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ABSTRACT

This booklet presents issues and options in bluff stability problems for
the current or prospective shoreline property owner, as well as community
officials, agricultural landowners, park managers, ancf shore cornmr>nity
residents. Natural forces  erosion! and human activities which contribute
to bluf f instability are de fined. Vlhile instr uc t ions for constr uc t i on of
protective devices are not included, interventions which could enhance bluff
stability are suggestpd. Land use c.nntrols, protection arjainst wave attack,
reshaping the bluff face, subsur face drainage, sur fare water c.ontrol, and
vegetation planting are explored, along with c.xarnples and ease studies.
guide for assessing property is offered, and an extensive list of resources
for profe .",io-�-.l help and additional annotatecl reading material are provided.
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Where This Publication Came from

In l n�1, the  .real I akes �asin Commission began developing
information nii huff stabilitv problems for �reat ! akes shoreJand owners,
'iVhen the Gi �  wa< terminated in 1'i'll, Michigan Sea Grant, with funding
fi om the t J.S. Gr o logical Sur vev, took on this attempt to help propert v
owners along the Great I akrs shores cope wit'i their bluff retreat problems.

So rarely is bluff stabilization n dn-it-yourself proposition, that we
have»ot trie6 to prepare any blueprint.s for installing bluff protection.
Rather, the goal of this booklet is to acquaint prooerty owners with the
issues and options in bluff stability orohlems so that they can deal
' nowlerlqeably with orofessional help on these matters.

A state-of-the-art conference on hliiff stability problems was the
first stan in the pieparat.ion of this material. This publication uses the
Jjr «cecrlings of that r onferenco and dr aws liberally from the following
oublications which are no~ ~ rliffic»lt tn obtain. Har mon VV!th the l ake:
',uirie to !3!uff Stabilization, Lake Michi an Illinois, produced by the Illinois
Coastal Zone Manaqe ment r rogram for Illinois Lake Michigan coastal
iesident, include extensive material on vegetation suitable to that region,
and detailed drawings nf surface dr ainaqe diversions. The Role of
Ve r tation in Shoreline Mana ement a Guide for Great Lakes Shoreline

t  ! is produced by the Great Lakes f3asin Commission, and

Jn addition to these publications there are many other useful materials
list ed under MORJ: Rl. ARIJxl  ..

Althouqh the. information in this publication may not include any
startling new advances in the state-of-the-art. in erosion control, especially
of bluf'fs, the booklet does pull together for the individual property owner
all the major considerations and some applications and limitations of control
measures.



Who Should Use This Publication

This infnr matinn is directed prirnari!i tc I'i< irirfivii'.ual rc;it I nk' s
shoreline propert.y owner interested iri a ."nr -.rarirriit I iden i iii vac it ion
home on ttie oroperty.

Tho disciission is also useful to:

o coirirnmunil.y official"
o agricultural Iariri owners
o park managers
n stnore community residents, wt>o iri o spnsrt all i»wn pi~ cr .; nf

the slioreline and are rnsponsihle for u e of nuhlic Ianrfs

If you haven' t, yet r'evelopeci or purchnscA your prnpprty, vou hav.
many more options and may save yourself a lot. of hear.tbr.r ik -- let «loiir
mOney -- if yOu CnnSid .r the fOrCes at. Wnrk riii r ri:rst.at ti'.niffs nnd vniir
land use alternat ivy s.

If yoii are merely contemolating the uses yoii wil! mnk~ nf vniir shnrc
proper ty, t'iis discussion wi}l provide a rIood basis for judrjinn thr. suitahility
of various uses and what manaqeineiit is riecessary In maintain shorr prnpertv
for thnse raises.



What This Publication chili and Won't Do

For undeveloped lands, there are guidelines based on recession rates and
setharI< ordinances which could help people avoid problems. For more
information on these types of approaches to bluff stability problems see
MOR[ ZF AP!8  ~.

For developed lands, approaches to bluff stability problems range from
relocation of the buildings to aqgressive interventions such as toe protection,
drainage, surface diversions, and vegetation. intervention measures should
often be used in combination with one another.

This publication wiH acquaint you with:

o terminology of bluff prohlerns and protection
o natural forces causing instability
o range of inter vention necessary to stabilize Great I akes bluffs

lt will prepare you to work with natural forces to cope with bluff retreat.

This pcrblication will not:

o explain wave pr oteetion options
n substitute for professional help in:

determininq soil composition of your bluff
slope modification
designing and installinq drainage
l andscap inq
designing and installinq a shoreline protection system



~ ~ ~



What's Happening in the Bluff

JVil frf wa vt S anrl r rfrinirrg tv' ti.r c not intfe tO ..hap, l hP ShOr ea Of t!ie
akes., rfnsit3 .rnrl in a r]r nlnrlic rr'me ft'aine, thc r reat ' akes shore

is a rer r.nt. rlevelopfveril. ! r n. ion is a process nf reshaping begun before
,vr w;rc !ir rr which vali rant iniie, despite our be sr. r fforts, after we are gone.

corrosion, hroarfly r3e',ifif"I, is r prrir:c s nf deqr adatiori or wearinq down
Of t!qe lant' slil far e r3rfrh srrrficinl PrOSiOn and maSS "r OSiOn are at wOrl,.
nn the coastal h!riffs:rrourrI the ! 'ruat I akes..df>rfrcial erosion is a process
rif partif..le detachment and:ransport hy win<i and water. 'grind can pick
up and rrs irrove fine sand and sil t pr o vr dc f0 they ar e relatively dr y. iVater
r ars r air v,lwav . and. sil', nnd clay par tir les. li'lass erosion, on the other
riand, irivnives thr. rnovernent of rr.latively large, intact hlricks of soil andf'or
i!i>cur iso lit latep! sedie>ants. Mass erosion is drivrn by qr avity forces in
cnnjfrnction with a vreakenir~g effect from the presence of water in a slope
nr hluff. s~lum m is s particular form of ma"". r.rnsion which tends to
nr rur in clav.

f3luff erosiori manifests itself in several ways. <Vaves can eat at. the
toe of a bluff undernnining the upper layers. Mud may flow down the face
nf the bluff. fVhole layers of the bluff soii may slide rlown the surface. In
a b!uff slump, a large rhunk of the bluff moves down along a concave
failure surface. Thr: typr. of erosion likely to occur in a bluff largely
depends on the bluff material and strr>c tore  e.g., stratification!. This
publicat'ion is r oncerned mainly with the landslides rand slumps which tend
to occur in the bluff regions char aeter ized by clay materials,



Glacial sediments of uriconsolidated deposits nf r.'lays, sill s, sands,
qravels, and boulders ..onstitute shores which are orone to erosion, I eft
in many forms by advaneinq and retreat inq qlacic rs, tl!n shoreline has
considerable variety. Erosion tends to be site specifir. What's happening
on your stretch of the shore may differ from wlrat's happening on adjacent
property.

The key tn maintaining a stable bluff or prescribing a rerr!ediaI program
is to recognize the factors which affect stability at a particular site and
the intr.rplay between these factors and natur al fore.es aotinq on the bluff.
5uccessfriI plans sl>ould answer all of the following questons:

Is the bluff toe protected from wave attacks?
o What materials comprise t.he bluff?

How are soil types distributed vv'!thin the bluff?
o What is happening t.o soil moisture and groundwater

in the bluff?

o How is runoff water handlerl on rhe bluff top?
o What is thr. angle of the bluff?
o How is t.he bluff being rrsed~
o What veqetation grows on thr. toe, face, and top surface

 table land!?

Bluff stability is a balancing act between forces within the bluff and
actinq on the bluff, and the resistance of bluff rr!aterials to those forces-

l.ravitational and climatic forces act upon the bluff. C;ravity acts
via the natural weiqht nf the soil and watr.r in the soil anrl t'h e additional
weight of structures on the bluff.

Climate acts or! the bluff directly and indirectly. Climate generates
the storms and water Ir vels which allow the waves to run up on thr. beach
and attack thr. bluff toe. Climate provides the rain which loosens and
saturates soil in thr. bluff.



The bluff's resistance to these forces is pro"v i bed ma inly h the so-

r alled she~r strPnq[h n~ the soil itself and hy

Shear strength is a me ~sure
of t he abill'ty O f a snil to rPS i st
the forces trying to shear away
pir:r:CS Of a hluff nr dcta  h
indi vidual par tie lr s. Shear
strr.ngth in granular soils, such
as sand, is governed mainiy hy
oarticle gradation and porosity.
Dense, well graded sands ar~
Str Ongcat. S'ho a r st rennet h n f
ClayS iS more COrnplPx, but in
general the lOwer thP. Water
ron trnt and p I est.ic it v, th+
strongeI thP. clay. Thr stability
of clay slope., i governed by
Shear Str Cnorth, slcpP. angle, and
height. The stability of a sand
slope, on t Te othcl hand, is
a~dependent of ~ Ic ug !t. GOEt r.
often the st ability nf an rnt irr
SlnpP will RepPnd On thP Strength
and Incation nf a weak zone or

layer in the slope. lt is
important to he nn the lookout.
for such localized zones,

Soil moisture and groundwater conditions are critical to the stability of
a bluff. Soil moisture which saturates a soil 1educes shear strength and
increasrs shear stresses. Pockets of water pressure which can develop in
a slope will greatly weaken it. Seepage through a slope which emerges at
the tace can lead to a piping failure. This occurs in stratified slopes with
water bearing seams of sand and silt � a fairly common occurrence in Creat
Lakes bluffs.

Water management is essential for bluff stability. Water should be
dlvPrteri or prevented frOrn entering the bluff by use Of appropriatP dr ainage
measures. Water pressure within the bluff can be relieved and seepage
intercepted by ~sing horizontal drains, vertical relief wells, and drainage
trenches. Planting vegetation, such as willows, also helps.



Human irses affect bluffs by alter inq natural resistance. lo r'n.,or-i-cs
of qravity and climate.

Some human interventions work against the natural forte,
stabilize the bIrrff. Ry buildinq near the bluff erJqe. prnpcrtv nwner,,
additional weight and water to the '>luff, rr.quirinrj arirlitiorial shear trenqth
rn thp soil.

Bluff rrr cssinn .eldom occurs uniformly or cont.inuously. After each
slide, the slope temporarily stabilizes unt.il the net effect of the ir r.r..ractinq
factors causes another slope failurr..

A slopr. may appr.ar stable, grow vegetat.ion, and reinain stationary
fnr some time only to 'have a major slump rnanv year" later. In soils pron.
to bluff slumps, failures such ss these arr. likely to occur witl»n the useful
live. of most bui!dinqs.

One Iarqe slump can takr'. 50 to 100 feet. nf bluff with it. hese
slides can be dangerous as well as costly, taking livr.s as well as or oper ty
with them,

Ry clearcuttinq veqet.al ion nn the fac n nf the bluff, prnpr r tv
lnse veqetatiorl benefits. Plarrts no lonqer rr.move soil moisrur f,
of raindroos are no lonqer dissipated before they slarT int:n the soil.
remains to 'trap moving sediments. Roots which formerly holnr il
and reinforce the soil die and br come zonns of weal<riess.

n w r1 i '. r' s

Forci;s
othinq

to 0 in !



Factors in Bluff Stability

Ti!i- fi!lb!wing f,!r tois nl! play a role ii tt!e stahility of any partici!lar
i!luff.

Wave attack -- is a inajor r aiise of hliiff erosion. Waves eat at the
tn< of t,hn hliiff, ur!dnrrnininq hiqt!nr lovers of bluff material. Fventually
t'!r form ~!f rlrivitv pcills the material dnwn, sometiines brinqinq veqetation

hciililinil: cvit'! it. !.'/avoca AlSn Attai-k beaolic.S Carr ving AWay the
pre!tertivr hi.aci! i!!otrrial, Other pcit!licati~!ns qo iiito thr beach relationships
in much qreater detail than is possible hr re. Devices to provide protection
from wave attar k arr disrussi d in Ii!esn publications ns cvell. All these
dr vires vvurk nr! ti!i principle of <iissipatinq the wave energy so that it
c ar!not. i art v .iwav tl!e shoreline materials. See VtDtkl:. I<VAI!IN i.

C!ff sbnre lake rlepths -- hi'lp distr rrninc the sire of the waves likely
'lc! riin iip oc! a parti  iilar t!nai t!, !r!d ti!iis whetl!er they Are likely to reach
t hi. hlci f f toe'.

Beach width -- Affnc ts whr ther waves can irach the bliiff toe.

Soil co osition of beach and bluff -- in ti!i; beach, helps determine
ri". ist;!n< i ti! ti!c r rr!sivc. fc!ri es i!f the wavrs; in tl!e hluff, whether ti!e

bluff is r IAV, Silt, snnrf, nr ri!nk detr rmines tO a qreat extent itS natural
shear ri sistani..r.

,!tratif ication within the bluff � is anot hat ma jor factor in bluff
.,tahility. Stratification is ti!e arranqemrnt nf types of soil within the
t!luff, And rtict;ites the bluff's susceptibility to qroundwater problems.

 .roundwater table � The heiqht or elevation of the groundwater table
di t.r rinine."� in combination with the st.ratiqraphy, slope anqle, and height
t'l!e st ahility of ti!e hluf f.

Soil moisture -- Saturated soil is much less stable because its shear
resistant e is greatly reduced.

Surface draina e -- can help determine how much water seeps into
the bluff. This may lead to the soil and groundwater problems outlined
above; or excess water may run over the surface of the bluff carryinq
along bare soil and eroding gullies and rills into the bluff surface.



Use of ro ert -- So nr. tr f;, sirch as tra ffir, 'f i'pa r lhf anil.
rncrr asinq runo ff prohIr ms. I awn .nprinklinq r-an rncrease soi'I f~oist >re
prohle Yrs, as can septic systems arid swrmminq of>ols. yorTle rdses t5t str Ay
protr cti vr. valet at ron.

V~eetation � inereaae.", hluff at:rhility fnur weyr. it dirr.r.tiy n.maven
water from the soil layer s. The root svstcrns hold snrl in alar e. Ver]etatlon
snfter~s the irrrpact of rajndrops whicli ott~erwisr r o«lri iar Irios» sf!il particles.
Vegetation slows runoff anr3 filter" filet susperlded sediment.

~Bluff an le � lrelna determinr hnw atrrardf a» infl r.nrr: qra ity will
have on the bluff. Ingle is a funr.lion nf height and distanre from tlute
the lake. The hirlher the hlrif f, thf.:r>ore materials it con to ms, and the
rrfnre lnaSS qr aVity Can aCt open il.. The SnilS iri leigh, SteeCf I~lrrffs rrruSt
have rlreat shear resistance to overcome this rlravitotinnal forr.<.. and rr sist
sit�> mp inrj.

F rost action -- irrclrldes freezing and thawinq which r.ors hreak up the
I!luff material, anf3 soliflur.tion which occf mrs in sar inq when fr oxen clays
heqin to melt and the tliawinq soil flows rlriwn the far e of the slop».



Your Options . ~ .



~ ~ ~ pro5iion p+Hlage Prevention
You arP rr rr]inr! this pu'i!ication ber ause vnu are r-.oncerned about the

darTiar!r' tliit Carr he -auSr d bV bluff retreat.

Th~ twrr majnr;rpnrnaCrios tO PrnSian prOli!emS are I to preVent
r<nrriaqns an~'. 'lo."�, nf !rfc liv coritro!iinq use; af erosion-prone !and; or 2! to
pre Verit errlSinn i'. sc! f. f Oc»S On Pr OSinn reduCtiOn leadS tOWardS ernpliaSlS
on structural sn!rrtirjns; a land usp cnnlro! apfiroach permits qr eater flexibility

npt inns.

Tn usi this pu 'Ii! 1tlor>, rr ad tlirouqh the opt.ions in damage prevention.
C Pt. a feel for What enCli rrptian eritarlS. Tlien uSe the praperty aSSeSSSrnent
checklist to n~easiirr vnrrr nwn,!tuition. F ma lly, r.!eigh tho damage
pr'e verit rul I opt !nn ' aq.lr I 1st vnrlr ov/rl sr tu a r on

Lead Use Controls

l 'rr I<! ' rse r orit rois work het ter for unrleve !oper! than for air eady
develnpcd I >nr!s. Tools for prcvcntinq r'.rosion losses include: zoninq, building
codes, pu»!ir: r!is< losuras, and !and acquisit,ion l>y government bodies.

Z'oning

7nninq in hirIh risk erosiori areas prevents inappropriate use of these
!ands for tiumarr actvities. 41ost approaches allow same use for open space
or recreation un!Pss thr. risk to !ife is very great. A related approach is
to make ai! developments subject to review; then such developments typically
Iiave to meet. r-ertain criteria such as setbacks or bond requirements.

."itanriards such as moveability cou!d be required for any building
lOCated in erOSiOn prone areaS.

Public Oiaclosure

A public disclosure system would warn buyers of potential hazards.

Qove] nmPnt bodies could acquire title to lands deemed most hazardous.

have assumed that most readers of this publication already have
developed property which needs protection If, however, you are fort~nate
enouqh to have more. options, consu!t Re ulations to Control Shore Erosion

Rl=. RE A�ING for suqges ti ons on non-st rur. tural controls of
erosron darmage.



Stopping Wave Attack

Wave attack is a major cause uf bluff retreat and shore erosion around
the Great l akes, and should not be overlooked in any plan for erosion
control. Other, easily obtained publications dn a very thorough job of
explaining wave protection options. Accordingly, individual wave protection
devices won't be examined here. See MORE READING for a list of these
publications.

The concept behind all wave protect.ion options is to dissipate the
energy of the waves so that they can' l. carry away beach and bluff material.
Sea walls and revet.ments do this directly. Devices known as groins and
beach nourishment programs either preserve existinq beaches or cause the
buildup of a protrctivc beach which lets the wave energy spread itself over
the beach wit'hout at tack inq the hluf f. Wa ve at tack prob le ms are site
specific, and Individual situations must be evaluated on a case-by-case basis.
Any devices must receive proper maintenance.



Bluff stability depends tn some extent on the slope of the bluff face.
The degree to which any particular»gle is stable depends on the soil types
anc! ~he amount of water in the soils that make uo the bluff.

In this puhlication slope angles are given in terms of rise in feet for
a given horizontal distance in feet. For example, a bluff slope of 1:2
means the bluff face rises one foot nver a distance of two feet. The stapes

this publication are all given in a vertical: horizontal ratio. The
accompanying figure shows examples of various slopes.

a bluff stable, the soil ancl water content of the b luff
material must be determined. Again, the slope angle which is stable will
depend on the type of soil materials and the amount of water in the
mater i ala.

For example, a predominantly clay bluff with a high water content
may not be stable even at a 1:2$ angle. Yet the same soil, if it is dry,
may be stable at slopes as steep as 1:l. Some experts use a rule of thumb
of a slope of 1 I z as the dividing line between a bluff which can be readily
stabilized ancl one which cannot. It depends on your particular site. Qn
a 1:1 � slope it is possible to establish vegetation without resorting to
sophisticated professional land reclamation ser vices. However, before
wheeled equipment c: an be used the slope would have to be 1:~.



In many clov are;«s s«<.h as ! hr rr d clay sbores nt I a!.r:i<;f«~rinr, a staI>le
slope is even flatter, about 1:~.   <«tting hack a hluff tu tI>;«t annllr vrnulrl rr.ean
the loss of a lot of tal«le la<<~I. Ir«s!«me area,, and to mam prnpr rtv owr«e<'s,
that would he totally unacceptable. ln other are;«.;, the lr«r«6 val<«».;«<«1 «se 'vould
ma'<e The cost. prnh<hiti!vr,

Peshapinq is expensive «nd <liffi<..ult. Hn<wnvor, if t!«is aI«f«r<~r«.b !s viable
for vour site, there are three basic mr t!«<><la t.<«rer;«.,t <nq tl«r sin;».

All these methods x~rork on the pr! Ilciple oI c<«ur«re."'~al;«re <nrem forr rs of
gravity in the slope. The n«ethods also incorporate subsur f;«< e <lr «ir!a<~<- < ontrols.
Ahditionallv, in areas who.rr thr. tor. is suhjer I tn wave att<«rk. Tr«e <«erv I«luff
facr. needs aclequate tor' orotectinn.

Buttt ess Fill

This method brings in soil,
pre f et ab I y select g r a nul ar
mat.er ial, from an outsi!de source
and adds it to the base. of a
steep t>luff so that the. ang'le is
modified. First the natura I I«iuf f

must he drained, and, of course,
the toe of the new slope must
be protected. The fill itself
must. also he frer. draining or
incorporate inter ~<;«I dr air!s so as
not to impedr dr aine le from thr
face of t.hr. I>I<«ff.

I hr advantage nf this
me< hod is that there is nn
increase in the amount nf
property. TI«<«disadva<ltr«ge is
tl<at. fill I«as to l>e availablr ar<rl
the drainage is cost ly.
I-urtl>et nnore, in some places
there is not room enouqh to add
mat.erialto the r«ase v. it.hour.
having to dump some of it into
the lake. That means permits
<vil.l be req<«irerl from the < orps
of Cngir«eers and appropriate
state officials.
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modification of

the fill method is tn
cr~ate a series of terraces

down the face of the
slope wit'h the new fill.
This requires huildinq some
retaininq walls, but the
terra.es between 'the

walls, created with the
fill, could have a slope of
1:~ which would be very
stable. Again the
undorlyinq bluff must have

dra inaqe syste m, and the
terrace fili should allow

water to percolate thr ough
the bluff to the drainaqe
system. The terracescould suppor t vegetation. Cut and Fill

The upper unstable
portion of the bluff is cut
away, and that material is
used as fill which is
compacted at the bottom of
the bluff so that the overail
anqle is more stable than
oriqinal face. The advantage
nf this method over the fill
method is that the fill
material is at hand The
disadvantaqe is that sarge
table land will be lost.



Cut Only

Here, tits tdriff is
r xcavated tn a nnw st,ah! anqlo.
A lar qe amoririt of rrra t~r ial r an
be r e rrro ved w !rich is an
ad vari t aqe or dis ad van t.orle
depenrlinq on whether you ha vr,
use for it, or a buyer.
Otherwise its ilisnositioii can t>e

expensive. A largo arnrirint nf
table land i;an br ln.,t in this

nir.thnd. Again, siitssurface
drainage is usually incorporated
into the methnr!.

FXAtvtPLES of how these inr,thods coulrl hc donr are sriqilr.st.ed fr>r
bluffs alnnrl the Illinois shore of l.ako 'Aichiqa». r.ost r]ata is from 1 t7o.
F vamples an<I figures are froin Harmon ' 7Vith thr 1 akr.

f=ill Method

Thi riat iiral bluff will br. drained by planomrnt of a plast.ii.'
filter . lotto' arri! gravel, an 9-inch perforateri collector pion, arid

12-inch out let pipe ins'tailed as descr ibed for the cut anrl fill
method. An altornatr. method of st.ablirinq the tiluff consists
of tlie constrr>ct ion nf a series of 6 tn 9-foot high retaininq
walls,'cribs or qabioi>s! separateil by a fill or a<ted to a 1:~ slopr .
The hor is not al distance between the walls should be ? ! feet.
The fill to be placed to the rear of thr. lowr.r walls cai> be rrsed
as a workiriq surface From whirN the next. upper wall and section
of drainage can be constructed. The areas to be filled can he
filled with materials consisting mostly of sand and qravel ar
crustied rock to provide for drainage thror~gh the fill to the
drainage system. The surface may be filled with soil to a rlepth
sufficient to support vegetation. This method is not difficult
to construct and will drain the existing slope, stop groundwater
seepage, and provide stable, gradually sloping terraces which will
resist erosion and support plant life. This method is particularlv
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use ful for t Iinsc hhrf fs wit'r o ver all stahle slopes, with the
PK Ppt!orl of t'hr rmmediate upI!er t~lufl area. The estimated
first cost for this method may be $1,000 to $1,700 per lineal
foo't if treatment of tie entire bluff face is needed. If only
the upper bluff wood cribbinq walls are needed, these will cost
sense $15 to $4~ for each linear font drpr.nrfing upon the height
nf the wall.

Cut and Fill Method

Fill from the upper por tloral of t' he unstable bluf f is
even vatr 6 and comliacted in the lower pnr tion. Ttris method
drains the natural slope of the lower portion of the bluff  after
it has Ircen cleared of vegetatiorr! by placing a maximum of frrur
feet. of cnarsr gravel on the filter cloth. The cloth and gravel
can ~P placed as thr' lots of the fill arr ndrlr rl. r'roundwater
lra innrI froni t!ie hlut f str'ata will be transmitted downwar d
through ttre gravel Iaver to an R-inch diameter perforated drain
pipe rn be installed parallel to tt>e base of the bluff.  Vater
collected in the perforated pipe will be drainerI to the lake by
12-irach diameter drain pipes at a slope of approximately 1:100.
Ihcsr outlet pioes, which are peroendicular to thr bluff face,
can he spaced approximately 400 feet apart. If sand and silt
lenses wit.h seepage problems occrrr above the fill area, a dr ainaqe
method to control these, such as a horizontal drain systrrn, may
be advisable. The collection pipes for these drairrs may be
connecteri to the collector pipe located at the base of the bluff.
Care in compaction is a necessary engineering concern. The
amount of compaction per lift and thickness of each lift of soil
depends on the tyfrc of soil used for the fill. The estimated
first cost. for this method is approximately $350 per linear foot.

Crjt Onl Method

This method of bluff stabilization consists of excavating
an unstable slope to a recommended slope of f:1 . Any seepage
zones may be eliminated by a dewatering system. In this case
perforated horizontal drains are rrcornmended. ',Vater collected
in the perforated drains should be carried in an 9-inch collector
pipe to the bluff face. The water should then be carried down
to the toe of the bluff through outlet pipes whether buried or
carried on the surface. The estimated first cost of this r»ethod
is approximately $600 per linear foot.



Water is the major culprit in bluff stability problems in the  .rest
Lakes region. Many bluff stabilization efforts are a matter of managing
the water.

Lake water is generally recognized as the most serious threat to
stability. The erosive energy of waves and currents can be controlleif,
however, by toe protection.

Soil moisture and seepage
can also pose a problem. The
amount of soil moisture is an
important determinant of shear
strength and a soil's ability to
resist the farces of erosion.
High groundwat.er tables in a
bluff result in high pore water
pressures and seepage forces
which greatly reduce stability.

Seepage is one of the most
recalcitrant problems confronting
shore property owners, particu-
iarly in stratified clay till bluffs.
Jn the Great Lakes region clay
strata comprising the shoreline
bluffs arc often interbedded with
lenses of sand or silt that allow
water to collect above less
permeable clay layers. The
water then moves lateraily
toward the lake and seeps out
the face of the bluff. This
seepage will destabilize the soil
above it, and chunks of the bluff
may slide down the face.

Sometimes seepage zones in
a bluff are easy to detect.
There may he an obvious wet
spot or spring. Vegetative
indicators can also be used to
spot a potential problem. Plants
such as hursetaits  e~uisetum!,
cottonwoods, willows, and even
cattails tend to grow in wet or
moist zones in a bluff.
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To riage a blr>ff more strible, groundwater hns to l!e drained out of
and ronvr vr.'<l awav froid the bluff, Tt» re at  several ways of achievinq
t'iis  lrial.

Veqet 3'tori is nne means of managinq water on th . hluff.
inter .r pt rairi err!ps inil 'ielp to prevent surficial rillinq
Veqi'.ta t inn also re rro vc s wat er fr oi Ti the so i l and re lee ses i' t
atmnsphrr<' via r orit �stems, and friliaqr .

>lants

gully inq.
into the

Horizontal Drain S stems

small-diameter pipe is drilled nearly hnr iznntally irito the face of
the bluff, extendinq hach into the bluff, especially into lenses of silt
or sand, A system of collar.tnr pipes, outlet pipes or ditches is iisiially
nr.eded to safely carry away the seepaqe water without. further face
erosion. ln most liar izontal drains, installation of tl-,e init.ial dt ains

merely exploratory to locatinq areas where additional drains shoiild
be installed. Finished projects usually space drains across the face.
of the bluff at 20 to >0-foot intervals. Determininq tNe natural
spacing of each drain is a lengthy, complicated process. lf a substrata
or sand lens drainage system is necessary, a professional geotechnical
enqineer is recommended.

ti1orr mr'chaiiical means of controllinq qro«ndwater in o hluff can also
be r r.iplnyr rl. These ini l ide liorizontal drains, ver tir al wr lls, and drainaqe
trr nc lies.



'2. Vertical Well S stems

Ver tical well systems are used to improv<' groundwater conditions. A
pumo moves water to the liluff surface, <an<i collec'tor pipes, outlet jiipes,
and ditches carry the water away to some location whr:re it. can be
discharged without danqer of reenterinq the slopr. "pnme well systems
can bypass impervious soil layers, allowinq seepaqr. to drain vertically
down into permeable sand and gravel at tlie tiase nf th,- .»ell.

3. Draina e Trenches

Drainage trenches or so called French drains can hr. employed to intercept
and divert shallow seepage. A drainage trench consists of a narrow
trench dug parallel to the edge of a bluff which is backfilled witli graded
aggregate. ln some instances a per vious filte~ cloth is placed around
the aggregate to prevent washout of fines into the trench. A perforated
or slotted pipe can also be laid in the bottom of the trench to improve
its hydraulic efficiency. Drainage trenches are effective in interceptinq
shallow seepage in water-bearing sands or silts which cap an underlying
clay till.

While the drains and wells mentioned above can make a difference in
layered soil, many bluff stability experts take a dim view of the capability
of any engineering devices to sufficiently dewater the solid clay bluffs
found along many Great Lakes shores.

18



Land areas along the lake shores tend to drain toward the lakes.
Unless controllerl, runoff from major storms will flow over the top of the
bluff and down the far:e carrying soil and veqetation with it.

Another problem common along C:reat Lakes shores is that the soil
in the upper levers of the bluffs is relatively permeable, but several feet
down an impermeable clay layer forms a barrier. ln an intense rain storm,
or after long lawn watering periods, the water saturates the soil; and above
the usual groundwater acquifer, a perched water table forms. This water
moves throuqh the soil toward the lake, seeping out the bluff face. A
surface drainaqe system can help control this problem.

Such systems usually consist of a surface water retention area
 diversion channel! nn top of the hluf f to intercept and temporar ily hold
surface runoff. An outlet pipe carries thr. stored runoff water down the
bluf f face to the lake. An underfur ound tile system or drainage trench
alonq the bluff face is necessary to intercept the perched groundwater flow
 see %NSURFACE DRAINA~!. The under qround system can discharge
into the same outlet. needed for the diversion channel.

This diagram shows a diversion/drainage system developed for Illinois
shoteland areas to accomodate the excess water from a '24 hour storm
likely to occur once every 10 years.



This is but ari iridication of thn typr. n:'.ra'.none syst ei i inst all<rl in
the region. Indivic!ua! cnnditions dictate .;ite soecifir sn'.ut.ons. Prnpertv
owners should seel< professional advice before installir q such systn~ns.

The typical diversion channel design takes into r onsider. tiori th area
t 0 he dra!ned and the likely amount of vva ter tn lic !iaridled, nnrl 'h .n
specifies: ].! the required bottom widl h of the <liver sion, 2' tlie rcquir ed
size of the channel outlet pipe, 3! a choice of plastic or mr t.al pipes to
be used, 0! the depth a't which the pipes should hr. huriccl tn hr snf» from
frost, and 5! support for the outlet pipr. to orotnct it from wave attack at
the lake lr.vel.

Another way to control surface water is to reqradr. thr surface so
that it slopes away rather t'lian towarrl the lake, or to build a berm to
diver t surfer.e water away from the bluff face.

Vegetation

Vegetation nnay be the last step in an erosion control proqrarr�but it
is still very import.ant because it lias several cr itical erosion control functions
and because it improves the appearance of a shore sit». Vegetation also
provides food and cover for wildlife.

Vegetation alone is of little use against wave attack or slurnpinq of
a bluff crest because of deep groundwater problem,. Before initiatinq
vegetation work, be sure the bluff is protected from wave attack anrt t' he
slope is st ah 1 e,

The presenr..e or absence of vegetation is a good ir!dicator of the
stability conR it ions of t.he slope. Vegetation is extre melv dif fir.rilt to
maintain on very steep, unstable slopes. Slopes steeper than 1:1 rare ly
have vegetation since the soil is riot. stable at sur h steep arigles. Slumps
often carry large trees to the beach along with all the grasses and other
covering vegetation. lf there are large seeps in the 'bluff face, vegetation
will not establish itself rearlily.

 .ompared wit.h the struct.ural means of controllinq erosion, establishing
vegr. tation is inexpensive. However, when planninq an erosion contr ol
program it is important to budget sufficient monev for seed, nursery stock,
fer tilizer and mulch. Sometimes it is ner:essary to use professional services
siich as hydroseedinq.



Veqetation is useful in the battle against surface erosion caused by
runoff anrl spring thaws and raindrops. Grasses trap moving soil particles
and intercept raindrops.

Plant root systems hald soil particles in place, and deep roots
nenetrate lower soil layers where water is drawn up by the roots, through
the tree to the leaves and reused into the atmosphere. This
removal can 'help stabilize the soil.



Role of Ve etation ~Te of ~~~V~ e~ align

TreesShrubs

intercept rainfall

retard runoff

filter surface soil particles

root penetration
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The vegetation which can be established on a slope depends on the
slope angle. if that angle is st eeper than 1:1, l.'he so il is 1 ike ly to be
unstable and it will be practically impossible to establish vegetative cover.
Slopes steeper than 1:1,' are likely to require specialized pr ofessional
planting services. On slopes flatter than 1:3 it is possible I.o use lawn
mowers so it is feasible to plant a lawn. On slopes between 1:1 and 1:3,
vegetation will grow providing groundwater and wave attack problems have
b e en c or roc ted.



Climate

Thc climat.e of the hereat l akes coastal regions is modified by
large water mass of thn lakes. Thus the hardiness zone for vegeta~ion
alanq tile shore mav he at least one zone more tolerant than adIacent
inland areas. But remember that the hiuff face is going ta be exposed to
winds and water runoff, making tough conditions for plants.

The t:reat Lakes region covers several latitudes and takes in several
hardiness zones for olants. Your best guidance for establishing vegetation
is to rely on the expertise of local people such as your county cooperat;�e
extension agent or soil conser vation service. They will know whrch spec}es
of particular plants do well in your location.

Oft.en you can get a clue to the type of vegetat.ion likely to thrive
in vour area by looking at what thrives naturally in unmanaged areas.

Soil Limitations

Droughtiness, fine textures, claypan soils, wetness, alkalinity, acidit.y,
shallow depth, toxicity, and nutrient imbalance all affect how well any
particular species will grow in your sail.

Survey the slope to determine what healthy veqetation currently exists
on your shore property. Is is compatible with your preferred uses of the
property? Often your slope will have bare patches even though the rest
of the area is well vegetated. You can use selective planting to fill those

areas. Asthetics
Plants have different colors, sizes, shapes, and textures. These

characterisitcs can be taken into consideratio~ for pleasing combinations
of living material.

Functions

Plants can help you achieve desired effects. If a view of
is desired, consider the eventual height of the plants you choose. Sor e
vegetation can help you attract wildlife, for example, chokecherry. Other
vegetation can help you control traffic. Thorny brambles will discourage
foot traffic over your bluff. If top soil is your goal, a fast growing species
with a wide spreadinq root system should be chosen.



Success or failure of vegetation depends on the human activity to
which it is subjected. Choose plants that are appropriate for the use you
intend to make of your property. You migiit consider altering your uses
to better allow the vegetation to establish itself. For example, you rriay
need to control traffic over the bluff face with a stairway so that the
plants can get started.

One major reason for living along the  .reat Lakes shore is to have
a view of the lake. Clearcuttinq the trees for a better view of the lake
may lead to slope failure as those roots no longer hold the soil or provide
other water-iernoving functions. Vegetation largely determines the overall
effect of the view. It is possible to iise vegetation in creative ways to
enhance the views you want while scr eaning out undesirable siqh'ts and
blocking the view from the beach of your 'house.
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Location

Veriptation on the bluff top forms a protective buffer for thp hi f fe bluff
facp.. A greenbr.lt should be maintained along the bluff pdtie uch nf
thP Lal e I iichigan and I ake F rie sborP is used for agriculture for tor t esp
lands, it would he too cosily tn reshaoe the bluff to a stablp. sloPP P armarmers
can maintain wide strips of dense, natural vegetation along the edge Thesp
strips control traffic, keepinri it far enough away from fhr. edge
unoff from plowed fields. If the bluff edge Is currently cie

consider leaving the strips undisturbed. Shrubs and trees will naturally
invade thr. area and reestablish the greenbelt; or you can speed the process
with y nor own plantings.

Very large trees near t: he
edge of a steep bluff can he a
mixed biessinq. If the roo'ts are
showing on the bluff side:, the
tree is probahly unstable. When
the tree topples, it may carry
away a larqe chunk of the bluff
top with it. If you have such
t.rees, you may wish to cut them
down so that they don't fall
rlown during a storm. You can
leave the root.s in the bank to
hold the soil temporarily until
new veqetation becomes
es tab I ished.

Cottonwoods and willows can be planted as cuttings or sapling»«
are particularly good for seep zones and other wet areas of the slope fa "
However, avoid planting willows near dr ainaqe systems because
seek water and may eventually clog or br eak up your drains.

bi; h vprl  tation at
and some
wet so iI

biuff tuc .

If you have sufficipr t beach, it is possible
the bluff toe. It providr.. additional anchorinq
all erosive processes. Willows may rnot in the

Vec}etation traps sediment, controls runoff, and holds soil in pia««
the slope fare. Trees, shrubs and grasses ran all be used on the bluff fa«.
lf the slope is too steep t.o mow, consider ground cover s other than



Native Versus Introduced S acies

Both native and introduced species thrive in the C~reat l akes reqion-
Some people prefer to plant oniy native species; others iike a comhinatinn
of nat ive and in troduced plants. Some people belie ve na ti ve spec ies do
better than introduced species. In fact, many introduced species do very
well in the region and some are freer of natural enemies. Whether you
should plant nati ve or intr oduced species depends on the effect you are
'trying to achieve. If yau want a "natural" iook, then you may want to
consider only native species. Combinations af native and introduced plants
are apprapriate in landscaped settings. Whichever yau choose, be sure the
plants meet your requirements for appearance and maintenance, and grow
well under 'the conditions on your property.

Often far the same type af plant, you will have a choice af species-
Dne species may do better than another for the particular conditions on
your slope. Take into consideration the following factors:

o ultimate size

o rate of growth
o ease of establishment

o suitability to soil type and mositure levels
o susceptibility to insect and disease prablems
o longevity
o appearance
o cost

o habits such as drapping limbs in storms
o compatibility with other vegetation

Maintenance R uire ments

Some plants are carefree once established; others requir e constant
attention for shapinq, watering, fertilizing, and t.he like. Select plants
which require no mare maintenance than you are willing to give them.
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Is the slope presently stahle or will it be when you add the plantings?
If not, look at earlier sec tions of this publication for ideas on how to make
i t stable.

If regrading is too costly, consider gentle slope modifications which
will allow veqetation to get established. One such idea is terracing discussed
in the section on slope angle.

A terracing idea that uses vegetation is contour wattling. Cigar-
shaped bundles of iive willow cuttings are anchored into the bluff face with
either construction or live willow stakes. This bundle traps surface runoff
and soil particles and lets vegetation qet a hold. Furthermore, the willow
stakes are capable of rootinq in the bbuff soil if there is enough moisture.
See MORC REAOING for details of this method includinq e Soil Conservation
Service field trial on Lake Michigan bluffs.



Soil Tests

Before you select. vegetation or plant it, find out what kind of soil
vou have. Is it clay". Sand? Silt? I!oes it tend tn drv nut? C3r stay wet?
Is it acid or alkaline". Does it. need fertilizer? See HFLI for anil and
crop exper ts.

Surface Pre aration

Proper surface work is essential to successful plantinq. Remove all
debris that could smother veget,ation.

Smooth out. all rills and gullies. He sure surface drainaqe is being
c ant r o l I e d.

Based on your soil tests, add fertilizer and other anil cnnrlitioners.

Seedi and P[antin

Dnce the area is prepared, seedinq and planting also should be carefully
h andi ed.

ln many cases grass mixtures can be seeded by scattering the seed
along the bluff face by hand.

F' or large scale planting and steep slopes, machines called hydroseeders
which spray mixtures of seed, water, and mulch are recommended. These
are generally used by the Soil Conservation Service.

Groundcovers are usually
available as small container
grown plants, and must be
individual!y planted. Dig
small holes with a trowel,
forming a staggered pat tern.
The number of plants required
depends on the variety of
groundcover used.
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0/ate r ing

E:ven lhough excess soil noisture problems can learf to a slope disaster,
initial pl ~ntinqs a.id seedinq often will r< quirr. some iudic ious sprinkling
nnrl watering ln get the plants qoir~g.

Mulr hinq is particular ly iniportant for slope plantings. Mulch protects
against. r ain ond wind ivhile seeds are germinating and plants are
reestahlishing mots. Mulrhes also reduce moisture loss during dry spells.

The accompanying table lists common mulch materials and methods
for anchnrinq thr mair h. For more infar rnation consult refer ences in
MOTIF f<F A DIN f i.

Anchorin MethodMulch M a t er i a I

peg and twine network
punched inta slope with spade

Hay or Straw
f1k-2 tons/acre!

staked according to manufacturer's
specif ice tions

Jute Netting

staked according to manufacturer's
spec i fic at ions

Pl asti c Net t.ing

no anchor ing necessary

follow manufacturer's instructions

Ivlanure or Compost

Glass Fiber

Timing
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The Great Lakes region has a typical pattern of precipitation/dry spells
which affect plant success. Your efforts to establish vegetation should
take this into consideration. Seeding of qrasses and legumes should be
avoided in July and August because long dry periods are most likely to
or:cur then. l equme-based mixtures should be planted as early as possible,
but no later than mid-June. C'rasa-based mixtures can be seeded before
and after July and Auqust.



Trees and shrubs are availahle four ways: as seedlinqs, bare-root,
balled and burlapped, and container-grown. Easilv tr ansplanted species can
be handled as seedlings and bare rooted. More sensitive sperirs ner d to
have undisturbed roots. Balled and burlapped and container-grown plants
are expensive, but the plants suffer less shock from beinq moved and the
roots are better protected from drying out. The root ball can be hcavy.
Thus, on a steep slope it is usually impossible to plant a balled and burlapped
tree with a root ball larger than 1B inches in diameter. ln any transplantinq,
always be careful to prevent the roots from dryinq out.

For maximum etosion control, trees and shrubs should be planted after
grass 'has been established. Plants should be spaced to prevent dense shade.
Trees should be planted at least 50 feet apart and shrubs, 15 to 25 feet.
apart. lf trees and shrubs are going to be mass planted to achieve total
ground cover, then the trees can be 6 feet apart and shrubs, 5 to 0 feet apart.

Timing

Evergreens, shrubs, and small trees are best planted in sprinq before
they have bequn new qrowth. Plant them after the qround thews and the
air temperature exceeds 35 F. You ran also plant in late autumn after
the plants are again dormant, but before the ground freezes.

Fertilizer

lt is not absolutely necessary y, but fer tilizcr can be added when plant.inq
trees and shrubs. Use a small amount. and be careful to prevent it from
coming into direct contact with the roots. lt s best to mix it int.o the
backfill for the hole.

For information on specific formulations for particular species, consult
local vegeta ti on exp er ts.

For more information on planting, consult any go od gardening or
landscaping book. Cooperative Extension Service offices, libraries, and
bookstores all carry such planting guides. Also, plants are often sold with
planting instructions.



This table gives suqqested vegetation which is suitable throughoftt the
f.r eat I akes reqion. For more detailed information, consult with a local
vegetation expert such as your countv extension or soil conservation service
agent.

Soil Moisture Types

Well-Drained l~rfectly Poorly
Good Moisture Drained DrainedDroughtySpecies

Au t umn 0 l i vs+
 E laeaqnus fjmbe l lata j

Bearberry
 Arctostaphylus iiva-ursi!

Chokechet ry
 Pr unus v ir gin i ana!

Gray Dogwood
 Comus racemosa!

Red-Osier Dogwood
 Comus stolonifera!

Wild Grape
 Vitis riparia!

Common Juniper
  J un ip e rus Co mrnun i s!

Staqhorn Sumac
 Rhus typhina!

Sandbar Willow
 Saiix interior!

Heartleaved Willow
 Salix cordata!

THf"f '>

Species

Cot tonwood
 Populus deltoides!

Black Locust

 Rob irii a pseudo-ac ac is!
5il ver lvlap le

 Ac et sac cha rum!
4V ill ow

 Salix spp.!
Red Maple

 Acer rubrum!
Box Elder

 Acer nequndo!

"ln d i ca t es in t r o diir c d sp ec i es

This infor mat ion comes from The Role of Vegetation in Shoreline
fvianagernent produced by the Great Lakes Basin Commission.



Lbs/AcreSpecies

Per ennial Rve r.ross"
 I olium perr er!e!

Redtop»
',Agrostis albo!

Smooth Rromoqrass»
 aromas lnerrnisj

 !rchard <ross»

 Dactyli>s ql orner ato!
Canada R!ueqrass

 Boa coinpressa!
Sweet Clover

,', Vle I i I ot i! s a lhri
Red  :lover"

'Trifolitim piatense!
h7 lli. /acre

I0r reeping Red Fescue"
 F estuca rubra!

K ent uc k y R! ueqra s s»
 poa pratensis!

Redtop»
  Aqr os t is a 1 ha�!

Tall F escue"
 F est uc a arundinacea!

timothy�"
' I'hleiirn pr atense!

I3irilsfoot f rc foil
 Lotus cornicu!atus!

20

10

Ibs/acre

I < cod I an.ir yq ra ss
'I'hal ar is arundin ace us!

I'.arrison < rccping F ox tail
', Al opec urus arun dinaceus',

reedtop
  A 0r os t. is a lh a!

 air dsfoot T re foil"
 Lotus c orni oui at us!

10

Ibs/acre

»indicates introduced species



I ocal nurseri s will have many plant materials you can use for erosion
c on tr o 1 on bluffs.

Some state, provincial, and federal programs offer substantial discounts
on ohtaininq materials for erosion control programs. See HFLP at the end
of this publication.

Lawns

Healthy, vigorous grass will be maintained only with annual fertilizer
applications. Liqht appiications will keep an established lawn healthy. But
don t overdo it or water quality problems may result. Use care to prevent
fertilizer frnm reaching the lake.

Trees and Shrubs

Newly planted trees and shrubs require care until they are established,
usually one to two years after planting. Slopes are often very dry in
summer, so water the trees about twice a month. Keep competing vegetation
cleared away from the. base of the tree. Many plants are susceptible to
insects and diseases. Healthy, vigorous plants are seldom bothered, but
declining plants may be attacked. A yearly inspection and a litt.le
maintenance can keep plants viqorous. When short-lived species have been
established for several years, you may wish to introduce some long-lived
species.

Selective T in and Thinni

A dense, heavily wooded slope effectively controls erosion. However,
such woods often block the lake view. Selective pruning, topping and
removal of some trees opens up the view without endanqerinq slope stability.
Thinninq will also allow more sunlight into the existing trees which will
strengthen them. Handle thinning gradually, a little bit each year. Leave
brush and shrubs undisturbed. Never cut down all the. vegetation at once.
Clearcutting the slope will rob the slope of all the benefits of the vegetation,
arid make it vulnerable t o sr o si o n.

Debris

Remove all debris that is covering the soil to be vegetated. Cut
down dead trees, cutting them so t.hat they fall across rather than up or
down the slope, leaving the trunk and roots in place. Remove dead shrubs.
f3on't use your slope as a dumping ground. I eaves, grass clippings, or other
debris dumped over the edge of the slope will smother the vegetation ynu
are trying to establish.



~ ~ ~ CheCkliSt



Property Management Checklist

Now that your bluff has been stabilized, what measures do you need
to take to keep it that way~ }Here is a chec'klist.

Maintain toe protection. Prevent toe scour: repair damaged
sec t i ons.

Keep septic system and drain field unclogged.

Maintain any drainage devices, keeping drains free of debris.

Establish suitable tr af fic patterns  stairs, fences, shrubbery!
to protoc't vegetation; keep weight off the bluff edge; and
pre vent soil compaction.

Keep sur face, face, and toe well vegetated.

Use sprinkling with care.

Consider effects on bluff stability of changes before under-
taking new activities.
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Know Your Situation

Some Pfl percerit cf the .real Lakes shoreline is orivatelv owned.
About half the private shore which is susceptible to erosion rs used for

sidences. This means the responsrbihty for controlling erosion is in your
hands.

How do you approach an erosion problem~ 4

F~First use the site assessment chec'~list to iearn what is happeninq on
your bluff site. By the time ypu have finished filling out the asscssrnent
sheet, you will know most. of the relevant information for determining what
erosion problems you have.

g Your Property - A Checklist

Finally, when you'vc made a decision on what t.o do, you can make
detailed plan of how to qo ahout it.

Asses sin

Dimensions

heiqht above the water

width of beach between water and bluff toe

slope angle

Co mph it ion

Of what materials is the beach made?

sand qra vol cobb les

Of what materials is the bluff made~

sand silt ql ac ia l t il l clay combinations

!Make a diaqram of your bluff showing the relative vertical location,
depth, and thickness of the. materials in the bluff.

Then you can match the natural factors you are up aqainst with your
op tions in erosion p r o tee tion.



Wave Action

!n I 'the h acwaves erori I h h waves eroding the bluff toe

Are there any shor  prot  ction  devices nearby

on your pl operfy on adiacent property

Are these devices protectinq the beach?

Are neighbors ha v in' problems?

Surface Drainage

Is water runninq ove r th , fa -.e of the biuff after rainfall or
sp r ink I  ng?

What are your contributions to surface runoff?

sp rink l s ncI downspouts/rain gutters

Subsur face Drainage

Do you have a septic system drain field?

Are there seep areas on the bluff face?

Are there wet areas?

Is the soil saturated during heavy rains?

Are any drains i.installed in the bluf f? lf so, do they operate
correctly and is the drain ou'tlat correctly situated ta cause no
fur ther face or toe eros i on?

shrubs treesgrasses

Face
shrubs treesgrasses

grasses or lawn g en

no roots exposed
roots exposed

If there used t.o be vegetation on the tor fface, or ton of the
bluff but it is rlo longer there, what. ht appened to



4- WHAT USES WlLL YOU MAKE OF THE PROPERTY?

Access to the beach

foot path sta irs roadways

A place from which to view the lake

Ru il di ng site

WHAT LOCAL, STATE, AND FEDERAL RESTRICTtONS APPLY TO
YOUR PROPERTY?

Once you have identified the type of property you have and the problems
you may encounter, then you can determine how to handle your problems.



You Don'i Have Ta <o It Alone

To most e ffr,c t i vr- ly rrr;rt;t>r!rr f f stability Problem-., join
toqether with yc!rir r~r ' '.,r,. - -;;; h considers an entir c r eachI ! !l ', iur'r! «rt appr0 !Cof shoreline which ~r!y r!r rt r ! r! irrn !'n f rr treat o»' av «y

r»dl a ai r pr~t!i&I 'r w,It1 ",pnt Ire:!t r!pflt.s.
Ther e are 'n any rr n l so v rr! ls ',ri inr nirlrl t c!r~et her. ProPer ty owner s

wirth shore erosron prrrt>}f rrr !rr r !mls rlr!r] l lsu l}ly ar}jacent landowners
e pr'ntr r r rr!r~ devrr

the device back tnt'! thr s»r!rc r!r r ver!trrally the erosion Prr!bien!s will
retreat around the c!ut rr$p r/qr r!f tt!e Protr c ior! causinq ariditional
problems. VJith circ!ianclwntr r f!robin n, r! ften the water car rvinq str ata
extends under a consic]r r a!!lr;trr tr h r'If the shot elr»e. Rrrnoff water on
Property far rer»ovc;rl frr!rn yr1rJr r!vvr1 Inly travel along that layer of soil,
seePinq orrt the face c! f yr!nr hlulf.

Thus, sometime". it. is r.ssr	!tja} to wr!rk tor}ether to handle prob}en!s.
 peo}oqica} structrr gaea rarely r:r!»form very we}! to prop arty }me

Experience has shown t'hat when proper ty owners t!ave tried to go it
alone, the result has often been ineffective protection. Devices frequently
fail because of continued erasion on adjacent properties.

LVorkinq toqethar also may create some economies of scale in shor e
protection.

One effective w~y tr~ t!a»re toqether is to create a property owners'
association. Your ore!anizatir!n's plan for shore protection should includr.:

o hirincl c-.or!su}'tents
o adrr! in i" t r nt ir!r!
n st te aaaeas mr nt
o a}tern.stives tn h» rnnsidered, both structual

and r>an-strurtr>rrrl
o Preconatrrjction Plannjnrj
o enqine r rinry ronsiderations
n maj,ntc.nanrr.

non-structure } approaches to
aPPropriete uses or other creat}ve app�

impar tar!t to havr community-w}de sup o ma e the political
institutions functiorr «r y "'

For hints an ha~ o q " » sh»e protection, see tvjORE RE~D}gG
and HELP.



Weigh Your Aliernatives

Shore prot.ection opl.ions range from doing nothing to a full scale,
mr~i ti frontal attack on the problem.

Decisions on what actions to take should always be made by weig»ing
I »e alternative.:.

The first alternative is to do nothing. What is the cost of letting
the erosion and retreat continue'? This depends to a great extent on the
use of the property. In the case nf home development, this is usually too
costly unless a buiiding is adequately set back from the bluff. However,
alternative land uses are very viable options for lands which have not yet
been developed. Over the years, the do nothing option is often the low
cost option.

The do nothing option is often, psychologically, the most difficult
decision to make, althoug» sometimes economics dictates it-

Alternative Uae

If you can make alternate uses of the property, despite erosion, you
may wish to opt for this idea rather than invest in protective devices.
Nature preserves and park lands are often compatible with erosion-prone
property.

Land Mana efnent Chan s

This option is one that lets you continue your original use with some
small chanqes in practice. These practices may not stop major retreats,
but they might slow erosion and they can prevent some damages. For
example, many Wisconsin clay bluffs are agricultural lands. A small change
in praclice, such as leaving a greenbelt along the bluff edge, rather than
plowing all the way t.o the edge, may help to slow bluff retreat at minimal
cost.

It is often essential to incorporate land management changes into
major erosion inter vention strategies.



Relocation

The nex< Optinn ie t!i rrOVe t.ter tiurtdinq. Ynu s'io ilrl C r«iuSli =Onai 1!.r
this alternative bc!:a»s. r cnsiori is a nat»r il pr«c«s' t bat !; ".it! ' ~i. 1v
difficult. tO C urtn!!. lf yn«r E'.rOSIOn Iree	 pcr iu!! ' iil:; n I I xni" 1»s' y»lit
inVeStment arid yciu rnaV St!11 lnee youi o! rs- ir Cnitarj~

The reine;itian nf; Out tr«c t!ire require s th; I t n!!'" !E' P»Ough Ianll
hetween the bluff eel<le an.l vriur hn«",: tu»nve in I lie n "..r'"... i y .ir'.a vy
equipmerit. Retwe«n 15 and 20 feet nf clc.ar ance ar ~ rc rtuire l.

You must have lance whic.h vrill safolv;iccortioclote your horne n!
Cottage. ThuS, VOut lOt muSt. be drep Ot' ynu miiet Iirive prep!arty r.leeWherr.,
outside the erosion area.

Your building must. be cnnst runt e.l in a wav I'ia'. a t low, it. t.o ht
moved. Buildings built nn slabs can rarely br. nov~.'d.

tvto ving homes is rarely a dn-it,-yout sr. l f prooosit inn. Ivtovi ng yn«r
hOuSe Can range in COSt. frem a mOdeSt amourit to almnat. nS much as tNe
cost of a new str!irtute. Also to be considered is thr. cost of preparing
the new site � building a foundation, installing gas, water, a!icl other
ut i I it i es, et c.

To make a sound decision about moving a structure, you need to know
the recessiori rate.. and the stablr. "lope anq'Ie for your p! ope! ty so that, you
can determine. how far back to place your structure..
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I / f g~+ gq~sien Hazard 5etbagks

«rest l ak  s,-r at,a h . ~ t d VOILj<1tary Or mandatary SetbaCk
re lulat.ions for prrrpertinS l, .' l l. S d<Ctate rr1inimu44 diStanCes frOrn» S ' qu i < l e J i r1e S
the lal e wherr buildings  ,In l l t f /hey are set to try to prevent  'I'n >4 IOC Al I <
<lal»ag» frn T ernaien.

Recession Rates

st Qn ra te-
<vhleh the prnp artV  .uuld bp <p<,qred tn retreat
ti<TIe.:Rates are hest calcular4d 4 er
ate IS detel;1'Iln  d .1v lank i'1<! at I I.,tnt'Ical

=o e distant e. io,, nd comp~ring
Then, VOu <-an .el< ulate 'Inw f>r

intervening years. lay di vidinq  listance by
qnw faat the bluff !nay bn eXpr<-t Crl tO ret reat- ~
h . t ated 20fl feet. in lAll years, the receasian rate ia 2 feet per y ar.
l f tl . set hack r rqu]at i or! calls for a SB

m
 rndergoing ac ti'vp e! nsior1

The pr oble m with calculating recession rates in the clay bluffs
", Iaceptible tn ma jOr s!II<r1pS iS that it is eXtr ernely diffiCult tO determine
when a Irlajor portion of the hlrlff could give way. F clr example, a Milwaukee,
Wisconsin slope well protectr <l from wa ve at tack for at least 20 years,
s iddenly gave way in l979. A major slump can take l00 feet of bluff at
one tim... Thus, clay bl lff setbacks need to f1ave a COnsiderable margin
of safety built into the<11, or a stable slope setback <see below!.

Stable Slo e Setback

The stahle slope setback consider s the ancjle that is stable for a
par ti<rular shoreline. F or <'xa<nple, ir1  Viscclnsin the Coastal Zone
Ivlanaqement program recomrnen«s > --'2 as a Stable slope alorlq the Lake
lAchigan shore, and 1' -P for the Lake Superior shore. The number of feet
back from the hase of the bluff where that ang lr- intersects the bluf f top
is rhe minimum safe setback- ~or example, a '50 foot high ' ake fvlichigan
bluf f would require a IZ'5 fo ot setback �0 x 2 ~ !. The stable angle �-'!
would intersect the bluff tarp ' ~0 «et »gh! 125 feet from the bluff toe  base!.



The Erosion Hazard Setback

The erosion hazard setback takes into r.onsiderat.ion both the recession
rate and the stable slope setback. For beach areas, the recessin i r at n
determines 'the setback. For bluff areas, thr. erosinn hazard setliack isdetermined by adding the recession setback lo the stable slnpe sethack.Aqain, consider thr. 50-foot high Lake Michigan bluff witli a recession rateof 2 feet per year. If the setback requires a usefiil building life of SGyears, then the safe minimum distance from t' he lake at which a Iiuilrlinn
could be located would be 225 feet, IQO feet to cover the recession r ate
and 1?'5 feet to account for the stable slope setback.

Active 1ntervention

If you have determinrd that the best course of action is tn intervene
iri the shore erosion pr ocr.ss to halt 'iluff retreat, consider attacking the
problem in th is or der:

Protect the toe against wave attack.

2. Reshape the angle of the bluff.

Drain excess groundwater and soil moisture.

Divert runoff.

S. Revegetate toe, face, and bluff top.

6. Maintain devices and vegetation, vigilantly.

Inspect your proper ty, using the sit.e assessment checklist and then:

!. Select the type and combination of controls needed to correct
each specific problem.

2. Make a detailed plan of operations for installation of the systein
of controls.

3. Install the system starting at the tor. of 'the slope, working to
the top. Controls in the upper portion of the slope are dependent.
on the lower controls.

4'. Re vege ta te.

5. Ma in t.a in.



More Information



More Information

The followiaq '.is'.in1s a . siiqgosted places where you can obtain
a<lgjtjonal help with your Nluff erosion questions.

Help
UNITED STATES

U.S. Army Corps of Engineers

North Central Division

Division Engineer
U.S. Army Engineer Div., North Central
5~6 South Clark Street

Chicago, IL 6060'5

District Offices

Buffalo District
District Engineer
U.S. Army Engineer District, Buffalo
1776 Niagara Street
Buf falo, NY 14207

Detroit District
District Engineer
U.S. Army Engineer District, Detroit
P.O. Box 1027
Detroit, Ml 482>I

Chicago District
District Engineer
U.S. Army Engineer District, Chicago
2I9 South Dearborn Street
Chicago, IL 6D6D4

St. Paul District
District Engineer
U.S. Army 'Engineer District, St. Paul
1210 U.S, Post Office and Custom House
St.. Paul, lvlN S'bill
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Soil C.onse r va t i on Ser v ice
2II0 Federal Bfcfq. P�LI,S, t:our t. I-Io<>s '
31C! Nor.th Rober t .!treet
St. I aul, MN 55101

M!nnr.sot a So i f ~ M/ater
, onservation Board

'300 t:entennia } R !jl f jn j
St.. Paul, MN 5515'5

Ivtjr!OPSOta Sea Grant, PrO9rarr!
Director, Sea f~r ant Fxtension Pro9ram
109 TVashburo I � !all
Univer sity of ~i Tnneaota, duluth
Duluth, MN 5>g] 2



New York Coa. ta I Zone
I'-'Ianagenrerit Pror/ram
Depart ment o f State
162 V/ashing ton A venue
Albany, NY 12? ~l

Soil Conservation Service

U.S. Courthouse i'~ Federal Building
10lj S. Clinton Street
Syracuse, NY 13?I


New York State Soil A Water
C on sar v at ion Co rnmi t ter

Box I, 142 Emerson Hall
Cornell University
Ithaca, NY 14853

Shoreland Management
Division of Water
Ohio Dept, of Natural Resources
Building F, Fountain Square
Co lumbu s, G H 43224

So il Conservation Service

311 Old Federai Building
3rd Jx State Streets

Columbus, OH 43215

Ohio Soil A Water
Conservation Commission

Fountain Square, Buiiding B
Columbus, OH 43224

Office of the Chief Engineer
Department of Natural Resources
Fountain Square
Columbus, OH 43224

Di v i s i on of Geo log i ca I Sur vey
Ohio Dept. of Natural Resources
P Q Box 650

San du sky, OH 44 870

Coastal Zone Management Pr'ogram
Rept. o f Fnvironmental Resources
Bur eau of Resources Programming
Third A Reilly Streets
Harrisburg, PA 17120

Soil Conser vation Service

Route 19
R.D.
Waterford, PA 16441

Agr iculture Stablization
and Conservation

County Committee
Route 19
R.I3. 5

Waterford, PA 16441

Pennsylvania State Dniversity
Cooperative Extension Service
850 E. Gore Road

Erie, PA 16509

Coastal Zone 'Management Program
101 S. Vlebster
Madison, WI 53702

So il Co nse r v at ion Se r v ic e
4601 Harnmersley Road
P.O. I3ox 4248

Iviadison, WI 53711

Wisconsin Board of Soil A Water

Conservation Districts
Room 346
1815 University Avenue
Madison, WI 53786

Wisconsin Sea Grant College Proqram
Advisory Services
1815 University Avenue
Madison, WI 53706



I!. I ".'trelchr!k
f:nqinerrinq .>or virr .", Rr:«nr I!
Dr!teria rv1ir«is>tr y ol' N;!trrral tear!r«rr.r-s
W'hitr>r v tifr>  k, I >,r>nrn '  '?rl A
Aur'er! >s I >ark
Torr>nto, Or!t aria I.'i7A 1 W ~
�16! '!r»-127!

Co«!nty

I:ssr x

I3ox 726, 435 6;rand Ave. W.
I.hatham, Ont. �19! 354-2150

Kent

Rnx 730, Petrolia �19! 882-0180I amt>ton

f.iqin

R.R. l, Ancast.er
',416! S27-299S

W en t. war t I !

Box 15'9, Ciintan  S19! 482-3428foul on

Nor f olk 19 Kr nt. St. S,
Sirncoe',519! 426-0680

8 a I d imand Cay«!qa �16! 772-3381

Niagara, North Vineland Station �16! 562-4142

N!agara> .>auth 574 South Pr lham St.
W e 1 1 and �16! 732-755 2

Bruce

 ".ray 181 Toronto St. S.

Markdale �19! 986-2040

William S. Hares
Share Prof!arty S>t«!d!rs
Resrarr'h and f!r vr.lnp mr.nt D! visior!
Ar:e;«n anrf Aqr!;«tir Affairs

e n t r' a 1 Rr. r] I or!
f ishrrirs 4 I.nvirnnmr r>t I.;!nada
Br>7 I akr >hr!re Roarf
P.r!. r«>x Sf!Sff
Ol!rlinqtor«, f!nt!«rir! I 7>4 4A6>
<416! 6 <7-43 FR

Aqricultural Representatives

f ssex  '>1'O'I 776-7361.

>94 Tafb !t St.
St.. Thomas �19! 631-4700

Box 1330
'Walkerton �19! 881-3301

Sails >3 «rops Specialists

I ainq  S19! 674-54S6
c/n R.  . A.T. Ridge towr!

David Norris  '519', 674-5456
c/o R.C.A.T. Ridgretown

Harvey Wright �19! 824-4120
Ext. 2513
c/a Crop Science
L!niversity of I uelph

Patrick l.ynch�19! 271-8280
Box 398, 478 Huron St.,
Strst tord

f:. B. Pridham  S19! 426-0680
19 Kent 'St. S., Simcae

R. A. Upford �19! 881-3301
Box 1330, Walkert.on



181 t1ain Sr.

Milton �16! 453-9866
Hal ton j. P. Fish �16! 895-4519

Newmarket Plaza

3 Elizabeth St. S.
Brampton �16! 451-5474

Peel

York

Box 340, E lmva I e
�pS! 322-2231

Simcoe, North

Vlani t ou lin

Box 130, Huntsville
�05! 789 5491

Muskoka 5
Parry Sound

1414 I aSalle 13lvd.

Sudhury  S19! 566-1.638
Sudbury

Thunder Bay

Neil Moore �05! 324-6125
322 Kent St. W., Lindsay

Durham

Northumherland Box 820, Brighton �13! 395-3393

Hast.ings

G. 3. Smith �13! 476-3224Lennox A
Adding ton

41 Dundas St,
Napanee �13! 354-3371

Prince Fdward Box 470, Picton �13! 476-3224

Fr'ontenac

3. C. Shelhaut �13! 258-3411
Box 2004, Kemptville

Leeds

Box 2004, Kernptville �13! 258-3411

13ox 48S, Winchester �13! 774-2313

Prescott Box 110, Plantagenet
�13! 673-5115

Glengarry
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Grenv i lie

Dun das

Stor rno n t

Ne w mark et �16! 895-4519

Bnx 3?6, Gore Bay �05! 2S2-2043

Ontario Gvt. Bldg.
435 Dames St. S.
Thunder Bay  897! 475-1631

234 King St. 'E.
Bowman ville �16! 623-3348

Box 340, Stirling �13! 395-3393

Box 657, 1055 Princess St,
Kingston

Box 635, Brockviile �13! 342-2124

Box 655, 109 11th St. W.
�13! 933-1581 Cornwell

Box 579, Alexandria �13! 525-1046

C. H. Kingsburg, �05! 435-5521
Box 370, Alliston

Wa lk er R i l ey �0S! 474-3P 50
222 Mclntyre St. W., North Bay

Walker Riley �05! 474-3505
222 Mclntyre St. W., North Hay

W. F. Hurst �1'3! 475-1630

P. E. Beaudin �13! 673-511S
B» 110 plantagenet



+Network: Ses Grants bordering the Great Lakes.

Ron Kinnuncn

Michigan Sea   rant Extr nsion Aqen!
U.F'. Extension Center
1R50 Presque isle
lvtarquette, Ml 490 >5

John McK>nney
Michiqan Sea Grant Extension Aqent.
Gnvr rnmental Crnter
400 Boa r rl man A ve nue
Traverse City, MI 49604

  hock Pistis

Michiqan Sea Grant F xtension Aqent
I nuntV I VtenSi i»  !ffiee, Rrn. 101
 '!ttawa C.>untv Fiuildinq
 >rand l-leven, I>11 49417

.1ohn ">chwar t.:

Michigan Sea Grant F x I ens ion Aqent
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U.S. Army Carps of Engineers, Nortl. Cen'Lral Division 19."H. Help Yourself.
A propertv owner 's brachurr which includes a map nf generaliz d
share types, a guide for selecting shore prot e c Lio», per rni t
requirements, and the advantages and disadvantages of var ious
salutions, primar ily structural in orientation.

Ar my C or ps of Enqineers 1982. Low Cost Shore Protection. An
over'view af the various law cost shore pr ot.ection devices tested in
a nat.ionwide demanstrat.ion project.

Army Corps of Engineers 1982. Low Cost Shore Protection: A Guide
for Property Owners. I3eta iled informal.ion to prepare the property
owner to rope with shore erosion problems. Booklet covers the various
protection devices and pros and cons of various systems. To obtain
this publication, get the one above from any Corps of Engineers office
and send in the postcard in the back.

Army Corps of Engineers !982. Low Cost Shore Protection: A Guide
for Engineeers and Contractors. To obta in this pub lie ation, get tlute
overview publication from any Corps of Fnqineers office and srnd in
the postcard in the back.

Army Corps of Engineers 1982. Low Cost Shore Protection: A Guide
for Public Officials. To obtain this puhlir ation, get the o ver view
publication from any Corps of Enqineers office and send in the postcard
in the back.

U.S.

Berg, Richard C. and Collison, Charles 1976. Bluff Erosion, Recession Rates,
and Volumetric Losses on the Lake Michigan Shore in Illinois. Illinois
Geological Survey, Environmental Geology Notes. Number 16. Study
af erosion, t'ecession rates and volume losses on bluffs of lliinois Lake
f'michigan Shore; specific data. General conclusions about contr ibutinq
factors.

Conser vat ion F oundat i on. 1980. Coastal Environmental Management:
Guidelines for Conservation of Resources and Protection Against
Storm Hazards. 3ohn Clark, Project Directo~. Washington, D.C. C'hapter
4 includes a brief discussion of slumping phenomena and three
manaqement policy recommendations: 1! alteration of bluff-top danqer
zones, 2! alter'ation of the slapc, and 3! protection for thc toes of
bluffs- The report is available through the Government Printing office.
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De Young, Br~ca and Br own, Larry 1979. Controlling f3Iuff Groundwater
Along 'the Great Lakes. Six page fact sheet which explains the role
of groundwater in bluff instability and gives examples of drainage
sys'terns to correct this prohlem. Available from New York Sea Grant
'Extension Program, Femow Mall, Cornell University, Ithaca, New York
14853. 15$ each.



Tuncer R. and Vallcja, Luis F. 1976. Shoreline Erosion and Landslides
in the Gr'eat Lakes. University of Wisconsin Sea Gr ant Pr ogram.
Advisory Rr p ort No. I 5. A study ~sing field and laboratory
investiqatians of six active bluffs to perform a stability analysis and
establish models of slope evolution.

Edil,

Tunr er R. 1980. Control of Coastal I andslides. In Proceedings of the
International Syrnposiurn on Landslides, Val. 3, New Delhi, India.
Describes the natural coastal landslides and possible methods of
contral, primarily engineering solutians with only a brief mention af
non-structur al alternatives.

Edi1,

Medley, Dav r d W. '1976. Shoreline Erosion in Southeastern Wisconsin.
Wisconsin  .eolag ical and Natural History Sur vey. Special Repor't
Number 5. Includes a description af the geology of Wisconsin's Lake
Michiqan shore, mechanisms of bluff slumping, and briefly discusses
possible soiutions; indicates areas for research and the importance of
a good data hase.

Illinois Coastal Zane Management Proqram 1979. Harmony With the Late:
A Guide to Bluff StabilizatiorL Division of Water Resources, Illinois
Department of Transportation, Roam 1010, Marina City Office
Building, 300 North State Street, Chicaqo, IL 60610. A pamphlet which
describes processes af erosion, identifies shore types on the Lake
Michigan shoreline of Illinois, and explains in practical detail a variety
of mitigat.ion techniques.

Burke-Grif fin, Rarh era 1979. Racine Ccmnty Coastwatch Program: F inai
Report. County Planning and Zoning Department and Wisconsin Coastal
Manaqement Program. A report on a volunteer/public involvement
pro gra rn set up to monitor share erosion. Primarily eve lu ates the
program's effectiveness and specific problems. For further help on
setting up a similar program, see Gabriel.

Gabriel, Stephen R. 1980. Implementing A Beachwatch and Sand Dune
Development Program: A Community HancSook. City of Ocean City,
N.3. Excellent handbook of "how-to" for community involvement in
monitoring and impravinq coastal hazard areas in New lersey
dunes/beach environment.

Gray, Donald and Tainter, Suzanne, eds. 1982. Bluff Slumping: Proceedings
of a State-of-the-Art Assessment Workshop. Michigan Sea Grant report,
MICMU-SG-82-901. Collection af papers, and recapitulation of
discussion at a state-of-the-art workshop held February, 1982.
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1llinois Depart nr nt rif Tronsliortat ion 1979. I ake Michiqan Shorei!ne Erosion:
A Report To State Officials. I3rieflv discusses the r ro" ion problem in
Illino is, and t he <lr vejopmcnt of tlie ' ak<. Ivlichigari Shore I:roe i on
Protection Plan, an< I mal< <. s rei:ommr.ndo ti ons re qardinq p l arir i in rj
principles, several sp< cific srt<ts, anrl fr<ture actions.

Michirjari Brpar t.ment of 8 it.ui ol I<esources l 979. Great Lakes Shoreland
Erosion. I!i vision rif I an't <~os<!urer nrorlr arns. A broc'hure which
disc<> es t 1irhirlriri's Shor < Ianrls Pr<!tention and Management I< t ns it.
oppl j ca t [! tii<TIi risk <'rrisiori arr os; inr. I<i<le - <liar.ijssi on p f sr!itic of the

os.;r>r i st« I witli r rosion, mr tii<irls for il<. tei mininq z et r and extent
o f proces �oiirl r< strir.t i ons «nd stander ds for r~Pw development on
sliore.

Pennsylvania C..oosta I Zone Managerner<t Pr n<jr~m 197>. Shoreiine 'Erosion
and Flooding: Erie County' Pennsylvania. Deportment of I rivjrortnsentol
Resources. I:i<tr n" ivr. field study o f er osion an<1 flonrling in Erie

PP, which jncliides a very qood discussion of contrjbrjtc<ry
mec'har< is ms.

-stmctura 1 Alternati ve
Sho re o q s. Wisconsin r .ogstai Zo

- p - o Natural Resources. >, i 3 . jled
-" P <o - " c ur>l i'esponses

nq  i . s . ec anjsms, land use contro1  on tnrj<

of bLridlincls, and puhlic acquisition f h ~ nsurance, r.



Rchul t', i .arol:. l '779. Erosion Hazard Areas: An Option for Shore
Management. I'f i sconsin Geo loc}ical anrt Natural. History Sur vey,
University of Wiscori:;iii Sea Grant institute. A further development
of i,"/ iscorisin's Shore F rosion Plan which focuses on non-structural

approaches; inc lu des qood assessment o f discussions of delineating
hazard areas and potential rnanaqe ment strateqies.

Sprinriman, I<oqer anil Born, Ste ve 1979. Wisconsin's Shore Erosion Plan:
An Appraisal of Options and Strategies. Wisconsin's Coasts l Zone
Management Plan. A policy plan which assesses structural and non-
str uctural options for reducinq shore r.rosion damage in Wisconsin,
including disciission of present framework, possible policy responses
 requtation, financial, ancl technical assistance!, and several valuable
append ice s.

U.S. Armv Corps of Enqineers. Permit Program: A Guide for Applicants.
E.P 1145-2-1

Yangqen, '3orrqtas A. 1981. Regulations to Reduce Coastal Erosion Losses.
<Visconsin r oastal Zone tvlanagement Program, 'State Office of Planning

r.nerqy, GEF II, 101 South webster Street, Madison, Wl 53702.
This report discusses thr. usr. of zoninq and subdivision regulations to
adjust land use to erosion hazard, anct legal factors that should be
considered in r equi atory policies. Part ll includes some erosion
pr ovisions that can be included in zoning ordinances.

Gray, Donald H. and I eiser, Andrew T. 1981. Biotechnical Slope Protection
and Frosion. Van Nostrand Reinhold Co. 19!31. A book describing the
co mbined use of veqe tat i on and struc tures to dea l with slope and
erosion problems.

Gray, Oonald I-R.; Leiser, Andrew T.; and White, Charles A. january 1980.
Combined Ve etative-structural Slo e Stabilizatian. Civil Engineering.
Brief descriptions of techniques for erosion cantrol usinq bath
veqetative and structur al components. includes contour vvattling,
stakinq of willow cuttings, and convent.ional plantings used in
conjiinction with retaining structures.

Great Lakes Basin Commission+ The Role of Vegetation in Shoreline
Management: A Guide for Great Lakes Shoreline Property Owners.
Ann Arbor, Michigan. Following a general discussion of coast.al
prohlems and the role of vegetation, this brochure includes a checklist
for identifying particular shoreland problems, guidelines for shoreland
planning and design with vegetation, and a plant list.

Great Lakes Basin Commission joint with U.S. Department of Agriculture,
Soil Conservatio~ Service" 1977. Proceedings of the Workshcip on the
Role of Vegetation in the Stabilization of the C~at Lakes Shoreline.
Ann Arbor, Michigan. A look at the roles vegetation plays in shoreiand
management.

"Basin Comrnision no lanqer in exist. ence. Federal depository libraries may
have the reports.
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Glossary

Angle of Repose - The anqle that the bl»ff makrs with th<. Inke.
Beach � Zone of sand or qravel extcndinq from the Iov! v!nt<..r lin<. tn
point landward where eithe< the topo<3raphy abr«ptly changes o< permanr nt
veqetat ion first appears.

Bluff � High, steep bank at thr. water's edqe. In common usage, a bank
composed primarily of soil. See CI.IF .

Boulders - Larqr. st.ones with dia<neters over 10 inches. Larger than
CUI-313i CS.

Breakwater � Structure aliqne<l parallel to shore, so<netirnes shore-connected,
tha't provides prntecton from wav<:s.

Clay � Extremely fine-grained, cohesive soil with individual particles less
than 0.002' millimeters in diameter.

Cliff � High, steep bank at the water's edge, in co<r<mon usaqe, a bank
composed prirnar ily of r oc'k. See BLUFF.

Cobbles � Rounded stones with diameters ranqinq fr om 3 to I,Q inches.
Cobbles arr. intermediate between GRAVEI and '3GLILDT RS.

Crest - Uppe< edge or limit of a bluff or shore protection device.

Cross Section � View of a str<jrture or beach as if it werr. sliced by a
vertical plane. The rross section should display structure, qround surface,
and under lying mater ia I.

Current � Flow of water in a given direction.

Cut and Fill � Method of <eshapinq the bluff contour Ny < emovinq bluff
material from higher portion and adding it to lower reqion to change the
anqle of repose.

Dune � Hill, bank, bluff, ridge, or mound of loose, wind-blown material,
usually sand.

Equilibrium � State of balance or equality of opposing forces.

Erosion - Wearing away of land by action of natural forces.

Face - Front surface of the bt.uff which faces the lake.

Filter Cloth � Synthetic textile with openings for water to escape, but
which prevents passage of soil part.iclps.

Glacial Till � Unstratified glacial drift consisting of unsorted clay, sand,
gravel, and boulders, intermingled.



Gravel - "»~a.I. qr nnules of rock with individual diameters ranqinq from 3
down to i'J.10 inches. l,ravels are intermediate between SAND and COR13LFS.

Groin - Shorn protoct ion strtir. tore hiiilt perpendicular to shore to trap
sediment a id ret:ird s'Iiore erosion.

Groundwater � watpr wit hin t lie pores hetwern soil particles; usually, a
permanent rlr oundwntor tahle is ovicient; this is the sour ce of water for
ivr 1!s and snrinrls; if ivater perrolatinq throi~qh the soil encounters barriers
be fot e i.e,ichinq the permanent qroundwater table, a perched water table
mav form,

international Great 1 akes Datum  IC:LO! - Common reference datura for
the Groat ~ nkes area based on mean water level in the St. Lawrence River
at. Father Point, i1uehec and established in I955.

l.andslirle � any ino vP ment of soils down the bluff; major fat ms are
translat irma 1 slides and Sl tl~fPS; translational slides are qenerally shaIIow
and have a planar slidinq surface.

Lens - a pocket of sand or silt in a less permeable layer of soil.

Littoral Material - Scrliments moved in tho ~ ITTf3RAl ZONK Ny waves and
currents. Also r.allr.d littoral drift.

1 ittoral Transport � Move ment of 1 ITTORAL MATI RIA! by waves and
ciirrents.

Lit'toral Zone � indefinite zone ext.ending from the shoreline to just bevond
the breaker zone.

Low Water Datum  LWO! � The elevation of each of the Great Lal-es to
which are referenced the depths shown on navigation charts and the
authorizeii rleptlis of navigation projects.

Marsh � Area of soft, wet, or periodically inundated land, generally treeless,
arid usually r:harar.terized hy qrasses and other low growth.

Nearshore � In beach terminology, an indefinite zone extending seaward
from the shoreline well beyond the breaker zone.

Petched Water Tab}e � table of grounrlwater which forms when excess
qrou»dwater collects in a soil layer more permeable than the layer below
it, but ahove the usual qroundwater layer.

Permeable � Ha v inq openings I a r g r cnoiiqh to permit free p ass aqe o f
appreciable quantities of �', sand, or',2! water.

Polyvinyl Chloride  PVC! - Plastic material  usually black! that forms a
resilient coating suitable for protecting metal from corrosion.



Profile, Reach - Interser tion of the rlround sur face with a vr.rt;ical plane
that may r xtend from the top of the dune line to the seaward lin'it of
sand movement.

PVC � see POLYVINYL CHLORIDE.

Revetment � Facinq of stone, concrete, etc., built to protect. a scarp,
embankment., or shore strur ture aqainst erosion hy wavrs or r:»rrents.

Riprap � I ayer, facinq, or protective mound of stones randomly plar ed to
prevent erosion, scour, or slouqhinq of a structure or embankment; also,
the stonrs so used.

Rubble �  I! I nose, aorist~!ar, waterworn stones along a beach. ',2l Rouqh,
irrcgular frarlments nf broken rock or concrete.

Runoff - excess water from rain, lawn sprinklinq, swimming pooi splashes,
etc. which rather than soaking into thr, qround, instead runs off the slope.

Runup � The rush of water up a structure or 4each on breaking of a wave.
Amount of runup is the vertical height abovr; stillwater level that. the rush
of water reaches.

Sand � generally, coar se-grained soils ha ving par ticlr diamenter s between
2 and 0.075 niillimeters. Sands are intermediate between SILT and ORAVEI .

Scour � Removal of un ierwater material by waves or entrants, especially
at. 'the base or toe of a shore str uctur e.

Seawall � Structure separat.inq land and water areas primar iiy to prevent
erosion and other damage by wave ar:tion. Se also RLJLl -Hf AD

Seepage - Watrr which leeks out thr: face of the bluff usually from a LENS
or PFRCHFD 7'JATER TABLE

Shallow Water - Commonly, water of such a depth that surface waves are
noticeably affected by bottom topography. It is custo mary to consider
water of depths less than one-twentieth the surface wave-length as shallow
water.

Shear Strength � Ability of soil to resist forces trying to shear away pieces
of the bluff or detach individual particles.

Shore - Narrow str ip of land in immediate contac't. with the sea, including
the one between hiqh and low water lines. A shore of unconsolidated
material is usually called a beach.

Shoreline � Intersection of a specified plane of water with the shore or
be~eh  e.g., the high water shoreline would be the intersect:ion of the plane
of mean high water with the shore or beach!. I ine delineating the shoreline
on National Ocean Survey nautical charts and surveys approxitnates the
mean hiqh water line,



Silt - r.enerally refers to fine-qrained soils havinq particle diameters between
U.075 ar~d O.HH~ mill'.rrreters. intermediate between CLAY and SAND.

Slope - Degree nf inc liriation I.o the horizontal. 'Usr~ally expressed as a
r at in, s,rch as L:~4 or l nn 25, indicat.ing L unit vertical rise in 25 untts
o f t ror ir on t a l d i. t ance; or in de rireas from horiz onta 1.

Slump - Usuatlv,;r deepseated movement of a whole chunk of a bLuff; its
soil moves dnwn arid i otates, leavinq behind a concave depression. The
bluff looks tike a giant ice cream scoop was used to scoop out a portion of
the bluff, and then the scoop was dumped at the foot of the bluff.

Specifications � Detailed description of particulars, srrch as size of stone,
quality of materials, contractor performance, terms, and qualit.y control.

Solifluction � Downslope fl owing movement of water-satur ated soil in
previously frozen slope.

Stillwater Level � Flevation that the surface of the water would assume if
all wave act.ion were absent..

Surface Water � Rain, snow melt, lawn sprinkling, and any other additions
of water tri t.tir. soil surface.

Subsurface Water � Surface water after it has soaked into the ground, or
arlditions made to soil below the urface sur h as from a septic system
dr a in field.

Table Land � The top surface of the bluff; the sort. of bluff land «sed for
building.

Toe � The base of the bluff where it meets the beach, or if there is no
beach, the lake.

Topography � Confiquration of a sur face, rncludinq relief, position of streams,
roads, buildings, etc.

Wave � Ridge, deformation, or undulation of the surface of a liquid.
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