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REMR Technical Note GT-SE-1.6

TRADITIONAL TECHNIQUES FOR SHORELINE
EROSION CONTROL IN RESERVOIRS

PURPOSE: To succinctly identify | ow cost shoreline protection techniques that
have been used in protected coastal waters (including the Great Lakes) and
that may have application to reservoir shoreline protection

BACKGROUND: Shoreline protection may be achieved through a variety of
techniques. Famliar and well-defined techniques include (a) revetnents
defined as wave-protection structures placed on an existing sl oping
enbankment, (b) bul kheads defined as vertical earth-retaining structures,

(c) seawal |l s defined as wall-like structures placed on shore to resist wave
attack, (d) breakwaters defined as structures (offshore or shore-connected) to
di ssi pate wave energy, (e) sills defined as | ow, submerged walls designed to
retain sedinment, and (f) groins defined as walls constructed perpendicular to
the shore for the purpose of trapping sand and stabilizing existing or
artificially filled beaches. Qher techniques include bank gradi ng, beach
nouri shnent, wetland vegetation, other re-vegetation, and bi oengi neered tech-
ni ques. Bioengi neered techni ques use vegetation in conbination with other
techniques to stabilize shorelines. Bioengineered techniques are often pre-
ferred because of their environmental and aesthetic properties, but they be-
cone | ess effective as wave energy increases.

The intent of this docunment is to highlight potential shoreline protection
techni ques applicable to reservoir shorelines by sumrari zi ng an eval uati on of
structural systens published by the Corps of Engineers (Mdffat and N chol, Ref
a). Moffat and N chol provide recomendations for selecting, designing,

nmoni toring, and eval uating the performance of | ow cost shoreline protection
systens. During the study, about 50 shoreline protection systenms were

eval uated. The performance of each system was docunented, and in some cases
recomendati ons for nodified designs were given. The study, which is often
called the "Section 54" study, was pursuant to Section 54 of Public Law 93-251
of the 93rd Congress approved on 7 March 1974. The public | aw was part of the
Wat er Resources Devel opnent Act of 1974.

The remai nder of this technical note presents the systens that were eval uated
in Moffat and N chol (Ref a) with brief nmention of their performance and study
recommendati ons. The performance of the materials used in the systens is al so
presented. During the study, common nodes of failure of the systens were
identified and are summari zed herein. Mnuals and ot her references used
within the Corps of Engineers for proper selection and design of shoreline
protection structures are noted as well.

SHOREL|I NE PROTECTI ON STRUCTURES AND MATERIALS: Table 1 is a list of the sys-
tems studied in Moffat and Nichol (Ref a) with comments on performance as
categorized by protection type. Expanded descriptions and definitions for
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Table 1. Conmmrents on perfornmance and design for shoreline protection systens

for | ow wave energy environnent as docurmented in Mdffat and N chol (Ref a).
System Conment s

Bul kheads and Seawal | s

Treated tinber? Excel | ent performance; treatment extends life of tinber; sone

Steel and tinber?

Concrete sheet piles?

Rubber tire and post
Longard t ube?
Earth-filled concrete
pi pe?

Rubber tire stack?

Untreated tinber

Hogwi re fence & sandbags

Concrete and tinber

Revet ment s

St one ri prap?

Sand-cenent-filled bags?

Concrete bl ocks?

Gabi ons?

Concrete rubble?

Steel fuel barrels?

Concrete sl abs

Sand-filled bags
Fabric

Tire and fabric

Breakwaters and Sills

St one rubbl e?

Ti mber sheet piles?

construction difficulty

Excel | ent performance, but high cost; difficult to instal

Excel | ent performance, but high cost; needs filter and special equi prent
to instal
Fair performance; needs good filter; tire fill material washed out

Tube nmust be away frombluff to prevent displacenent by slides; sand-

epoxy coating hel ps protect against vandal s and debris damage

Fai r performance; sone pipes tipped over; needs stock pile of used
pi pe
Fair performance, but fasteners failed; system needs inprovenent

Systemfiled due to filter wash out; useful where logs are plentiful
boring insects could be a problem needs good filter system

System fil ed;
probl em

could be inproved, but short life of bag material is a

System failed; concrete and tinber not conpatible

stone nust be adequate size; filter is essential
needs heavy handling

Excel | ent performance
recommend whenever | ow cost stone is avail able
equi pment; best suited to large projects

Good perfornance
installation were poor

easy to instal
good smal |

but failed where design and
proj ect system

Good performance where bl ocks were sized and shaped to nmatch wave
environment; easy to install, but subgrade nust remain even; good snall
proj ect system

Good perfornance
sized stone fill;

but broken basket wires nay be a problem needs proper
good substitute for stone riprap on small projects

Good performance but failed where inproperly designed; good way to
di spose of large ambunts of rubble; design criteria in text

Good performance but use limted by availability of barrels

System fail ed;
sal vageabl e buil di ng sl abs

could be inproved but linmted to availability of
other systens |ess costly
reconmended, is vul nerabl e

System fail ed; not as bag materia

System failed; mght work with grout fill, but tests are needed

St orm waves di splaced tires, and failure seened i minent; nethod of

stabilizing tires needed

Excel | ent performance in breakwaters
equi prment

but high cost; requires special

Excel l ent performance in low sills; requires specia
substrate nust be suitable for driving piles

equi prent and

1 Successful system

2 Systens that could be successfu

ci rcunst ances

with m nor changes or when used in special environments or
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Table 1. (Continued)

System Comment s

Tires on piles Good performance, but requires special equipnment, nore
experinentati on needed

Sand/ cenent bags!? Good performance, but filter-cloth encasenent at one
denonstration site appears vul nerable

Breakwaters and Sills

Fl oating tires? Fair performance; better interconnections needed; linmted
to short period wave environnent

Longard tubes? Good performance if tubes are not danmaged; requires special
equi pment; vandal i sm of tubes namde denonstrations
i nconcl usi ve

Gabi ons? Good performance, but structural failure seened inmnent at
denonstration site

Concret e boxes? Fair performance, but requires special equipnent; covers
needed to keep sandfill in boxes

Z-wal | 2 Good performance, but structure deteriorated; system not
recomnmended until hinging of nodules is inproved

St a- pods Poor performance, but structure undamaged; system not
recommended until inproved to attenuate waves better

Sand-filled bags Poor performance; small bags not stable; |arge bags require

speci al equipnent, tend to pull apart when filled, |eaving
gaps; vulnerability of bag fabric makes dependability
suspect

Sur gebr eaker 2 System not nonitored | ong enough to adequately eval uate
per f or mance.

each protection technique may be found in Mffat and N chol (Ref a) and the
Shore Protection Manual (Ref b). If a particular shoreline protection system
is of interest, the actual study report should be consulted to acquire nore
detailed informati on regardi ng design, installation |ocation, environnenta
conditions, nonitoring techniques, and reconmendations for the system

Several materials were used in the various techniques presented in Mffat and
Ni chols (Ref a). Abbreviated comments regarding the effectiveness of the
materials are provided below. The original report should be consulted for
nore information.

a. Quarrystone worked well and w thstood the environmental forces, but
was expensive.

b. Asphalt mastic was effective. Asphalt nmastic is asphalt mxed with
smal l er stones to create |arger and stronger units.

c. Cement worked well when quality control of the material was
admi ni st er ed.

d. Concrete rubble worked as a revetnent when in sufficient quantity and
when an appropriate filter was used. Perfornmance increased wth
decreasi ng anounts of small pieces of rubble, elongated and fl at
stones, and debris.
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e. Tinber was easy to shape and connect and could be used in many
structures. When used for bul kheads, a proper filter backi ng was
required. Treated tinber was reconmended.

f. Gabions were marginally successful and required periodic refills of
mat eri al

g. Steel fuel barrels were successful when bolted together to form
revetnments or groins. The barrels tended to rust and were
recommended only where barrels are in large supply (e.g. Al aska).

h. Longard tubes were effective as | ow breakwaters, bul kheads and
groins. However, every Longard tube in the study was danmaged by
vandal i smor floating debris. Longard tubes are a good material for
energency protection, but not for long-term protection

i. Filter cloth was good for reducing settlenent in soft materials. The
cloth worked well as a filter for revetnments, bul kheads, seawalls,
and sills.

i. Rubber tires were not usually damaged, although their success
varied. The damage was usually suffered by the tire connecti ons and
structure design. Tires did not work well when stacked | oosely
because they are too light and bul ky. They nust have durable
i nt erconnecti ons.

DESI GN CONSI DERATI ONS: Most shoreline protection structures fail physically
because of inadequate design. Poor design often results frominadequate
assessnment of the environnental factors that are influencing the shoreline
erosion. Poor design also results from overl ooki ng necessary desi gn details.
The following is a list of design elenents that are often negl ected:

a. Filters allow drainage of the soils beneath and behind the structure,
whi | e preventing punp-out of fine-grained material. Also, filter
fabrics placed beneath a structure help to distribute the weight of
the structure over the substrate.

b. Drainage problens resulting fromclogged filter layers or froma |ack
of weep hol es may produce excessive water pressures on the structure
causing the structure, foundation, or backfill to fail

c. Uniformsubstrate is required to mnimze differential settlenent of
a shoreline protection device. Differential settlenent can damage
and expose portions of the protection device to |oss of foundation
mat eri al

d. Debris. vandalism and theft danmage is often an overl ooked design
problem yet such damage is blaned, at least in part, for many
shoreline protection failures. Every Longard tube discussed in
Mof fat and N chol (Ref a) was damaged by vandalismor debris. Al so,
the theft of aesthetic revetments such as interlocking bl ocks, may
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expose filter or bedding to erosion, reducing the integrity of the
revet ment .

e. Toe protection is required at the base of structures to prevent scour
and underm ning. For exanple, toe protection at the base of a
qguarry-stone revetnment can prevent waves from erodi ng sedi ments from
the base of the structure, which could cause stones to roll forward
off the revetted slope into the eroded region

f. Overtopping can cause extensive erosion of sedinents from behind a
structure and result in the structure's eventual failure.
Si gni ficant consideration nmust be given to expected design wave
conditions to determ ne an adequate structure height that wll
prevent overtoppi ng during design conditions.

h. Flank Protection is required to prevent wave energy from eroding the
shoreline adjacent to the shore protection structure. FErosion
occurring at the ends of the structure will begin to expose the
backsi de of the structure to erosion as well, unless the ends of the
structure are sufficiently tied into the shoreline.

i. Deterioration of materials used in a shore protection design nmust be
consi dered. Cenerally, when the integrity of the materials used in
shoreline protection is dimnished, the effectiveness of the
protection is also dimnished. For exanple, decay of untreated wood
used for a bul khead may cause early |l oss of the structure.

i . Connections (and anchors) mnust be substantial enough to resist
stresses due to | oadi ngs and nust be nade of materials that will not
deteriorate rapidly.

These consi derations take account of only those el enents of design that affect
t he physical quality of the project. However, the overall success of a

proj ect sonetinmes depends on other subjective considerations as well. Addi-
tional design considerations include boat access, navigation, bathynetric
characteristics, waves and currents, circulation (e.g. for water quality),
beach access, recreational potential, aquatic and terrestrial habitat, deeper
wat er access, aesthetics, opportunity for nature studies, project expansion,
ease of repair, durability, inspection requirenents, erosion control, safety,
vandal i sm ease of construction, and cost.

SUMVARY: The study results summarized herein indicate the many and vari ed
shoreline protection techniques that are possible, as well as the materials
avai l able for their construction. While each technique is different in sone
respects fromthe others, the techniques often have simlarities. |Included in
the simlarities are inportant design considerations. The design consider-
ations |listed above shoul d be addressed during the design of any structure to
assure success.

VWile this technical note can be used to develop ideas for viable shoreline
protection alternatives and to identify inportant design considerations, the
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lists of possible structures, materials, and inportant design considerations
presented above are not exhaustive. Oher sources should be consulted for the
sel ection and design of shoreline protection techniques including the Shore
Protecti on Manual (Ref b); EM 1110-2-1414 (Ref c); EM 1110-2-1614 (Ref d); EM
1110-2-2904 (Ref e); and Coastal Engineering Technical Notes (Ref f).

REFERENCES:

a. Mffat and Nichol. 1981. "Low Cost Shore Protection: Final Report on
Shorel i ne Erosion Control Denopnstration Program (Section 54)," US
Arny Coastal Engineering Research Center, Fort Belvoir, VA

b. Shore Protection Manual. 1984. 4th ed., 2 vols, US Arny Engineer
WAt erways Experinent Station, Coastal Engineering Research Center, US
Government Printing Ofice, Washi ngton, DC.

c. Headquarters, Department of the Army. 1989. "Engi neering and Design:
Water Level s and Wave Heights for Coastal Engineering Design," EM
1110- 2- 1414, US Governnment Printing O fice, Washi ngton, DC.

d. Headquarters, Department of the Army. 1985. "Engi neering and Design:
Desi gn of Coastal Revetnents, Seawalls, and Bul kheads," EM 1110- 2-
1614, US CGovernnent Printing O fice, Wshington, DC.

e. Headquarters, Department of the Arnmy. 1986. "Engi neering and Design:
Desi gn of Breakwaters and Jetties,"” EM 1110-2-2904, US Gover nment
Printing Ofice, Washi ngton, DC

f. US Arny Engi neer Waterways Experinent Station, Coastal Engineering
Research Center. Section CETN-I111, Vicksburg, N5.



