hikes
Lane and the creek consists of a thick well drained layer of silt loam.
The soil is subject to periodic floodingA, but water damage can be

reduced by surface sloping to increase runoff and the usage of sub-

surface tile drainage. The soil in the project area is fairly permeable
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when compacted and there would be little danger.of rupture if an

impermeable stabilization procecdure were utilized.

Socio- F.conomic .

. The area on both sides of Beargrass Creek at._Hi‘kes Lane is
utilized for residential purposes. Most of the homes in the area are
within subdivision dcvelopments. The gabion retaining wall was used
specifically to protect new condomini\.xms. The wall will prevent the
fi1l from eroding away, thereby preventing the stream bed from {illing
with sediments. There are no historic sites in the vicinity of this
stabilization project and there are also no recreational ag¢tivities
associated with the land or the creek in the immediate area. Trans-

portation in the area consists only of Hikes Lane which passes over

Beargrass Creek just north of the project site.
‘Aesthetics o .

The aesthetic characteristics of the area are associated basically

with the new housing developments in this area, and the natural beauty

/

of the creek and the adjacent land.

H

Environmental Impact of the Project

Null Alternative

The effects of letting nature take its original course in this case

could have a variety of alternative impacts on the environment in the

p s e T
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immediate area. The creek was not actually erodiﬁg the ba.nk_s'a-lo;!g
this section, but after the dirt fill was placed fo.r the condominium -
devclopment, the possibilities of erosion incrcased; |

The height of the fill, the vertical cul which Qqé madc at the
creek bank, and the soil properties, along with swift currents il; the
crcek during periods of high water, have signiflicantly increased erosion
potential. |

A protective structure would not be necessary to protect present
végetation at the project site because the site is pres.ently void of vegé-
tation. 'i‘he only endangered vegetative growth will be the growth along
the upper ban.k in the newly developed area when it is see;ded.

Land quality would decline without some form of balmk stabilization
because the soil would be unfit for vegetative growth or any other use. .
The hydrology of the area would be unchanged under the null alternative,
' howe.v.er, this flow is the primary reason behind the erosion. The
geology of the a;'ea in Fe;'rﬁs of soil and soil erosion would be destroyed,
and eventually deposited downstream if no revetment action was taken.

New deveiopments at the site would be jeopardized by not protect-
ing the banks, because of the possible cutting away of the bank and the
eventual undc.rmining of the foundations of the new condominiums.
Historical sites, recreational uses of the area, and transportgtion
facilities would not be influenced by cbntinued bank erosion,

The aes:thetic appcarance of both the creek and the new r.esidential

developments would be detrimentally impacted if erosion took place.




-

The natural setting of the creck could eventually be clogged with sedi-

ments and the appearance of the cxjo;:led bank would deter potential

buyers making present owners insecure,.

Project Implemented

The use of gabion baskets as a retaining wall has eliminated

possible erosion along the creek bank. The retaining structure, by

providing physical protection, has inc.reascd the possibility of vege-
tation aiong the upper bank which will soon be seeded land on the upper
bank,

Land que;lity along the upper bank has been benefically impacted
by stabilizing the bank, giving rise to a possible increas'(a in vegetation
in this area. Hydrology has not been altered in terms of changiﬁ'g the

direction of flow but the structure has decreased erosional possibilities

initiated by water action. Geology and soil structure along the bank

has been preserved and ;hé danger of future erosion is limited.

Land use and economic development at the site have improved
since the gabion wall was placed. The basic reason behind the placing
of the structure was to provide a substantial basc for the development
of three s‘tory condominiums. I-:Iistory, recreation, an;l transportation

have ncither been limited in their use nor increased in their potential

uses by the local stabilization of the creek bank. The project was only

placed to limit localized erosion problems.

The aesthetic character of the land and water in the project area
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has significantly increased as compared to the character o[‘a.n unpro-
tected bank. Although a gradual sec¢ded .slope would have been morc-
conducive to the natural environment, the natural slopé quld have
been f)otcntially dangerous in terms of erosion. Erlo.‘sion would have

damaged the aesthetic beauty of both the land-water interface and the

new development at the site.

3.13 ANALYSIS OF ENVIRONMENTAL IMPACTS

In most cases the null alternative approach to bank erosion
problems would lead to catostrophic failure. Therefore, it could be
génerally concluded that responsible parties would take p}'eventative
action to halt total failure before it occurred. Such prev;antative action
could tak'e the form of halting erosion with revetment techniques or
stopping the source of the erosional force. In either case, where humans
-and tl.lé-ir envirvon‘ment combine to form a social system which is endan-
gered by bank ex:osion, it is necessary to protect these social resources.

The null alternative approach and the project implemented
approach were pres;nted for each bank revetment field evaluation
since these are the two extremes. .In eaé( revetment case study,
the longer the protection of social resources is delayed, the greater
the cost of protection becomes. Many people feel that bank er;)sion
should be prevented before erosion occurs. However, predictive tech-

niques utilized to detect bank erosion have not been refined to the

point where they are either economically feasible or accurate enough




to predict erosional problems along extended scctions of river bank.

Thus, protection of the eroded bank at the first sign of erosion is usually

~the first available alternative.

This investigation inclu;ied a visual evaluatio;x.éf ban}( revet-
ment projects in the Louisville, Kentucky and Vick;_burg. MissiAssippi
areas; and a review of Environmental Impact S.tatements from the
Louisville, Kentucky; St. Louis, Missouri; Vicksburg, Mississippi:
New Orleans, Louisiana; and Portlanc.l, Oregon Districts of the U. S.
Army Corps of Engineers. From these studies it was concluded that
the impact parameters which appeared to be most important with
regard to revetment projects were those which affect aesthetics,
emotions, or feelings. Aesthetics is in fact directly affccted by
impacts on ecological, physical, and socio-economic parameter‘s'.

Erosion of the soil detracts from the aesthetic quality of an area

similar to the loss of vegetation or recreational facilities. Aesthetics

is in fact the social impl.ic'ations brought about by alterations of the
ecological, physical, and socio-economic environments.

During the evaluation of the revetment sites in the Louisville
area, it became apparent that the weighting of the various parameters
on the impact ‘matrix (see Figuré 3.1) was subjeclive. A review of
the New Harmony Revetment casc revealed that the transportation
parameter of socio-economic systems was the most important socio-

economic parameter. However, the impact matrix did not weight it

as the most critical parameter (sece Figure 3.1).




A review of Environmental Impact Statcmcnté revealed that
revetments exert impacts on the wa'ter, land, air; and noise paramelers
. of the physical environment. Construction activities such as grading,
ﬁ!ling., and placing of the rev;:tmeqt exert negativé short-term impacts
on the physical environment. In the case of water éuality, the short-
term impacts of increascd turbidity during construction are offsct by
the fact that once the river bank is stabilized, rates of .erosion diminish,
and the reveted area undoubtedly cont.ributes less turbidity to its
adjacent water body than do unprotected eroding bank lines. Noise and
air parameters will also be detrimentally affected during the con-
struction phase of a revetment as a result of increased traffic loads
and noise levels associated with construction. However, noise levels
and air quality will revet to normal levels following construction’
activities. Land quality will be upgraded immediately upon project
implementation by making the land more suitable for public and private
use. The beneficial lan;i quality impact will continue to increase as
construction continues and then level off.

Aquatic flora, aqua.tic fauna, and terrestria_l fauna, parameters
of the ecological environment, have not received comprehensive
attention. However, the U. S. .'Army Corps of Engineers, Waterways
Experiment Station is coordinating a series of studies reg?.rding these
parameters. It is known that various revetment types may provide

better wildlife habitats than others, due to noticable changes in the

composition of the biota of the river. Differcnt methods of revetment




and their associated cffects on the ecological environment will be”
the subject of onc of these studies at the Watcr\'avays Expcriment
Station.

"The evaluation of terrestrial vegetation impa.c__t at various
revetment sites in the Louisville area indicates that the long-term
impacts on vegetation is beneficial due to the stabilization of the
physical environment. Various impact statements havg drawn the
same conclusion and also contend that construction tends to destroy
existing vegetation prior to project implementation,

River hydrology has received very little discussion in relation
to bank revetment impacts, Revetments tend to decreas'? channel width
and in turn increase velocity v&(hich may cause further e;'osion down-
stream. H

Geology has only been discussed in general terms in most impact
statements. Oné exception is the E, I.‘S.. on the Newburgh, Indiana
’Bank Protection.iProject., prepared by the Louisville District Corps
of Engineers. Geology, and in particular soils, are of major impor-
tance in determininé both the causes of erosion and the preventative
measures needed to stabilize river banks. The most common type
of river bank failure is a slough'or falling in of material dué to under-
cutting by water. Soil being weak, when subject to tension, yields to
gravity and secks a lower level once the bank is undercut. The best
soluticn to such a failure is to flatten the bank slopes an;l provi.de some

means to protect it from undercﬁtting.
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The parameters within the socio-ecanomic cn\’/irohmcnt,f land
use, economic development, archaco.log.y. history, rccrcatioq, trans-
portation, and cultural features are effected only if presc_nt‘ in the
projecet arca. In most cases these parametcrs are b.cncficially impacted
by imi)lcmcntation of a bank revetment projecct. -The..only detrimental
effect which ﬁxight occur to the socio-economic parameters would occur
if one or more of the clements of the socio-cconomic environment had
to be removed to implement the revetment project. The destruction
of a historical site or landmark to cut back a slope and revet a bank

would also constitute a detrimental impact.

LN

‘Revetment Alternatives for the Louisville Areca

The best methods of bank revetment, from a technical and
economic standpoint, appear to be the conventional stone riprap
r'.evetment'; gabions; and a net of auto tires wired together and
partially filled with concrete. Whiie all of.these approaches provide
adequate protection in terms of strength, flexibility, and permeability,
durability or cost per year of each technique is still unknown,

It has alr'ea.dy been shown that the initial cost of a gabion revet-
ment is cons{stantly higher than a conventional riprap révetment,
however, the relatively recent reintroduction of éabions has not
enabled adequate economic surveys to be conducted to assess their

lorig- term effectiveness. While it is known that gabions provide a

continuous and uniform means of bank protection, it is believed that

A
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the uniformity and bulkncss of this type of p.rotcgtibn would.p‘rovid;:- :
casy retrieval of the system if failure di'd occur. . In cascs where ‘oa‘nk
failure is common place, retrieval could be an asset; | |
The environmental aspccts of revetment projégts previously
discussed vary only slightly with revetment type or'methodology. The
" most noticable difference between the environmentai impact of revet-
"ment alternatives occur with regard to aesthétic factors. While it is
clear that thex:e are many viable methods of reveting a bank that will
result in protection of the ecological, physical, and socio-economic
environments, aesthetic impact depends on the method utilized. It
sl"muld be noted that technical feasibility should be the fir';st consider-
ation in ;:hoosing a revetment technique. There is no ad.vantagc to a
revetment procedure which is aesthetically pleasing if adequate pro-
tection is not provided. By initially evaluating technical feasibility
- a var.ie_:ty.of viable methods can be chosen to protect an area. These
alternatives thex:l undergo further analysis by the evaluation of their
economic and aesthetic impacts.

In evaluating the economic and aesthetic factors of various revet-
ment alternatives, no preference s.hould {e given as to initial criteria
considerat.ion. Economics and aesthetics go hand in har;d' and should
compliment each other. If a revetment approach is aesthetically
]Sleasing but not economically feasible (or visa versa), another tech-

nique should be reviewed until an alternative is obtained which meects

both criteria. Another factor regarding aesthetic acceptability is the




.

location of the revetment in rclation to a residcntia:l, industrial, . or -
agricultural area. The agricultural and industrlia-i areas 'w_ould not
require' the same high degree of aesthclic appearance ;.s would a°

_ residentially developed area.

Of the threc revetment methods discussed, the most aesthetically

pleasing are the conventional stone riprap and the gabions. While also

providing good protection for eroding banks, the auto tire mattress is
not as pleasing as other riprap or gabions since it does not blend con-

sistant]y with the surrounding environment,

ek S 03 wat )¢

A T




-, -

CHAPTER 4

BANK REVETMENT ASSESSMENT

METHODOLOGIES
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4.1 EVALUATION OF IMPACT ASSESSMENT TECHNIQUES -

With the diversity of environmental impact assessment mecthod-

ologies currently available, it would seem poinfless' to develop another ;

" totally new methodology for th'e evaluation of bapk revetment impacts.
It is pertinent to define which cxisting impact evaluaiio;x procecdures i
can Pe best applied to bank revetment projects. The impact procedure
chosen could then be revised to {it the specific need and 'goals of bank
revetment projects.

Before evaluating the various methodologies, a set of principles
which define the assessment procedure should be evaluate.fl. The
impact asséssment method selected must be capablé of gé‘nerating
predictive processes, identifying resource functions, utilizing a
systems approach, selecting criteria to be analyzed and employing

-impact assessment throughout the planning process (94). These princi-

ples should serve as a basis for the evaluation of existing techniques

utilized in environmental impact assessment.

4.2 REVIEW OF" IMPACT ASSESSMENT METHODOLOGIES
/7

The Battelle environmental.assessment methodology for water
resources plahning utilizes a quantitative approach to evaluatc environ-
mental impacts. A hierarchial structure (see Figure 4.1) i.s used
in the Battelle system, to account for differerent levels of informa-

tion used in the environmental evaluation. The most génergl
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level, level 1, is divided into four catégo'rie's: gcAology; cnvi;-t-a;\m.c;xial
pollution, aesthetics and ht_xman intc‘rcst. These i:ateg_ori.cs are sub.-
"divided into eightcen environmental componené in:l.evAeI.Z.A' In le\;el 3,

\ : the system becomes even more specific with the subdivision of the

components into 78 environmental parémeters.' Lev;al 3 provides the

| key to the Battelle system because it is thesc individually weighted

i parameters that are measured to determine the environmental impact.

The Battelle measurement technique consists of four steps:

1. Previously developed value functions transform parameter
(e.g. feet, acres, mg/1) into "environmental quality values (EQ)".
2. The environmental parameters are weighted in_':f}':roportion

to their im;;ortance by an interdisciplinary team and expressed

in terms of ""parameter importance uxlmits (P1U)". :

3. - The PIU is multiplied by the EQ resulting in "enviroumental

impact units (EIU)"” for each parameter,

4., The EIU are summed fo‘r all 78 parameters, a high numerical
result indicating beneficial environmental impact and a low result
indicating environmental degradatiy._

The.U. S. Geological Survey Matrix (see Figure 4, 2) for evaluat-
ing environmental impact was d;signed to serve as a preliminary guide
or checklist for persons faced with preparing Environmental Impact

_Statements. The horizontal axis of t.he matrix lists 100 ""proposed

actions which may cause environmental impact"; the vertical axis lists

88 "existing characteristics and conditions of the environment which
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could possibly be impaétcd by the action'. Though there is ‘a possi.i)i{ity
of 8800 interactions, only a few significant interactions will require .
‘comprchensive treatment. Those interactions which dd not appecar on
the matrix but occur in a particular project can be a@dcc.!.

To use the USGS matrix for environmental anélySis, each action

involved in the project (horizontal axis) is checked. Under each action

checked, a slash is placed at each intersection of environmental con-

ditions (vertical axis) whcre an impact is probable. A number from

1 to 10 is placed above the slash to indicate impact magnitude and a
number from 1 to 10 is placed below the slash to indicate the impact's
relative importance, noting that 1 represents the lowest i;mportance
and 10 the highest. The matrix is then visually evaluateci to determinc
which pax;ameters are most beneficially or detrimentally impacted.

Another impact assessment approach which was developed by

an interdiscipli'nary team_ from the Louisville District Corps of Engi-
neers, and utiliz.éd in assessing the environmental impact of the
Louisville Water Quality Management Plan, also incorporated a matrix
approach to environr;'xentai assessment. This matrix approach relies

on a numerical rating of 21 weighted paré(neters, which are subdivisions
of four basic categories: ecological and physical environmcﬁts, socio-
economic factors, and aesthetics (see Figure 4, 3). The weightings of
the individual parameters were established by an interdisci.plinary

team for water resource related projects. Each environ'mental' par-

ameter was rated from -5 to +5, a minus number indicating detrimental
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ENVIRONMENTAL IMPACT ASSESSMENT MATRIX
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Environmental Assessment Matrix ~ Louisville District Corp of Englneers




cnvironmental impact and a positive number, indica(ing benefitial «

environmental impact. The rating for each parameter is multiplied

by its weighting to determine environmental impact factors. The

environmental factors are then summed to arrive at an environmental

quality rating (EQR).

A diagramatic assessment procedure utilized in Environmental

Assessment Newburgh, Indiana Riverbank Protection A(Ftion provided
for a ''qualitative'' comparison between the environmental impacts of
alternative revetment procedures. This evaluation system used a
hierarchial structure in which there were five primary categories:
physical-chemical, ecological, social, aesthetic, and ecd:nomic.
These five categories were subdivided into 19 parameter‘s (see Figure
4.4) whic.h were evaluated on a percentage detrimental impact badis
for each alternative, 0% being the least detrimental effect and 100%
being the most detrimentz—Ll impact. The various alternative actions
were denoted by differené symbols on the impact diagram. After each
alternative action was evaluated for every parameter, the average
percentage effect for. each action was calculated and placed in the
designated column on the chart. The "average' effect of each alternative
was calculated assuming cqual weighting of all parameters. .This
system provided ready access to the overall effects each alternative
exerted on the environment.

There is a variety of other assessment procedures currently in

use. Among these is the Atomic .Energy Commission (AEC) approach
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which was developed for impact assessment.of nuclear power plant '

construction and operation. The AEC guidelines present various

aspects of impact assessment development. However, specific

. parameters evaluated in the AEC approach were decmed inapplicable

for bank revetment projects.
Other impact assessment methodologies currently in use include
visual, numerical, and economic techniques, all of which can be

adapted to the above procedures with minor modifications.

4.3 DEVELOPMENT OF AN ENVIRONMENTAL ASSESSMENT

PROCEDURE FOR BANK REVETMENTS

e

.
The Battelle environmental assessment methodology for water
resources planning presents a comprchensive, systematic, and

replicable method for evaluation of environmental impacts. However,

" flexibility is not an integral characteristic of the Battelle system,

The individual parame.te;s'within this system are evaluated on the
basis of previously established weightings v;/ithout consideration of
differences in c;)mmunity' and geographic settings. In addition, there
is no choice of parameters to be studied in this system.

The U. .S. Geological Surv1ey Matrix does not evaluate the
environment as a system (each parameter interacting with .the other),
but rather as a series of independent actions. This approach negates
consic.lcrationA of secondary and tertiary impacts. It is difficult to

develop impact ﬁredictions using the USGS approach becau.se the

T e e K i s




s i o

-

alternatives can only be evaluated on a parameter basis. rat}.mc;t th_ax;.a
systematic basis. However, the USGS matrix pi‘o_vidés the most cor;a-
plete and comprehensive checklist of environmental intéra’qéién; and
provides a good basis for the éelectio.n of'criteria iinportant to a
specific project.

The matrix developed by the Louisville Distriét Corps of Engi-.
neers was based on an approach similar to the Battelle system. How-
ever, the Corp's matrix allows more flexibility in the impact asscss-
ment process, In this system the parémeters for each category have
not been specified and may be chosen and weighted on the basis of the
individual project. This system not only gives the user his choice of

: :
criteria, but also enables him to be more comprehensivé. in addressing
important parameters. However, this approach becomes iAnﬂexible
with. regar<.1 to weightings of each component. These weightings can
change Ir;m site to site, particularly in bank. revetment projects. In
.some instances transportation may be the major concern or cause for
implementation of a ba..nk revetment project whereas at another site

protection of recreational facilities may be the major priority.

The approach utilized in Environmétal Assessment Newburrgh,

Indiana Riverbank Protection Action is flexible in the sense that the

paramelers for each component of the system have not be chosen
and the system uses no weighting scale. In this instance the neglection
of a weighting scale indicates that all paramecters are to be assumed

equally important. The use of percentages in rating environmental




effects is technically qualitative, but rating.on a basis from 1’ to 100’

is a quanitative evaluation, This approach also makes no attempt to

delineate posilive environmental cffects on the impact diagram which

would.be helpful in presenling. the project at public ﬁearing.

It should be noted that bank revetments are fa.;' less expensive
when compavred to nuclear power plants and dams. A bank revetment
project impacts fewer lives and is not nearly as far reaching as
power plant or dam construction. Hoinever, a bank revetment assess-
ment must address virtually the same parameters involved in an
environmental analysis of much costlier projects. Therefore, an
approach is nceded which would provide for the pragmati¢ environmental
impact assessment of bank revetment projects at a reasc:mable cost.
Such an approach would be scaled down in scope from larger prdjects

yet cover all environmental aspects.

The best aéproach to optimizing the cost of a bank revetment
impact assessment woulél be to simplify the assessment procedure.
This would entail the careful selection and consideration of criteria
to be given to all envirom"nental parameters but evaluation compre- .
hensiveness should vary fro each parameter depending on its relative
importance to the overall projcc:t. Another proccdure simplification
would involve making the procedure more qualitative and less quani-
tative. This could only be accomplished by eliminating the rating
system for each paramecter so that it only depicted envir.onmen;al

. I
"quality'. Total climination of the rating system would be the ideal '4
: |




situation, but determining which alterna%i-ve-to impicmc'nt would be "’
difficult without ratings since many revetment t;rp’cs mighf rqsult in

the same environmental quality (negative or poéitive) fo; ¢':ach parameter,
Therefore, a simplified rating system should be de.vis‘cd to measure
variances in environmental quality.

Flexibility of impact assessment should. be a major concern. To
. divide a systel.rn of categories into components and then weight cach
category and its individual components is largely subjective. There
is no viable way to determine what components warrent more attention
on a specific project until an initial field reconnaissance is completed.
Weightings are useful in determining a factor for environmental quality
rating, however these weightings should be standardized since they
obviously vary from site to site. Therefore, the practice of weighting
criteria fo be studied should be a secondary consideration and accom-
plishe;i only aftfar the site has been visited.

Making the assess.m'ent proéed'ure functional is another major
priority. The assessment procedure must' be useful to both the project
planners and to those who must present the project in public hearings.
Therefore, a system needs to be developea which will be readily
intérchangable between these tv;;o entities. A numerical rating system,
while often suitable for internal project planning, often alienates out-
siders. The rating of one parametex: over another often genecrates
public hostility.

The environmental assessment procedure which best meets the
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goals of bank revetment project assessment is the matrix dc\'l.'e'l'bpéd_'
by the Louisville District Corps of I:anineers w;xth minor i'gvisions.
The initial procedure developed by the Corps of Enginc.e'rs.‘has already
estabiished itsclf as being capable of developing prc;,(li;:tivc processes,
useful in the idcr_ltiﬁcation of resource, functions, ;ystemalic, selec-
tive of criteria to be analyzed and beneficial in Planning all phases of
the project.

This approach is part of the predictive process in that after short
and long term impacts have been established, it can be utlilized as a
b.asis for. future planning. Like the Battelle system, this approach has
an establishec.l set of categories, each of which can be diyided into a
specific yet unspecified number of parameters or resource functions.
While these functions vary from site to site, each warrants individual
attention, The ideal approach is not to determine how the functioné
act in'clepender;tly.r, but to evaluate their effects on the system. This
brings the evaluator to tl'xe. systems approach, which in short, evaluates
resource functions on the basis of their imi)act on the system. The
assessment procedure de\-reloped by the Corps of Engineers is definitely

a study of systems, each parameter a subdivision of a component and

' , 1
each component a subdivision of a major category. This-approach

provides for intcractions between parameters, components, and
categorics for an unlimitcd number of alternatives. Consequently,
The paramecters of one category may impact a parameter within a

different category.
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Sclection of criteria, another principle ncc_es‘sary in c'st.ablish'ihg
a viable impact mcthodology, has been c‘arequy. considered in this
procedurc. While a specific number and weighting of éritéri; is hot
prescited e. ‘h can casily be established for each a;cgéssment project,
This approach of choosing criteria to be studied tené]s to make the
procedure more 'flexible in that criteria can be chosen on the basis of
preliminary investigations. Criteria can t.her'efore be c.oncentrated
or direcled at .resource functions which are of major concern. Criteria
can be established by using a checkiist, literature on the project site,
and field reconnaissance. As previously stated this procedure can be
ir;cluded as paft of the planning process. By evaluating s}lort and long
term impacts for each alternative, this procedure can be’ utilized as a
viable po.rtion of the decision making process.

Alteration of the matrix developed by the Corp (see Figure 4. 5)
" may ;:xi'courageAimplemen_tation of the established principles or impact_
assessment metil_édology: ‘Altering the rating scale for each parameter
s0 as to make it more qualitative can be accomplished by reducing the
scale to six factor ir‘xstead of the established eleven (-5 through +5), and
applying the terms high, medium, and low quality (positive or negative)
instead of numerical ratings. Numerical ratings can be a_ppl.ied to the
scale making it a useful tool for planners since a rating of env%ronmental
quality can be determined for each alternative (see Figure 4.6 and 4. 7).
The rating system can be further simplified for use in public he.arings, by

eliminating the variable rating scale and expressing the impact of each
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parameter as either positive or negative cnvironme.ntaliimpaéi.” Oﬁié
approach to the elimination of the ra:ting systcm. would be .tq c.:olor cocdle
the system. This could often eliminate the coﬁtroversy.é;rer numbers
and methods of rating.

This approach has previously established a m'gans of making the
evaluation more comprehensive. By cnabling the evaluating tgam to
choosec the criteria to be studied, efforts can be directed at paramecters
of the system which deserve more thorough investigation. This enablcs
the cost of the environmental assessment to be reduced while at the same
ti.me prox./iding a comprehensive review of all interactions. This system
is already fle;:ible in that it enables the user to choose criteria specific
to the area under study. Howeyer,'this flexibility can be increased by
rating revetment projects with regard to community and geographic
features. These ratings are useful in the planning process since they
enabl(; the envi.ro'nmental quality rating (EQR) to be established for the
entire system. On the o.th'er hand, the system is ideal for use in public
hearings if numerical ratings are expresse'd (see Figure 4. 8).

The matrix ma;,y be bresented at a hearing in a variety of ways
without posing major technical prablems or alienating any sector of
the affected public. One method:. utilizing the color approach», would
be to mark each environmental component with a colored line; the width
of the line denoting the importance of each component and the color
denoting thc environmental impact (see Figure 4.9). The height of the

bars would no longer have to be established or defended under such an




ol Rl e T

.-nqmncsé

MAR-IADE 0BJCCTS
SPATIAL COPOSITION
PIYSICAL FACTORS

AESTHETICS

CULTURAL FLATURES

TRANSPORTATION »
N 3
o o0
RECREATION S c
P i
. -
HISTORY o 9
£ 2
ARCHAEOLOGY £
S v
ECOHOMIC DEVELOPHENT % ha
(=4
LAND USE g 3
a &
g 5
"E (Y
= 0
" . v =]
5 NOISE LEVELS v R "
4 = o
. ’ u GEOLOGY s hal
" I3
; HYDROLOGY £ '§
-~
g AIR QUALITY i 3
- < —
=2 LAND QUALITY 5% <
B =z
] VATER QUALTTY £2 5
3
- § u
2 i E:i
w o
. . . Q
- . . 0
TERRESTRIAL FAUNA g
- 9
AQUATIC FAUHA‘ g ?f' (4
| TERRESTRIAL FLORA g % q')
8%
| ~  AQUATIC FLORA Sk <
]
el
e

| | ”




ENT MATRIX

ERVIRONMENTAL IMPACT ASSESS!

ive

t

y posit

impac
impact (blue)

gative

mental impact (red)
(yellow)

‘= extremely detri-
- extremel

- ne
Q - positive impact
{(green)

Q

O‘- 'no impact (purple)

O
O

UNIQUCHTSS
HAN-MADE 00JCCTS
SPATIAL CONPOSITION
PHYSICAL FACTORS

CULTURAL FEATURES
TRAISPORTATION
RECREATION

HISTORY

ARCHAEOLOGY

£COMHOMIC DEVELOPNENT
LAID USE

HOISE LEVELS
" GEOLOGY
KYDROLOGY
AIR QUALITY
LAND QUALITY
WATER QUALITY

TERRESTRIAL FAUIA
AQUATIC FAURA
YERRESTRIAL FLORA
AQUATIC FLORA

/

AESTHETICS

SOCI0-ECONOUIC - FACTCRS

AL

PHYSICAL ENVIRONMEN

QUALLTY

ENVIRONUENT

ECOLOGICAL
Fig. 4.9~ Sample Matrix: Matrix for use in Public Hearing (Color Coded)




ifnpac.!; presentation since the variation in paramctc'r importance
would be represénted by either the‘c'olor or widt.h of a coldr» bar. This ]
could be depicted and easily defended with visual aids ;u.éﬁ-as slides
and diagrams. This system could be utilized to prc;scnt both the long :
and short term effects of each revetment alternative".
Anothér factor which is of major concern when evaluating f
'é.lternatives, but was obviously eliminated in all but one of the assess-
ment mcthodologies, is the variation in projcct bost with project
alternatives. Thisis particularly important in bank revetment pro-
jects, where cost varies significantly with the technique utilized.
Planners will benefit from the inclusion of a cost-effectivé analysis
in the assessment s;tudy since the anélysis presents yet z;nother
approach to alternative selection. In cost-effective analysis the EQR

would be established by summation of the environmental impact

factors '(-3 to +3) times the component weightings. This rating would

be divided by the cost eff'eétivene‘ss facto'r (CEF) - the cost of the revet-
ment divided by its prospected life. The CEF relates a per year cost
of the revetment which enables it to be compared against various
revetment alternatives and their benefits. 'i‘his method is in re.ality

a form of ;:ost-beneﬁt ratio, but'in this instance theré is no monetary
value placed on benefits. In this proposed cost effectivenes; evaluation,
the higher the numerical value obatained the more desircable the

alternative from a cost-effectiveness viewpoint,




An intefdisciplinary team is best suited for e.nvir'onmenfta'l impact
assessment. Hoéwever, in bank revetment projécts, it is 'u.sually
unfeasible to utilize an entire interdiscip‘lir'la.ry'team inl a field survey
of a project site. The best approach would utilize é. minimum of two
team members to visﬁal]y evaluate, photograph, an.cll gather preliminary

" data from tﬁe test site. These members could then weight each com-
.ponent and determine what parameters should be studied in-depth.
A preliminary report would then be presented to the interdisciplinary
team an;i the evaluation defended in the presence of the entire tcam.
This evaluation could then be altered to take into account any dis-
crep;ncies pointed out by team members. This approach’'io environ-

mental assessment would significantly lower the cost of the evaluation

yet still provide for replicable impact assessments.
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BANK REVETMENT PROCEDURES

Quarried stone, artificial riprap, '”mattrcs.scs", aqd various
forms of monolithic bank protection have been utilich in b.:.mk revet-
ment projects. Riprap is currently the most widely.‘used and salis-
factory means pf bank protection. This is due; in part, to the low
cost of‘riprap in rclation to other revetment materials together with
its ‘technical advantages, and its aesthetic acceptability.

Of the several types of artificial riprap considered technically
feasible for use in bank protection, if appears that soil cement blocks,
and asphalt stabilized soil blocks, have the greatest potential for replac-
ing quarriéd stone. However, it appears that artifi‘cal rii:rap will not
replace quarried stor;e‘ for some time due to higher initial investmeAnt
required to implement this technique and the availability of quarried
stone in the Louisville District area.

N;me of the .monolij:hic bank protection types reviewed appear (o
have significant potential at the present time when compared to uncom-
pacted asphalt pavement. Some monolithic methods which do appear
to possess potential include soil cement,/ynthetic elastomer sheets,
and uncompacted asphalt paveme:n.t. At thc present monolithic methods
are restricted more by drainage than anything else,

Many materials have been utilized to fabricate mattresses for
bank revetmep-t, but the economics involved in fabricating and placing
the mattresses prccludc this method for all but the largest sites. A

single layer of synthetic material has the greatest economic potential




.

for this typc protection, however, problems associated with delerioration

and anchorage have not been alleviated.

‘ENVIRONMENTAL IMPACT OF BANK REVETMENT PROJECTS

.Revetments exert irnpact on parameters withi‘p the ecological,
physical, and socio-economic environments. The parameters which
appecared to be most important with regard to the impac.t assessment
of revetment projects were those which affect aesthetics. Short term
impacts of implemented bank revetment projects are usually detri-
mental in naturc. However, the negatively affected parametér in most
cases will revert to normal levels or improve following construction
activities. In general, the long term environmental impacts associated
with revc.atment projects are beneficial in nature. However, both'short-
term and long-term impacts are largely depel"ldent on the revetment
technique utiliigd. .

From the ;s:tandpoir'tt'of material availability, technical advantages
and environmental acceptability, quarried stone, gabions, and a mat-
tress of auto fires w.ired *ogether and partially filled with concrete
appear to be the most viable revetment procedures in the Louisville

: i
area.

IMPACT ASSESSMENT OF BANK REVETMENT PROJECTS

Existing environmcntal impact assessment methodologies range

from qualitative to quantitative and various schemes have been devised




for presenting assessment results.

Bank revetment projects, whiéh are usualiy-smgll in ﬁcrms of
‘size and cost in relation to major projects such as'darr;s' and power
plants, must address virtuall); the same parameter.s within the environ-
mental assessment process. A simplified appr-oach‘.is.ncedcd for the

"impact assessment of bank revetments which will provide an incxpensive
']->ragmatic environmental assessment.

In most cases it was found that assessment methodologies were
too quan'titative and inflexible and werc unadaptable to the community
and geographic setting. Five basic principles were found to be necessary
for a good impact assessment methodology including: the,generation of
predictive processes; the identificati.on of social resouréc.:' functions;
the utilization of a systems analysis; and the selection of criteria.

Other assets which were found to be valuable t.o the establishment of

a vi?.ble impact assessment methodology included: the interdisciplinary
t'ea.m approach; the econo'mic analysis of various alternatives; and the
adaptability of the assessment procedure to both internal planning
processes and public hearings.

The impact assessment procedure selected (see Figure 4.5) to
optimize th.e efficiency and results of environmental assessment of
bank revetment is a minor revision of the matrix approach c_levelopcd
b.y the Louisville District, U. S. Arm'y Corps of Engineers (see Figure
4.3). -

The impact assessment matrix has divided the environment into

s e e




four categoriecs: ecological cnvironment, physical environment, socio-

economic environment, and aesthetics. The four catlegories are sub-

‘divided into 21 parameters which are rated as to their high, medium,

or low environmental quality (.positive or ,negative).. ."I;o utilize the
matrix for internal planning, weightings can be.give-n to the various
parameters on the basis of their importance. These weightings can be
used to establish a numerical environmental quality rati'ng of the total
project which is useful in comparing the environmental effects of pro-
ject alternatives. A cost analysis \;vas added to the procedure to enable
the' environmentally acceptable project alternatives to be evaluated

in relation to their long term costs. This gives the plannérs another
method of selecting the revetment technique to be implenjxented. The
matrix ca.n be further simplified by eliminating the rating schemc and
use of the' parameter weightings, This simplified matrix, when used

with a visual pfesentation technique, would be a useful tool for pre- 4

senting of the pro_ject in imblic hearings,

RECOMMENDATIONS FOR FUTURE RESEARCH

Every cffort should be made to keep abreast of all new materials
developed for bank revetment usé and to kecp up with new.apélications
of previously developed methods. Further field reconnaissanee should
be initiated and casc histories of projects reviewed to dctermine the

long term effectiveness, maintenance, and upgrading costs required

for each of the various methods of revetment, This program should




be set up to evaluate each of the various types of bank revetment and if
possible, the oldest of each type in existance. Overall river bank pro-
tection studies may well indicate that a more expensive method of

revetment can be justified if failure and resulting maintenance costs

" can be reduced. While keeping abrest of revetment techniques, every

effoft'shoul;l also be made to obtain data on the.long and short term
environmental effects of ‘specific revetment procedures.

New approaches are continually being developed for environmental
aésessment. Attempts should be made not only to review these pro-
cedures and their adaptability to specific projects, but to develop new
assessment procedures.and open communication channels so these pro-

cedures can be reviewed and revised to the needs of specific projects.

]
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