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Costs and Performance
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OURBHORE Key Principl es

Mi ni ndiizset ur basue hoa$possi bl

Sostructomit eni o 0scroparciGameot s, fungi
interconnected systems made over | d
than necessary omwadfeh oagesr ndghstoh dinmp & c®
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stability and healthy soils promot e a

Mi ni mmiezneo o &#leget ati on
Ami xetdamnfdegetfart dv@m b acteporueperso v amhiessf roots with enormn

ability. Erosion and instability increase when ve
devel opment and | awns have encroach ' '
Examine | and use and over|l

Hardened shorelines have | mppaectasedd n

contrtiwategual st ywes aav oti depsreo b |beyms
addresovicmayi zed contributors to soil
engineered solutions.

Target the solutions at each of the <c

Al t hough
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it may seemos empisieastnon gatdedorpensosj tehoete ,.a sfomrs
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Mai ntragsnt,anenharmsdeor el amiet at
el ement s
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Ma kielt a st

Riprapet meatwalnlds hhearr d esnterdu cad alimnecsr e as soiomor el i ne hat
well as neighboring properties through defl ection
i nevimaabniteenasatermRatpimamm.a ImMasyp odenecesa@mi ft heerrosi on
sourcaime mitld@ramediorgabé acei@Glggerav e b toeaedot ert | bws
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How &Jsd h®@UR HOREGuU I de

Through " O. U.R. S. H.10. RASsEs, €'s si nsda wrj2deusall dsé ncearnbg i ap p |
design praa@nd dNesyi gate petmi st peamkbsresi mBatsaldl atrioc
contr ol measures. This program caters to homeowne
|l eaders, providing them with the necessary suppor
Design practices are identi Ged base 8 = ver
speci Gc to the natural resource (Il a Yo e str
etc.) | TOs tUe aRd , tShpph.rm.aRc.hE was creat £ :|

understanding that these solutions ¥’ { en
particularly along rivers, streams, IS : an
number of successful applic®tiecns ao - 2N A
ocean coasts. e f

Results from using this guida ~bst
consultation. Seeking expert.i Il on
design professional, as well s AN t he
who can support habitat desig g hily

OUR SHORE RESOURCES

Guide to Shoreline ZXhhaibs |c oznapri eohne nOspitvieongsui de pr ovi
OUR SHORE approach was developed and its key prin

familiar with shoreline stabilization design prac
documents such as the Assessment Checkl-bhaded o3hda&n
Stabilization, a Planting Guide, Case Studies, an
T Assessment CheckdiTlhkhe sdimmre Ehesikdn st is used to a
and the severity of risk from those sources of |
the assessment Gndings, erosion control practi c
ri sk). Contact Maine DEP if you are |l ooking for
T Common Materi abhased DNaamuelei n-A Shabitl izsati ofi comr
become more familiar-bwsetd sher &bl deobstahbhtUieati

T Tool s and?22Pegsxacriigteisons and pictures of common de
9 Pl antingTh@uiPdeanti ng Gui-tde pluamémtairng eguigdbes for M
recommended by experts who ar éadedi grniarbg larzdtii rn:
l' ist of inland and of coast al l' iving shoreline
T Outcomes & CéBxammpglueadi®cessi gn solutions for differ
9 Trai ®PAlng of these materials as well as training
community members can be found on the Maine Dep:
https:// www. maine.gov/dep/l and/training/index. hi




The Problem with Riprapped S

Ri prhaaps been used for many years to shield eroding

weat her . However, this technique has innate costs
alongside the increase of armored shorelines. Cov
detrimental to surrounding ecosystems, eliminates
very resources they were intended to protect. Rip
erosion control projects. By understanding the <co
effectively incorporate stone into vegetative soi

Consequences of Ripr

OBare riprap stone inhibit
shoreline vegetation

ORi prap crushes habitat th

native Gsh and wildlife sp
ORi prap is typically insta
geotextile fabric undernea
naturalization.

ORi prap redirects wave-ene
armored shorelines and cau:
bottom sedi ment s.

Natural beach

‘Wave energy dissipation

Conseqguences of Shorel e Walw:s

OWave energy is deflected by
moves downward and to the sid
the base and footing of the w

OShoreline walls provide no interface 'fagtw t h o

l and habitats

OArmored shorelines cause sig
near shore habitats

OShoreline walls frequently f
undermining to the footer and
wal |



The Shoreli ne Erosi on P

Erosion occurs as the power of wat®eraband tsyattuwr astt
connected to the soilFlpai higc was esufrowmnaoiveg | and

the form or raindrops, sheet e®Besipageri?7l|lfer omo
i nformation on soil structure)
As wave action and saturation weaken and erode t
of the soils become unsupported and can coll apse
results in a slope that is |l ess steep and often
that fall/l into the resource can deflect fl ows an
occur or trees fall in, the response to I mmedi at
to continued erosion of the exposed soil s.
Bank failure and stability cycles
Maine Coastal Bluff Erosion/Stability Cycle
A - Eroding Bluff Toe B - Slumped Waves we at h er an d t | me
T a coastal slope to gradu
soil that rests above th
unsteady and sl umps off
the slope, down to the b
hel ps to stabilize the b
C - Salt Marsh Colonization ar e repeated unt.i |l t he s
» So stable grade and the toe
« rebuil t.
Belknap, ;012, aft;r Ke-lley, Belknap, and Smith, 1987
Erosion and Sedi mentation
Erosion refers to the proceks of soil particles
being detached from t he soil structure and

moved from their origina. 7cat|orﬁﬂinarﬁclEdwcwn@tion can

occur at a scale as smal \ ‘r‘ﬁlndrop, or in | a

mass movements of soi |
is tv\/! a tTrtns;l-nrqoqun@rncle:of S 0O
e 2

Sedi mentation or deposi
particles ouWatodr twiet Iwi

velocity wil/ be abl e
suspensi obatgegeand heg
will require a |l ot of ¢
smal | particles I|i ke si

extremely calm conditi
water .




Erosion and Sedi mentation i n Rivers

The ability for a river or stream channel to eroc
characteristics Given the opportunity, Triver <che
and oxbows that can cut off sections of the river
ener gynicentrated within the deepeDte epeerrt waft etrh eh a
energy than shall ow water and when the river benc
banks. Whenm® rhawae st deonability t@embvetoni caktuyatu
armoring the bank, trying tiotsbtael dotke bankoften
downstream erosion and other conseqgquences.

An extremely effective meitrhordi wdr ss haomrde | s tnree asmsa bii d

observing the ways channels move within natural s

i mpl ement effective stabilizehopnaddsdgoaop, WwWetes\yv

and strategically placed boul ders have proved suc

shoreline stabilit(ySeaenda@G=elselr8i ea: dhila®db iftoat .exampl es
channel Migration Zone |CMZ) CMEZ=HBATHAHZHEHA-DMA

Disconnected Migration Ares [DMA) - . h S

Fulzion Hesard Area [AHZ)

Historical Migration 2one [HMZ) -

Erpsion Hazard Ares [EHA) B e TR~ = = .

Channel flow direction

Valley wall

River slope

il >

; Water surface
River depth | :

g

>

Al O
=Highest points of friction i

Riveribed
Friction from the edges of the riverypbankss gand (thhee b 0stat ogm g,
riverbed sl ow down the movement of "baotteern-tiahisforreSaUIhtnghie”r ty,
points of velocity being in the middJne 1@ nd eate tjhse Zt Ogh gonfi dchy




Types of Erosion Al ong a
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Erosi on from Surface Wat e

Examples of Surface Erosi on

Concentrated flows from | and uShegtefliomscaond sovdstrafiGawhave
to this shoreline Exposed roots used to be un

Compacti ont horfousgoh Ihseavi | y.

can decrease soil i nGl tr and
damage the mycelial net w wat
i n a way that 1increases po
Concentr atheadv ef [tohwes power

and contribute to over al g s
water down and spreading t h
chances of sediment disr at e
fl ows build enough energ s |
increase, a head cut <can rds
rapidly.

Concentrated Fl ows have eroded i

Diagrams of types of surface erosion

Sheet Erosi on




Ot her Factors I nfluenci

Groundwater & Saturation

Groundwantgeori | saftfuomtfboctuating water | evels (e.
bank instability in several ways. Saturated soil
‘st Ptck each other very well. This can |l ead to inc
slumps more I|likely. This is especially true when
|l ayer interactions.

Slope instability from | andc>

the resource's edge or hig

groundwater is trapped abo
creating flows which are e:;:
for addressing excess grou
from covering exposed soil
i mprovin® wheé esi de ai nage.

Groundwater instability and deflection from

H e I g h t a. n d S | O p e Geol ogical Survey

When assessing erosion risk, slope height and st
mi nd that other attributes such as vegetation an
The grade of a slope is not always indicative of
be perfectly stable if the soils and vegetation
the forces that act upon a site during the asses
The steeper and taller the sl ope, the greater th
bottom. Sometime this risk can be addressed with

measur es may be necessary.

NOTEWeb Soil Survey (
soil data and infor ma
Angle o f Repose Nati onal Cooperative ¢

The angle of repose is the ated by the USDA Natpu
can remain stallénfThiesscangservation Service (NR
size, shape, and moisture ccess to the | argest cr
particles |ike sand and angmation system in thep
of repose compared to Gner maps and data avail gt
moi sture content often havethan 95 perce®tcotint

means that Gne marine sedinanti

e u

S i

I

ci pates having 18

| ower slope than sites withfuture. The site is g
glacial till deposit online as the single
SOi survey informatic

https://websoilsurvey.



https://websoilsurvey.nrcs.usda.gov/app/
https://websoilsurvey.nrcs.usda.gov/app/

Rot ati onal Failure Risk Wml L

With higher and steeper slopes, th

rotational failure within whheenhleank. 0

toe of the slope slides out and upz/T%

slidesWhemwnaddressing areas at hig"'-,. e

involvement of a quali Ged engineer '\

Tree Fall & Levering e
Factors influencing

When trees grow along shorelines _h e | e

water in order to gain more sunl XL ORI A

D
—_ — Ay O

not an i mmediate cause for conc e
extremely |l arge, they can somet T bl i
shoreline in the process. | f a
stabilization to the i mmediat e ‘ T T ORUEANG k
possi bl e When a tree needs to 1
should be cut above ground to ke 48s S
the soil in place. Hardwood tree. = e e
dormant, and therefore should be et

Tree has wuprooted ar
bank

Shall ow Ledge, Bedr oc k, & Hard Pan S

Shall ow | edge and hard pan soil | ayers are commg
with. Water flows through permeable top | ayers
pools and fl ows, resulting in groundwater seeps,
stones or other toe treatments are anchored int
shaping/fracturing the | edge into a supportive t

Hi ghly Erodible Soils and Bl uffs

ve poor cohesion ar

Certain soils (like sands) ha
|l d always be made f ol

Special considerations shou

Research conducted by the U.S. Army Corps of Engineers has
sistance to erosion comparable to hard armor. Soil bi oengi
up to 12 feet per second (fps) for brush mattresses, Bl Bb& f
roll seeded with grass (see Table 1.1, Allen and Leech, 19
stress (the force exerted on the soil surface by flowimdg w
vegetated coir rolls. This is equivalent to the resistdance

by the U.S. Army Corps of Engineers Waterways Experi ment S




Nat ® eEngi neering Capatl

Soi | Structure

Our soils were formed during the | ast gl acial pe
were colonized by plants, microbes, fungi, and c
structure, meaning that the parti cHBoetsh shta cctke rtioag €
secrpealeysacchari de whucihl agds as a glue, binding t
wat-®trabl e soi.l aggregates

When shoreline soils are distwrabed cltelse beaciolmes tmn
eroded and it takes many years for the soil [ i f €
choosing strategies to address shoreline erosior
ot her disturbances which will i mpact the existir

Shear Strength
Shear strength is the maxi/mgnLIoNlk @ DtSh alt K& &SMNJI ple

- TYPE OF MATERIAL SHEAR STRENGTH (LBIFT?)
exerted on a soil bef or ¢xap boulder toe) with Live Stakes —6.10

so® [shear strength i s deBrushMatress 6.10
. . . . Coarse Gravel with Live Stakes 5.08
i ncluding particl e Ssi z e ,12inchRock Riprap 4.00
H i Willow Brush Layer 2.84
vegetat!on, satura.tlon, oy el S 45
properties of particl es .LiesStkes 2.26
Ideal Dense Sod 2.10
decreases the overall s (. rockRprap 200
strength, which is one |?ra§;aGndLTgumePlot ;gg
. -In rave: K
t oe S a t ur a t I Oon can | e a d Source of data: “Planning Bioetechnical Streambank Protection.” US Dept. of Agnculture, b €
soi l structures have a li'\gn"""{j“?‘u'\53"\“"' .\mghl_(lx)_c a il SUL 1 eIyt v h ¢
|l oose soil (e.g. tilled).

Buttressing & Arching

A wide variety shoreline root sys
essential to maximizing soil <co

hol ding strength. Herbaceous
natural duff | ayer help t I
particles from erosion w
shrubs and trees reach
adding strength against
trees and shrubs can al
ground | evel, ®nareds.itiyp
erosion. The deep root s§
buttresses or piles in
weight of soil above th
shear stresses.
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Everyt hodnogwnehe d decwatl Hdh iilbli gmougweanh i bioltivateast o
guiatbeotpbot ernealgyi g ridafts u mtiesm@gr o vdrdienwa infgaat o Wwn ®w

D-ﬂ
< D

watstrortaggnekrsel wa eatld lyuger hag snadtt so great for devel
sl opes are typic&li mmednaatye o hdraelnienes, and water
transfers ener2gywe tcallloddie sseirlosi on. Given enough
of skopeciadone c ogue isteev eTrhei.ssh p atthéshveat o umlecd n d éar oamgehl |
vegethufefder .

Me andehreilnpgsr ek hfelwp a tBhutt hceu a loit thkeu f f EmporSiamghal | ow

roopeéaplt agwvnass), while better than bare soil, doe:
texture or compl exidteyw ed fo presmpoetnciu hegsi absu faf eme Wi t h a n
The more diverse the buffer the better.

Well vegetated shb&perisKevegetated s

Wh a&wr o wg tt lnleawn ?

Lawmé$ oman rpatovs ufeGpirontefct eemm sang o srh or eff doyintt swhifl.e |
grasses do protect against surface erosion, -ttérem
stabi llavemy Basutseads an overall | andscape design, t
activities.

Al most al | | awnast | ¥ @ n tsapienc i B8 n

whi ch aaxdeaptidd t o our climate

conditions, requiring additional water and
mai nt enance. Property owners can save ti me
and money on mai ntenance whi |l e al so

i ncreasing sl ope stability, protecting wat er
guality and enhancing biodiversity by keeping
Il awn areas t o a mi ni mum and promoting
native meadow conditions.
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