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Chapter 1: Introduction

1.1 Report Background

Nonpoint Source Implementation Strategy (NB¥is planning to meet U.S. Environmental Protection Agency (USEPA) nine
minimum elements for impaired waters. NIsis the new foundation upon which state and federal nonpoint source project
funding is accessl. This NRE is the new administrative base for Doan Bréodéntal Lake Erie HUK2 (041100030503),

KSNBAY (1y26MHO® WKEESOUNNBYy G LIy aSia 3I2Ffa T2N Xh€LINB QA Y =
twenty-first century. It willguide HU€EL2 stakeholders to address nquoint source pollution issues and aquatic life use

impairment using the best available science.

This NP$S expands upon the Doan Brook Watershed Action PlakV®B 2013) which was endorsed by the State of Ohio

DSLI NI YSyYyG 2F bl ddzNFf wSaz2dzZNOS&a o0h5bwd YR hKA2 9t! Qa oh9
provided a starting point for initial project implementation to improve and protect the waters of Doan Brook and its leake Eri
shoreline, but dichot account for the entire HUC2. DBWPBluestone, and their collaborators including watershed

communities, local agencies, and other conservation organizations recognize the importance of strategic project
implementation as they seek to address the impants within this HU@ 2. Additional updates to this document will

continue to address impairments threatening water quality and the ecological integrity of these watertiiredsgih efforts

such as streambank and wetland restoration, green infrastructanel stormwater management projects.

ThisHUG12 has a rich history of advocacy. In 1974, the Joint Committee on Doan Brook Watershed was formed by the cities
of Cleveland Heights, Shaker Heights, and Cleveland and with individual citizen advocé#@8, &iter NEORSD completed a
significant Doan Brook Watershed Studyartnership Transition Committee was created to investigate possible

organizational structures for a new organization to implement restoration within the Doan Brook Watershed. 1DBOUR,

was registered as an Ohio nonprofit organization. DBWP supports awarégesplanning and restoration projects within

the watershedand serves as a collective voice for Doan Brook and its constituencies.

DBWP is led by a working board of trees$ with permanent seats for representatives of the cities of Cleveland, Cleveland
Heights and Shaker Heights, as well as from the Northeast Ohio Regional Sewer District, Cleveland Museum of Natural
History, Cuyahoga River Restoration, Cleveland Bota®axalen, University Circle Inc. and the Nature Center at Shaker
LakesThe board also includessident representatives for the upper and lower reache®oén Brook

Bluestone was founded in 2009 to advocate for small watersheds and landforms in tieéa@tearea. Bluestone brings long
term geoscience perspectives and a sense of place to urban environmental issues. Bluestone begarsitéth on
environmental education and stewardship advocacy. Ecological research and environmental asseisawesimcebeen
added. Bluestone Heights works to illuminate buried natural features and regenerate local ecological functions.



1.2 HUG12 Profile & History

HUC-12 Profile
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Figurel: Location of HUC2 in NE Ohio

The DoanBrookFrontal Lake Erie Watershed HUZ (041100030503) covers 44 square miles between two adjacentiiaUC
units: City of Clevelan@uyahoga&iver(west) and Euclid Creek (east). The H2dles fully within Cuyahoga County,
including all or parts of 11 &leland East Side municipalitiésgurel and Figure2).

The HU€12 includes six streams, west to east:

Giddings BrooK7.2sg. mi) now comprises upper and lower sewersheds, each completely buried and directly culverted into
Doan Brook, although historically, Giddings Brook was a direct tributary to Lake Erie. This diversion into Doan Brook expands
theDoan. NB 2 1 Q& dda anfl batkb6tés tolincreased runoff voluni@oan Brook(11.3 sg. mi) is the largestream

in the HUEL12 and retainsa mostly openif channelizegdmain stem course along with several buried tributarigast of Doan,

the remainingfive streams havenly isolated stream segments remaining opBugway Brookconsists ofo-equal west and

east branche$8.7 sq. mi)Shaw Brook1.1 sg. mi) is mostly buried in the urban fabNine Mile Creek7.8 sq. mi) ispen in

only isolatedravine segmentsGreen Ceek (5 sq. mi) shows moderate urban encroachment and a fully urban lower course.

All sixstreams probablyonvergel g KSy [ 1S 9NARSQa fS@St g1 a arAayAFAOLyGt e f



Doan, Dugway and Nine Mile emerge on the uppermost regions of thel2WGundary within relatively broad ravines. This

area of the HU@ 2 attracted some of the earliest agricultural enterprise in the North USibaker settlement (1822885).

The Shaker presence kept much of this area free of development into the early twentieth century. Since then, the uppermost

boundary of the HUQ2 has generally witnessed suburban development.

Characteristic ravines (pl) are incised within the middle section of the HUZ With the least buildable landscapes due to

topography and underlyingeology, thisx N} @A y' S  @h8 HUCE2 cantaiistikieAgyeatest number of open stream
segments. As a result of the open stream segments, this area of thelRli@shenefited fromseveralwatershed

remediationprojects and will continue to in the futur&he fish spawning grounds and nurseriéshe Doan, Dugway, Shaw,

and Nine Mileestuaries maké¢hese locations desirable for futureatershedremediationas well
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History

The HUGa H

K2f R&

DNB I (i S BirdAn&igas settlgmBrisadatiBd tdNthele& 1§ \iears of the Connecticut
Western Reserve (1796 about1840). The HUC2 boundaries straddle the historic Buffalo Rd (current Euclid Ave), the
route by which most early settlers arrivéol Cleveland andone®o G KS O2 dzy (i NBE Q&
Seattle). More recently;90 has transformed hydrology imorthern section of the HUQ2 andreplacesUS20as the primary
eastwest thoroughfare The HUG1 1 @aaispattationevolutionmirrorsthe communitie)  dzNJD | yehds andplodidgs a
useful framework for history, as definedsix distinct historical periods.
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1) Walking and Riding1796:1850). During the earliest years, Etkmericans appropriated prehistoric trails along natural
streamchannels. Most Clevelarabund settlers arrived along Euclid Ave, the main trail from New England and New York
State. East of Cleveland, the avenue followed the base of the Portage Escarpment and so traversed 2btrHa@s. Small
settlements grew wheg the road crossed Giddings (East End), Doan (Doans Corners), Dugway (Ruples Corners), and Nine
Mile (Nine Mile Creek). These old fords continue to anchor the more densely occupied areas of th2. H€ng the 1820s

and 1830s, small quarries and millpeared throughout the middle section of the H1Z along Doan, Dugway, and Nine

Mile. The North Union Shakers built large millponds on the Dimaiming what is now known as Horseshoe Lake and Lower
Shaker Lake.

2) Steam Railroad$18501900): In 1852, &ranscontinental railroad (CSX) opened across the lowermoastabregion of

the HUG12 giving rise to a century of industrial growth. After the Civil War, local industrialists built country estates and
attendant amenities on the Doan and Dugway. Thion would preserve picturesque ravines and their wealth allowed for

early land preservation within the HUC 12. Exemplary are Lake View Cemetery (1869) and Forest Hill Sanitarium (1871) in the
Dugway gorges, and the RockefelRarkand AmblerParkcarriage runs (1880s) in the Doan ravines. In 1881, a second
transcontinental rail line (NKP) opened and soon included a short line laid up the Green Creek gorge to serve Nine Mile Creek
guarries (Euclid RR). The NKP accelerated the development of this arbagardthe era of stream burial. By the 1900, Doan
remained the only stream that had not been culveriadhe northernportion of the HUEL2.

3) Electric Railroad$18951925) Electrification accelerated economic activity during the 1890s and 1900sidgiewer

OFYS G2 GNYXyaLRNIFGAZ2YZ 62NJLX FOSE YR K2YS® | LISNR2R A O:
established in 1911 on 92 acres of the Nine Mile Creek gorge. Rapid settlement came during the late 1890s as tizee elect
interurban railroads opened across the HUZ The Cleveland Painesville and Eastern put rails along the shoreline (Lake

Shore Blvd) and Euclid Ave. The Cleveland and Eastern climbed Cedar Glen and Euclid Heights to run along Mayfield Rd.
Settlement wa intensive along these routes. Electrification brought a second wave of industrialist estates to the middle and
upper regions of Dugway and Nine Mile. As settlement proceeded,-soa agriculture diminished.

4) Early Automobileg19101960): By the 1910s, many Clevelanders weremelpelled and exploring HUL2 uplands. A

growing road network between the interurban thoroughfares encouraged settlement on formerly open land. In 1918, the
Cleveland Metropolitan Park District wasted to preserve fasR A & I LILIS NRAy 3 2 LISy &L} O0Sa 2y [ f
initiative did not reach inward into the HUI2. Instead, early industrialists gifted parkland within the HI2Gn this era.

521 yQa (SNNI OS NI @Ay SRodkéfefleR and ArBb@1 Perks. Wakld, RoSkrillgr lahd$Sardon Parks were
establishedalong the lower section of the Doam ClevelandOn the lower reaches of Dugway East, the Rockefeller holdings
became Forest Hill Parkway (now Pattison and RockefellegsP®©n a smaller scale, Cain Park, Cumberland Park, and Forest

Hill Park were created within the Dugway East terrace ravines. By 1960, th&é2HadBieved its current land use pattern,

detailed in section 2.1.2.

5) Interstate Highwayq1960-2010): By tle 1960s, the regional manufacturing economy was in decline. Within thel2UC

the Interstate Highway System initially disguised the trend by redistributing wealth in new places and ways. The new
highways @0, 271 and 4480) effectively leapfrogged latcommerce beyond the HUI2 to points east and soutds the

exurbs grew. In this context, the H1@ became a crucial exception to regional Interstate System development. In 1964,
thwarted plans for the Clark Freeway2@0)which would havdraversed eatward to 1271 along the Doan through its upper
and middle watershed. The Lee Freeway was slated to connect the Clark Freev@@yaordss the Dugway terrace ravines,

but was also blocked by grassroafgposition movementsA significanimpactto the coastal zone of the HUC2, however,
resulted whenthe streams were culverted under th@0 freeway. This adverse impact on the estuaries of Doan, Dugway and
Nine Milepersists Between 190 and the former dredge disposal facility, Dike 1# Doan estuarwas buried entirely.

6) Walking and Riding Redu2000present). The twentfirst century brings renewed interest in humgrowered

transportation (walking and biking) and in new forms of mass transit. In this vein, Cuyahoga Greenways is a joint effort
between Cuyahoga County Planning, Cleveland Metroparks, and NOACA. Heertoggal is a countwide network of
greenways and trails to link neighborhoods, parks, and public transportation. The immediate goal is to connect existing trail
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parks, and otlkr points of interest. Within the HUC2, the Doan Brook Lake to Lakes Trail is a model for linking isolated
stream riparian areamto a greenway format. Other linkable HU@ greenspaces lie in Dugway Brook East between John
Carroll University and the Brenahl Nature Preserve (Dugway estuary), and in Nine Mile Creek between John Carroll and
Euclid Ave. Renewed interest in hurapowered transit mirrors interest in restoring health to local watersheds.

1.3 Public Participation and Involvement

The DB WAReceived input from a variety of organizations, professional peers, and the public. Most of the information
collected during the creation of the DB WAP remains relevant to the identification efS\N&8ical areas and projects.

The projects proposedhiChapter 4 within the Doan Brook Watershed Critical Area were presented to the public throughout
2016. Project identification and development was informed by Technical Advisory Committee meetings, consultant meetings,
site visits, and through partner arsfakeholder review and input. With potential projects identified, DBWP focused outreach

to the public through a quarterly newsletter (Spring/Summer 2016), information posted on the DBWP website, and the
5.2tQ4a !yydzat aSSGAy3a FieSaiBd ahdecilizéns Gokild Vieigh INRI@eSti 65 can@iNgs!

citizens attended to comment on project selection, ultimately guiding prioritization of these projects

In addition to the feedback collected during the 2016 process, the DBWP Board of Trasteesrking board, meaning its
YSYOSNB I NB OK2aSy aidN}XdGS3aaolrtte G2 O2y i iNRO6dziS (2 5.2t Qa
Sewer District, the three watershed municipalities (Cleveland Heights, Shaker Heights, and Clehel&@idyeland Museum

of Natural History, Cuyahoga River Restoration, the Cleveland Botanical Gardens, University Circle Inc., the Nature Center at
Shaker Lakes, as well as citizen representatives from upstream and downstream communities. Many of tbesatajves

KFI @3S 0SSy 62Nl Ay3a G(G23SGKSNI &Ay Oétatfished re@tipnshipg O hiding @tigensh Y H 1 1+
businesses, governmental agencies, and other-piafit groups working on watershed restoration in Northeast Ohio. The
DBWP Bard is able to contribute valuable input and feedback to the MP@ocess via their extended community networks.

Additionally, since 2013, Bluestone has hosted a variety of workshops and experiential education hikes (including bicycle
tours in 2017) throughout the HUT2. These guided activities are designed to bring awareness to streams above and below
ground by shwcasing completed and potential water quality and green infrastructure projects.

Each of these events typically draws betweerSB0participants with multiple (&) events each year.

In 2017, Bluestone hosted two Ravine Workshops, complementing the ¢luixisting educational offerings in the HUZ
Using a format from the Alliance for the Great Lakes, these workshops collected feedback from the 28 participants identifying
assets, acknowledging issues, and brainstorming ideas for ways to protechbadce their neighborhood ravines.

DBWP and Bluestone Heights will continue to update and refine this document as further information is gathered from
stakeholders and milestos@re reached in the implementation of this Plan.
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Chapter 2: HUG12 Watershed Characterization and Assessment Summary

2.1 Summary of HU12 Watershed Characterization

2.1.1 Physical and Natural Features

Streams and Watersheds

Watershed s, | As itdescends the Rtage Escarpment, the HUI2 has

hydrological @ - | three subaeial hydrological zones-{gure3): shale slope

il oe© sandstone terraceandlake plain Each zone has one or
two characteristic types of ravine landforms.

o)

shale slope:Beginning atthe HU@ 1 Qa & 2dzi KSIF &4 |
escarpment glpes gently northwest on a highly erodible

shale substrate. The shale slope holds most HPR&tream
headwaters which incise relatively broad ravines with

significant floodplainsshale slope ravings

o
<.
%
S

sandstone terraces:An escarpmentominates themiddle
section of the HUC 12wb sandstone units (Berea and
Euclid)form distinct,level terrace with a northwestfacing
outcrop or cliff facgFigure6). On each terrace, HUI2

Figure3: HUG12 hydrological zones and rivers streamshave cut a deep ravine, with narrow or nonexistent

floodplains Within the Berea unit, streamsut small,

ragged,and steep ravines, oftewith rock shelteloverhangdo form a sandstone gulciConversely, the bluestone gorges are
characterized byavine exposurewithin the Euclid unithat show lowcliff faces but no overhangs.

lake plain: At the bottom of the escarpment, former Lake Erie wave action cetaively flat landscape, known as theke
plain, that lies upon a shale substralehe HUEL2 streams have incised ravines northward across the plake plain
ravinesresemble those of the shale slopethat they arebroad in relation to depth and have significant floodplains. As
prehistorically rising lakkevels inundatedd W R NP theg/rBoRtlsof lake plain ravines, freshwater estuaries or lacustuaries
haveemerged

TheHUa2A a f 201 GSR ¢ A (i &dgin BidOAtaiQ lZake [PISIFEDLP). Ldkd plaid Sire@ourses fall mostly

within the Level IV ecoregion Etiake Plain (#61a). The HID 4 KA IKf F yR F NBF & SEGSYR Ayd2 i
Drift Plain (#61c). Biological criteria applicateivers and streams in the EA@ntario Lake Plains (EOLP) are gh&low in

Table4 (p.24).

From west to east, the HUQ holds six streams. Each descends the escarpment to incise ravines typical of the hydrological
zones. In result, the HUT2 exhibits recurring zonrspecific subaerial features. The six streams are, egdntvariations on
a common pattern of zonbased geehydrology. Thestreamsare as follows:

Giddings BrooKlength: 6.5 mi, area: 7.2sq. miys2 ¢ O2 YLIX SiG St & 0 deEhSRsibpedd sihBstoyed a Q O dzt
terrace stormwater system has beeeroutedto join the Doan BrookewershedMuch of thelake plainportion of the
Giddingswatershed is now an independent, setbntained sewershed with a Lake Erie outfall at £ S6This outfall has

elements of estuarine structur®©ne or more very sall lakedirect tributaries used to lie west of Giddings. No information

survives.
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Doan Brook(length: 11.3 mi, area: 11.9 sq. mi) begins far up onto the shale slope. Its three headwater tributaries are
historically unique in retaining open courses withelatively broad ravines. Slope ravines hold the four meate Shaker

Lakes which maintain some wetland function. Lower Shaker Lake has a constructed wetland (5 a) at the Nature Center at
Shaker Lakes. At the mouth of the gorge, Doanentersa~1 mNdlived Ay (g2 &aSO0GA2yaov dzy RSNJ / f
district. With the piped upper Giddings sewershed now entering the University Circle culvert, the Doan storm sewer

catchment is increased by 20¥pon exiting the culvert at RM 3.0, Doan is chanedlior its lake plain run to a drowned

valley estuary at RM 0.75. The estuary is entirely culverted under a t8fyelbverleaf interchange.

Dugway Brookcomprises west and east branches of nregual lengths (~7.2 mi) and a collective watershed of§.7mi.

Both branches drain from the shale slope with culverted headwaters. Open channel segments carry each branch through the
sandstone terraces. Both branches are fully culverted across the lake plain. The culverts merge at RM 0.6. At RM 0.5, a
drownedvalley channel takes the stream to the lake. The estuary has lost its natural meanders but retains good channel
width. Of the four HU@ 2 estuaries, Dugway retains the greatest ecological diversity.

Shaw Brooklength: 4.3 mi, area: 1.1 sq. mi) has shapen segments through its sandstone gulch, bluestone gorge and
RNRogySR @GlffSed adzOK 2F {KIFIgQa ylrddzNrt Fft2¢6 Kra 0SSy AyOs:
beginning at RM 0.2 has been greatly enlarged to servepésasure crafmarina. Dredging and margin armoring have

reduced natural habitat features.

Nine Mile CreeKlength: 8 mi, area: 7.8 sg. mi) has culverted west and east shale slope headwaters. An east branch shale
slope tributary holds the Langerdale Marsh constructedlared (10 a). The west branch holds the Oakwood Green

constructed wetland (5.5 a). The shale slope culverts merge at slope base (Bluestone Rd). The mainstem runs free through a
sandstone gulch. It is culverted again for 0.2 mi and opens at the head wéstdohe gorge. Toward the bottom of the gorge,

the mainstem picks up Quilliams Creek tributary as it exits a sizeable bluestone gorge. Nine Mile is culverted acress the lak
plain to RM 1.1At RM 0.6Nine Mile enters a estuarysubject to historical langtaping and recent residential development.

The featureretains its nineteentkcentury meanders but the stream channel has been significantly narrowed and its margins
are now hardened

Green CreeKlength: 5 mi, area 5 sg. mi) has open segments acrobkigstone terrace and escarpment ravine. Gorge
hydrology is complicated by the presence of the abandoned Euclid Railroad right of way. From 1883 to 1968, this railroad
served quarrying operations at the gulch and upper gorge areas of Nine Mile CreelciiddXeek just to the east. Since
abandonment, the railbed terrace is slumping into the base of the ravine carrying with it a range of stone and slag ballast,
wooden ties and abutments, and steel rails and other hardware. Green Creek is entirely lmudssl the lake plain with a
culverted Lake Erie outfall.

Prehistoric Stream Channels:

For the six kawn streamsn the HUE12 nearly 90 miles of prehistoric stream channels can be identified, conservatively
speaking. Also as a conservative estimate, apipnately 60 miles of open channels have been lost to culvertinlg an
abandonment Figure4 and Tablel). Several small, unnamed streams cannot be accounted for in this analysis. Could they be
included, the watershed would show more than 100 miles of prehistoric stream courses and moréthales of lost open
channels.

Culvertingon the lake plain began during the 1880s to create commercial and industrial real estate. During the early
twentieth century, suburban land development accelerated. On the lake plain, all mainstem channels were culverted except
for that of Doan Brook. Orhe escarpment, many mainstem channel segments were culverted, again with the exception of
Doan. On the headwater areas of the Heights, the early twentieth century residential street storm sewer grid was engineered
to capture many natural flows. Between watting and abandonment, fully twthirds of the prehistoric channel mileage has

been eliminated.
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Doan Brook has lost much less open water tt@nother streamsWealthy benefactorhave been the primary factor. On

the lower escarpment and lake plain, major late nineteenth century landowners (Ambler, Gordon, Rockefeller and Wade)
maintained open if highly engineered channels on landscaped floodplains. Most of these areas later pabkorearks.

Higher on the escarpment, upscale residential development came to Doan's north, middle and south branches. In these
areas, open channels were maimaed for their picturesque value

Figure4: HUG12 stream channel istory*

Giddings 0 mi 4.33 mi 3.58 mi 7.91 mi
Doan 11.45 mi 14.41 mi 4.86 mi 30.7 mi
Dugway 3.31 mi 11.54 mi 2.76 mi 17.6 mi
Shaw 0.15 mi 5.41 mi Omi 5.56 mi
Nine Mile 6.39 mi 8.46 mi 5.81 mi 20.7 mi
Green 1.84 mi 2.34 mi 0.72 mi 4.9 mi
Total 23.14 mi 46.49 mi 17.73 mi 87.4 mi
Lost Channel Length 46.49 mi 17.73 mi 64.2 mi

Tablel: HUG12 channel lengths by stream and type

I Blue=open (~23 mi); brown=culverted (~46 mi); green=abandoned (~18 mi)
2 For headwaters, the relationship betweenleerted and abandoned segments is approximate.
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Geology

The HUEAL2 lies upon the Portagg &8 OF NLJYSy iz (GKS y2NIKgSad atz2LIS GKIG 22Aya
Appalachian Highlan@Brockman 1998Within the HUEL2, the exposed bedrock sequence is ~500 ft. thick with alternating

shale and sandstone unitgigure5). Near the middle of the exposure, two adjacent Devonian sandstone units, the Euclid
bluestone (Bedford Fm informal unit) and the Berea Sandstone, give structure to thetHUZ & K aalRMMBsf(R)IThe
sandstones are resistant to subaerial erosion whereas the overlying and underlying shale units erode quickly when exposed
to the elements. Ta hydrological role of the sandstones can be seen in the way the sequence erodes to form the local

Portage Escarpment segmeiitigure5).During the Pleistoceneepeatedglacial advances exposed and scoured the resistant
frontal and upper surfaces of each sandstone unit. In result, each has a nortfagesj clifflike frontal exposure and a flat
terracelike upper exposure. They appear as two steps or terraces on the escarpment front. Togetlsandis®ne terraces

define the steepest part of the escarpment face and the hinge point for hydrological zones above and below.

Portage Escarpment & DB-FLE Watershed
SE profile view Tri-C East NW to Doan mouth NW

exaggerated vertical scale

Tri-C East
~1250"
oY O dr 1
_:3”|1‘-'” on S'stone , Shaker Lakes, Langerdale & Oakwood Green
~-~1100' CcedarRd

/

Coventry-Bluestone Rds / sandstone terrace Watershed :

Shale e*"i; N Mayfield Rd-Monticello Blvd / bluestone terrace

_ B0~ | 930
| Berea Sandstone | gulches
i — L., - 860
—w“—hﬁmﬁ; Lake Maumee ~goo’

Cleveland Shale : ~ gorges

i Y | Euclid Ave
e St Clair Ave
Chagrin Shale | -
lake R i Lake Erie
i Sl esyp
Appalachian Highland Central Lowland

Figure5: Bedrock Sequence on the East Side Portage Escarpment

Above the Berea terrace, the overlying shale unit (Carboniferous Cuyahoga Fm) is much less resistant. Glacial advances
created a shallow incline or slope rising tetsouth. Onto thishale slope, posglacial stream&ave incised relatively broad
ravines. Just below Berea, the Euclid bluestone terrace forms a prateetprock atopa set of soft shale units (Cleveland

and Chagrin members of the Ohio Shale). Caprock prevented glaciers from bulldozing the underlying shale exposures into a
shallow slopeThus the steepest part of the escarpment face is formed by the bluestaygped sha front. Similarly, the

caprock has fostered the erosion of deep, narfolwestone gorgesito the Cleveland and Chagrin units.
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Figure6: HUC12 Geologic Units

Soils

As the last glacier retreated, a mantle of fine glacial titussulated upon previously scoured bedrock. Clay dominates the
mantle which ranges from one to several meters in thickness. Derived soils are moist and relatively impermeable. The mantle
thickens in areas of retreat moraines, which mark deposition that weduat pauses in the glacial retreat.

With the emergence of postglacialhydrology soils differentiatecby hydrdogical zoneRigure7). Mahoning Complex soils
developed upon the Cuyahoga Shale substrate of the shale slope. The Loudenville and Mitiwanga Complexes emerged on the
sandstone terraces. Elnora Complex soils form&the lake plain accumulated lake bottom clayisesht; they are the HUC

M H Bedviest and least permeableh€& lake plairdoes however havislandsof well-drained sandy and peaty soils as

remnants of fossil beaches and lagmo The Bratenahl estuariesein a sandy Oshtemo area and have isolated areas of

hydric soils. Athe DoanBrook retains more floodplains than any othstream it has the greatest amount of floodplain

(Tioga) soil¢Figure?). Urbanization has diminished the distribution of the natural soil types. Almost 20% of the soils are

urban land, whiclis defined as landihere over80% of the surface is covered by asphadincrete, buildings, or other man

made surfaces (Soil Survey of Cuyahoga Copn#6)(Table2).
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