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ABSTRACT

This report details the performance of four lllinois coastal rest Foss Park Beach in North Chicago. Systems were monitored
toration and stabilization projects constructed and monitored bacterial indicators of sewage pollutida. coli bacteria),

over 3-15 years. All include integration of native plants witbstablishment of vegetation, and erosion and sediment loading
stone into sustainable systems that protect ravines and adjatebhfike Michigan. The most successful ravine projects include
coastal beaches from the intense erosional forces of stoemwegmoval of invasive plants, restoration of appropriately-sized
runoff and storm waves. Prior to urbanization, ravines westream boulders and cobbles (stream armor) with streambanks
metastable and bluffs and beaches eroded slowly. All stgghpo and ravine slopes further stabilized with stoneraatiVe plants.
unique plant communities. During the last 125 years, coasdéthough water quality improved with reduction of Ine sedi
and ravine erosion has accelerated due to lossotégiive ments and repair of broken sewers, bacterial monitoring was
beaches and an increase in peak stormwater rueffng inconclusive. Levels oE. coli bacteria were typically high in

into the ravines. Most of these problems can be attributecthe ravines and beach sands and low in Lake Michigan, and
construction and maintenance of harbor entrancaredla, appear to be due to diverse animal communities living in the
impervious structures in the watershed and to the introductiawvines and not necessarily human sewage. Except for periods
of invasive plants like silver maple and buckthoBucietal after heavy rains, the ravines had no effecEonolilevels in
response has typically been to attack the coastal problems whthlake. The lakeshore adjacent to the ravines was successfully
hardened structures of wood, steel and concrete and ignorestabilized with rocky headlands and pocket beaches, wetlands,
problems in the ravines. The result is a lakeshore dominaseul native plants. Results of this report are intended to help
by hard defensive structures including revetments, groins gldnners better manage Great Lakes ravines and coasts with
seawalls, and ravines with a patchwork of retaimmatls, storm techniques that reduce erosion and restore diverse ecosystems.
sewers, and outfalls. Plant communities have bspteded and Based on criteria developed in this study, thedis Department
many of the structures have failed, in most cagedaleanking of Natural Resources in cooperation with the Lakehigan Wa-

or foundation failure. This study quanti'es the performance tdrshed Ecosystem Partnership and Alliance foGtieait Lakes
alternative systems designed to function in concert with natunals mapped all Lake County ravines to quantify stability and
processes as compared to hardened erosion control structe@sogical viability. It is anticipated that with the success of the
Study sites include ravines and beaches in fulhanized areas ravine mapping project, mapping the Lake Michigan shoreline
of Lake Bluff, Highland Park and Glencoe, and eroding bluffer stability and ecological viability will soon follow.

ADDITIONAL KEYWORDS: Coastal restoration, bacteria, ecosystems, erosion, mapping, management, native plants,
planning, sewage, streams, sustainability, watershed, wetlands.
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—— Miles * Accelerated stormwater runoff and

0 05 1 2 3 i i
P e storm wave erosion of ravines, bluffs

and habitats;

Dead Dog Creek
» Colonization of disturbed habitats

Kellogg Ravine
by invasive species;
« Unimpeded +ow of sediment and
non-point source pollutants;
Garmel Park Ravine  Occurrence of high levels of patho
; genic bacteria from broken or leaking
Buil Crook = sewers; and
m » Degradation of native ecosystems
and scenic values.
SEacRaioy g BACKGROUND
— Designing sustainable systems that
G Flom Trokry ®) reduce erosion and non-point source
Hoteekt 3 1 pollution in order to maintain healthy
Staniey Ravine 5 ecosystems in the Great Lakes presents
No Narmas > an ongoing challenge. Shabica & Asso-
Vo ok = ciates Inc. has overseen the design and

construction of more than 60 sediment
control, and ravine and shoreline stabi-
lization projects in the Lake Michigan
basin. Of these, four were intensively
monitored in conjunction with North-
eastern lllinois University (Shabica 1996,
1998, 2004; Shabica and Keefe 1999).
These projects include:

Perched Watland, Foss Park

i ibors CraswToroia AeTse s » Restoration of stream boulders and
cobbles to stabilize ravine channels and
Crairee Ravine streambanks;

Lillian Dalls Ravine

e « Construction of ravine rifees, ponds,
Souih Ravine waterfalls and plunge pools;

« Monitoring a variety of engineered

= SRS S E RN Shudaly o~ OeKGRavme structures for ravine erosion control;
Figure 1A. Northern lllinois coastal ravines north to Wisconsin ) ) o )
border. Map shows location of perched coastal wetland in North Chicago, * Planting native riparian species;

and Ravine Park Ravine and pocket beach, Lake Bluff. « Stabilization of coastal bluff slopes

using boulders and native bluff and beach
I ake Michigan shores and ravinedacterial counts (resulting in the closingregetation; and

represent some of the last relaef nearby public beaches). « Installati f ket beach q
fively unspoiled wild ecosystems gy oo ine ang slope stabilizationwetland liter systems at the mouths of
in northeastern lllinois (Robertson and P etiand “lter systems at the mouths o

Himelick 1977). But these are undepystems in the Great Lakes, if properlyavines.

ge3|gned and constructed, can improve STUDY AREAS AND HISTORY

threat due to intense urbanization, los ter quality. reduce ravine and shoreline
of sand beaches, and greatly increasggl‘:olsio?] an)a rovide habitat for native The four lllinois study areas discussed
stormwater runoff. Urbanization has led® ’ P . this report are Ravine Park Ravine
oo : . “Dlants and animals. These terrestrial andl P
to reduction in plant species d|verS|t)P . L n Lake Bluff, Ravine 10 in Highland
. . guatic communities in turn support th ' X 9 .
and increased levels of sediment angcolo ical health of the lakes and lake- ark, Glencoe Ravine and beach in
non-point source pollutants entering th& gical ..__Glencoe, and Foss Park in the city of
b ol . 9 NShores. Without proper coastal stabiliza: ’ ) Y
Great Lakes from actively eroding bluffs, aNorth Chicago. These ravines, lake bluffs
and beaches (Figure 1A, 1B) are part of

wooded ravines and failed infrastructure;[,l'l(()gI p:gjizt:t’i:;eefﬁgg\g;g dproblems are
In lllinois, this is evidenced by loss of y ' the Lake Michigan drainage system that
groundcover on the bluffs and in the ra- « Catastrophic failure of hardenedalso includes northern ravines and stable
vines, bluff slides, sediment plumes in therosion control structures and loss dbluffs adjacent to a wide beach ridge and
lake, extensive algal growth on nearshorsand beaches; swale ecosystem near Zion, lllinois. The
rocks close to ravine mouths, and high ravines are cut into high, lake-terrace
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deposits underlain by Pleistocene Wadg-
worth Till of the Highland Park Moraine.

The till consists of approximately 85%j,4
clay and 15% larger particles (sand;,
pebbles, cobbles, and boulders). After t @5
deposition of the Highland Park Moraine
the glacier receded, and an ice-front lak
developed, initially with a water level as

; - — w— oS
Mayflowet Ravine 0 035 07 1.4 21 28

Walden Ravine

McCormick/Janes Ravine

Hutchinson Ravine

much as 70 feet above the level of the ¢ P
present lake. Following further recessiop s\ Van Home Ravine
of the glacial ice approximately 10 00;

Schenck Ravine

‘%

years ago, lake level fell to an extreme
low, about 260 feet below modern laké ‘
level, as an isostatically depressed lak
outlet was opened in southern Canadg
Runoff and streams draining the uplang\
cut erosional ravines into the moraine i i
response to lowered lake level (Chrzas m:,l“ R |
towski 2005). Subsequently, as the N
ravines deepened over several thousap
years, cobble and boulder lag deposi:
(stream armor) accumulated in the!H
streambeds. In most ravines this “strean
armor” protected the streams against er \
sion from stormwater runoff. Soil creeps &* ™\ %"
(slow mass wasting caused by freeze/ =\
thaw on slopes), a minor component gt
ravine erosion, continued as ewdencég- 0] 3
by curved tree trunks. With streambeds,
streambanks and slopes in a more stalle;
condition, a mature ecosystem with treesg. 1| s
shrubs and herbs developed. Because %f =

the cooling effects of Lake Michigan,| £
the ravine plant communities include; ™
relict stands of paper bircBétula papy-
rifera) and other species that are adapte
to a more northerly climate. Along th"""'“',
lakeshore, sand and gravel from raving ) : ! ]
bluff and lakebed erosion accumulateﬁlgure 1B. Southern section — III|n0|s coastal ravines. Map shows the

as beach deposits at the bluff toe anldcations of Ravine 10 in Highland Park, and Glencoe Ravine and pocket
ravine mouths. beach.

Ravine 10

Ravine 8

Ravine &

Ravine 7

Ravine 6

Ravine 5§

Ravine 4
Ravine 3
Raving 2

NVOIHOIA 3INV]

No Mame2
Ravine 1
Ravina 7C
Ravine 6C

Glencoe Ravine and Pocket Beach

Ravine 3C

Ravine 2C

ong. Corson Dr 3! (1]

The ravines, especially the northererosion rate of 8-10 inches per year [Jikand, in contrast to the ravines, nearly all
ones “represent the only remaining natusonet al. 1994]). Forbs and low shrubs,of the coastal bluffs were protected from
ral drainage systems in the present-dafgr example common junipedgnipe wave erosion (beginning in the late"19
Lake Michigan watershed in lllinois” (Il- rus communisand russet buffalo berry century) by seawalls, groins and revet-
linois Department of Natural ResourcegShepherdia canadengjsdominated ments. With wave-induced lake bluff
2007). While comparatively gently-the bluff communities with large trees aerosion nearly arrested, a mature invasive
sloped northern ravines flow throughrarity. As storm waves cut into the loweitree-dominated plant community devel-
stable bluffs into the Zion beach ridge an@luffs during high water stages, bluff slid-oped on the bluffs. This community is
wetland swale sand plain complex, théng commenced with clays transporteshow considered “natural” by most coastal
ravines of the study area «ow directly intooffshore, and sand, gravel, and cobblegsidents. Native bluff plant species are
Lake Michigan and are steeper. This is kft on shore as beach deposits. Accordare and are now found in only a few
result of bluff recession and a consequenig to historic documents, the beache®cations, notably on the bluffs at Fort
increase in stream gradient, a procesgere dynamic systems, wide under lovBheridan. With reduction of beach and
that has been occurring for thousandsgke-level conditions and narrow duringnearshore sand deposits, lakebed erosion
of years. high water stages. has accelerated and in many locations

The Lake Michigan bluff ecosystem Harbor entrance breakwaters conesr?]dlgg il 'z Iegxposeﬁkm ;g;drnearshore
was uniquely evolved to accommodatgtructed in the 19and 2@ centuries and (Shabica and Pranschke )
the slow but steady wave erosion condisand mining depleted much of the beach The sandy coastal beaches and wet-
tions (estimated annual average bluféand. Coastal property owners respondéands played an important role, not only
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Figure 2. Lake Bluff Ravine
Park Ravine. Mouth of

ravine and lakeshore prior

to (1990, above) and after
ravine and beach restoration
(2009 Google photo, left).
Note sediment plume from
eroding ravine and adjacent
bluffs. The pocket beach and
wetland protecting the ravine
mouth lie at the downdrift end
of a series of pocket beaches
that have replaced the poorly
functioning groin «eld.
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as bluff protection, but also as naturg

filters for surface runoff and ravinep, Slump Repair Restore Stream Armor
discharge. Under low-eow conditions, ||
ravine water slowly percolated throughia, Soil cover, hydroseeded

beach sands and supported an acti
plant and bacterial community. During
periods of peak discharge associate
with rain storm events, ravine waters
often cut temporary channels across th
beaches. With a return to low-sow con
ditions, lake stormvave activity rapidly
llled the scoured channels with sand
and percolation of rainwater through th¢
beach resumed.

Today, stable and well-vegetatec Femt

“2::3:::" cr:;./;?aelst;ll?f:‘]sdaflléi)\\llvvliﬁeetr)zgg]hgé Figure 3. Ravine Park Ravine; 1992 restoration of natural stream armor and
%Iump repair with 6-inch to 12-inch limestone cobbles and boulders and a

are the exception and not the r_uIe. on thé?'nall number of 18-inch to 24-inch boulders. Not to scale.
lllinois north shore of Lake Michigan.

Intense urbanization of the coastal wagigyre 4. Ravine Park Ravine streambed and banks repaired with a 3-foot-
tersheds has dramatically increased pe@iick layer of 6-inch to 12-inch limestone (stream armor) over geotextile (1992
stream eow in recent years, and many rgphoto). Concurrently, slumps were slled with limestone and concrete rubble
vines are now eroding rapidly, includingand covered with hydroseeded soil. A subsequent survey showed that it took
the unrestored sections of the Glencoapproximately one year for the void space between the new stream cobbles
Highland Park and Lake Bluff ravines.to «ll with sand and gravel eroded from upstream slumps.
All of these ravines exhibit various stageFliRl ISR F il ARV TP =
of active stream downcutting (incision)§ ‘ - 7 € ol
and mass wasting along their banks (e.f &

slumping, sliding). Development ann
the tops of the coastal bluffs and ravin :
slopes with associated !ll, broken yard
drains, sprinkler systems, improper
graded yards, and loss of deep-rootsf
plants has exacerbated the slumpin
problems. Due to the dense tree cover ajl
inaccessibility, many property owners ar
unaware of these problems.

The challenge to ravine manageme
is to cope with increased stormwate Nty _
runoff in order to reduce mass wasting PR : Ne & S
on the slopes and stream incision withi : i =
the ravines. As most of the areas in t
watershed are nearly fully urbanized, i
is not anticipated that runoff will increase
greatly in the future. However, it ma
take decades to reduce peak stormwa
discharge through the use of a variety ¢
methods including detention basins, rai
gardens and roadside vegetated swaleg
the watershed. The practices describegy
in our study are intended to reduce *ow 3 e ) Y 7 -
velocities in ravines in order to reduceiis B Ses W5 U RN gtk JATE S L BE T e
erosion and increase groundwater re- The challenge to coastal managememintire ravine system. The solution is to
charge. These practices include wideningt ravine mouths and adjacent bliéfso restore beaches and wetlands as primary
the sow path, increasing the roughnessope with larger lake storm waves causeagents of shore protection with a stable
and ponding ability of the ravine chan-by beach sand loss and lakebed erosioecosystem and improved runoff water
nels, and protecting the ravine slopesthe ravine mouth is highly vulnerablequality. Practices include sand nourished
streambed and streambanks with nati® storm wave erosion where a loweringpocket beaches and dune/swale wetlands
plants and stone “stream armor.” in stream grade here can undermine trbat are stabilized with stone headlands.
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Figure 5. Ravine Park Ravine four
years after construction. Stream

low is now visible on the surface. In
prior years, the water lowed below
the top of the stone work. Note
encroachment of vegetation over the
new stone and steep slope on right
that has not fully vegetated.

PROJECT MONITORING

To document the performance of the
bluff and ravine restoration and stabi-
lization systems, several monitoring
schedules were developed to determine
plant community health, water quality
and erosion and sediment loss to Lake
Michigan.

Water quality monitoring (Glencoe
Ravine and beach, Ravine Park Ravine
and beach) include. coli sampling in
unrestored and restored sections of the
ravines, on downstream beaches and in
Lake Michigan adjacent to the installa-
tions. Ravines were also inspected for
broken or leaking sewers.

Sediment monitoring in all three
ravines and two ravine mouth beaches
included beach surveys, and ravine bed
and bank surveys to determine surface
topography in both restored and unre-
stored systems. Electronic total stations
were used to measure horizontal location
and elevation at all sites. Steel rods were
installed in the ravines and recovered
during later surveys to provide a refer-
ence for successive comparisons of
the ground surface. Changes in ground
surface elevation were measured over
periods up to 15 years after installation.
Unaltered sites within the ravines were
included for comparison to the restored
ravine sites. Ravine mouth beaches were
regularly monitored by electronic total
station surveys for possible impacts to
adjacent coastal properties, prior to, and
during this study. These data are used to
quantify rates of sediment erosion and
volumes of sediment lost from the ravines
and transported into Lake Michigan.

Vegetation monitoring (Glencoe Ra-
vine and beach, Ravine Park Ravine and
Foss Park bluff, perched wetland and
beach) included establishing a system
of transects and standard-sized quadrats
to identify and quantify plant growth at

l r &‘-. P restored and control sites. Special atten-

Figure 6. Ravine Park Ravine 13 years after construction with fully tion was paid to the presence of invasive

established vegetation. Sand and silt from the eroding upstream section of exotics and to the health of the newly
the ravine has «lled the interstices of the stone in the ravine bed. Note 12- planted species.

inch to 24-inch stones forming natural weir (check dam).
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Figure 7. Newly constructed pocket beach at mouth of Ravine Park Ravine, Lake Bluff (2007 photo). Note well
established vegetation on bluff stabilized in 1990. Periodic air photo surveys show the beach to be stable with no
negative impacts on adjacent beaches.

Beaches were monitored by rod andnd slumped and eroding streambankSxamination of existing stream cobbles
transit surveys and also by comparison afiere restored with quarried limestone imnd boulders provided an estimate for
historic air photos. Since 1990, Shabicthe lower 450-foot section of this ravinethe minimum size range for new stone.
& Associates has conducted annual a{iShabica 1996, 2004). Concurrent wittSlumped areas were !lled with limestone
photo surveys of the lakeshore to showhis work, the bluffs and beach were alsand concrete rubble (Figures 3, 4) and
changes in beach morphology. Theseestored using stone breakwaters, sand ilovered with a soil layer planted with a
were supplemented by lIllinois Depart-and native plantings (Shabica et al. 2004)emporary annual grass matrix for rees-
ment of Transportation air photos. The restored section of ravine, beach artdblishment of native plants.

. . . a 100-foot unrestored section upstream . L
Ravine Park Ravine, Lake BIluff: comprise the Lake BIuff study site. The In 1992, irregularities in the streambed

The ravine s_tudled in Lake Bluffis abOUtaverage slope of the bed of Ravine pajjiere graded to a .unlform slope v_wth a
3,450 feet in length and runs throug SOE T bulldozer. Geotextile was placed in the

. : avine is 1:42. .
Ravine Park from the approximate cen- streambed and lapped up onto the sides
ter of town southeast, then across a new The objective of the ravine restoratiorof the ravine from 3 to 10 feet in areas
pocket beach into Lake Michigan (Figurevas to augment natural streambed anglhere the streambanks had slumped. A
2). Active streambed erosion (incision)streambank armor with quarried “lime-three-foot-thick layer of quarried “lime-
streambank erosion and mass wastimgone” (dolomite) cobbles and boulderstone” (dolomite) was placed over the
(slumps, and soil creep) was observedf similar or larger size to those existinggeotextile. No grade control structures
in most locations along the axis of thidgn the ravine. A hydraulic study was notwere installed. The slumps were !lled
ravine. Prior to restoration, the mouttperformed as the watershed was fullyith rubble and quarrystone, top-dressed
of the ravine was bordered by erodingleveloped with no increase in stormwith soil, and hydroseeded with tempo-
lake bluffs and failed seawalls; no beackvater discharge anticipated. Evidenceary annual grasses. The local vegetation
was present. In 1992, in response tof extreme high water events, includingvas then allowed to reestablish itself on
requests from ravine property ownersgut banks, was used to estimate minimuitine slumps and the restored ravine banks
deteriorated natural streambed armaglevations for streambank protection(Figures 5, 6). Maintenance activities
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Figure 8. Close-up of ponded ravine water in pocket beach at mouth of
Ravine Park Ravine. During low-low conditions, the ravine water is eltered
through the sand beach. Unidentieed species of algae have taken up
residence in the pond.

Figure 9. Proele of streambed centerline, Ravine Park Ravine, Lake Bluff with
10x vertical exaggeration. Surveys from 1996 and 2007 are compared to show
net erosion in the upper ravine and deposition (cross-hatched) in the lower
section (vertical scale: sve-foot intervals, horizontal scale: 20-foot intervals).

Lake Bluff Ravine: Proele of a Channel

eoe

Net erosion

—

13\95' Pr,
Qfll‘
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580

1 1 1
[4 {00 200 300 400 see
Yortical exaggeration: X 1@

ment erosion, using standard procedures
with an electronic total station. Measure-
ments included points along the axis of
the channel, cross sections, and other
points of interest. Survey markers estab-
lished in 1996 were reoccupied in 2007
to provide a starting point and orientation
for the comparative survey.

In general, the ravine slopes and
stream in the restored section of ravine
were stabilized while in the unrestored
section, mass wasting and stream ero-
sion continued unabated. Figure 9 shows
changes in the center prol!le of the ravine
that is a measure of streambed downcut-
ting (incision) but does not show bank
erosion or mass wasting. There was an
average ravine bed net gain in elevation
of +1.43 inches in the restored section
of Ravine Park Ravine despite some loss
of smaller armorstone; no mass wasting
was observed. Conversely, disregarding
sediment loss from extensive mass wast-
ing in the unrestored section, there was
an average net loss in elevation of 10.12
inches in the ravine bed. Assuming an
average stream width of 8 feet, a net loss
of 622 tons of sediment over the 11-year
study period is calculated. Periodic air
photo surveys of the beach showed minor
seasonal sand losses and gains. No net
gain or loss of sand on the new beach was
observed on adjacent beaches as required
by the IDNR permit for construction
(Shabica 2004, 2008).

In monitoring plants in the Ravine
Park Ravine, the goal was to identify the
types of vegetation growing along the
wet to mesic streamside, on the upland
slope, and on the beach by the ravine
mouth. There were a total of 27 species

included restoration of smaller displaced Beginning in 2005, the ravine andidentiled in 2005, from 55 randomly
stones and installation of a row of gabioneeach were monitored for bacteriasampled quadrats. By 2007, the section
placed directly on the stone layer at theontent. This research was supportedf restored ravine was fully vegetated

base of a steep bank.

Prior to ravine restoration, the mouth
of Ravine Park Ravine was *anked with
eroding coastal bluffs, failed seawalls an
a small ephemeral pocket beach (Figur
2). Beginning in 1990, the bluffs were
stabilized with rubble !ll, covered with
soil and hydroseeded (Figure 7). Later,
a larger, more stable pocket beach w
established behind a stone headlan
breakwater to provide a higher level o

protection for the ravine mouth (Figures lencoe Ravine section.

éven though no broken or leaking sewe
ere observed in the ravines. Sampli
rocedure and details are discussed in t

by a grant from the Great Lakes Comincluding native plants, such as the calico
mission. Six water sampling sites weraster Aster latilorus) and white snake
established in both the Glencoe and Lak®ot (Eupatorium rugosuin

luff ravines. The samples were cultured
or bacteria by the Lake County Health

epartment. Results show that the ravin
water and saturated beach sand typical
carry elevated levels @&. coli bacteria

Ravine 10, Highland Park: The city

%f Highland Park has the most exten-
ive urbanized ravine system along the
Nlinois shore with 10 separate ravines

extending a total length of 11.7 miles.

'Rl sow directly into Lake Michigan.
%@proximately 50 years ago, intercep-

tor sanitary sewers were installed in the
streambeds of several Highland Park

2,7, 8). Atotal of 1,000 tons of sand !ll  Sediment survey measurements wen@vines including Ravine 10. Recently
was added to the beach, with all worknmade in Lake Bluff (25 September 1996@he sewers were replaced in several of the

completed by 2003.

Page 10

and 12 June 2007) to quantify ravine sedravines because erosion had exposed the
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Figure 10. Ravine 10, city of Highland Park, lllinois. Unrestored ravine with active streambed erosion and slope
failure. Broken sanitary sewer can be seen at the lower center (1992 photo).

ductile iron sewer pipes, cracking someaged sanitary sewer connections wengas emplaced for a short distance along

and breaking joint connections in othersobserved in many locations along théhe channel. Intervening sections of the

An informal walking survey has shownaxis of this ravine in 1992 (Figure 10).ravine received no protective structures.

that the ravines with sewers are erodingihe study site includes approximatehA list and description of the structures

more rapidly than ravines that do not hav800 feet of ravine beginning at the heathstalled is given by Shabica 1996,

sewers buried under the streambeds. Ooé the ravine. Here, the average ravinattp://www.glc.org/basin/pubs/projects/

causative factor may be that the naturalope is 1:53, a slightly lower slope thariLravine.pdf as follows:

streambed armor (cobbles ranging in sizéhe stream gradient of 1:42 at Ravine Park . .

from 6 to 18 inches) was disturbed wheiRavine in Lgake Bluff. Gabion Baskets —Gabion _baskets
are constructed from galvanized steel

the ravines were excavated for sewer . . . - T LU
installation. In Ravine 10, avarlety_of erosion conimesh S|m|_Iar to chaln—l_lnk fenC|r_1g
trol structures had been installed beforand !lled with 3-inch to 6-inch quarried
The central branch of Highland Parkl992 by adjacent property owners wittflimestone” (dolomite). The 9- by 3- by
Ravine 10 flows northeast into Lakélittle success. Among these, retainin@-foot and 12- by 3- by 3-foot units were
Michigan, is approximately 3,000 feetwalls made of treated timber ties placeihstalled at the head of Ravine 10 along
long, and is fed by a storm sewer at then the upper slopes of the ravine are tht@e toes of the ravine slopes adjacent to
head of the ravine immediately east ofmost common. In 1992-93, as a demora storm sewer outfall (Figures 11, 12,
St. Johns Avenue. The interceptor sewestration project for the Great Lakes Com313). The gabion baskets appeared to be
in the bed of this ravine was replacednission, four types of erosion controlin generally good condition in 2007 and
by the city of Highland Park in 1987.structures were placed in the upstreamwere still effective in retarding ravine
Active streambed erosion, streambang&ection of a Ravine 10 channel by the citglope erosion. However, they were un-
erosion, soil slump and creep, and danof Highland Park. Each type of structuralercut in some locations, and had sub-

Shore & Beach n Vol. 78, No. 1 n Winter 2010 Page 11



Figure 11 (top). Gabion streambank
armor cross-section as installed in
1992 to protect eroding streambanks.
Flank, crest, foundation and toe
protection are critical for success.
Note lack of stone foundation.

Figure 12 (middle). Gabion
streambank armor installed in 1992
at storm sewer outfall at head of
Highland Park Ravine 10. To the left
is a sewer manhole (1996 photo).

Figure 13 (bottom). After 15 years,
gabion baskets are intact but are
undermined due to scour of stream
armor (too small for low conditions)
and lack of foundation stone. Outfall
concrete apron to left (2007 photo).

sided visibly from their original position
(Figure 13). The existing streambed ar-
morstone was not large enough to remain
stable during peak-sow conditions and
had washed downstream. The gabions
also appear to have con'ned the sow in
the ravine, thus increasing its velocity
and erosive power. The area of greatest
erosion in the study site lies within a short
distance downstream from the gabions.
A preferred alternative to gabions at an
outfall is a system of large river stones
and a large plunge pool (Figure 14).

Reno Mattresses— Reno mat-
tresses are 6-foot by 9-foot by 9-inch
thick galvanized steel wire mesh baskets
filled with 3-inch to 6-inch quarried
“limestone” (dolomite). The units were
placed directly over geotextile fabric on
the base of the streambed. Prior to instal-
lation of the geotextile, irregularities in
the streambed were graded to a uniform
slope with a bulldozer. Although the
Reno mattresses were still in place in
2007 and had retarded downcutting, they
were not installed far enough upslope to
prevent lateral bank erosion (sanking)
both upstream and downstream. Addi-
tionally, the erosive energy of the water
is concentrated at the downstream edge
of the Reno mattress where downcutting
measured 1.5 feet or more in places.
There was no indication of rust or other
degradation of the wires (Figure 15).

A-Jacks— A-Jacks are cast concrete
or plastic structures (Ex-Jacks) shaped
like a child’'s six-arm toy jack. The A-
Jacks were installed at the toe of the
ravine slope on either or both sides of
the streambed, or adjacent to and down-



Figure 14. A plunge pool protected
by the proper size boulders makes
a more natural energy dissipator
at a stormwater outfall than one
protected by gabions.

stream from a Reno mattress. Willow
cuttings Galix sp) were then planted
between the A-Jacks directly into existing
soil or clay (Figure 16). By June 2007, A
Jacks were no longer a signilcant factor
in preventing erosion in Ravine 10. It was
diflcult to see their original location, but
broken pieces were observed among the
cobbles of the creek channel (Figure 17)).
None of the willow trees planted with the
A-Jacks (or elsewhere) could be foun
alive. While willow is well adapted to
environments with a shifting substrate,
the deep shade conditions found in mos
sections of the ravines apparently limite

=

o
—

the viability of the willow shoots.

Geoweb — Geoweb is a plastic
textile that is “honeycombed” to allow
cobblestones to !ll the voids and hold
the material in place. Installation wasg
in areas of actively eroding clay in the
streambed. After the clay was grade
with a bulldozer, the Geoweb was place
directly on the streambed and extende
approximately 3 feet up both sides of
the ravine. 3-inch quarried “limestone’
(dolomite) was placed in the voids im-
mediately after installation (Figures 18
19). Geoweb plastic showed some signs
of deterioration and minor stone loss, bu
was suflciently intact in 2007 to func
tion in retarding downcutting (Figure
20). In a manner similar to that of the
Reno mattress, the Geoweb is subject to
eanking and also acts as a check dam,
concentrating energy downstream. Noﬂe
loss of stream armor downstream.

o o

—

Figure 15. Reno mattress streambed armor installed over a layer of elter cloth

_In summary, in Ravine 10, the A-Jacksy, eroding bed of Ravine 10. Note streambed erosion scour and 'anking on
failed completely but the gabions, Rengight (2007 photo).

mattresses and Geoweb installations were

essentially intact after 15 years. Problemsigure 16. Diagrammatic cross-section in Ravine 10 showing A-Jacks
include loss of stone streambed armatreambank armor with willow shoots.

downstream from the structures, foun
dation scour, eanking, and minor loss
of Geoweb !lI-stone. Planting of willow
shoots as bank protection was unsu
cessful due to failure of the A-jacks anc
the dense shade in the ravine. While the
gabions, Reno mattresses and Geoweb
installations remained intact, sanking or
undermining nevertheless caused system
failure. Areas without any streambed and
bank protection showed the greatest ero-
sion over the study period. Sections af

o
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Figure 17 (top). A-Jacks streambank
armor !anked after 15 years.
Structural integrity of system is

lost because of high stream 'ow
velocities and scour. Note eroded
slope has retreated approximately
2.5 feet back from row of A-Jacks
(2007 photo).

Figure 18 (middle). Diagrammatic
cross-section showing Geoweb
streambank and streambed armor.
After installation, the plastic webbing
was elled with 3-inch “limestone”
(dolomite).

Figure 19 (bottom). Geoweb
streambank and streambed armor
in Ravine 10 (1996 Photo). After
streambed and banks were graded,
the plastic webbing was installed
and elled with 3-inch “limestone”
(dolomite).

Page 14

ravine between the structures continued
to erode through 2007.

Surveys of the ravine centerline in
1996 and 2007 are compared in Figure
21. Deposition of sediment upstream
from the Reno mattresses and Geoweb
sites was already noted by Shabica in
1996 (http://www.glc.org/basin/pubs/
projects/ILravine.pdf) and has continued
through the following years. The “grade-
control” effect of the structures reduces
the effective gradient upstream and there-
fore overall sow velocity. The negative
impact is that a sharp drop (waterfall
effect) results in increased streambed
scour immediately below the structure. A
plunge pool with larger stone (minimally
1 foot in diameter) placed downslope of
such structures would reduce erosion and
increase surface roughness. While it ap-
pears that some protection is better than
no protection, a continuous, full-ravine
plan would assure long-term stability of
the system. The average elevation change
of the study site ravine channel was -1.6
inches from 1996 to 2007. Calculations
of volumetric change based on 1996 and
2007 surveyed ravine prol!les show an
average change of -3.1 cubic yards per
linear foot of ravine during the 11-year
study period. This represents a total of
2,801 tons of sediment eroded from this
section of Ravine 10.

The rate of ravine channel downcut-
ting is greatest for the unarmored part
of Lake Bluff’'s Ravine Park Ravine
(10 inches over 11 years), is less for the
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partially armored Ravine 10 in Highlan
Park (1.6 inches over 11 years), and |s
lowest for the section of Ravine Par
Ravine with restored streambed armor.
The armored part of Ravine Park Ravin
shows an aggregate increase in elevatign,
which does not mean that no downcuttin
has occurred, since a modest amount pf
material has been transported from the
upper part of the armored section to the
lower part. As stream downcutting is
primary factor driving ravine erosion,
the total sediment loss is regarded as fql-
lowing the same trends. A visual surve
of the unarmored portion of Ravine Par
Ravine indicates a higher sediment logs
than the 3 cubic yards per foot loss fro
Ravine 10. This may be due, in part, t
the steeper gradient of the Ravine Park
Ravine system.

Ravine 10 provides an illustration o
the need for a comprehensive approach

to ravine manag_ement. Alerted t(_) th?:igure 20. Geoweb armor intact in 2007. Note loss of natural streambed
problems of leaking sewers, the city of o and «ll-stone.

Highland Park stepped-up sewer mainte-

nance in the ravines and in 2008 installedigure 21. Pro-le of streambed centerline, Ravine 10, Highland Park. Surveys
quarried limestone stream armor with #&om 1996 and 2007 are compared to show net erosion downstream of
gabion grade control check-dam over thetructures and accretion (cross-hatched) upstream (vertical scale: sve-foot
entire study area of Ravine 10. Althouglntervals, horizontal scale: 100-foot intervals).

it is too soon to quantify the success of the
new system, it appears to be performing
well. Itis noteworthy that Highland Park
beaches, frequently closed in the early
1990s due to high bacteria counts, had
the lowest number dt. coli swim bans
in 2007, along with Lake Bluff’s Sunrise
Beach (Lake County Health Departmen
1992, 2007).

Glencoe Ravine and Beach, Glen-
coe:The Glencoe Ravine, approximately
2,500 feet in length, is similar in many
ways to Lake Bluff's Ravine Park Ravine
Active streambed erosion, streambank
erosion, soil slump and soil creep weralong the banks and in the shallows dboth streambanks to further stabilize
observed in several locations along thehe ponds was conducted in the summehe soil and promote successful seed
axis of this ravine. Prior to restoration, thexf 2004. These retention ponds providgermination. Following seed and erosion
mouth of the ravine was bordered by erodyreater storage capacity and are intendeontrol blanket placement, BCl installed
ing Lake Michigan bluffs with no beach.to reduce sediment and pollutant loadingpproximately 200 live plant plugs along
In a project funded in 2003 by the Greato Lake Michigan. Buchanan Consultinghe streamside to achieve immediate
Lakes Commission, vegetated retentiomc. (BCI) supplied and installed threecover and stabilization.
basins (“beaver ponds”) were installed imative-seed mixes designed for the three Anoth K leted in th .
the ravine (Figures 22, 23). The intent wasommunity types present at the project nother task completed in the spring
to increase stormwater retention and usgite: shaded streamside, upland WoodeOJ 2004 was thinning the tre_e canopy
plants for bank stabilization and nutrienslope, and sandy-clay upper beach. Tha! the south slope of the ravine to pro-
uptake. Two retention ponds/wetlandstreamside mix included 40 species, tha' 0. Igrovxéthhqf surfali:e vr?g(;ta}tlor. dBCdI
were installed in the lower reaches of thapland mix 28 species, and the beach mﬁ?mp eted this work, which include
ravine. The work included regrading stee@3 species. ©ooelection and removal of exotic

slopes and construction of two low-prolle : e species. Individual e selectgd
stone and concrete block check dams After seed placement, a light-weightfor removal were less than 8 inches in

Planting of shade tolerant wetland Specieesrosion control fabric was placed ordiameter and were primarily Norway

Ravine 10: Proele of a channel

—

Shore & Beach n Vol. 78, No. 1 n Winter 2010 Page 15



Figure 22. Glencoe Ravine. Newly constructed east check dam after rainstorm (3 May 2004 photo). Falls have added
bene-t of aerating the stream water.

maple @Acer platanoidey common In 2003, a quarrystone breakwater andnd six spring visits to each ravine. The
buckthorn Rhamnus cathartiga and 3,000 tons of clean sand were installed tsamples were cultured for bacteria by the
exotic species of honeysuckleofiicera create a stable sand beach at the ravihake County Health Department. Results
sp). Larger trunks and branches were cunouth. The project was funded by the adcshow that the ravine water and saturated
with hand tools and placed horizontal tgacent property owner who also contribbeach sand typically carry elevated lev-
the slope, generally where felled, andited to the local cost-share for the ravinels of E. coli bacteria (Figures 26, 27).
staked with cut branches. Smaller stem®storation and project monitoring (Fig-Searches within the ravines for point
and branches were bundled and removedes 24, 25). Beginning in 2005, ravinesources for bacteria like broken sanitary
from the site. In 2005, additional seedeach and lake shallows were monitoresewers, were unsuccessful. TRecoli
mixes were planted to restore the beadbr bacterial content at the Glencoe antévels measured in adjacent waters of
prairie area (procedures in Packard andake Bluff Ravine sites. This researchLake Michigan were unexpectedly low
Mutel 1997), along the wet to mesicwas supported by a grant from the Greaxcept after heavy rain and high stream
wooded streamside and in the mesitakes Commission. Six water samplingow in the ravines. There were no swim
wooded upland. The survival of the seedites were established including an uppdrans reported for Sunrise Park Beach
and plants was monitored during periodicnrestored section and two sites withiflocated approximately 200 feet north
site visits, including the fall 2007 survey.the restored ravine stream channel. Raf the Lake Bluff ravine mouth) while
The 2007 survey shows the slopes andnes were also inspected for broken athe sampling foE. coliwas in progress
stream sides completely covered witleaking sanitary sewers. Three sampleduring the month of August 2005 (Lake
vegetation and stabilized soils. A fewwere collected in the beaches includin@€ounty Health Department 2007). In
invasives were observed, including treeponded areas at the mouth of the ravineharp contrast, beaches at lllinois Beach
from the wooded upland. Invasive speand two from shallow pits dug into thePark had 17 swim bans during the same
cies should be aggressively removedeach sand. One sample was collected fime period (Lake County Health Depart-
The beach community, including littlethe adjacent swash zone in Lake Michiment 2007).

bluestem Andropogon scopariysis gan. The sites were sampled randomly at . :
doing well. The Appendix includes planttwo-week to three-week intervals in 2005 A detailed post construction topo-

lists (to species level). and 2006 for a total of seven fall Visitsgraphlc_survey_ of th_e Glencoe Ravine
restoration project site was conducted
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Figure 23 (top). New east retention

pond in Glencoe Ravine with erosion

cloth and new plantings (upper

check dam in background). Note

steel survey rods (20 October 2004
photo).

Figure 24 (middle). Glencoe Ravine

mouth (immediately left of stone

groin), prior to installation of

retention basins and beach (2000
photo).

Figure 25 (bottom). Glencoe Ravine
mouth with new check dam and
new beach/wetland elter system.
New stone breakwater on left. Note
healed scour channels adjacent to
ravine mouth (2007 photo).

on 2 December 2004. Monitoring of

sedimentation in the ponds was contir
ued through fall 2007. Measurement
of accumulated sediment were recorde
adjacent to steel monitoring rods inserte

(Figure 23). Measurements were made [
Terrapin Geomatics using a stadia rod ar
recorded to the tenth of a foot. Detailed
results are presented in the Appendix.

5
d
d
into the ravine bed in the retention ponds
y
d

The construction of the Glencoe
Ravine retention basins produced
net reduction in ravine channel slope,
resulting in accumulation of sedimen

D

upstream in areas that were once erod-

ing. No evidence for new streambank gr
streambed erosion was observed imm
diately upstream from the structures. The

U

retention basins continue to trap sediment

but were nearly full after 've years. The
volume of material trapped exceeded 60

tons in the !rst year, averaging !ve tons
per month.

In summary, the check dams !lled
with sediment, upstream banks have

been stabilized, seeds germinated, and

new vegetation is growing well (Figures
28, 29), though the large quantity o

sediment eroded from the upper reaches

of the ravine was not fully anticipated
Incipient sanking downstream from the

upper check dam began during an intense

rainstorm (Figure 30) and should be
repaired as soon as possible. Monitoring
of ravine water shows increased levels of
E. coli, especially after rainstorm events|,
although no evidence of broken or leak
ing sanitary sewers was observed.

Foss Park Restored Bluff and Wet-
lands, North Chicaga Foss Park is a pub-
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In 2002, the Foss Park Board commis-
sioned a master plan for bluff and beach
restoration for this site. Through contrib-
uted services, the south bluffs and dune/
swale wetlands were restored in 2002
and 2003. Beginning in 2003, the eroding
north bluff was restored and monitored
through a grant funded by NOAA with
contributions in time, materials, and
labor by Herkey’s Trucking, Edward
E. Gillen Company, and Shabica & As-
sociates. The project was administered
by the Illinois Department of Natural
Resources. The bluff was regraded to
include a new pedestrian path, and seeded
with native species (Figures 33, 34). To
combat gullying and slumps caused by
excessive runoff from the upper park,
a swale and catch basin was installed at

the top of the bluff. To minimize erosion
Figure 26. Table showing bacterial levels in Glencoe Ravine channel, of the new path, a stone-lined swale was
adjacent beach and Lake Michigan shallows, 2005. constructed along its landward side.

Additionally, a stone revetment/perched
wetland swale was installed at the bottom
of the eroding bluff to protect the system
from storm wave attack and !lter runoff
from the tableland and bluff surface.BCI
supplied and planted three native seed
mixes designed for the three community
types present at the project site: coastal-
bluff low-prolle prairie, beach !ltration
swale, and sandy-clay upper beach. The
beach/swale mix included 44 species,
the bluff mix 41 species, and the sandy
beach mix 44 species. By October 2007,
the bluff was fully vegetated and had
stabilized bluff soils. Native plant species
include grass-leaved goldenr@&b(idago
graminifolia) and sawtooth sunsower
(Helianthus grosserratys Except for
minor soil creep, active bluff erosion
has been arrested. Periodic maintenance
is necessary to assure a fully vegetated
surface. The wetland swale at the toe of
the bluff is functioning well and has full

lic park and beach located along the westrarrowing and bluff recession (Figurevegetal cover, including native sedges
ern shore of Lake Michigan north of GreaB2). To the south, the North ChicagqCarex stipaty and rushesJincus tor
Lakes Naval Training Center and south ofvater treatment plant protrudes into theeyi). Unfortunately, the common reed
Waukegan Harbor (Figure 31). While thdake, functions as a rocky headland, an@Phragmites australisand cottonwood
tableland park is heavily frequented byaffords a minimal amount of protection(Populus deltoideshave invaded the
North Chicago residents, the 1,640-footfor the south section of beach and bluffsarea (Figure 35) and require periodic
long beach and bluffs have historicallyAt the north end of the beach, a 230-footremoval. Little bluestemAndropogon
been underused due to limited bluff accesside, 70-foot-high segment of bluff wasscopariu$ is among the native prairie
and a community-wide fear of long-shoredenuded and actively eroding because @pecies (Figure 36) that are now grow-
currents and undertow at the beach. Pri@xcess runoff from the tableland and storring on the bluff adjacent to the perched
to restoration work, the shoreline at Fosg/ave impact at the bluff toe. Comparisorwetland (see Appendix for details).

Park was one of the last actively erodin@f historic air photos indicates an average With plant f nati | bluff
sections of high bluff coast in lllinois. rate of bluff recession of 1.6 to 2.5 feet pe Ith plantings o natlvg coastal utt,
Sediment starvation of the littoral systenyear. This represents approximately 1,50 each an_d wetland Spec'es’l the installa-
caused by the breakwaters at Waukegdans of clay, soil and organic debris washeE#?n funcnons as an organic !lter system
Harbor has resulted in accelerated beacdhto Lake Michigan annually. that includes the newly constructed dune/

Figure 27. Table showing bacteria levels in Ravine Park Ravine channel,
adjacent beach and Lake Michigan shallows, 2005.
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Figure 28. Fully vegetated streambanks and check dam at mouth of Glencoe Ravine (2007 photo).

swale wetland at the south end of Fossvine stability were established in ordeused as the foundation for GIS analysis.
Park (Figure 37). Semi-annual site visit$o assist local watershed groups in prioriEach of these has been weighted to re-
have shown that the native species théizing ravine stabilization activities. Thiseect relative importance. For example,
were planted are now well establishedvork combines detailed GIS analysichannel slope and bank slope, important
It is noteworthy that Foss Park beachvith on-the-ground assessments to quate ravine stability, were weighted three
is one of the few in lllinois that has atify levels of instability throughout more whereas the remaining GIS indicators
healthy dune/swale wetland ecosystenthan 45 ravines within the Upper Lakdike number of buildings within 50 feet,
The projects are phases one and two dfichigan Watershed. A list of indicatorswere weighted as two:
a coastal master plan that is intendedr “data” representing many of the criti- Channel slope % of longest sow
to provide long-term, environmentallycal factors that lead to accelerated ravirrlcla .
sound, safe access to Lake Michigarerosion has been compiled and a scori é] '
Phase three, construction of a segmented ranking system applied to the results. « Average bank side slope;
series of pocket beaches is on-hold, pené+om this, maps were generated using
ing funding. air photos that will be distributed to Iocalﬁ
communities, private landowners, an )
%OA\,\//IIEIIEEI\LI_' EF,’\IPSIII\\I/GE pot_en_tial funding agencies. Adetailed_dec-)f top of bank;
. . _._scription of work and color-coded ravine  « Average distance of roads from top
To date, no ravines on the IIIInO'Smaps can be viewed at www.greatlakesf ravine banks; roads within 100 feet of
shore of Lake Michigan have been fuIIyO ) '
stabilized. To address this problem, the II-

rg/lmwep/ssip top of bank;
linois Department of Natural Resources, Several map layers have been created « Total number of buildings within 50
in cooperation with the Lake Michiganusing two-foot contours that represenfeet of top of bank;
Watershed Ecosystem Partnership (LMeharacteristics such as the top of the bank, : .
WEP) and Alliance for the Great Lakesstreambed centerline, and slope. Local ® _Total area (in _acres) of bu.|ld|ngs
has initiated a ravine mapping program imaps provided the basic informatioﬁ’v'th'n 50 feet of ravine top bank; and
Lake County, lllinois. Using information including road locations and building out-  « Total area of roads (in acres) within
from this study, measurable indicators olines. The following is a list of indicators 100 feet of ravine top bank.

« Average distance of buildings from
op of ravine banks; homes within 50 feet
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Figure 31 (above). Foss Park, city of North Chicago, bluff and beach restoration project sponsored by NOAA and
Illinois Department of Natural Resources.

Initial calculations comparing ravine A detailed !eld assessment of each raeroding ravine bed, type and degree of
channel slopes show a range of 0.2%ine using a unique set of indicators wamstability;
(2:573) to 10% (1:10) slope with eleva-combined with the GIS analysis. Bed and
tion changes between the top and bottotvank stability indicators were collected
of ravines ranging from 10 to 100 feetin the !eld (see list of !eld indicators 9
Steep slopes and narrow channels, corbelow) and combined with the GIS data < Knick points: abrupt changes in
bined with dense urban development anid complete an overall ravine rankingchannel grade (drops).
increased stormwater runoff highlight thehat represents those ravines thought The collection of leld data was com
potential for signilcant erosion within to be contributing the most sediment . - -
Lake Michigan ravines. to Lake Michigan. The !eld indicators Pleted by two interns in 2008. Each indi-

» Bank stability: severity of eroding
ully or scarp; and

Figure 29 (opposite page, top).
Glencoe Ravine mouth with newly
established vegetation above lower
check dam. Lake Michigan is in
background.

Figure 30 (opposite page, bottom).
Glencoe Ravine upper check dam.
Vegetation is well developed but
lanking (left side of structure) has
scoured the streambanks. This
needs to be restored as soon as
possible. Note new sediment bar
(foreground) and newly established

vegetation, held by lower check dam.

Shore & Beach n Vol. 78, No. 1 n Winter 2010

were weighted signilcantly higher thancator was identiled over uniform ravine

the indictors based on the GIS analysi eaches V\./ith similar conditions usirl_g
For example, all leld indicators were PS. Ravine channel and bank stability

weighted between !ve and 10. This Wa%/vere ranked based on a scale of one to

done to assure that the most signi!can‘tve with one being the worst. This data

data was reflected in the final raving"'2S then processed using ArcMap GIS

ranks. Field indicators include: and a series of maps was generated.

« Location, type and condition (work . dThet ravme(;naps rﬁpz)resentl?]g tEe GISI
ing or failing) of erosion control struc- "dICalOrSs and reach-by-reach channe

t . and bank conditions can be used to iden-
ures; . . . o .
tify critical sections of ravine instability.

* Residential/municipal stormwaterThe ravines were then ranked based on
discharge; overall condition; 1 out of 47 being the
worst. The most stable ravine was ranked
as 47 in terms of erosion potential. Re-
e Channel stability: protected orsults indicate that the four ravines with

e Log jams;
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Figure 32 (top). Unrestored eroding
bluff at north end of Foss Park Beach
(Fall 2002 photo).

Figure 33 (middle). Bluff restoration
at north end of Foss Park. Bluff to
the right of new path was seeded and
covered with erosion control cloth.
Construction of perched wetland is
proceeding at toe of bluff (Spring
2003 photo).

Figure 34 (bottom). Restored bluff
and new perched wetland at Foss
Park (lower left). Note sprouting
seeds, erosion control cloth, and
stone-lined swale to catch surface
runoff to right of student (August
2004 photo).

Page 22
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the greatest potential for erosion and
sediment transport into Lake Michigan
include: Highland Park’s Ravine 10
(ranked 1 out of 47), Highland Park’s
Ravine 7, Highland Park’s Ravine 3, and
Lake Forest’'s Witchhazel/Seminary Ra-
vine. These ravines scored high due to a
greater number and density of stormwater
and residential outlets and greater total
length of unstable channels and banks.
Highland Park’s Ravine 4, Glencoe’s Ra-
vine 7C and Lake Forest’s Clark’s Ravine
have the highest overall percentage of
unstable bed and banks, but due to their
smaller size, are ranked lower in terms
of overall erosion potential as they have
a higher probability for comprehensive
ravine restoration. The Ravine 10 Map
(Figure 38) shows typical results from
the data collection and analysis.

CONCLUSIONS

Plants: Prior to restoration, all three
ravines and bluffs monitored in this study
were overgrown with invasive trees and
shrubs like buckthorrRhamnis sp.and
honeysucklel(onicera sp) that compete
with native species for resources, espe-
cially sunlight. Additional conditions
impacting the viability of newly installed
plants include moisture, scour during
high eow conditions, and variations in
the species germination success. The
photographs and data show that the goal
of stabilizing the ravines and beaches,
enhancing the aesthetics, and improving
the native vegetation community, was
achieved. Problems encountered were
aggressive invasive species like Garlic
mustard Alliaria petiolata) in all ravines,
Common reedRhragmites australjsin
the Foss Park wetland and Lyme grass
(Leymus arenarigyson the beaches. An-



Figure 35. Perched wetland at toe of bluff, Foss Park. Seeded and plugged native plants are thriving. Invasives,
including the common reed ( Phragmites australis ) and Cottonwood ( Populus deltoides) need to be removed (Fall
2007 photo).

Figure 36. Little bluestem ( Andropogon scoparius ) thriving on poor-quality soil adjacent to perched wetland (Fall
2007 photo).
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Figure 37. South end of study site at Foss Park. Restored dune/swale wetland
at bottom of newly restored bluff (2003 photo).

Figure 38. Ravine 10, Highland Park. This is an example of a large ravine

in a highly variable state and is ranked highest (worst) in terms of erosion
potential. The newly stabilized study site (lower center of air photo) is in
good condition ranking eve (green) in terms of channel bed stability and four
(blue) for ravine bank stability. Although colors are not shown, the extremes
in ravine condition are indicated by varying shades of grey. To view the color-
coded ravine maps go to www.greatlakes.org/Imwep/ssip.

other problem was the inability of plants
to hold soil under high flow regimes
(small sections of Foss Park bluff and
eanks in Glencoe Ravine lower check
dam). As the existing communities at all
sites were considered degraded in regard
to native plants, we were optimistic that
planting native species would improve the
“ecological quality” of the sites. However,
regarding prevention of “sediment loss,”
invasive exotic grasses and forbs appear to
work nearly as well as native species. See
Appendix for a listing of plants (identiled

to species level) for each site.

Water quality: In addition to identi-
fying and remediating point sources of
sewage, a goal of ravine and beach resto-
ration is to improve runoff water quality
entering Lake Michigan through plant
uptake of nutrients, aeration by rifees and
waterfalls, detention of Ine sediments and
litering runoff through sand beach wet
lands. When identiled, broken or leaking
sewers were repaired by the responsible
municipalities. Sampling dE. coli bac-
teria was chosen as one measure of water
quality. Analyses showed elevated levels
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of E. coliin the ravines and beach sandRecommendations for sustainable ravine < Fill with clean coarse grade beach
under all conditions. Although these highmanagement include: sand (20% overlll required in lllinois).
levels were unexpected, they may repre- Measure existing stone sizes, €eon ¢ Remove invasive plants such as
sent the “norm.” It is probable that much . g o plan

- . ! duct hydraulic study of ravine flow Lyme grass l(eymus arenariys Care
OLe R ol om A dere sl regimes, and survey ravine topographghould be taken not to confuse it with
community supported by the ravines thatn% eo’Io to des)i/ ns sten? a%d pdesi‘he similar looking but rare native grass
includes birds, rabbits, skunks, deer anEermi%e mfcr]1>i/mal sizegandy lacement ofElymus IanceolgatL)s Seeds fror% a
foxes and not from human sewage. Th . P y o .

materials. nearby beach plant community including

E. colilevels measured in Lake Michi- Sea RocketCakile edentulmay then
gan were low except after heavy rains < Apply for local, state, and federal; y

and high stream eow in the ravines. Itpermits for work. e e beach,
is generally accepted by health science Remove invasive plants. especially Regraded lake bluff areas should be
professionals that increased runoff from o P + ESPECIATY. \ered with erosion control cloth and
rainfall can bring additional bacteria€eS: 10 maximize sunlight. There ma lanted with native species.

into the system from animal feces (Mar he?qlcl)rmanttseiﬁ bgg_?_ of nlat|ve|_ prllétl SI lusion. Lake Michi al
Pister, Lake County Health Department, at will sprout with additional sunlight.  In conclusion, Lake Michigan coasta

personal communication 2006). Thergeg(aded a;eals Tht?]md ge Icovter(;ad y;/rl‘trteachesﬂ and ra:vmlt(esdare |mporta?t b]l:It
were no swim bans reported for Sun_erot_smn control cloth and planted wi tLeq(gen tyLol\(/er go e comp?nenls ?I
rise Park Beach (located approximateb';'a ive species. e Great Lakes Basin ecosystem. Instal-

200 feet north of the Lake BIuff ravine « Use a combination of quarried 20" ?nd form?rl1 momtonr;g i);several
mouth) while the sampling fé&. coliwas  stone and special placement rounde? cgehcsover ad :jee—yeardo t'y?j‘f"r pe]:
in progress during August 2005 (Lakefriver stone” to protect streambanks an(ﬁhoeseacso?ri(plzz se sfeur;:nRersj[;r;ﬁ'gr? gf
County Health Department 2007). Inbed to provide matrix for plant growth " - tpl . yd wural st o
sharp contrast, beaches at lllinois Beacthigher materials and installation costs pg cipna eby-sklze o E[“'ra N rean:)_ - q
Park had 17 swim bans during the samew maintenance); or use quarriecf“.1 hs e ?n f"?“mor.s ones, com Il?e
time period (Lake County Health Depart-limestone” combined with gabions for Vith removal of invasives (especially

: o . : -~ trees) and restoration of the native plant
ment 2007). The wide beaches of lllinoissteep-bank protection (lower installation, ~ = © & " 7 - o0 o
Beach State Park are comparatively rezost, higher maintenance, and less natura?” b'I'y 9 hiahly d ded
mote from sources of anthropogefic appearance). Will stabilize a once highly degrade

coli but are frequented by an abundance Maximi f rif all ?ystemf. Wh'le .reit_oLelltlon of long geg—
of sea gulls, and the roosting gulls ar aximize use of rifees, waterfalls tions of ravine is highly recommended,

believed to be the primary source of th check dams), and plunge pools to oxymost sections of lllinois ravines are in
E. coliat these beaches. Today, scientisgenate ravine water and reduce ravingrivate ownership where property lines

and regulators are investigating indicatord'2de- typically lie along the ravine channel

. : : : . axis. A daunting task is to get neighbors
other thark. colifor assuring that beach_es * Reduce excessive runoff into ra\/mq cooperate mg restoring t%is impgortant
are safe from human pathogens likeith rain gardens, vegetated swales, a source that has often been described as
Cryptosporidium parvunand Giardia detention basins.

lamblia. Wildlife-generatedE. coli may _ _ foutt of s;?ht, outt of_mllnd. .COSt 'St als? -
be producing unnecessary false alarms Al Photo surveys of ravine mouthiactor where a typical ravine restoration

for some urban beaches. Plans for furth@&aches stabilized with stone breakwategoject may cost $400 per linear foot of
monitoring include measuring phosphate&nd !lled with new sand show no negaravine. The ravine maps available on-
and nitrates at the heads and mouths BY impacts on adjacent beaches. Planftne at www.greatlakes.org/lmwep/ssip
the ravines. ing of native beach species like Americamill be useful in alerting citizens and
beach gras®Ammophilia brevilingulata municipalities to critical areas in ravines
Sediments: Prior to restoration, all help stabilize the beach and improve theeeding attention.
ravines and adjacent bluffs and beachegastal ecosystem. Recommendations for

were adversely impacted by anthroposustainable beach management includ

genic increases in runoff and diversion o ) S o .
of sand. Erosion problems include mass « Conduct historical analysis of coastaMichigan is ignored. Construction of

wasting and stream channel and bluf§€0l0gy and lake processes to desigsand-nourished pocket beaches and wet-
toe incision. Results of historic air photcYStem and determine minimal sizdands at ravine mouths provides a liter
surveys and rod and transit surveys sho@'d Placement of materials. Conduct for ravine water, storm wave protection as
large sediment loss from unrestoredumerical model of coastal storm vya_vegvell_ as an ecological buffer for the ravine.
sections of ravines and Lake Michigar@"d Storm setup. For large municipaWhile pocket beaches (beach-cells) are
beaches. See Appendix for detailed sufYStems a physical hydraulic model magiot inexpensive, typically costing $5,000
vey data and analysis. be necessary. per I|r_1ear foot, they are proving to b(_a a
sustainable long-term shore protection
Monitoring of restored ravines shows ° A_pply for local, state, and federalgq g According to the lllinois State
that stream channel armor restoratioR€rmits for work. Coastal Geologist: “Beach-cell systems
with stone reduces sediment loss to « Use a high-grade quarried stone likéhay represent the future for beaches
Lake Michigan and provides a stableyuartzite or granite to build a new pocke@long much of the lllinois bluff coast...”
base for establishment of native plantgeach and provide a matrix for plants. (Chrzastowski 2005). The results are

. Ravine restoration is not complete
% the transition zone (ecotone) to Lake
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improvement in water quality, reduc- REFERENCES

tion of erosion and sedimentation intd-hrzastowski, Michael J., 2005. “Chicagoland, of Highland Park (http://www.glc.org/basin/
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When restoration work is complete, Open File Series OFS 2005-9, 64 p
periodic monitoring and maintenancejinois Department of Natural Resources 20R:

Lakes Commission and USEPA, invited
presentation.
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is anticipated that with success of the
ravine mapping project, mapping the
Lake Michigan shoreline for stability and
ecological viability will soon follow.
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